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ABSTRACT

The heavy rainfall producers during the Mei-Yu season in Taiwan area
are the Mesoscale Convective Systems (MCSs). One of the recent event
caused severe damage is the case of 27-28 May, 1981. In this case, there
were a few MCSs developed in southeastern China. The largest one of
MCSs along the Mei-Yu front is a major topic of this study.

Satellite, coventional data and NCAR/PSU mesoscale model were
used to analze and simulate the pre-covective environment and the evolu-
tion of an MCS developed along a Mei-Yu front. The results show that
‘the environment and evolution of MCS along the Mei-Yu front is similiar
to-those of MCC in U.S.. The formation and development of this MCS is
associated with the Mei-Yu front forcing and southwestly high equivalent
potential temperature (6e) airflow. The latent heat release and surface
fluxes are very im'ffrotant factors in the development of MCS. We also
demonstrated that the NCAR/PSU. model has a potential ability to
simulate MCSs in southeastern China. o

1. Introduction

The heavy minfall producers during
the Taiwan Mer Yu season are the Meso-
scale Convective Systems (MCSs) em-
bedded in Mei-Yu frontal. cloud bands
(e.g., Chen, 1977, 1986; Chen et al,
1986). - Some of the mesoscale convective
systems initially -develop in southern
China and move into Taiwan area. The
recent event of this tvpe which caused
severe damage is the case of 27-28 May,

1981. In this case, three MCSs developed
and affected northern Taiwan and south-
ern China. Heavy rainfall and flash floods
caused about 300 million US dollars
damage in northern Taiwan (Chi and

. Chen, 1986).

The ‘Mei-Yu’ (plum rain: called ‘Baiu’
in Japan) is a climatic phenoménon oc-
curing over southern China, Taiwan and
Japan. Satellite pictures reveal a nearly
continuous cloud band associated with
the Mei-Yu front. In contrast to the polar
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front, the temperature gradient across the
Mei-Yu front is typically small, but there
is always a marked/moisture gradient near
the frontal zone (Akiyama, 1973a, 19730b;
Chen and Tsay, 1978; Matsumoto et al,
1970, 1971). The Mei-Yu frontal system
possesses a remarkable shear line which
roughly coincides with a trough at 850
and 700 mb, although the associated
geopotential gradient is rather weak in the
immediate vicinity of the trough. Strong
cyclonic vorticity, horizontal convergence
and upward motion are observed along
and to the south of shear line. The cloud
band approximately coincides with the
area of maximum cyclonic vorticity,
horizontal convergence and upward
motion. Intense convective clouds in the
southern portion of the cloud bands tend
to be associated with the maximum values
of these kinematic parameters as well,
with relatively higher moisture in the
lower-middle troposphere. The Mei-Yu
front influences convection not only by
providing a favorable environment for

convection but also by providing mesoscale

forcing to trigger convection.

Mesoscale convective systems occur in
various parts of the world and a variety of
names are used to describe similar sys-
tems. Tropical cloud clusters and squall
lines have been studied by a series of
authors (e.g., Martin and Sikdar, 1975,
Martin and Schreiner, 1981, for BOMEX
area; Ruprecht and Gray, 1976a, 1976b,
for West Pacific and West Indian Sea;
Ogura et al., Barnes and Sieckman, 1984
for GATE data). MCSs occuring in mid-

latitude of North America have also been -

studied (Hoxit et al., 1978; Maddox 1980,
1983; Bosart and Sanders 1981; Wetzel
et al, 1983), and large quasicircular MCSs
have been defined as Mesoscale Convec-
tive Complex (MCC) by Maddox (1980).

Convective cloud systems (clusters)
developed over East Asia along the Baiu
front occuring in or moving into Japan

also have been studied (Matsumoto et al.,

1970; Ninomiya and Akiyvama, 1971,
1972, 1973; Akiyama, 1978, 1979, 1984,
Yoshizumi, 1977). '

The MCSs can be roughly divided into
two types with two different forcing
mechanisms. In the first type, the MCS is
triggered and maintained by large scale
forcing such as a front or short-wave
trough. The second type of MCS is
generated by mesoscale forcing such as.a
mesohigh, mesolow or mesoscale dis-
turbance, The large-scale system is only
responsible for producing an favorable
environment for the initiation of convec-
tion; once initiated, further convective
activity depends upon the interaction:
between the convection itself and the
resulting mesoscale circulation system.
For gxample, such immediate-scale dis-
turbance {(with a wave length of about
1000 km) frequently developed in a Balu
front and affected the Japan area
(Matsumoto et al., 1970; Ninomiya and
Akiyama, 1971, 1972, 1973; Yoshizumi,
1977; Akiyama, 1978, 1984). '

Although some authors have begun to
study the MCS along the Mei-Yu front in
southern China and Taiwan (Chen and
Chi 1985; Chiou and Liao, 1984), these

_papers are brief observational documenta-

tions, and the advanced study of the MCS
associated with the Mei-Yu front is need-
ed. SR
The objectives of this paper are to
analyze and simulate pre-convective
environment and the evolution of an MCS

developed on May 27-28, 1981 along a

Mei-Yu front.
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2. ‘Mesoscale Analysis of the MCS on
May 27-28, 1981

a. The Time Evolution of MCS.

It is evident from the satellite image at
1200 GMT May 27, 1981 (Fig. 1) that
there are three mesoscale convective sys-
tems along the main cloud band associated
with the Mei-Yu front (depicted by I, II,
III). The —52°C cloud area of the largest
mesoscale convective sysiem (MCS-I) was
larger than 150,000km?and the minimum
temperature of the cloud top was lower
than —80°C. Fig. 2 shows the evolution
of these three mesoscale convective sys-
tems. We can clearly see that the cloud
- band- associated with the Mei-Yu front
first organized during the period of 1200
GMT May 26 to 0000 GMT May 27, then
it moved southeastward. - There were two
cloud areas located to the south of the
front; the right side one was low cloud
(depicted. by A) associated with shallow
convection over the Canton area, another
one (depicted by B) was deep convective
cloud area just occurring to the west of
the low cloud area, When the front con-
tinued to move southward, the coinvec-
tion moved eastward and interacted with
the front. The interaction induced a line-
shape convection (09 Z in Fig. 2) and

evolved into a quasi-elliptical MCS at.

1200 GMT May 27. The observed 6h ac-
cumulated precipitation shows the heavy

rainfall associated with the Mei-Yu front.’

The location of precipitation associated
with the MCS-I was also consistent with
the one of cloud. '

From the previous analyses, it is clear
that the MCS-I evolved after the Mei-Yu
frontal genedis, Its initial:stage was at
0600 GMT, the mature stage occured at
1200 GMT May 27. -

-tablizing.

b. The Subsynoptlc-scale Environment
of MCS..

~ In order to understand the subsynop-
tic-scale  environment -of the MCS, we

select a box (560 km x 400km, shown in

Fig. 3) which is located over the position
of the mature stage to compute the
average of the meteorological variables
inside the box. Figure 4 shows the time-
height section for a.number of variables.

. The d'ivergence and omega field analyses

(Fig. 4a, 4b) of the pre-convective environ-
ment (we define . 0000 GMT May 27 as
the pre-convective time) are characterized
by weak convergence and vertical motion
in lower atmosphere and stronger diver-
gence and downward motion above the
mid-level.

After 12 hours, the convergence in-
creases both at lower levels and especially
at. mid-levels and the maximuwm vertical’
motion moves from low levels to mid-
levels, The development at mid-level
maybe associate with the effects of latent
heat release. Comparing Fig.-4a with Fig.
4c¢, the increase of lower level convergence
maybe associates with the front., The
positive vorticity always exists in thg
lower level buf negative vorticity occures
at middle and higher levels (Fig. 4b).

" Low level thermal advection| evidently

“increased two times largé and the upper
level was still cold advection (Fig. 4e).

They show that the atmosphere is dis-
It is more- evident that the
stability decreased (Fig. 4f) and convec-
tive 1nstab111ty increased dunng the 12h
period... - The analysis of equlvalent
potential temperature (f¢) indicates that

the development of MCS was associated

virith the increase of maximum horizqntal
gradient. ~The increase of lower level
gradient’ (Fig. 4g) maybe resulted - from
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-Figure 1. Satellite picture for 1200 GMT 27 A

MAY, 1981 I, 1I, Il represent meso-
scale convective systems, respectively.
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Figure 2. A series of Satellite picture from 1200
GMT 26 May to 1600 GMT 27 May
1981. .
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Figure 3. The area of -32°C cloud top tempera-
ture of MCS is indicated by dashed
- line for 0000 GMT 27 May and dashed-
doted line for 1200 GMT 27 May 1981,
The rectangular area is selected for

compute mean value,
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the lower level convergence and the frontal
forcing. The analysis of vorticity advec-
tion (Fig. 4h) indicates that no positive
vorticity moved into the region of the
MCS. '

The selected sounding located in the
region of mature MCS shows that the pre-
convective environment of the MCS (0000
GMT 27 May, 1981) was conditionally
unstable. The lower level temperature
increases 5°C from pre-convective stage
to mature stage (Fig 5a). The increase-
ment causes the atmosphere more un-
stable. The vertical equivalent potential
temperature also change with time. It
indicates that the high equivalent potential
temperature air moved into the MCS
region during the evolution of MCS (Fig
"5b). -

_ From the previous analysis, the

environment of MCS and the evolution
of MCS in this case are similiar to those of
a tipical MCC (Maddox 1983).

3. The Mesoscale Model and Experiment
.Design

a. The Mesoscale Model

The mesoscale model used in this
study is an improved version of the Pen-
nsyvania state University/National Center
for Atmospheric Research (PSU/NCAR)
model described by Anthes and Warner
(1978). The vertical coordinate is o= P-
Pt/Ps-Pt where p is pressure, ps is surface
pressure, and pt is the constant pressure
at the top of the model (100mb). The
number of levels is 16 (0.0, 0.1, 0.2, 0.3,
0.4, 0.5, 0.6, 0.7, 0.78, 0.84, 0.86, 0.93,
0.96, 098, 0.99, 1.0). There are 15 layers
of unequal thickness at which the tem-
perature, moisture and wind variables are
defined. The computational domain con-
‘tains an array of 46 x 61 grid points with

80 km grid distance and 150 sec time
step.

The planctary boundary layer (PBL)
process in the model is described by a
reyised version of Blackadar’s PBL model
(Blackadar, 1976, 1979; Zhang and
Anthes, 1982) to forecast the vertical dis-
tribution of horizontal wind (u and v),
potential temperature, mixing ratio and
cloud water. The Blackadar’s PBL model
divides the atmospheric stratification into
four categories based on a bulk Richard-
son number. The first three cases (stable,
mechanically  driven turbulence  and
forced convection) are in the Nocturnal
Regime, which is usually stable or at most
marginally unstable, The other case is the
Free-Convection Regime. When there is
strong heating from below, large surface
heat fluxes and a superadiabatic layer
occur in the lower troposphere. As
buoyant plumes of heated air rise under
such unstable conditions, the mixings of
heat, momentum, and moisture take place
at, each level. The vertical mixing is not
determined by local gradinets, but by the
thermal structure of the whole mixed
layer. In the Blackadar’s PBL model, the
vertical mixing is visualized as taking place
between the lowest layer and each layer in
the mixed layer instead of between
adjacent layers as in K-theory.

The hydrological cycle includes pa-
rameterization of stratiform precipitation
and cumulus convection. For the non-
convective parameterization, the excess
condensation over saturation is removed
as precipitation and latent heat is added
to the thermodynamic .equation. No
evaporation in unsaturated layer is
allowed. The cumulus parameterization
follows schemes developed by Kuo (1974)
and Anthes (1977). In this scheme, the
total convective heating is proportional

—7~



to the moisture convergence in a column
while the distribution of convective heat-
ing in the column is computed from an
estimated convective cloud base and top
and an assumed functional form. The
vertical heating function is based on the
heat and moisture budgets for midlatitude
convection calculated by Kuo and Anthes
(1984),

Short-wave and long-wave radiations
are considered in the surface energy
budget. These radiative fluxes depend
upon the model simulated cloud cover in a
parameterization developed by Benjamin
and. Carlson (1986). The model topo-
graphy (Fig. 6) is obtained by analyzing
the NCAR 1.0° latitude and longitude
terrain data by using the Cressman (1959)
objective analysis  scheme with a 1.5°
radius of influence.

The initial conditions are obtained by
objectively analyzing the - rawinsonde
observations with successive correction
(Cressman, 1959; Benjamin and Seaman,
1985}, using NMC global data as the first
guess. For lateral boundaries, the Sponge
Lateral Boundary Condition (Perkey
and Kreitzbeg, 1976) is adopted. The

(Errico, 1986) is used to adjust the wind
field and mass field into balance and to
remove the inertia-gravity wave oscilia-
tion. In this procedure only the first
three vertical modes are modified.

b. Experiment Design

In the Control Experiment, we con-
sider all the physical parameterizations
discussed in the previous subsection. In
the subsequent simulations, the model is
gradually degraded for the purpose of
isolating important factors contributing to
the evolution of the MCS. A sﬁmmary of
all the experiments is given in Table 1.

Experiment 2, the No Latent Heat
Experiment, is the same as the Control,
except that the latent heat of condensa-
tion is set to zero. The water vapor is
treated as a passive scalar. Consequently,
the latent heat release associated with
precipitation has no dynamic feedback to
the system. It should be noted that
the latent heat flux from the ground is

not influenced by this simplification.

Experiment 3, the No Latent Heat
and No surface Energy Fluxes Experi-
ment, is the same as Experiment 2, except

vertical mode initialization procedure  that the surface fluxes of heat and mois-
Table 1. Summary of Numberical Experiments
Exp. No. Surface  Latent Heat Moisture . Surface Radiation  Remarks
Fluxes Release Effects  Friction Effect
1 YES YES YES YES YES Control Experiment
2 YES NO YES' YES YES  No Latent Heat
’ Release
3 NO NO YES YES YES No Latent Heat
: Release, No Flux
4 NO YES YES YES YES No Surface Flux
NO NO NO NO YES No Friction
YES YES YES NO No Cloud Radiation

6 YES

8-



Figure 5a. The sounding distribution chart, thick
line indicated 0000 GMT 27 May, thin
line indicate 1200GMT 27 May, 1981.
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Figure 5b.The time series of vertical quivalent
potential temperature at station 59431
where MCS was located.

W b - SRS, 59431 LA EAB R ZEE

Sl o

Figure 6. The meodel topography chart, contour

interval of 300m.

B <~ B F R ST A + BB

RS 300 AR

o

700 .
8 -
50 77\
45 50 855 55 5045
1000
noooz 1200 pooo0
MAY 27 27 28



ture are turned off. However, the surface
momentum flux is retained. A comparison
between Experiment 2 and Experiment 3
will reveal the effects of pure surface sen-
sible and latent heat fluxes on the pre-
convective environment and the evolution
of MCS.

Experiment 4, the No Surface Energy
Fluxes Experiment, is identical to the
Control, except that the surface fluxes of
heat and moisture are turned off. How-
ever, the surface momentum flux is re-
tained. A comparison between the Con-
irol and the No Surface Energy Fluxes
Experiment will reveal the effects of sur-
face sensible and latent heat fluxes on the
pre-convective environment and the evolu-
tion of the MCS.

IN experiment 5 we further remove
the surfacé momentum fluxes from Ex-
periment 4. With no moisture and no
boundary layer physics, the model be-
comes a quasiadiabatic, inviscid model.
The remainder diabatic processes are the
horizontal diffusion which is needed for
computational stability and the weak
atmospheric long-wave radiation cooling.

Experiment 6, No Cloud Radiation
Experiment, is the same as the Control
Case, except that radiation by cloud
effect is set to zero. A comparison
between the Control and No Cloud Radia-
tion Experiment will reveal the effect of
radiation pn the development of the MCS.

All the model simulations begin at
1200 GMT 26 May 1981, when MCS was
not initiated.

4. The Prediction of the Pre-convective -

Environment and the Evolution of
MCS

4.1 Comparison of Control Experiment
with Observation -

.4. Precipitation Forecast

Figure 7 shows the 24h forecast of
hourly precipitation for the Control ex-
periment. Two heavy. precipitation areas
are predicted by the model and their loca-
tions are almost perfectly corresponding
with the satellite image. The predicted six
hour accumulated precipiation over one
day period is shown in Fig: 10. The six
hour accumulated rainfall of the first two
figures (Fig 8a, 8b) shows that the rainfall
was associated with the Mei-Yu front.
The precipitation area occuring in Canton
(Fig. 8c) was the region of the MCS
except the previous front rain during the-
18-24h forecast. The location and pattern
of the predicted precipitation were similar
to the observation, but the predicted rain-
fall amount was much less than the
observed one. This is a cumulus parme-
terization problem which occured in the
various weather systems and in the differ-
ent models. Strickly speaking, the fore-
cast precipitation of the pre-convective
environment with the Mei-Yu front was
good but the forecast rainfalt of the MCS
was - underestimated.  Those problems
await further numerical studies using a
finer grid resolution with an improved
convective parmeterization.

b. The Kinematic Field

The predicted stream line ficld (Fig.
9) of the pre-convective environment (12h
forecast valid 0000 GMT May 27) were
nearly identical to the observation. The
location of the shear line associated with
the front and the flow pattern in the
development region (100-110 E, 20-30 N)
of the MCS were also very similar to the
observed distribution. The location of the
axis of maximum predicted postitive vor-
ticity was near observated one in the pre-
convective stage. It seems that mesoscale

10—
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Figure 7. Model-predicted hourly precipitation for the Contral Experiment, valid time
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Figure 9. The distribution of observed stream line are shown in (a), (b) (¢) 4t pre-convective environment of
MCS, but (d), (&), {f) indicate forecast.
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Figure 10. The vertical crossection of observed and predicted vorticity, divergence and vertical motion
field chart at pre-convective stage of MCS, (a), (b}, (c) indicate observation, (1), (€), (f)
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pre-convective “stage of MCS, (2) observation, (b) forecast, contour interval of 3 °k.
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model have an ability to predict the Mei--
Yu front and the pre-convective environ-
ment.  The distribution of predicted
divergent field is also accurately simulated
(not shown). Cross sections of vorticity,
divergence and vertical motion again show
that the pattern and magnitude are similar
to the field of observation (Fig. 10}

¢. The Thermodynamic Field and
Stability
Fig. 11 shows a cross section of the
predicted and observed equivalent

potential temperature in pre-convective
stage of MCS. It is evident that the model
has predicted the same potential instability
as observation. The predicted sounding of
temperature and-dew point also indicated
that the model forecast was warmer and
more moisture than observation below the
500mb level in the pre-convective environ-
ment (not shown). It mean the -model
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Figure 13. The simulated time-height section of
the thermal advection,contour in-
terval of 20 x 107 °k/s.
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‘had the ability to predict the unstable pre-

convective environment.

d. The Evolution of the Subsynoptic
Environment of MCS

We had taken about the environment
of the MCS from the observed data, now
we use model to simulated the same
fieled and same box to compare the
environment of the evolution of MCS.
Figure 12 shows the simulated divergence
and omega fields. It is evident that the
model has simulated the increasing
tendency of the divergence and omega
fields from the pre-convective stage to the
mature MCS stage, but the forecasted
values were  greater than those
observed. The frontal deformation
forcing term indicated that the strong
forcing moving into the region of MCS
with the maximum occuring at the same
time in the mature stage of MCS. Lower-
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Figure 14. The simulated time-height section of
the local change of convective in-
stability, contour interval of 500 x.
107k/s. '
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Figure 15. Model-predicted hourly precipitation of various physical experiments about the pre-con-
vective stage of MCS ((al),(b1),(c1),(d1), (el), (f1)} and mature stage of MCS ((a2), (b2),
(c2), (d2), (€2), (£2)). Units are the same as in Fig. 7. (al) Controal Experiment, (bl)_
Experiment 2, (C1) Experiment 3, (d1) Experiment 5, (el1) Experiment 6, (f1) Experiment
4 (a2) same as (al), (b2) same as (b1), etc.
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level thermal advection increased after
the pre-convective environment (Fig. 13),
and moist stability and local change of
convective instability% (86¢e/ao) (Fig. 14)
also show the model predicted an increase
similar- to the observation from the pre-
convective environment into the mature
stage of the MCS. From the previous
analysis, we see the 'model predicted the
evolution of the MCS similar to the
observation, but the forecast rainfall
amount was less than the observation.
There may be two reason for this, one is
the previously mentioned cumulus
parameterization problem, the other is the
precipitation associated with MCS was not
completely handled by the model, such as
downdraft effect in cloud model, these
await future study. '

4.2 The Effects of Various Physical

Mechanisms on the Evolution of MCS
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The previous section has dealt with
how well the Control model simulated the
observed results. Now we want to use
different physical experiments to isolate
the effects of the various physical me-
chanisms for the environment and the
evolution of MCS. Figure 15 shows the
hourly . rainfall of various physical ex-
periments about the time of the pre-con-
vective and the mature stage of MCS.
During the pre-convective stage, the
differences between Control and other ex-
periments are quite small but the differ-
ences are large at the time of the mature
stage of MCS. Figure 15 also demonstrates.
that the no latent heat release experiment
or no surface energy fluxes experiment
can not simulate the rainfal associated
with the MCS, but the no cloud radiation
experiment affect only the location and
infensity of rainfall pattern. Without
latent heat release, the lower level con-
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Figure 16. The difference between Control and Experiment 2 in divergence and omega field, (a)
“divergence, contour interval of 50 x 107 s, (b) omega field, contour interval of 100x

10 mb/s.

Bt R EHTRAER 2 EIEAREEEER SRR AREAR IR SOXIO‘Ti’b“(b)%iESEE

* MR 100x10-* &E /8 o

~18 —



DIVERGENCY --AVERAGE

OMEGA --AVERAGE

, (a) 0.050 : . - T Y e (b) 0.050 . -

[ Y A\
.17 1 L} \Q! ' \\;5/ \:-:\\' 0117 -kw\ /// \’(' °\\/
o104 | 0.1 ]
NN J 0 e
. ! 1!
0,319 \ E .39 ) '?H g!
0.3 | Ig7 ) [\ '\/—q\‘ 0. 388 - 9 h4 Il!” i
ey L : L] o.483 | L i L
osm b -1 -ap osm | -63 --pﬁ

oo | / K ] ¢ 3L | ! i
0.507 |+ -4 17 0.507 ¢ ~-& 73! i - 1K
o.65 | 0.6 | i 5 k
e | 0.721 W \
o7 | 0.7m 81
0.058 o0 | o Y 13’3.
053 | 0.923 | L TR ‘Ks-,,___4

. N Z:T"J ) \-'T' ity

o0 3 0 12 ®r22 A % % il e iz 8 H Nao X

TIHE PERIGO
1€=1S =13 166 )8
HEYY CON-NSF -24H (NIT MCC

TIME PERIBO
IE215 JE=19 |G=6 X8
MEYU CON-NSF -24M [NIT MCC

Figufe 17. The difference between Control and Experiment 4 in divergence and omega field, contour
interval is same as Fig. 16.

B+ b RSB EEARBEEESSER  HESE  DRBEEE  KMERE+L o

L@AC-STIBITY CHANGE

---AVEDIF

0.0S0

o.251F

0.319p

SIGMA LEVEL
o
[
S

.6. IITJ
0. 184

VL

\

T

vergence and upward' motion decrease i
magniture (Fig. 16). This result is similar
to the characteristics of MCC simulated
by Perkey and Maddox (1985). Without
surface fluxes, the lower level covergence
and middle-level upward motion decrease
in magnitude (Fig. 17). These results
surpports a contention that latent heat

o.cs1 relea§é is a major energy source for the
.72t development of the MCS. Figure 18
0,789 ‘shows the difference of the local change
6. 8%k of convective instability between the Con-
0,823}~ SN - trol and Experiment 4. Without surface
0. 30l s s -;‘-- =ATSLgy energy fluxes or friction, there is a large

T e PERTED decrease in low-level equivalent potential

Figure 18.

The difference betwcen Control aﬁd'
Experiment 2 in local change of con-

vective instability, contour interval *

of 1 x 10k mb™t g%,

A > BRI 2 ERRA R

temperature, warm advection, moist
instability, and convective instability in
the region of the MCS development. Sur-
face energy fluxes and friction seem to
play a very significant role in producing
the heat and moisture structure that is

R ZER S MERBI0EEE D favorable for the generation of MCSs.



5. Summary and Conclusion

A Mesoscale Convective System (MCS)

along the Mei-Yu front occured in south- .

ern China has been analyzed and simulated
in pre-convective environment and the
evolution of MCS. There are some results
in the following:

I. The formation and development of
this mesoscale' convective system are
associated with the Mei-Yu front forcing,

2. The increasment of moist unstability
or. convective instability are favorable
conditions for the development of the
MCS. These distablization are resulted
from the southwest high equivalent
potential temperature airflow.

3. The pre-convective environment
and the evoution of the MCS can be
reasonably predicted by the mesoscale
model.

4. This environment and the evolution
of MCS along the Mei-Yu front are 31m11ar
to those of MCC in U.S..

5. The latent heat release and surface

flux are very important in the develop-
ment of MCS.
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The Relationship between Equivalent Blackbody

Temperature of Cloud Tops and Tropical Cyclone Intensity
Cheng-Shang Lee Feng-Er Wu

ABSTRACT

The relationship between the equivalent blackbody temperature of
cloud tops and tropical cyclone intensity in the western North Pacific
is analyzed. Data used include 356 observations of tropical cyclone
which occurred during 1985-1986. The satellite infrared measurement
were made by Geostationary Meteorology Satellite, JMA. The intensities

" and positions of tropical cyclone were based on the best track data of
Annual Tropical Cyclone Report (JTWC). .

Results indicate that the mean cloud top temperatures are lower
for stronger systems than for weaker systems inside 6° radius. Seventy
percent of the cases also show that minimum cloud top temperature
leads the maximum intensity of the cyclone. Although there are certain
relationships’ between the cyclone intensity and cloud top temperature,
.the linear correlation coefficient between these two is not high. This
implies a large variation among individual cases.
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Fig. 6. GMS-3 VIS5 imagery at 2106007 August 1986
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Table 3. Eye-Fixes for WAYNE by the
radar at Swatow

BUREE(Z) | oo o & | #ET (B @

A E B
A | B |85 N RRE | (B) ((KTS)
8 (20|15[00]|21.4] 114.8| 60 | 10
8 |20]16|00|21.5| 1149 | 70 | 8
81200117 00| 21.6| 115.0| 50 | 8
8 | 201800 21.7| 115.2| 50 | 11
8 |20(19|00|21.8 | 115.4| 50 | 14
8 |20]20)0021.9| 115.5| 50 | 8
8 |20121|00!21.9| 115.6 | 50 | 8
8 |20|22]00| 2.0 115.8] 5 | 8
8 |21|00|00|22.1| 116.1| 60 | 17
8 |21|01|00|22.2| 116.3| 70 | 11
8 |21|03|00|22.4)| 116.7| 60 | 8
8 (21105100227 117.2| €0 | 18
8 21 |06|00 228 117.4| 60 | 16
8 |21]08|00|22.9 117.8] 60 | 16
8 |21(09]00|23.0] 117.9| 60 14
8 |21,13}00|23.3| 1185| %0 | 8
'8 | 21|15|00 23.5| 118.7| 60 | 8
8 (21|16(00)|23.7! 119.0 | 60 | 14
8 (21|17 |00|23.7| 119.2| 70 | 11
8 12111800 |23.7| 119.5| 80 | 11
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Fig. 16. GMS-3 IR imagery at 160000Z August 1986
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Fig. 17. (a) 10-days mean sea surface temperature chart
during the period grom 11 to 20 August 1985
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Fig. 17. {b} 10-day mean sea surface temperature chart duing
the period from 21 to 31 August 1986
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Fig. 17. (¢ 10-days mean sea tempei’ature chart during
the period from 1 to 10 September 1986
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Fig. 19. 500 mb chart at 191200Z August 1986
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- Fig. 20. 500 mb chart at 211200Z August 1986.
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Fig. 21. _Time variations of moving speed for typhoon WAYNE
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Fig. 22. 10-day mean sea surface temperature anomaly chart during the
period from 21 to 31 August 1986 ‘
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Fig. 23. The variation of the lowest pressure and maximum wind velocity of

' ~typhoon WAYNE (Solid lines represent typhoon stage, broken line
denote tropical depression stage)
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Fig. 24. 500 mb chart at 231200Z August 1986
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Fig. 25. A diagram showing Fujiwhara

effect between tropical depression

(WAYNE) and VERA (number denoted date, solid and broken lines
represented typhoon stage and tropical depression, respectively)
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Fig. 28. Variations of pressure and wind at Taitung, Tawu, Hsinkang, and Hengchun
during WAYNE passage on 24 August 1986
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word WERRREE 6740) FEHLEE

Tablel 4. Eye-Fixes for WAYNE by the

. radar at Kaohsiung

BlHEER(Z) o B EG B B
, FA E B
AR | 8| % N EZRE | (B (KTS)
8 |21]03]00]22.4] 116.4 |fDar
04|00 |22.6. 116.6 | 50 | 13
05 00| 22.6| 116.8| 70 | 12
06| 001227 117.0| 70 | 12
07 |00 | 22.7 | 117.2| 70 | 12
08 |00!22.8| 117.5| 60 | 13
09|00 |22.9] 1176 60 | 12
1000 |22.9] 117.8 | 80 | 12
11|00 (23.1 118.0| 70 | 12
1200|231 118.2| 70 | 10
13|00 |23.2| 118.41 60 | 12
147001233 118.5| 60 | 10
15|00 |23.4, 118.7| 70 | '8
16| 00| 23.5( 118.9} 60 11
17 o0 | 23.5] 119.0] 50 | 11
18 (00 | 23.6 ! ,119.2 | 70 9
19| 00|23.6| 119.4] 70 | 14
20 100 | 23.7 | 119.6 | 40 | 12
20 | 30{23.8| 119.7 | — | —
21|00 |23.8! 119.81 80 | 12
2130|238 119.9| — | —
22 | 00 §23.9] 120.0( 80 | 13
922 |30123.9| 1202| — | —
23|00 |23.9| 120.3] 90 | 12
23130(23.9 | 120.4| — | -
8 |22/00{00|24.0| 120.5] 60 | 12~
00 | 30]24.0] 1206 — | —
01|00 |24.11 1207 66 | 17
8 2819 ]00(20.2) 120.1| — | —
207100207 1210 — | —
211001]20.9| 121,00 — | —
23| 00|20.6] 1209 — i —
glagiotlon|2.4| 11,1 — | —
01 |30{20.5| 121.0| =, —
0300|204 1220 — | —
0330|205 1210} — | —
04100 |20.51] 121.0| 60 | ©
04 | 30205 121.0{ 00 0
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30,

01
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21.0
21,1
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#Ela) BRMARER (17918) FighLBHEE  HHb) BRRAETHE (1927 Badb LBk
Table 5 {a) "Eye-Fixes for WAYNE by  Table 5 () Eye-Fixes for WAYNE by
the radar at Isigaki Jima the radar at-Ma_yako JimA

BRRER(Z) (0 i B BT R B BRER(Z) oL iz B #T B 5
: He R E J| E B
H BB 5 :IhﬁiN[ HLE | (B).(KTS) A | #F | & H&N| ®RE | (B) (KTS)

8 |22]|09]00|2a8] 1223 — 22|16} 00| 24.9 | 124.2 | IND

1000|249 | 1227 |NL ] — 2217 (00 | 25.1 | 124.4| 50| 11
11|00 |24.9 | 123.1| 807 22 2218 (00| 25.1] 124.6| | 11
12 |00 | 25.0 | 123.0| 80| 17 22| 21| 00| 24.7 | 124.6 | 250
13|00 |25.0 | 123.3| 90 11

22,2200 ,24.8] 124.6, 360
14 100)25.0{ 123.6 80| 10

22 (23| 00|24.9| 124.7] 70
15 [ 00 | 24.9| 123.8 1 100 | 11 23100100 |24.4| 124.8] —| —
16 | 00 [ 25.0 | 124.0| 90| 14 23 01|00 245 124.7| —| —
17002511 124.1| 80 23|02 00| 24.5| 124.8] 90
18 (00| 25.1| 124.2| 70 23103|00|24.4| 1246 001 0
19100 |25.1| 1244 70 23| 04| 00| 24.3] 125.1| 120| 11
20| 00125,0| 124.4 120 23|05 (00| 24.4| 125.2 (. 60| 20
21|00 | 24.8 | 124.5| 140

A
8
8
8
8
8
8
8
8
8
8
8
8
8 (23|06 00|24.5! 126.3| 70| 6
22 (00 | 24.7 | 124.5| 180 8
' 8
8
8
8
8
8
8
8
8
8
8
8
8

(55 05; B e -]

0o =1 WM O W W

23(07|00124.4| 125.21 00| ©

23|00 24.6| 1245 160 23|10|00{24.4| 125.3] 60| 5
8 [23)00|00|24.3| 124.8| 150 10 23 11|00 | 24.4 | 124.9| 270! 16
03]00|24.4| 124.8] —| — 23112 |00 | 24.2 | 124.8| 250 | 19
04 100 | 24,5/ 124.8| 360 | 8 23(13]00|24.5] 124.5| 240 19
05/00| 24,3 124.9] 130 | 11 23 /14|00 24.2| 124.5] 10| 5
06 |00 |24.3( 125.0| 90| 5 23(15]00|24.1) 123.7| - | —
07 |00 | 24.4| 125.0| 100 4 23/16(00|23.8| 123.9| 240 | 11
10 {00 |24.6| 125.1| 190| 5 23 (17 |00 | 28.8} 123.9 —| —
11|00 |24.4] 125.2 | 140! 4 23{118'00(23.7) 123.6] —} —
12|00 | 24.4 | 125.0| 190 | 6 2311900 | 23.6 | 123.6| 190 5

4 232000 23.6| 123.5| 240 27
2321 (00|23.3] 123.2| 230| 11
23|22 |00 |23.8( 123.1] 240 | 11

1300 | 24.5| 125.0 | 190
17|00 | 23.7 | 123.9f —| —
18700123.5 123.7] 230| 4
19|00 §23.4| 123.6 220 | 13
20100 |23.4| 123.4! 23| 1

1 W o AMTERRDRENNZEFRBRE 27°C #H
21 00123.4| 123.2| 250 | 9 BA05Z » FEE AR 2 B RSEN T K Bl %
|22 00|23.1| 123.4| 20| 7 24°C o pE MR ETHERZE R B R TAR » A

23(00|23.0| 123.4| 190 | 6 HINTIE s EERHAERSRMER  BRETZ
8 |24)|00(00|23.2: 123.3| 150| 4 MRBBEEDMEFEL 9.8°C LhHERNS
‘01|00 (23.0 123.2| 240| 5

BAERTE o
0200|227 122.6| 250 | 15 .
0400|2311 123.2] 10| 3 o~ BERERRARERRZKR

los|00|23.0| 12321 190| 8
06 | 00]23.1| 122.7 290 22
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#A () BREBRAJLE (46699) FEFLEME
Table 6 {a) Eye-fixes for WAYNE by

the radar at Hwalien

AR (Z)

oL i B AR
5

A | B | E|4 {#&N ®&E jJEE) %{TS)
8|2¢|00|00|23.8| 1223 —| —
8|24 (00|30 |23.4| 123.1| —| —
01]00|23.0| 123.0| —| —
02(00(23.0| 1227 — | —
02 30]23.2| 1227 — | —
03|00{23.1| 122.8| — | —
03 (301{23.2| 1228 —| —
0400 |23.0| 122.6] — | —
04 (30 ]22.9| 1226 —| —
05/00]22.9| 1224 — | —
05|30 ;22.8| 122.3| — | —
06|00 22.8| 122.1) —| —
07|00 |22.7| 1221 —| —
07|30 |22.6| 121.9| —| —
08100|22.4| 121.8] —| —
08|30|22.3] 121.8) —| —
0900 |22.2] 121.8] —| —
8200500209 1211 |FN7
06 | 00]20.9 121.3| 80| 28
07 |00 |21.11 121.6| 50 19
07 | 30 | 21.2 | 121.7| 40| 10
08 |00|21.2] 121.8| 80| 4
090|00|21.3] 121.8] 70| 4
09|30|21.3] 12,9 70| 3
1000(21.3] 122,07 70| 9
1{00[20.9| 121.3| —| —
1130|209 12212 — | —
1200|209 121.3] —| —
1230 }20.9| 121.3| —| —
13/00)21.0| 121.3| 20| 3
14|00 [21.0| 121.2| 280| 2
1430208 1212 —| —
15|00 | 20,9 121.4] 120| 13
16 |00 | 21.0 | 121.3} 320 | 7
1700211 121.4| 30| 8
18|00 {214 1215 20| 2
19|00{21.6| 121.5| 350 | 13
20|00 |21,1| 121.4| 360| 3

8

29

30

21
22
22
23
00
00
01
01
02
02
03
03
04
04
05
05
06
06
07
07
08
08

09 |
| 09

10
10
11
12
12
13
13
14
14
15
15
16

-1 16.

17
17
18
18
19
19
20

00
00
30
00
00
30
00
30
00
30
00

30

00
30
00
30
00
30
00
30

00 -

30
00
30
00
30
00
00
30
00
30
00
30
00
30
00
30

00

30
00

-30

00
30
00

21.1
21.2
21.3
21.5
21.6
21.4
21.4
21.4
21.5
21.5
21.9
21.6
21.6
21.7
21.7
21.7
21.7
21.8
21.7
21.8
21.8
21.8
21.8
21.8
21.8
21.8
21.9
21.9
21.9
21.9
21.9
22.1
22.0
22.0
22.0
22.1

22.0

21.9
22.0
22.0
22.0
22.0
22.0
21.9

1214

121.5
121.7
121.7
121.9
121.8
122.0
121.9

121.9 |

121.9
122.0
122.0
122.1
122.1
122.3
122,2
122.2
122.2
122.2
122.3
122.3
122.5
122.3
122.3
122.4

122.4
122.4

122.5
122.5
122.5
122.4
122.3
122.4
122.6
122.6
122.5
122.6
122.6
122.7
122.6
122.7
122.7
122.7
122.7

320

- 290

30

50

120

90

80

50

310

110

- 340

150

140

30

180

| w |l ! 9l !l & ol el ol

et

17
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#c(a) BBEAIEIE46600) TRt LstrE(w) 9] 010000

Table 6 (a) Eye-fixed for WAYNE by
the radar at Hwalien (Continue)

B (Z) | oo L B 5B B
A AR

A | B | B | % HotN| BEE | (8) [(KTS)
8302030 |21.9| 122.7| — | —
21100|21.9| 122.7| 160 3

2130219 122.8| —

22|00, 21,9 | 122.8, 110{ 3
22 30| 21.8 | 122.8| —| —
2300|219 | 122.9| 10] 7
23|30 21.9| 1229 —| —
8(31(00]00|21.9] 122.9| 10| 7. -
0100|219 | 122.9| 100| 3 -
02100|21.8| 122.9| 160 | 1
03|00|21.8| 122.9| 210 2
04 |00}21.9| 123.0| 9| 4
05|00]21.9| 123.0| 30| 2
06 | 00| 21.8 | 123.0| 160 | 10
0700 21.8| 123.1| s0| 5
08100|21.8| 123.1| 160 | 4
09 | 00| 21.7 | 123.2| 160 | 13
10|00 (21,7 | 123.2] 160 | 7
1030 (21,6 123.2] 120| 2
11700:21.6| 123.3| 120| 6
12100(21.6| 123.3| 240 | 2
1300 |21.5( 123.2| 210| 3
14100 |21.5 | 123.2| 240 | 2
1500 | 21.5) 123.3) 90| 2
1530 21.5] 123.3| —!| —
16|00 | 21.5| 123.2| 220 3
17|00 | 21.5| 123.3| 70! 6
17|30 | 21.4 | 123.3| —| —
18|00 | 21,3} 123.1| 240 14
1830 | 21.3| 123.1| 190 | 14
19100 |21.3| 123.1| 190 | 6
19130§21.3] 123.1] —| —
20|00 |21.2| 123.1] 190| 2
20 (30 |21.1] 123.1| —| —
2100|21.1, 123.2| 150 | 8
21{30|21.1) 123.2 —! —
22|00 |21.1| 123.2| 170| 3
23|00 |21.0 | 123.2| 180] 7

21,0 123.2¢ 50 3

00 (30 |21.1| 1231 — | —
9101|01]00|21.1| 123.0 290 | 12
0130|2117 123.0] —| —
02|00|21.1| 122.8| 260 | 11
loz|30|21.1] 122.8] 60 16
03 |00!21.0} 122.9| 130 7
03 30! 21.0{ 122.8| 270 | 9
o4 | 00| 21,01 122.%| 260 | 11
04 |30 |21.0% 122.7] 220| 5
0500|209 122.6] 220| 5
05|30|20.7| 122.61 —| ~-
06 | 00 | 20.7 | 122.6 | 200 | 14
06 (30 |20.6| 122.6 | 190| 8
07 |00 20.6| 122.6 ! 180| 8
0730|2051 122.6| 170 6
0800|205 122.6| 130 4
0830|204 1225 190 6
09 | 00| 20,4 122.5] 210| 9
09 | 30[20.4| 122,5] 210| 3
9| 1{10/00|20.3| 122.5| 150| 2

T o 5 2 R B B 2 o B R » s Doz B
BUHAHRBESENTRREA

B RESRFEAZ BAKCEBEMS
#4H HURRAN, CLIPER, ARAKAWA,
CWB-80, PC & EBM % » hAthiE B R%E

BERESENMEEA SRS  SEERER

FiR R BT RS 24N TES » SR ERE
BT % L7 e g 1 A 24N R TR B £ 28 B A S R
LTI P A By » A AR B RRL &2
RBHB R EL CWB-801% 198.9 &
B4 AP.CH211.14A8B% > » 7§ HURRAN
R EBM 435 213.6 AER 214138 Y XK
+ &7 CLIPER 242,942 % ARAKAWA
207,348 (BFA ARAKAWA-1 5 227.9
AE) Btk » FEBEHREL o ATMMKEERE
W@z B RENS » M JTWC, RJITD %
CWB =1tk » FiLl CWB iy 23.5 RAREH
* W JTWC fy 27.4 AE%Z » 7 RITD #
33.3 AEEH » FORET o BERNE JTWC,
RJTD B CWB Z%# 24/ e iER
L EEATIE * CWB £ 199.5 A8 » - RJTD
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FoAb) HBERAGEE UI)EETLEMR
Table 6 (b} Eye-fixes for WAYNE by
the radar at Isigaki Jima

F (o) BEBMRGE (46780) kb LN %
Table 6 (¢] Eye-fixes for WAYNE by
the radar at Lutao

K9225.7 AEHxZ + T JTWC ) 229.1 AEFH
B (RFET) - RERRBHES-RELH
T BB B B T B 24N TR T S 7620 F1 18 Z T
21518Z %21 H18Z FM22 B 18 Z 2 (A B 2 B st Bl
FAR LA CWB, JTWC, RITC & BABJ &
PEEA R BRI, CWB &) 119.2 AER

B (Z) (0 7 B B B BARR (Z) | 2 B [E TR 8
HOEE B ' s . 5oAE &
Al e |® & HeN meE [ (KTS) A8 || 5 deN sge |8 (KTS)
8{30/09{00|21.9] 122.2| 50| 3 8130(09(00(22.1] 122.4] 360 6
. 83010700 21.9| 122.3| 80| 3 8(30(09|30|22.2| 122.4| 340% 6
8(30]11}00(21.9| 122.4| 60| 5 8301000 (22.3| 122.4| 340 6
830112100219 1225 90| 4 830 |11{00|22.8| 122.8] 10| 4
813 |13|00]21.9| 122.5| 90| 4 83013 |00 |22.0 122.6] 30| 3
8(30 14 00'21.0]| 122.5] 90| 2 813011450 ;22.0| 122.6 30| 3
8130)15|00|22,0| 122.5| 360 | 3 8230|1550 2.1 122.7] 360 | 2
8(30|16|00|22.0| 1225 40| 3 8130(16]50 22.1| 122.8, 90| 2
8130 {17|00|22.0| 122.6| 40| 3 81301850 |22.1| 122.7] 340 | 4
8(30|18|00(22.1; 1226 | 40| 2 81301950 |22.0-] 1228] —| —
8(30|19|00]|22.0( 122.6] 50| -2 8(31:04(50:21.8| 123.1| — | —
8(30|21j00{2.0| 1227 120| 3 813110650 21.7| 123.1| 130| 2
8 (30|22 00]|21.9| 122.7| 120| 3 8(31|07|50j21.7| 123.2| —| —
8130 |23|00/|21.9| 122.8| 110| 4 8(31|08|5021.7| 223.3] —| —
8i31jo2|00|21.0! 122.8] 00| O 813112 |50 |21.6|x123.3| 160 | 2
81381{03|00|21.9| 1228 00| © 8(31|13!50|21.6| 123.3] 170| 2
831 04|00|21.9) 122.9] 80| 4 8(31|14|50|21.5| 123.3| 180} 2
8(31|05|00]21.0| 122.9| 00! O 8(31115|50|21.5| 123.3| 180 2
8|31 06|00|21.9| 1229} 00| © 8(31|16|50|21.5| 123.3| 180! 2
8l31|o7|00|21.8] 123.0} 160 | 3 83117 |50 |21.5| 123.3| 180 1
8131108100 |21.7] 123.0} 140 | 4 8311850 |21.47 123.3| 200| 2
8131 09|00|21.7] 123.1| 130| 5 8131|1950 |21.4) 123.3| 200 | 2
8131|10/00(21.6]| 123.1| 150| 4 8131|2350 |21.3; 123.3| 190, 2
8131|11|00|21.6| 123.1| 150| 4 9|01|03|50|21.1| 123.0| 270! 2
8|31|12|00|21.6| 123.2| 150 | 2 9101|08|50/|20.8]| 122.7] — i —
83113002151 123.2} 00| @ 9101|10|50]20.5| 122.8| 200} 8
8131|14{00|21.5: 123.1| 00| © 9|0t |17|50|20.1| 122.6 | 240 | 4
8131|15|00{21.5] 123.1| 230 | 3 9|01|19|50|19.8| 122.3| — —
8431(17|00{21.4 123.1| 190 | 4
8(31|18/00|21.4 123.0| 200| 4 60.5ABRRERIEEMZEW JTWC i 274.1 4
8 (311900 |21.3; 123.0| 230 | 6 BER 2355.2ABERE B YSEABARRE
8|31(20|0021.2} 123.0| 200| 4 HEEREE=+—(2) r (b} o '

K RIHRE

Bh s BB B Ao BERG IR, + (PR R
% E A R TR » R B R R IR
* BB SR R 619594 (RBI8%
> TAEASR] CISRBISEAIIN o By B
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Fxld) HERRERE (98321) FEPLEAE

Table 6 (d) Eyve-fixes for WAYNE by
the radar at Baguio

BIRIRRG (Z) | o B B O TR OB

o B

B | B | B | & dHN SHEE | (B) (KTS)
9/02]09;00|19.3| 120.8| 50| 6
9(02|10]00}19.2] 120.7| 50| 5
9/02|11|00]19.1] 1206} 50| 10
9l02|12/00]|19.1} 1206 — 1| —
9lo0z|13{00|19.1] 120.6] —| —
9002113(30|19.1| 1206 —| —
9/02]14|00|19.1| 1206 — 1| —
olo02|14|30}19.2| 120.6| 360 | 4
9102 |15|00119.2| 1206 —| —
9102|161 00[19.3| 120.8} 50| 6
90217 00]19.4| 120.8| 40| 4
9|02]1730|19.4| 120.9| 50| -2
9loz|18|00|19.4| 120.8| —| --
9/02|18|30]19.4 1208 —| —
9 02|19|00]19.4| 120.7] 270| 5
9 o02|19|30|19.4| 120.6 | 290| 5
9002(20[00(19.5| 120.5 | 200| 10
90212030195 1205 —| —
glozl2tloo}19.5) 1205 —| —
902|210 30]|19.4| 120.4| 300! 10
9|03|07 |30 |18.7| 118.7| 270 | 2
9|03|09 00|18.6| 118.5| 270| 5
.9|03|12|00|18.4) 117.9| 240 | 6
9103|12|30|18.2]| 117.9| 240| 6
9031300 |18.3| 117.8| 240 | 5
9l03113{30|18.2] 117.8| 240 | 5
9:03,14|0018.2| 117.7{ 250| 5
9lo3i16|00|18.2| 117.5| 260 | 4
9|03 |20|00|18.5| 117.0| 270 | 9
9103|20}30]18.5| 116.8| 290 | 10

B~ R BHE S KRR BES SR
EHEMHEELHHER (BRI +2) 58
Wk :
CARGUHER
LIET-BBIA » ﬁmgﬁﬁux » HALRRI3A
P JABRT A P ZEPERS A 0 B4 A R
2A 0 EEM EhHREIEE LA -
2EBFEHA0N ¢ R EHE2LA 0 WHIERI4A

IR BT -

128151 3617 Ao TR 2267 1 © B4
945 [ » 7% HNER 380 1 + FEKRI6R » FHEEE 8 1
» BECRE 1R o

2285 9023 R » HehIEHhE% 3475 R0
{LER 3168 [+ i MIRE 248 1 E386F 125 19
R 5 BT 2 [ o

e T

B ERBZEAGHE (RER+) 118
BR34BT HRIEL 1154 58 AnARALAS
s FTE 2244 §8 0 WOE 4000 0 TR IREEE A
BIAH 6644 A W EEEAES 714 A
» TR A KB HHEEE 39 A » MEHER
398,920 Bt o '

PHLEIA BB LA o

SASHAEI0 A » Heb B LBREM29A + 8
BITLA  BREES 15 A BE3 A S BHRE
LA » BBEE5A s B MEH LA BH2A S
BEHREEM LA P BRAIBHE2A » BRHESG 1
A o AR RS ERETR 937 ARFIAR

Ao

o] B AR ¢ _
LEHRE nmﬁ%m%m:%%ﬁoo R R
BRI S » JLHIRIRE S 100 AR o
2350 | BARIRHSR 480 AR 0 R
PR h 5 AR o
3 BRERE ¢ SR E—A AR N TR
TR » SERIEBH K o
4. LR ¢ Eﬁﬁ%mnwﬂﬁ’wﬁﬁﬁm
/\R o
S.EHERR | WPCISRRET AR 200 AR
- IR IR AT SR E 500 ART IR » TR I
#iH 200 AR FU o |
6. EBRASITRER Y-~ DBRERE
@ B R REE
E RIS 23010 AL ¢ A AR 6876 f‘hﬁ * &R
R 4289 ZAtE » TEETER 2475 AE o+ EEERE 520 4
LE » BHIEE 831 ALH ¢ [BFTEKE 515,247 B

'lJ._to

Wﬁ%ﬁ#ﬁﬁf*ﬁv
(L6RB% © MEERR E BEEIE IR EE
FEyE—ERRMA E2 A - iSRS
B— WA AR O g R E
21AR » P ILSRE & W3 T rh
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Table 7 (a} The meterofogical elements summary of CWB stations stations during the period (21 to 23 August 1986) of WAYNE’s passage

Fhla) RE754 8 A21HE23A BB RAGEHMASERMIE

JISSHE (mb) B ORE OB ok B OE /s Bk BOE(m/s) | BROM/SNE Bk & kK E (o % % # E (mm)
W% |mom|RmA|R @B RS K E| KB RE(E 0| BE NS | (ARSEARS | LR AnsEn s | (PR nwsEa RS | B B AR SEIRS
= 995.1 ! 22.13.26 N 32.7 | 22.16.23 ; 997.3| 23.3| 100 N 23.4 | 22,16.22 | 22.08.00~23.04.00 | 75.2 | 22,13.00~22.14.00 | 39.2: | 22.13.00~22.13.10 | 459.3 | 21.23.00~23.04.00
& R 990.4.] 22.14.00 . NNE | 28.6 | 22.15.50 | 992.2 | 25.0 | 95| NNE |[17.6 | 22.15.52 | 22.15.17~22.19.53 | 50.5 | 22.19.13~22.20.13 | 8.0 §22.19.40~22.19.50 | 212.3 | 21.21.18~23.07.00
: R 994.5 | 22.14.50 | NNW | 35.2 | 22.15.50 | 905.2 | 19.6 ; 100 | NN'W | 18.8 | 22,15.36 | 22.14.35~ — 54.5 | 22.15.23~22.16.23 | 9.5 | 22.15.23~22.15.33 | 349.6 | 21,15.11~23
i3 T M 994.8 | 22.14.00 | NW | 31.4 22.19.16 | 1003.5 | 20.8 | 96 N 10.2 | 22.16.00 | 22.16.00~ - 42.8 | 22.16.00~22.17.00 | 9.2° 22.14.10~22.14.20 | 306.2 | 21.15.17~23.05.00
- a6 | 993.0 22.10.00 | NW | 24.022.15.15 | 996.6 | 26.0( 92| NW | 8.8 |22.15.10 — 27.0 | 22,18,20~22.19.20 | 16.0. | 22.18.40~22.18.50 | 151.0 | 21.13.28~23.05.00
B o 991.7 | 22.09.00 | NE | 18.1 22.09.40 992.1|24.8| 90| NE 8.7 | 22,10.00 - 23.5 | 22,12,00~22.13.00 | 5.0 {22.12.20~22.12.30 | 116.7-| 21,15.40~23.04.52
-3 i 972.4 | 22.08.54 | NE |35.8|22.08.54 | 972.4|25.8| 76 E 15.3 | 22.08.40 | 22.08.10~22,09.50 | 62.7 | 22.09.00~22.10.00 | 18.2.} 22.09.20~22.09.30 } 253.4 ) 21.14.52~22.22.10
FE Lz | 978.6 22.08.30 | NE | 45.922.08.32 | 979.7|23.7| 98| NNE | 32.0 | 22.08.43 | 22.06.30~22.19.00 | 62.0 |21.16.05~21.17.05 | 20.0 21.16.13~21.16.23 | 274.6 | 21.16.03~22.21.10
B R ® 875.5 | 22.09.15 S 54.0 | 22.09.50 | 884.1|20.9( 98 S 17.0 | 22.09.10 | 22.07.00~22,15.00 | 59.7 | 22.09.00~22.10.00 | 14.2 | 22.09.20~22.09.30 | 251.2 | 21.23.30~23,01.40
% i 951.3 | 22.03.30 WNW | 68.0 | 22.04.58 | 971.9 | 25.8 | 92 | WNW | 29.8 | 22.05.00 | 21.20.20~22,09.00 | 37.9 | 22.06,00~22.07.00 | 13.5 | 22.06.05~22.06.15 | 228.0 | 21.14.45~22,11.15
B % | 990.1 | 22.06.15 SSW | 42.7 {22.07.20 | 991.4|23.6| 99| SW |27.5|22.07.35 | 22.01.30~22.10.20 | 50.0 | 22.07.00~22.08.00 | 13.5 | 22.07.10~22.07.20 ; 213.0 21.08.05~22,18.10
M B ol | 750.0 _22.07;45 W | 26.322.09.07 754.0 | 12.4| 98; W |18.4]22.11,10 — 77.4 | 22,09.00~22.10,00 | 20.6 | 22,09.10~22.09.20 | 460.0 | 21.16.01~22,20.40
: _3 . W | 299.2 | 22.07.50 -'-._ — - - =i - S 21.7 | 21.22.50 | 21.20.00~23.05.00 | 18.5 22.11.00~22.12.00 6.0 |22,11.30~22.11.40 | 159.6 | 21.18.00~22,19.00
. M | 996.3122.04,00 | SSW | 27.9| 22.02.05 | 997.0 | 24.4 100 | SSW | 17.2 | 22.02.00 | 21.11.38~22.08.30 | 26.4 | 22.02.00~22.03.00 |- 10.2 | 22,02.10~22.02.20 | 94.2 | 21.15.25~22.12.30
W #e | 998.1122.03.06 | WNW.| 28,0 ( 22.06.26 | 1001.2 | 26.7 89 | WNW | 14.7 | 22.06.30 | 21.24.00~22.11.30 { .20.5 | 22.06.22~22.07.22"| 10.5 | 22.06.20~22,06.30 | 75.5 | 21.12.30~22.10.10
R OF B | 982.0) 22,0400 | WSW | 63,0 22.03.50 | 982.0%24.01 98 | WSW | 49.1 | 22.03.50 | 22.13.00~25.03.00 é8.2 22.03.50~22.04.50 | 10.7 | 22.04.07~22.04.17 | 138.0 | 21.14.35~22.10.25
RCE % 1 1000.7 | 22.02.59 | WSW | 15.6 | 22.08.04 | 1002.5 | 28.0 | 86 | WSW | 7.8 | 22.08.10 | 22.00.30~22,18.00 | 5.0 | 22.09.15~22.10.15| 3.0 | 22.09.50~22,10.00 [ 14.1 22.01.10~22.11.42
W B 996.7 | 22.16.05 | WSW | 40.2 | 22.17.05 | 997.3 | 25.7 | 87 | WSW | 30.5 22.16.48 | 20.11.40~23.05.20 | 2.4 22.09.08~22.09.32' 2 .4 | 22.09.08~22.09.18 2.1 | 22,09.08~22.09.18
| K B 996.0 22.14.30 3 18.4 | 22.04.24 | 997.827.3| 86| .S 7.8 | 22.04.50 — 19.2 | 22.04.40~22.05.40 | 6.6 | 22.05.10~22.05.20 | 100.8 | 21,20.35~23,13.30
B K 992.0 | 22.15.00 | W | 21.5;22.15.18 | 992.3, 341 3l W | 10.1 22.15.20 | 22,15.20~22,15.20 | 10.1 | 22.00.00~22.01.00 ; 7.0 | 22,00.20~22.00.30 | 28.8}21,21.50~22.09.00
. W | 987.6 22.11.40 SSW | 20.2 | 22.11.25] 989.3130.0| 60| SSW | 11.5 | 22,11.30 | 22,01.00~22.11.40 | 48.0 22.00.20~22,01.20 | . 15.0 | 22.,00.34~22.00.44 | 131.0-| 21.,23.00~22.07.00
1B | 990.7 21.12.45, NE 7.9 | 21.11.42 | 1001.0 | 31.8] 65| NE 3.8 | 21.11.50 - 20.5 | 22.00.25~22,01,25| 7.0 22._00.30~22.00.40 56.3 | 21.17.40~23,14.48
=i [l 993.1 1 22.12,00 | NW | 22,5 |22.16.10 | 995.3|25.3| 94 5 NW |15.322.16.15 | 22.16.10~22.16.32 | 28.3 | 22.16.39~22.17.39 | 9.6 | 22.14.46~22.14.56 | 144.4 21.19.15~23.05.00
CEE . ) 992,31 22.13.00 | W | 28.0 | 22.15.50 | 994.1}25.3 82| W |16.8]22.15.48 ! 22.15.38~23.01.40 | 46.4 | 22.04.45~22.05.45 | 11.8 | 21.20,55~21.21.056 | 181.2 | 21.19.34~23.02,30
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Table 7 (o) The meterological elements summary of CWB stations during the period (24 to 25 August 1986) of WAYNE's paésage

PN P

RIESRE (mb) B E Rk A E (m/s) & K A E(m/s) | BAOOm/s)LlE & P &  (mm) Mok 8 B (mm)

Wt B | EWA|A O RE pRS R B[ RE|RE| R 6| RE REa | RKsERRS | 00| AnszE e | I awaEr e n &) nwamE R S|
% W | 1002.3 | 25.01.38 | ENE |[17.3 | 25.02.18 | 1003.0 | 26.4 | 91| ENE |12.0 | 25.02.20 | 24.17.00~25.03.00 | — — — — — -

% - & | 997.6|24.16.10| NE |24.0|24.06.55 | 1000.1 | 25.8| 92| NE |16.6 | 24.06.55 | 23.21.57~24.16.53 | 13.0 | 24.10.10~24.20.10 | 8.3 |24.19.25~24.19.35 | 91.7 | 24.00.00~24.23.00 |
B ® | 910.3|24.15.00| S |26.9|24.21.00| 912.6 |21.2| 100 S | 9.3|24.22.17 — 29.0 |24.17.08~24.18.08 | 10.5 |24.17.58~24.18.08 | 105.8 ~25.00.10
¥ F W | 999.8 | 24.16.25-| NW | 16.0|24.18.38 | 1001.7 | 22.8 | 98 | NW | 7.0} 24.14.50 — 23.8 | 24.17.00~24.18.00 | 8.5 | 24,17.30~24.17.40 | 101.9'| 24.15.00~24.22.55
= | 1000.1 | 24.15.00 | NNE 19.0 | 24:14.22 [ 1000.5 [ 27.2 { 93| ENE | 8.7 | 24.21.50 — 4.0 | 24.16.20~24.17.20 | * 2.0 | 24.15.40~24.15.50 | 10.2 | 24.14.00~24,22.45
#F 4 | 997.1]25.03.00| NE |16.6|24.22.05 | 999.5|26.6| 83| NE | 9.324.,22.00 — — — — = 99.5 | 23.23.19~24,17.20
B |- 994,1|24.18.04| N | 15.6 (24,1630 995.4 27.5| 82| N | 5.6|24.16.20 — — — — — — — |
# . # | 994.3|24.17.37 | NNE | 34.4 | 24.17.54 | 994.4 | 26,8 | 89| NNE | 23.6 | 24.15.49 | 24.00.50~25.01.05 | 4.8 |24.11.40~24.12.40 | 1.6 |24.12.20~24.12.30 | '18.9 | 24,01.30~24.22.10 |
A ¥ | 886.6|24.18.00 | ESE | 11.1|24.01.00 | 889.8 | 25.3| 53| SE | 7.3|24.23.40 | 24.19.00~24.02.00 | — —_ — - SR |
W B | 996.6(24.19.15{ N [26.5|24.18.08 | 997.8 |26.6 | “83| N [13.0|24.2.00 | 24.16.20~25.01.20 | 1.6 | 24.14.00~24.15.00 | 0.9 | 24.15.30~24.15.40 | 3.9 | 24.14.00~24.18.55
% % | 994.4|24.10.00| N | 19.4|20.14.52 | 996.5 | 24.6 | 98| NNW | 11.3 | 24.15.10 | 24.12.40~24,16.20 | 5.8 | 24.14.00~24.15.00 | 2.8 | 24.14.50~24.15.00 | 24.3 | 24.07.20~24.18.10
MoE L 752.0 | 200727 — | — -1 —=| —| —~| NE | 42|240.020| =~ — 7.0 | 24.11.00~24,12.00 | 1.7 | 24.11,20~24.11.30 | ~ 43.2 | 24.05.20~24.20.11 |
ol | 300.2 | 24.18.00 | — - — — | —| —|'ENE !13.0|24.23.50 | 24.23.50~25.01.00 | 9.0 |24.14.00~24.15.00 | 2.0 | 24.14.10~24.14.20 | 34.3 | 24.15.00~25.05.00 |
= w | 9006 24.18.36| N |20.7 |20.17.161 995.3|24.8| 100| N |13.9]24.17.20 | 24.10.20~24.19.19 | 8.3 |24.15.00~24.16.00 | 2.6 | 24.15.50~24.16.00 | 22.0 | 24.09.02-24.18:10
#  # | 993.2 1 24.18.56 | NW | 21.6|24.16.53 | 995.1(25.3| 95| NW | 9.5 |24.15.50 - 5.0 | 24.15.20~24.16.20 | 1.2 | 24.15.25~24.15.35 | ~ 23.0 | 24.09.15~24.18.42 |
woE & ' C o >
48 % | 993.8 1 24.19.40 | WNW | 19.4 | 24.16.54 | 996.8 [ 24.0 | 100 | NE | 9.8 |24.22.10 - 59.5 | 24.17.20~24.18.20 | 11.0 | 24.17.50~24.18.00 | 136.5 | 24.09.48~25,04.55
W B | 092.0 | 24.18.36 | WSW | 24.2 | 24.16.28 | 993.1 | 23.1 | 100 | WSW | 19.0 | 24.15.10 | 24.13.10~24.22.30 | 32.8 |24.15.50~24.16.50 | 7.2 |24.16.12~24.16.22 | 77.6 24,07.45~25,03.57 |
% R | 995.0|24.18.45 | NNE |26.7 | 24.17:53 | 989.3 | 27.4 | 70| NNE | 14.0 | 24.18.10 | 24.17.20~24.19:40 | 81.9 | 24.16.00~24.17.00 | 7.6 |24.16.30~24.16.40 | 9.7 24.07.40~25.05.00 |
% % | 900.3|24.16.14 | NNE | 27.0 | 24.16.45 | 992.2127.8| 77! NNE | 11.3 | 24.17.05 | 24.16.48~24.17.05 | 17.5 | 24.14,10~24.15.10 | 4.5 | 24.14.40~24.14.50 |  79.1 | 24.03.20~24.21.20 |
5 % | 990.9|24.1453| N |28.0|26.14.57 | 991.7 | 26.4| 87| N | 19.5|24.15.00 | 24.13.50~24.17.20 | 23.8 | 24.10.55~24.11,55 | 4.9 | 24.11.45~24.11.55 | 65.8 | 24.11.00~25.05.00
& M | 997.6|24.13.08 | NNE |23.5 | 24.12.08 | 995.6 | 20.2 | 70 | NNE | 12.2 | 24.12.10 | 24.10.50~24.21.45 | 41.5 | 24.19.20~24.20.20 9.5 | 24.19,20~24.19.30 | '151,3 | 24.08.00~25.03.15 |
¢ - W |1000.1 | 24.15.18| NE | 11.8|24.15.00 | 1001.2 | 27.6 | 83| NE | 8.3 | 24.15.00 | 24.15.00~24,15.23 | — — - = ' — = N
# 10013 24.15.00 E |16.4|24:14.56 [ 1001.4  26.6 | 94| E | 9.624.15.08 — 8.5 |24.14.05~24.15.05 | 3.3 | 24.14.05~24.14.15 | 19.2 | 24.15.00~25.04.30 |
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Table 7 (¢) The meterological elements summary of CWB stations during the period (28 August to 3 September 1986) of WAYNE’S passage

RIERE (mb) WM R KA R E (m/s) B ok A OEm/o | BRGm/oME | Bk B % S # (mm) Mok & (mm)
B % o(mo@E | BEA|R A RE|BRA|R K| RE|RE| R B RE ARG ARSER RS | SR anszn ks | I8 awsza s |w BB smE e
£ & W |1001.8|02.16.38 | ENE |17.2 | 20.00.26 | 1005.7 | 25.7 | 98 | ENE | 10.6 | 30.00.27 | 30.00.00~30.01.00 | 4.5 |30.00.30~30.01.30 | 2.5 | 30.00.30~30.00.40 | 17.7 | 20.22.22~03.08.24
# & | 997.2(02.15.30| NE |24.1]20.13.55 | 1000.6 [29.6 | 79 | NE | 9.3 [20.13.58 - 2.6 | 20.17.45~29.18.45 | 2.0 |29.18.10~29.18.20 | 7.9 | 29.13.52~03.11,00
¥ fF | 910.2[02.16.45| S |19.9{02.23.42| 911.5|21.5| 84 | S |10.2]02.22.33 - 3.7 | 31.18.00~31,19.00 | 2.4 |31.18.33~31.18.43 | 7.4 29.15.27~
#OF @ | 099.8 02.16.30 | NE | 10.5 | 29.17.50 | 1003.9 | 25.1] 8 | NE | 6.0 |29.20.00 — 0.6 |31.16.35~31.16.40 | 0.6 | 31.16.35~31.16.40 | 2.7 | 29.15.30~01.14.40
= b | 999.802.17.00; ESE 15.2| 01.12.23 | 1002.6,.32.3 | 61 | ESE | 7.2 01.17.20 — 0.5 |31.16.20~31,16.47 | 0.5 | 31.16.37~31.16.47 | 0.5 | 31.16.29~31,19.05
$  4r | 998.5|02.16.00 | NNE | 6.8 | 31.21.18 | 1002.6 | 28.5 | 76 | NNW | 4.5 29.12.50 — — — O — -
B b | 997.9|02.16.00 | NNE | 7.9 |31.12.14 |1003.1|29.7 | 76 | N | 4.1]31.13.10 — 29.6 |02.18.10~02.19.10 | 10.0 | 02.18.48~02.18.58 | 54.5 29.17.00~02,20.07
% | 997.7 [02.15.51 | NNE | 14.2 | 29.14.49 |1002.0 | 30.9 | 76 | NNE |11.1|20.14.49 | 20.14.05~29.15.58 | 2.0° | 29.02.25~29.03.25 | 0.8 |20.02.35~29.02.45 | 2.0 | 29.02.25~29.03.10
A A B | 890.5|52.16.40 | SSW | 9.2(30.17.20 | 893.3 [21.7| 95 | SSW | 5.0 | 30.17.40 — 24.7 | 30.17.10~30.18.10 | 8.6 | 30.17.30~30.17.40 | 32.4 | 29.16.50~31.14.50
® W | 997.8|02.16.15| N |13.0|01.15.45 | 1000.4 |30.0| 80 | N | 7.5 01.15.30 — 0.2 |31.00.30~31.00.40 | 0.2 | 31.00.30~31.00.40 | 0.3 | 31.00.30~01.12.30
£ % | 997.8/02.16.00 | NNW | 11.5 | 31.14.55 | 997.4 [32.5| 73 | NW | 5.1 | 01.14.30 — 43.1 |20.15.18~30.16.18 | 10.7 | 30.15.30~30.15.40 | 64.7 | 29.15.30~02.22.40
B OB 757.0 l02.17.0.0 ENE 7.8 02.20.10 758.0 [ 15.2 | 96 E 3.8 {28.22.30 — 5.5 |[.30.14.45~30.15,45 & 3.5 |30.14.50~30.15.00 29.0 | 29.14.05~02,19.00
£ W | 305.5/03.06.00] — | — —1  —1| —=| — | ESE |16.7 | 02.24.00 | 02.23.00~03.10.00 | 2.0 | 30.11.00~30.12.00 | 0.2 | 30:11.00~30.11.10 | 6.0 | 28.11.00~01.07.00
% B | 998.0|02.15.47| N |12.2|01.15.14| 999.7 |29.4| 86 | N | 8.2 |01.14.10 - 5.3 |31.00.10~31.10.10 | 1.7 |01.00.12~01.00.32 | 19.6  26.17.08~01.22.30
B f | 998.4|02.16.00| NW |12.0 | 31.14.22 | 1002.0 |26.2 | 8 | NW |11.1]31.14.19 - 2.0 |31.12.50~31.13.50 | 8.5 |31.13.10~31.13.20 | 91.2 | 29.14.50~01.21.50
# % B | 998.302.16.30 | NNW | 17.2 | 01.14.05 | 1001.7 | 28.3 | 86 | NNW | 12.8 | 01.14.10 | 31.13.00~01.15.00 | — — - = 0.0 —
B % | 999.1(02.18.20| NE |18.0|03.04.40 | 999.9|27.6| 70 | NE |10.0 | 03.04.50 — 23.0 | 31.16.40~31.17.40 | 7.4 |29.16.13~29.16.23 | 72.2 | 20.12.45~02.14.45
M B | 997.5|01.16.20 | NNE | 36.0 | 01.07.12 | 999.5|25.3| 96 | NNE |26.2 | 30.13.20 | 30.09.30~03.01.20 | 11.5 |30.13.02~30.14.02 | 4.8 |30.09.05~30.09.15 | 147.2 | 28.17.45~03.07.43
% R |1000.5 | 02.03.05 | NNE | 13.3 | 02.12.01 | 1001.9 [ 28.7 | 79 | NNE | 7.8 | 02.14.50 — 9.8 |31.14.00~31.15.00 | 3.7 |01.13.27~01.13.37 | 47.1 28.18.43~03.11.00
& B 1 1000.4 | 01.15.35| NE |14.0|01.09.40 | 1003.2 | 29.2 | 72 | ENE | 6.5 |01.13.20 — 5.0 |29.19.10~29.20.10 | 2.0 !29.19.50~29.20.00 | 11.6 | 29.19.02~02.20.55
£ # | 1000.6 .31.15.45_ NNE | 13.4 | 01.08.55 1003.7527.0 91 NNE 8.6 | 01.09.00 w— 7.9 | 02.15.05~02.16.05 4.2 | 01.18.20~01.18.30 22.7 29.17.4S~03.19.00
% O |1001.4]02.15.00| NE [11.3]31.13.28 | 1002.9131.0| 75 | NE | 6.0 |31.12.00 — 11.0 | 03.18.40~03.19.40 | 2.0 |03.18.40~03.19.40 | 2.0 | 03.18.40~03.18.50
% W | 1000.5 | 02.15.56 | ESE | 9.5 | 02.15.30 1001.e|29.9 76 | ESE | 7.7/02.15.20 | 02.15.20~02.15.30 | 10.6 |31.18.23~31.19.23 | 6.0 |31.18.23~31.19.33 | 22.1 | 28.22.00~03.09.10
8 | 10014 02.17.00| SSE |18.002.19.23 | 1003.2 [25.6 | 92 | SSE | 10.8 |02.19.24 | 02.10.20~02.10.40 | 15.4 |29.15.55~29.16.55 | 7.8 | 02.10.20~02.10.30 | 34.1 | 29.15.50~03.00.40
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Table 8. -The best track positions of WAYNE

(3 | oL 2 B | DRE | BRRE I ® Bl
Aie  Sld s x m| @mb) | (m/s AR ey |
8 | 18 | 12 16.2 .| 116.2 995 18 330 14 s OE
8 | 18 | 18 16.7 | 115.7 985 20 330 16 ”
8 | 19 | 00 17.4 | 115.2 985 25 330 15 '
8 | 19 | 06 17.9 | 1147 %5 | -2 330 19 g
8 |19 | 12 18.6 | 113.9 980 | 33 320 15 ”
8 |19 | 18 19.1 | 113.3° 980 33 350 10 »
8 | 20 | o0 19.6 | 113.2 980 35 25 12 "
8 | 20 | 06 20.2 | 113.5 980 35 5| 2 p
8 | 20 | 12 21.1 | 114.2 975 35 50 | 19 p
8 | 2 | 18 217 | 115.1 975 35 55 19 p
8 | 22 ! o0 22.3 | 116.0 975 35 65 19 ”
8 | 21 | 06 22,7 | 117.0 965 38 70 22 v
8 | 21 | 12 23,1 | 118.2 965 38 65 19 w
8 | 21 18 23.6 119.2 955 38 70 23 o
8 | 22 | 00 24.0 | 120.5 955 38 80 23 "
8 | 22 | 06 2¢.2 | 121.9 975 33 55 26 ”
8 | 22 | 12 25.0 123.2 975 | 33 80 17 p
8 | 22 | 18 25.1 | 124.2 980 30 145 17 p
g8 | 23 | o0 244 | 124.8 980 30 75 10 p
8 | 23 | 06 24,5 | 125.3 980 30 235 10 ”
8 | 23 | 12 24,2 | 124.8 990 30 245 | - 23 "
8 | 23 | 18 23.6 | 123.6 990 33 215 10 "B
8 | 24 | 00 23.2 | 123.3 985 28 245 24 e
8 | 24 | 06 22,6 | 122.0 | . 985 28 245 19 ”
8 | 2¢ | 12 22,2 | 121.0 990 20 255 18 »
8 1 24 | 18 21.9 | 120.0 998 15 240 21 "
g ! 25 | 00 21.4 | 118.9 999 15 240 21 TD
g 1 25 | 06 20.8 | 117.9 998 15 240 17 P
8 1 25 | 12 20.3 | 117.0 995 15 210 17 #
g | 25 | 18 19.6 | 116.6 995 15 250 25 ,,
8 | 26 | 00 19.1 | 115.2 96 | 15 240 13 ”
8 | 26 | 06 18,7 | 114.6 | 990 15 190 8 ”
g | 26 | 12 18.4 | 114.5 996 15 110 16 »
g | 26 | 18 18.0 | 115.3 996 15 100 16 »
8 | 27| 00 17.9 | 116.2 997 15 75 14 »
8 | 27 | 06 18.1 | 116.9 997 15 100 14 P
g8 | 27 | 12 18.0 | 117.7 997 15 75 31 #

A ﬁ@ﬁé)ﬁﬁﬁ‘zﬁﬁﬁﬁﬁﬁ%(ﬁ)
Table 8. The best track positions of WAYNE (Continue)

B Mo 2 B RORE | SRR E )
= - AT H G
A B |(zyld #&|® & (mb) | (m/s) (km/hr)
8 | 27 | 18 18.7 | 119.3 997 15 75| 25 ”
8 | 28 | 00 19.3 120.6 995 18 30 12 B
'8 ] 28 | 06 19.8 | 120.9 | - 995 18 10 6 oo
8 | 28 | 12 20.0 121.0 995 18 360 8 p
8 | 28 | 18 20,4 | 121.0 995 18 360 5 ”
8 | 29 | 00 20.6 | 121.0 995 18 25 | 13 ”
8 | 20 | 06 21.2 | - 121.3 995 - 18 180 26 ”
8] 29 | 12 20.9 121.3 995 18 25 11 p
8 | 29 | 18 21.4 121.5 995 18 65 15
8 | 30 | 00 21.6 122.0 995 18 70 | 16 ”
81 3 ! 06 21.7 122.2 985 25 55 8 "
g\ 30 | 12 21.9 122.5 977 30 30 7 p
8 | 30 | 18 22,1 | 122.6 977 30 120 11 p
8 | 31 | 00 21.9 122.7 975 33 95 4 B
g | 31 | 06 21.9 122.9 965 38 125 10 p
8 | 31 i 12 21.6 || 123.3 965 38 210 7 w
8 | 31 | 18 21.3 123.1 965 38 210 9 ”
9 | 01 | 00 21.1 123.0 965 38 250 10 ”
g | 01 | 06 20.9 122.5 975 38 © 180 10 ”
9 | 01 | 12 20.4 | 122.5 975 38 205 9 ”
9 | o1 | 18 20.0 122.3 975 38 215 11 "
9 102 | 00 19.6 122.0 975 38 225 9 ”
9| 02 | 06 19.2 121.7 965 40 240 8 ”
9 | 02 | 12 19.0 121.3 965 40 255 10 ”
9| 02 | 18 18.9 120.7 970 35 260 13 ”
9 ) 03 | 00 18.8 120.0 972 33 230 10 "
9 | 03 | 06 18.5 | 119.6 972 | 33 270 | 18 "
9 | 03 | 12 18.5 118.5 973 33 275 -1 18 "
9| 03 | 18 18.6 117.5 973 33 995 | 15 "
9 | 04 | 00 18.9 116.7 955 45 295 25 #
9 | 04 | 06 19.4 | 115.4 955 | 45 275 30 »
9| 04 | 12 19.5 113.6 955 43 270 22 w
9 | 04 | 18 19.5 112.4 955 40 300 22 "
9 | 05 | 00 20.0 111.4 960 38 280 27 "
9 | 05 | 06 20.3 109.8 970 38 280 22 w
9 | 05 | 12 20.7 108.6 970 33 260 29 P
9! 05 | 18 20.5 107.1 970 33 260 2% P
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L4828

2 |12 242 1248 ézz 1565 0. gzs.si 126.3{ 474.7] 26,4 129.2 500.1*231 iz
23|18 23.6 123.6  [o7.5 125 5 604.026-4 128.1 544.228.0 127.2| 601.2 :
24 | 00 |
24 | 06 | |
2|12 22 1210 Ghd 1287 30 20s.4) 120.8) 183.5023.7] 122.7) 238. 523.9 122.7) 21237 12
24|18 pro 1200 oo 128 538 23.0,122.0 231.621.3 122.0 00.822.3 12
25| 00 p1.a| 1189 [15-0 122-5 9281 196 110.3 2022011 122.5 370. 621.3 121
25|06 p0.8 11790 B9-8 115-8 378-922.1) 117.8 143.421.6 116.6) 150 sle 7] 118.5) 116.621.6| 18
28|00 9.5 120.6  [10-8 J17-Z 4293 10.0) 116.8 179.707.6 119.3 281.019.1 12
28|12 0.0 121.0 o1 119-9 288.3 196 120.4) 76-L17. gr 120.9 221.290.3 12
20| 00 po.g 121.0|  [)d Taa o ok 3215 124.1 333.322.0) 128.1) 264. TP1.4 125.8 500.801.9) 12
20 06 1.2 1203 208 1532 %o glzz 3| 122.5 172.323.1] 122.6) 247. 421 g 125.0 166.122.1 12
20|12 oo 1213 220 1525 359284 121.1) 275.803.7) 120. 312. 223 7l 122.2, 321.522:0 120
20|18 1.4 1218 258 152 8903 121.2 105.601.6] 120.8] 75. 022 21212 221 10
30|00 brel 122,00 2 1558 50" 20.9 120.8l 145. 120 7| 1213 122.300.6 12
006217 1228 Brd a2 Jhk4en] 122.3 1503024 1215 105. ogz 5 122.5 932219 12
012 pig 1228  E-1 1211073 | 1.2 12,2, 82. 9{21 8 121
0|18 .ol 1226 27 129 190-8 oL.g 1221 5. 218 12
3100 pry 1227 B 1225 28 pLg 1285 BT 12
2|06 b1y 122.9 - ELA 125 115238 122.8 209.2 | 23.7 1232, 146. 2'23 01 122
31)12.21.6123.3 ol 1557 3477250 124.0 380.623.0 123.0 157.023.5 1241 224.223.6) 123
3118 1.3l 123l B 1950 5a 2.5 123.6, 141.522.2 122.5 116. 422 5 123. sl 150.123.0! 122
1]00 11 123,00 L4 1233 8 2.5l 123.8 174.322.6) 122.9, 165, a2, A 1 152.0|zz.4 128
106 o9 122.5 - - B1-0 1284 88-1oo ol 120.0) 209.8 P17 122 196.202.9 123
1|12 bot 1204 20.21 123-2 2;4‘;5:‘5"21.2‘_125;7 350.6[ | s 124 3 200, 521 6 12:
1|18 20:.0| 2.3 DAY e | 0.7 123 4 137.121.0) 122
2| 00 ho.g 12,0 L9 1231 L0 p1.4) 123.0 223.220.6] 123.3 173.6|20.4 121
2 | 06 19.21 217 (S8 12.0 23?:%20.1 119.7, 229.6/19.5 12172 61.519.5 121.3 53.019.6( 119
2|12 19,0 1203 (907207 2?3:%2_0.0 120.2| 158.520.3 121:4) 143.419.3 121.7,: 53. 1‘19 2] 118
2 | 18 [18.9] 120.7 182 121 g 2559197 119.4) 161.120.3 120.9| 155.419.1 120.9, 30. 3|19 .3 116
3|00 18,8 120.0 - {84 1200 213-219.4 119.6 78.020.0 122.7) 309.718.9) 121.1] 115.019.9) 12
3| 06 [18. 5: 119.6 %Eg igz% %zz:?g.l 9.4 69.219.: izgz ;zz;)ijz z; 2' :ﬁ :lizz ijz
e 154 160 %%Eéllw iy 4:;:.6 0. .177'213'2 19.2 182.818.9, 11
ts 186 179 3 109 %;8_31185 118.4) 94.518.6 119.2 177. . 1104 02 2|19 ]
3 semes -8R HEE S Tte urg ese 7 1180 137.2
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Table 10. Subjective forecasting errors verification for WAYNE Unit: km
B # |BEST TRACK| CWB JTWC RJTD
A |mzZ)| N | E | N | E |®2| N | E #m%|N|E @
18 | 12 |16.2]162  |16.0|117.0] 87.4 16.2 116.1 10.6{15.9 | 116.8 71.5
18 | 18 167|157 | 16.3|16.3 9.2 16.6 1157 11.0,16.0 | 116.3 99.7
19 [ 00 |17.4 (1152 | 16,8 1i6.0/ 106.9] 17.0 | 115.2| -44.0] 16.6 | 115.8] 108.3
19 |06 (179|147 . l17:9 | 114.6) 105 17.7 | 114.8) 24.4 18.0 | 114.7] 11.0] .
19 | 12 |1806 [113.9] | 18.6 | 114.0) 10.4 18.5 | 114.1 23.6/18.6 [114.0] 10.4
19 |18 |10.1[113.3  |19.1 | 113.4 10.4 1.4 | 113.6] 45.4 19.0 | 113.7] 43.0
li2o0 | o0 |19.6| 182 | 19.4 | 1134 302 19.7 | 113.4] 23.519.6 | 113:3 10.4
1720 | 06 j20.3|185 [ 70.5]113.5 33.0 20,6 | 113.3 48.620.2 | 113.5
| 20 | 12 o |mad  |ona|142 0212|114 15.021.2 | 114.3 15.0]
20 |18 |27 {150 | 21.4|15.0] 4.5 2.7 |114.9 . 40.9 2.7 | 1151 @
21 00 [22:3|116.00 ¢ |22.1|115.9) 24.2 22.3 | 116.0, O 22.3 | 115.9] 10.2
120 | o6 |27 _1i7.9‘ 2.7 | 17.2 20,3 23.7:?117.1 10.1) 22.7 | 117.1 10.1
2t | 12 o318z - |23 182 0 23.2]118.2 11.0023.1 1182 o
21 |18 236|192 - |23.6|19.2 0 23.2|19.1 45.1123:6 [ 119.2 . @
L2 |00 240 1208 [24.0(120.5 0 23.9 | 120.1] 41.7]24.0 | 1206 120.1]
22 | 06 | 242 |121.9 24.2 | 122.3 40,1} 24.7 [ 121.3 81.5 24.6 | 122.0] 45.%
2 | 12 25.0 | 123.2 25.1|123.1] 14.8] 25.1| 122.9 31.9 25.1 | 123.2| 11.0
2 | 18 [25.1|124.2 | 25.1|124.2 O %5.4  124.1 34.5 25.1 1242 0
28 | 00 244|248 | 245|1005 32.0 207 | 1245 44.6 24.5 | 126.5 170.6
23 | 06 |245|125.3 | 24.5|125.0 30.0] 24.7 1254 24.2 24;5 125.0 30.0
a1 012 124,72 | 1248 24 5 125 4. A4.8| 24 07 124.8 22 0l 24 21 124.7] 14 .9
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Table 10. Subjective forecasting errors veri

0

H # | BEST TRACK CWB
B |M(Z)| N | E N | E

20 | 06 |21.2121.3 21.0 | 121.2
29 |12 |20.9 1213 21.1 | 121.4
29 18 | 21.4 | 121.5 21.4 | 121.5
30 | 00 |21.6]122.0 21.6 | 122.0
30 06 | 21.7 | 122.2 21.6 | 122.0
30 | 12 | 2191225 21.9 | 122.4
30 18 |22.1|122.8 21.9 | 122.6
3|00 21,9 1227 21.9 | 122.8
31 | 06 |21.9|122.9 21.8 | 123.0
31 12 |21.6|123.3 21.5 | 123.2
31§ 18 | 2131231 21.3 | 123.1
1 00 |21.1 | 123.0 21.1 | 123.1

1 | 06 |20.9 122.5 20.7 | 122.6

1 12 | 20.4 | 122.5 20.4 | 122.4

1 18 [20.0 | 122.9 20,1 | 1220

2 00 |19.6]122.0 19.8 | 121.8

2 | 06 |19.2]121.7 | 19.5]121.6

2 12 |19.0 | 121.3 19.1 | 121.3

2 | 18 |18.9120.7 18.9 | 120.8
3 4 00 [18.8120.0 18.8 | 120.2
2 | o6 li1ss5l119.6 18.6 1 119.9
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Table 11. 24 hours forecasting errors verification for WAYNE Unit: km
B w | BEST TRACK CWB | JTwe RJTD
‘" || N | E | N | E |me| N|E |#2|N|E |®E
19 12 | 18.6 113.9l 17.2 | 114.4] 162.7 15.5 | 115.0 360.1
19 | 18 |19.1|113.3 18.6 | 114.2{ 109.6] 16.5 | 114.0| 295.2
90 |00 |19.6113.2 D 118,9 | 113.7] 92.9).16.5 | 113.0] 341.6
20 06 |20.2|113.5 20.5 | 112.2] 138.1| 19.7 | 113.6] 56,0/ 21.0 | 111.0| 272.1
20 | 12 |21.1]114.2 21.0 | 111.9] 236.4! 21.2 | 112,6] 164.5 21.2 | 110.5 379.9
20 | 18 |21.7|115.1 21.5 | 111,3] 389.3 22.5 | 112.1; 318.2 21.5 | 110.0| 522.1
21 | 00 | 22311160 o1.7 | 112.1] 403.2 22.0 | 112.4) 368.3) 23.0 | 112.0| 413.4
21 06 (22,7 |117.0 99 4 | 114.5] 256.1] 23.0 | 112,01 508.0; 22.5 { 114,5 254.9
21 12 | 23.11118.2 93.4 | 117.0| 125.7 23.9 | 115.8| 257.8 24.0 | 115.0| 337.6
21 18 123.6|119.20  |22.9118.3 119.2 24.6 | 116.7| 274.1) 24.0 | 117.5) 176.7)
22 00 | 24.0 | 120.5 23.5 | 119.5] 114.7) 24.5 | 119.3] 132.3) 24,5 | 119.5] 114.4
22 06 | 24.2 | 121.9 93.7 | 121.4/ 74.5 25.3 | 120.7| 170.3] 24,5 | 121.0| 96.1
22 12 |25.0(123.2 24.2 | 123.0. 90.2 25.5 | 121,7| 159.1, 25.0 | 122.5/ 69.8
22 18 . |25.1|124.2 - |25.0|123.4/ 60.5 25.6 | 121.9 235.2) 26.5 124,0| 155.3
23 00 - | 24.4 | 124.8] 05.5 | 125.3 130.9 26.9 | 122.7| 266.4; 27.0 | 126.0] 309.6
23 06 | 24.5|125.3 26.5 | 126.6) 255.1] 27.1 | 124.1| 309.7| 26.0 | 127.0] 236.3
23 | "12- | 24.2|124,8 28.0 | 127.3 485.5| 27.7 | 127.3 457.6 27.0 | 127.5| 408.2
- 23 18 [23.6123.6 o7.7 | 127.8) 613.9 27.7 | 128.3| 648.6 25.5 | 128.5 533.0
24 00 |23.2]123.3 24.5 | 124.5 190.0| 26.2 | 128.2( 590.6) 23.5 | 125.0 171.9
24 06 | 22.6 | 122.0 25.1 | 127.3] 600.0 25.8 | 128.5/ 741.2; 25.8 | 123.5] 382.8
24 12 | 22.2|121.0 24.6 | 126.6] 624.0, 24.0 | 125.7| 515.2] 23.5 | 124.5/ 328.6
24 18 | 21.9 ] 120.0 23.5 | 123,7) 414.7 21.7 | 121,7| 175,01 22,0 | 121.5! 153.5
29 00 |20.6|121.0 21.9 3.8 3.0 —| — — —| - -
29 06 | 21.2 | 121.3 21.9 | 122.2 113.3] 22.3 | 123.5 250.2 22.0 | 125.0| 386.1
29 12 |20.9 | 121.3 21.8 | 120.8 111.5 22.2 | 123.1| 283.2| 22.0 | 125.0| 397.7
29 18 | 21.4 | 121.5 21.6 | 120.8] 75.0{ 21.8 | 122.4 103.0] 22.0 | 123.0} 166.9
30 00 |21.6|122.0 21.6 | 120.8 122.7 21.4 | 121.9; 24.3 22.0 | 123.0; 111,2
30 06 | 21.7 | 122.2 92.1 | 122.0/ 48.5 23.0 | 123.2 175.5 22.0 | 123.0 88.1
30 12 | 21.9|122,5 20.9 | 121.3 164.9] 21.7 | 122.0{ 55.6 22.0 | 123.0] 52,2
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Table 11. 24 hours forecasting errors verification for WAYNE(continue) Unit: km

A # | BEST TRACK CWB JTWC ] RJTD
B |[mzZ)| N | E N|E |2, N|E [@me N[ |z
3 | 18 |22.1 122.6 | 21.4]121.5 136.2 22.3 | 122.8! 37.7) 22.0 |'123.0] 42.2]
81 | 00 | 21.9122.7 22.4 | 122.1] 82.2 22,5 | 122.7 66.0 22.5 | 122.5/ 69.1
31 1 06 21.9(122.9  |21.6122.0 97.7 23.7 | 122.5[202.1] 23.5 | 123.5| 186.2
31 12 |21.6 | 123.31 | 23.7 122.6?241;7 23.7 | 123.3/ 231.0| 23.5 | 124.0] 220.8
- 31 18 [21.3]123.1 21.9 | 122.6 83.0]23.2 | 123.2] 209.2 23.5 | 124.0 258.7
Sr | 00 |21.1]123.0 21.9 122.8!'90.3 23.0 | 123.7] 220.9} 22.0 | 124.0] 142.4
1| o6 |20.9|122.5 21.8 | 123.0; 111.5) 22.7 | 124.1] 256.7) 21.5 | 124.0; 167.4
1 | 12 [ 20.41122,5 21.5 | 123.2] 140.8/ 21.8 | 123.8| 203.8 21.0 | 124.0/ 167.9,
- 1. 18 |20.0]122.3 21.3 | 123.1] 165.0 21.8 | 123.8) 250.9/ 21.4 | 123.2 179.7
-2 00 |19.6|122.0 21.0 | 122.7| 170.1) 21.3 | 122.8 204.4 21.3 | 123.2] 224.2]
2 {06 |19.2]121.7 1 20.7 | 1226 189.4/ 20.9 | 121.0 200.5 20.0 |120.5 152.3
2 12 |19.0|121.3 |20.0 121.1) 111.9] 20.3 | 120.3 176.6 20.0 | 120.5 137.6
2 | 18 [18.9(120.7 - }19.9]120.8 110.5 19.7 | 120.6 88;6!19.5 120.0, 98.2
3 00 |18.8 | 120.0 19.6 | 120.3 93.4 19,2 | 119.7 53;9'19.0 120.0] 22.0
3 %-mﬁlmﬁ_AmjlmquwglmomAmm1msm3
3 12| 18.5 | 118.6 1 18.5 | 120.4! 187.8/ 18.2 | 119.4/ 89.8] 18.5 | 120.0] 146.1
3 18 | 18.6 | 117.5 118.2 | 118.7 132.8! 19.0 | 118.8] 142.4! 20.0 | 119.0| 219.0
4| oo l18.9| 165 | 19.2(118.0/139.1 18.9 | 117.9 124.9) 19.5 | 118.5 198.3
T ommE | o 199.5 2291 | 223.0
il
'%E
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Table 12. The Taiwan police Departments report the damage and casualty
associated with typhoon WAYNE’s hitting.
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Report on the Typhoon WAYNE in 1986
Ching-Te Chen and Ko-Chin Lin

ABSTRACT

WAYNE, the 12th typhoon in the Western North Pacific, was the
second one attacked Taiwan in 1986. Typhoon WAYNE was one of the.
longest-lived tropical cyclones since 1967. WAYNE had more warnings
(42) issued by the Central Weather Bureau (CWB) than any other
tropical cyclone of 1986. Typhoon WAYNE was probably the most
interesting tropical cyclone in 1986. During its exceptionally long life
(sixteen days), it struck Luzon (once) and Taiwan (twice), threatened
Hong Kong (twice), dissipated and reformed (once), before finally
dissipating over North Vietnam near Hanoi. So, the structure and
development were discussed.

It is quite obvious that WAYNE was under the control of steering
flow below mid-level troposphere (1000 mb to 500 mb). WAYNE landed
in Taiwan twice: the first time landed in the vicinity of Choshui Hsi
at 212240Z August and the Second time landed in the peninsula of Hen-
gchun between 241200Z and 241800Z August. As a result of typhoon
WATYNE, 81 people were reported killed and 310 people were reported
injured in Taiwan. On Luzon, 19 people were reported. killed and hund-
reds of people were reported injured (JTWC* 1987). In Vietnam, dozens
of people were reported killed in addition to the hundreds reported
injured (JTWC* 1987). In total, there were over tens of milliard of NT
dollars worth of damages were sustained to crops and property due to
rainfall and high winds in Taiwan area,

Comparing the six objective methods: ARAKAWA, HURRAN, CWB-81,
CLIPER, PC and EBM (Equivalent‘Barotropic Model of 500 mb) to eval-
uate the accuracy of typhoon track prediction, we found tr. CWB-81
was the best one applied in this case. But, the subjective 24 hovrs fore-
casting errors for WAYNE, we found the CWB was the best one in this
case.

*JTWC Joint Typhoon Warning Center at GUAM
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Figure 1. A cross section of the observed zonal winds, time- and longitude-averaged in
northern winter and southern summer conditions. (Reprinted from Lorenz

(1967)).
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Figure 2. (a) the slope of the perturbation streamlines for a disturbance whose Reynolds
stress extracts energy from the horizontal shear of the basic current. Not the
impression that the perturbation is “leaning” against the zonal flow so as to
decelerate it. (b) The slope of the perturbation streamlines for a disturbance
whose Reynolds stress transfers energy from the perturbations to the basic
currents. (Taken from Fig. 7.3.1 of Pedlosky (1987) ).
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Figure 3. The slope of the potential-temperature surface with respect to the horizontal
opens a “wedge of instability” of angle tan™ (9z,/0y.)8.. Fiuid trajectories
within this wedge (e.g., the motion of element A4 to the position of B) will
release potential energy, and a fluid element on such a trajectory will be ac-
celerated away from its initial position. (Taken from Fig. 7.6.1 of Pedlosky

(1987)). :
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Figure 4. The basic flow of Eady model.
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Figure 5.

(b)

BlF B AR SR N B 5 () SRR 8 I OB 1)
(BB : Pedlosky (1987), ®@7.7.1)

(a) The imaginary part of ¢, ¢;, as function of p = (k3 + 13,)1_1251/2 . (b) The real
part of ¢, ¢, as a function of u; note the coalescence at the critical wave
number f;. (Taken from Fig. 7.7.1 of Pedlosky (1987).).
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Figure 6. (2) The growth rate, kej, for the most unstabie Eady mode, i.e., the mode pro-

portional to cos 11ry, with § = 0.25. (g) The amplitude |1®1and the phase x(=)
as a function of ﬁeight for the most unstable wave. Note that the increase of
o with = implies the tilting rearward of the wave with height, which in turn
implies the release of potential energy by the disturbance. (Taken from Fig.
7.7.2 of Pedlosky (1987) )
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Figure 7. The basic flow of Charney model.
Imz
L a=-m R a=0
i 7 Rez

EA 45 RESH T A B L
(A : Pedlosky (1987), B 7.8.1)

Figure 8. The singularity of the stability equation in the complex Z - plane is at the
point Z., which lies slightly above the real axis if ¢; > 0. (Taken from Fig.
7.8.1 of Pedlosky (1987) ).
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Figure 9.

The real and imaginary parts of ¢ as calculated by Kuo (1973) for the case § —+

0. In this figure 0z, = Re {5, np; = Im &, where §, = - 2uc where y is the non-
dimensional wave number. (Taken from Fig. 7.8.4 of Pedlosky (1987) ).
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Figure 10. The amplitude and phase of the most unstable mode, ie., at #=0.5. (Taken
from Fig. 7.8.5 of Pedlosky {1987)).
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Figure 11. Properties of a zoal flow at 500 mb
that is characteristic of the tropos-
phere in July. The solid lines show
the observed zonal with # and the
potential vorticity gradient f — 4y
versus. latitude. The dashed curve
shows an approximation to # used in
the calculations. (Taken from Fig. !
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of Lindzen et. al. (1983) ).
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Figure 12. Noendimensional growth rate 4¢; and phase speed ¢, versus horizontal wavenum-

ber 4 for the broken-line representation of a symmetric easterly jet illustrated
by the solid line in Fig. 2. (Taken from Fig. 3 of Lindzen et. al. (1983) ).
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T kx -

Split-line ZFBESMBETREWMOEHE (%E : Gill (1982), W13.7)

Perturbation geopotential (or perturbation pressure) for the most unstable dis-
turbance to the split-line velocity profile shown at the right. The tilt of the
phase lines is such that it is correlated with —v, i.e., if ¥ points northward, east-
ward momention is cartied southward and westward momentum is carried
northward. (Taken from Fig. 13.7 of Gil1 (1982) ).
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An Introduction to the Theory of Baroclinic
and Barotropic Instability

Yung-An Lee

Atmospheric Research & Development Center, C. W. B.

ABSTRACT

This is a brief introduction to the theory of baroclinic and barotro-
pic instability. From energy equation and potential vorticity dynamics,
we discuss the condition for instability. In baroclinic instability section,
we introduce Eady and Charney models, discuss the similarities and
differences between these two models. In barotropic instability section,
we introduce Lindzen model. From this model, we note similarities
and differences between barotropic and baroclinic instahility.
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CODA WAVE ATTENUATION IN EASTERN CANADA

Tzay-Chyn Shin
Atmospheric R&D Center Central Weather Bureau

(Manuscript Recived 7 Jan. 1987, in Final from 15 Apr. 1988)

ABSTRACT

Scattering effects of Eastern Candada area were examined by using 7
Miramichi earthquakes recorded by the Eastern Canada Telemetered
Network (ECTN). The m; . magnitude of the earthquakes varies from
3.7 to 5.7 and epicentral distance of stations are from 100 km to 1000
km. Aki and Chouet (1975) proposed boyd wave and surface wave
single scattering models for filtered coda waves and Sato (1977) gave a
correction term for these model as the separation of the receiver and the
source is taken into account. Surface wave models may play a very im-
portant role at low frequencies for distant records. In this study, coda
wave attenuation for each station, for each event, and for the whole area
were measured separately.

A strong frequency-dependence can be seen at beginning 100 seconds
lapse-time for all stations. As the lapse-time of the coda wave increases,
Qo(le) increases and frequency dependence decreases. This can pos-
sibly be explained as being due to the increasing heterogeneity size along
the depth. It seems to be independent of the magnitude of the carth-
quake, but irregular variation of Qg among stations may indicate some
receiver site effects.

A new set of master curves of filtered coda wave envelope were set
up by adding narrow bandpass filters to Herrmann’s (1980) master
curves. Coda wave attenuation at different frequencies can be easily
obtained by matching observed data to these curves. From this analysis,
the coda Q is of the form of (500£50)f(®-6~07)  This is a result com-
patible with that obtained by filtered amplitude spectral analysis.

INTRODUCTION

The Understanding of coda waves im-
proved with, the single back scattering
model proposed by Aki (1969) and Aki
and Chouet (1975). Under their assump-
tions, coda waves were interpreted as

singly scattered waves from numerous
heterogeneities distributed randomly in
the earth. The heterogeneities were
originally considered as {velocity) anom-
alies which are characterized by velocity
fluctuation and their correlation distance.
These heterogeneities were successfully
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treated by a statistical method. Con-
sidering the separation of the source and
the receiver, Sato (1977) developed: a
geometrical correction for the onset of
coda waves. A relation between predomi-
nant frequency and coda wave travel
time in Aki (1969), Herrmann (1980)
proposed a modified model in which sets
of master curves describing coda wave
properties are used to measure coda at-
tenuation by a graphical technique. In
order to apply this method to filtered
data, a further consideration is made in
this study.

Another possible mechanism to ex-
plain the behavior of coda waves is the so-
calied diffusion model (Wesley, 1965)
which is applicable to a highly scattering
medium, This model was used on the
extraordinarily long duration coda waves
from moonquakes (Nakamura, 1977,
Dainty and Toksoz, 1977). The existence
of such scattering in the earth has been
discussed for a long time. In a theoretical
study, Gao et. al. (1983) suggested that
the multiple scattering may be important
in the latter part of coda.

The subject of this paper is to examine
coda attenuation from 7 earthquakes that
occurred near Miramichi, New Brunswick.
A wide range epicentral distances, good
azimuth coverage and long coda duration
are the characteristics of this data set.
At distant stations, coda waves become a
tail of a conspicuous Lg-wave instead of
the S-wave as at short distances. The
distinction reveals a different mechanism
of coda excitation and propagation.
Motreover, the long coda duration provides
a chance to observe the properties of the
coda at long lapse time and also to ex-
amine the possibility of multiple scatter-
ing in the latter part of the coda.

METHOD

(1) Filtered coda wave spectral analysis

One mechanism for the generation
and propagation of coda waves is single-
back-scattering model. It was developed
by Aki (1969) and Akiand Chouet (1973).
The Source and receiver are located at the
same point in a infinite medium. The dis-
tance (R) between the receiver and the
source is much less than the distance(r)
from the receiver to scatterer. Morcover,
scattered wave is weak and is not able to
produce secondary scattering when it
encounters other scatterers. The single-
back-scattering model proposed by Aki
and Chouet, can be simply expressed as

A(f/t) = Aot e HQD (1)

Where Ay, is the root mean square coda
amplitude of frequency, f, at travel time
t. Qc(f) is coda wave attenuation which is
assumed to be a function of frequency.
A, is source factor.

The body wave back scattering model
is usunally used for short epicentral dis-
tances where coda waves follow right after
the S wave. This model has been applied
to study the attenuation of coda wave
(Rautian, et. al., 1978; Pulli, 1984; Rhea,
1984; Roecker, et. al., 1982; Biswas, et.
al., 1984) by using local network data.
On the other hand, it is worth noting that
the arrival time of coda wave at longer
epicentral distance is totally different
from those at short distances. Figure 1
shows the original seismograms at differ-
ent epicentral distances. At the epicentral
distance greater than 250 km, the Lg
phase is separated from S-wave. The coda
waves are right - behind Lg wave instead of
S-wave. The continuous coda wave
envelope from Lg wave to the tail of
seismogram gives a intuitive feeling that
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the body wave scattering model is not ap-
propriate. Considering this, the surface
wave back scattering model is necessary if
long distance station record is dealt with.
Using a similar derivation as Aki’s body
wave scattering model, the root mean
square Coda amplitude of a surface wave
scattering model is

A(fit) = A 12 e TR (2)

There are some problems that may
affect measurements: (i) the receiver and
the source separation may be such that
the condition R << r is not satisfied; (ii)
a small event only releases small energy
and the coda wave amplitudes attenuates
below the background noise level quickly;
(iii) due to the truncation by the local
network digital system, only the wave
trains close to the primary wave are re-
corded. Any one of these three condi-
tions make Aki’s scattering model un-
suitable for coda-wave analysis. In such
case, a proper model to consider the
distance between the source and the re-
ceiver was first developed by Sato (1977)
for scattered body waves. The energy
observed after the S wave is the sum of
energy scattered by imhomogeneities on
the surface of an expanding ellipsoid
whose foci are the source and the receiver.
The root mean square amplitude of coda
wave will be

ALRAD = Cncty | B oo
£it) = :
BRI GO g gy
3)
where
_ b
Ot:b = t

= § travel time

oq +1
o, —1

Kp(@) = = In [SEe )
. b

Cb(f) is source term.

The Sato’s surface wave scattering
model can be extended from Sato’s body
wave model. The filtered coda wave root
mean square amplitude becomes

-1,’2
A (Rf Ity=C (f)l K ( ) e~ TE/Q (D)
(4)
where
()= Jar =T
o=
S tLg

These four models can be expressed as a
simple function which includes source
term, geometrical factor and Q function.
It is

A=CG™ QO (5)
where C is source term, and G is geo-
metrical factor including geometrical
spreading (travel time) and geometrical
correction for Sato’s scattering model.
G’s and n’s for individual model are listed
in Table 1. By taking natural logarithm
on both sides of equation (5) gives

In(AG™) =In(C) + Bt (6)

where B = —f . This linear formulation

Q.(f)
has the ability to obtain attenuation
information even if only single station
narrow bandpass filtered data is available.
By simply plotting the reduced amplitude
versus travel time in semi-log scale, the

105 —



Q-value of that frequency can be esti-
mated from the slope. If multiple events
are used, least-squares analysis can be used
to estimate an average B and the individual
C value.

Using mean free path point of view
(Dainty, 1981), Q/() is a combination
of intrinsic attenuation, Q;, and scattering
effect, Qg. A simple expression relating
the three quantities is

For a single scattering model, Qg measures
the reaction of incident wave with the

w
scatterer and can be expressed as —VL- and
L is the mean free path and v is the veloc-
ity. Moreover, L =—E1§—’ where g is the

turbidity as defined by Aki (1975)’and
Sato (1976). Using these definition

where intrinsic attenuation Q; is conven-
tionally assumed to be frequency inde-
pendent, '

(2) Master curves analysis

Theory developed by Aki (1969)
simply described averaged peak-to-peak
coda wave amplitude A(t)} at travel time t
as

1/4

Alt) _ _ arf, Y
=== ()Y 2=

ys8
¢ MptOM B(f,) (8)

where I(fp) and S(fp) are the instrument
response and source factor at the pre-
dominant frequency, t,, observed at
travel time t. Q is the anelastic attenua-
tion and M, is the seismic moment of the
earthquake. B(f,) is defined (Whitcomb,
1979) as

yields. B(,) = [2NG )1 2 8(f, 1) 9)
1 1 v .
—_—= -6- + —_ (7) where N(r,) is the number of scatters
Qc i @ which located within a sphere with radius
1 " r, from the source of the earthquake and
=—+ EL ®(f_,r.) is the excitation of the secondar
Q w p:To y
! scattered waves. A modified model was
Table 1.
# — BEBRAXNZ2H
Aki’s model Sato’s model
body wave surface wave body wave surface wave
¢ ¢ _R% R
Ky(ep) K (o)
1 L L 1
2 2 2

1. R: epicentral distance
2. t: travel time
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tances greater than 250 km. This implies that body wave scattering model may
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proposed by Herrmann (1980) in which
predominant frequency can be deter-
mined from a function which is the
product of the instrument response, the
source spectra shape and the Q filter
effect of the earth. Then, coda envelope
is given as

*

rj—

C(f,t*) = L(EL™

[_d_fp] 1/4 e-‘.'Tfpt
dt*

(10)

where t* = % Attenuation can also have

frequency-dependence with the form
Q(f) = Qo(le)fr . If the earthquakes are
small such that the corner frequency of
earthquakes is above the frequency being
concerned, then corner frequency of
source time history can be neglected.
Based on these points, two sets of master
curves for coda waves are constructed for
each assumed attenuation frequency-
dependence. One describes the relation-
ship between f, and t*. The other is coda
envelope curve. Due to the complexity
of B(fp), the predominant frequency is
usually used to obtained coda attenuation
(Singh and Herrmann, 1981; Masih, 1983)
instead of spectral analysis. In order to
apply this technique on filtered data, a
little revision is considered. First, the
source time functionis faken into account.
Different size earthquakes have different

corner frequencies which cause different-

frequency content in seismograms.

The influence of the behavior of
predominant frequency at different travel
time from different source time function
cgan be seen from Figure 2. Two sets of
predominant frequencies from two
different size events are shown. The
circles rtepresent the predominant fre-
quency from large even (my, = 5.7). The

10

T T T TTTY
B3

&

Aal0 ¥ 4

Ty T T

i

10
10" :

10 10

;
TH

Fig. 2. The predominant frequencies of
two different magnitude event are
plotted versus travel time. Both
records are from EBN. Circles
represent f, of large event (ng=
5.7), its corner frequency is 0.7
Hz. Stars are from small magni-
tude (3.5) event and corner fre-
quency is 3.5 Hz. Obviously,
using predominant frequency
master curve to estimate coda at-
tenuation must take corner fre-
quency into account.

MARRELEZ BEENESESR
Fed R - AT R EAHAR (M,
=5.7) ZREEBHR » ZPAM
B REUNAE (L =3.5) 2R

H =

asterisks are the data from small earth-
quake (ng = 3.7). It is obvious that
large event has low predominant fre-
quency relative to those from small event.

- Therefore, the predominant -frequency

will be estimated from the product of
instrument response, « 2 source spectrum,
and Q function. If a filtered coda wave is
processed, the filter response should be
added on the determination of predomi-
nant frequency. Then, the filtered coda
wave envelope becomes
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1
-+
C(f, t*) = (£, JE(E, )S(F, )™

df, 1/4 *
e -t
(1" e (1)
where F(f} is the filter response and S(f)
represent w™? source model.

DATA AND ANLAYSIS

Coda waves from 7 New Brunswick
earthquakes are analyzed in this -study.
These earthquakes occurred at about
46.6° N, 66.6° W from January to May
1982.  Pertinent information of these
earthquakes are given in Table 2. The
magnitudes of the events range frommy
3.7 to 5.7 Figure 3 shows the map of
studied area, where Eastern Canada
Telemetered Network (ECTN) stations are
operated, as well as the location of the
earthquakes. All the earthquakes were
located at depth of about 5 km. The
small region of hypocenters can be con-
sidered as a point relative to the epicentral

TATITUDE
L

EASTERN CANADA
EASTERN CANADA TELEMETERED NETWORK

h {ole

JAG B

MNG
EBN

2

A

GRO»

+52

=79

5
E% GNT M 3
Wgo MNT 66} :
— 1 T
i 1 r 1 i ] [

LoNGITUDE 54

Fig. 3. Map for the distribution of ECTN

A

stations and epicenters of earth-
quakes used in the study. The
region of earthquakes locations is
relatively small compared to the
epicentral distance and is repre-
sented as star.

= ECTN Rmu@EusicEE » B

BRA TR AE o

Table 2. Origin time and location of earthquake
# - BB 2 K

No. Date Origin time Latitude Longitude my, Ny
UT A° Wwe
1 | 117an.82 | 21:41:08 46.6 66.6 57 13
3 | 17Jan.82 | 13:33:56 46.6 66.6 3.5 9
s | 31Mar.82 | 21:02:20 46.6 66.6 5.1 14
6 | o4apr.82 | 13:50:12 46.6 66.6 43 10
7 | 11Apr.82 | 18:00:53 46.6 66.6 4.0 1
s | 18Apr.82 | 22:47:21 46.6 66.6 4.0 12
9 | 06May82 | 16:41:97 46.6 66.6 40 10

N,: Numbes of Station.
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distances. Table 3 lists the location of
ECTN stations and the epicentral distance
information.  The short-period instru-
ments of ECTN stations, except GAC,
have a vertical seismograph and sample
digitally at 60 points per second. This
yields 30 Hz Nyquist frequency in spectral
analysis. The instruments used at GAC
are similar to SRO short-period instru-
ments, The three-component digital
seismograph samples at 30 times per
second leading fo a Nyquist frequency of
15Hz. The peak magnification of GAC’s
instrument is at 5 Hz, whereas the other
instruments’ are at 15 Hz. Using data
from these stations has the advantage of
investigating the effects of instrument on
coda duration. Besides, the two horizontal
components of GAC can be numercially
rotationed to form tangential and radial

components to study the behavior of coda
waves on different components. The
triggering system of ECTN has -the
capacity to store about 400 seconds of
digital data for-each station. This gives
more than 250 seconds of coda wave
train at the shortest distance station
(EBN). But, the station (JAQ) which is at
about 1000 km away only has about 100
seconds coda wave duration following the
Lg-wave.

The filtered data is obtained by
passing original seismograms through a
third-order Butterworth bandpass recur-
sive filter. We have used 15 different
central frequency filters in this study.
The central frequencies and the band-
width of the filters are listed in Table 4.
For GAC seismograms, only the filter

Table 3. Estern Canada Telemetered Network

x = BWEMEABBEAALEAEH
Station Latitude Longitude Instruments Distance
Code N° we (km)
EBN 47.5400 68.2410 New 135
LMN 45.8520 . 64.8060 New 189
GGN 45.1170 66.8220 New 207
GSQ 48.9142 67.1106 New 218
LPQ 47.3408 70.0094 New 257
MNQ 50.5333 68.7740 0Old 425
GNT 46.3628 72.3720 Oid 442
MNT 45.5025 73.6230 Old 561
TRQ 46,2220 74.5550 New 611
GAC 45.7033 75.4783 * 698
WBO 45.0003 75.2750 New 702
GRQ 46.6070 75.8600 New 703
OTT 45.3942 75.7167 old 721
CKO 45.9940 74.4500 New 835
vDQ 48.2300 779717 New 864
JAQ 53.8022 75.7211 New 994

1. *: Three components station and instrurnents response is similar to SRQ
2. A slight difference at high frequency part for New and Old instrument
3. All distances are calculated by assuming same earthquake location
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Table 4. Butterworth bandpass filter

parameters
No. Central frequency Bandwidth
1 (Hz) (Hz)
1 0.5 0.4
2 1.0 0.7
3 1.5 i.1
4 2.0 14
5 2.5 1.8
6 3.0 2.1
7 3.5 2.5
8 4.0 2.8
9 5.0 3.5
10 7.0 4.9
11 9.0 6.4
12 10.0 7.1
13 12.0 8.5
14 13.0 9.2
15 15.0 10.6

Bandwidth is defined as the frequency range
between two comner frequencies

with central frequencies less than 10 Hz
were applied. The beginning portion of
the seismogram prior to the P-wave arrival
was treated as noise and used to correct
observed coda amplitude at each fre-
quency. By assuming the signal s(t) is un-
correlated with the noise n(t), the observed
coda amplitudes can be expressed as

S, (1) = s(t) + n(t) (12)
The root-méan-square(rms) amplitudes of
filtered coda waves and filtered noise are
estimated over a certain window. The
window is moved from the oneset of coda
wave, which is usually after S-wave or Lg
waves, to the end of seismogram. It may
be stopped when the observed rms
amplitude fell below a certain level, which
is 5% or more of rms noise amplitude. We

also overlap half window length when the
window is moved. The true coda rms
amplitude will be

A(RE/1) = [s(t)] = [S, ()] — [n(t)]

S (13)
where [ ] refer to the rms quantities.
Using longer window may misestimate the
true Q-value of coda waves, whereas, a
shorter window picks irregular rms
amplitudes and causes large error in elast-
squares analysis. We have used 4 and 8
second long windows to test the effects of
windowing. The results show that there is
no significant difference for thse two.
windows. Therefore, 4-second window
was chosen to sample in detail coda wave
amplitudes in the most ECTN stations and
the 8 second window was used at GAC
station. The analysis was performed over
the whole region as well as cach individual
station, while 7 earthquakes are used at
the same time to obtain a best fit.

The master curve matching of filtered
coda envelope was carried out graphically.
First, a set of master curves were con-
structed by the combination of corner
frequency, central frequency of the filter
and attenuation frequency-dependent
term ¢. Figure 4 shows one of master
curves which have corner frequency at
1 Hz, four different central frequency
filters,and £ =0.5. The corner frequencies
in this study range from 0.5 Hz to 3.5 Hz.
Therefore, three different corner fre-
quency master curves (1,2, and 3 Hz) are
chosen for the whole process. All available
filtered coda envelopes are plotted at the
same log-log scale figure. Then, the data
are fit by shifting the corresponding
master curves vertically and horizontally.
The best fit of master curve gives the at-
tenuation value of the coda waves.
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tude master curves versus t*. The
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RESULTS

The measurement of coda wave at-
tenuation for the whole region was ac-
complished by putting all available coda
wave envelopes into equation 6 and apply-
ing least-squares analysis to solve different
B values for different frequencies. Figure
5 shows the results for the different
models mentioned above. If frequency-
dependence is assumed, values for Qg and
¢ are also shown in the figure. The agree-

ment between Aki’s model and Sato’s
model indicates that the Sato’s geometri-
cal correction has less effect is the coda
wave duration is long enough. Averaging
this two results, the coda wave attenua-
tion is (450£10)f%74:01 from body wave
scattering model and (350%10)f0-78+0.1
from surface wave scattering model.

Table 5 lists the coda wave atenuation
at each individual station in which four
different models are used for comparison.
In general, scattering wave attenuation is
similar to each other no matter whether
Aki’s or Sato’s model is assumed. The
scattering surface wave attenuation has a
smaller Q, and larger { value relative to
scattering body wave attenuation. Three
components .at GAC show a similar
tendency, except a slightly larger Q
value on the radial component. It may be
caused by the effects of P-S conversion or
surface mode conversions being plenty of
on the radial component. The resulis
from GAC tell us that instrument response

does not have much influence in this fre-
quency range.

The master curve matching is per-
formed by plotting filtered coda envelopes
for the same event in a log-log scale figure,
then fitting them by master curves Figure
6 shows one example of master curve
fitting. Twelve 1 Hz filtered traces of
Event 1 are plotted in Figure 6a. The best
fit master curves have { ranging from 0.5
to 0.7 and Q, = 500.

Approximately,- shifting Q, by 50
units of master curves on the plot hori-
zontally still matches the observations
adequately. These master curves are also
matched fairly well in Figure 6b in which
the central frequency is 7 Hz. Roughly
speaking, the coda wave attenuation
obtained from this analysis is (500%
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Table 5. Coda attenuation of the ECTN stations

# A AEMEHZEKQQME
:
Sta. Distance AkiB.2 AkiS8.3 Sato.B. Sato. S.

G teta | ¢l tlaol¢la
EBN 135 0.67 | 485 | 075 | 330 ] 066 | 500 | 0.74 | 345
GGN 207 066 | 552 | 074 | 375 | 0.65 | 585 | 0.73 | 400
GSQ 218 0.62 | 570 | 070 | 385 | 0.60 | 605 | 0.69 | 415
LPQ 257 071 | 495 | 077 | 355 | 0.69 | 525 | 0.75 | 385
MNQ 425 077 | 435 | 081 | 335 | 076 | 465 | 0.79 | 390
GNT 442 074 | 515 | 078 | 395 | 074 | 555 | 079 | 445
MNT 561 095 | 340 | 096 | 280 | 095 | 360 | 096 | 325
TRQ 611 099 | 345 | 0.88 | 295 | 0.86 | 385 | 0.86 | 360
GACZ 698 0831 355 | 085 | 295 | 0.82 | 385 | 0.82 | 380
GACT 698 0.86 | 350 | 0.88 | 290 | 0.85 | 465 | 0.85 | 370
GACR 698 075 | 425 | 079 | 340 | 073 | 465 | 073 | 455
WBO 702 0.82 | 340 | 084 | 285 | 081 | 365 | 081 | 360
GRQ 703 095 | 265 | 0.95 | 230 | 0.94 | 285 | 0.94 | 285
OTT 721 092 | 265 | 093 | 245 | 091 [ 280 | 091 | 270
CKO 835 1.00 | 255 | 100 | 225 | 100 { 275 | 1.00 | 250
VDQ 864 1.00 | 205 | 100 | 185 | 1.00 | 215 | 100 [ 250
JAQ 994 1.00 | 135 | 1.00 | 125 | 1.00 | 140 | 1.00 | 190

1. Q, = Q1 Hz) f§

1. B.: Body wave model

3. 8.: Surface wave model
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Master curve matching, all 1 Hz filtered coda envelope of the first

event are fitted with some common master curves(a). ¢ varies from 0.5
to 0.7 and Qg is 500%£50. These master curves can also be fitted
for 4 Hz filtered data in (b). Ounly {= 0.6 master curve is shown on
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o
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10’ s} 10° 107
L=
Fig. 6.
this plot.
7= 2
50050 »
50)f06%0.1  This is consistent with the

values from spectral analysis when body
wave scattering model is assumed. Besides,
the coda master curves are also used to fit
observed filtered data for each individual
station. Instead of conventional graphical
analysis, we have tried a search technique.
Combining zll possible Qo § and a proper
source corner frequency, the error is
numerated by taking the square of the
difference between theoretical and
observed data. The errors for all available

PREEhAR L > ()BT AL 1 SRR R IRIE BT Q.=
¢ =0.6 ZHARES o (bR 4 RSN 2 dhig bk o

events of a certain station are then cal-
culated. The least error master curve gives
Qo and { values which represent the coda
attenuation of that station. This matching
also gave similar results shown in Table
5. Figure 7 is example of | Hz coda
envelope at MNT, where asterisks are the
observed data and numbers specify the
event used. The solid lines are the re-
gression fit. The Q of 330109 is similar to
the results of Aki’s model listed in Table
5.
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A important feature can be seen in
Table. The Q value is reduced as the
epicentral distance is increased whereas
frequency-dependence is increased. This
may be caused by different coda wave
duration, since, the triggering system
stores a certain length of digital points for
all stations from the {riggering fime.
Hence, distant stations always have short
coda wave duration. In order to com-
pensate for this difference, the analysis
was performedin two parts. The beginning

100 seconds of coda wave was analyzed
separately form the coda wave arriving
lenger than 100 seconds lapse titme. The
results are listed in Table 6. A strong
relation between attenuation and fre-
quency exists at each station for the first
100 seconds of coda wave, except at GGN

(207km) and WBO(703km) stations.
Referring to Figure 1, an extraordinarily
large Lg wave amplitude rflects radiation
pattern or site effects at these stations.
Unfortunately, the only other station
(LMN) on the same azimuth as GGN is
too noisy to be compared. On the same

figure, a slow coda -envelope decay at
WBO reveals site effects, whereas, other
stations located near WBO do not show
the same tendency. However, large Q,
and smailer frequency-dependence is
obtained in the second part. It implies
that alonger mean free path L is expected.
One possible mechanism is that coda wave
attenuation is depth-dependent. In such
conditions, the latter parts of coda waves
are essentially reflecting the scattering
effects occurred at deeper part of the
earth. In other words, the scatters located
at different depth will have different
scattering effects. Of course, we don’t
exclude other possible explanations such
as channel wave effects proposed by
Dainty (1985} or sedimentary effects.
.Coda wave attenuation was also meas-
ured for each individual event. The
results are given in Figure 8.a (Aki body
wave model) and Figure 8.b (Sato bady
wave model).  They show a similar fre-
quency dependence (¢=0.7), whereas, the
slight difference for Qg is due to each
event having been recorder by different
number of stations and different station
locations. The corner frequency does not
much affect coda wave attenuation. To
further investigate the behavior of coda
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Table 6. Coda attenuation for different coda lapse time

£ A NHERFAREHZEEQIE

1
Station Q.

Distance L.T? Aki.B. AkiS. Sato.B. Sato.S.

(km)

EBN | =100 sec. 0.97 180 0.98 130 0.97 205 0.98 150
135 >>100 sec. 0.76 600 0.82 | 425 0.76 | 605 0.82 430

GGN | =100 sec. 0.78 | 305 0.84 | 210 0.76 | 330 0.81 250
207 >100 sec. 0.81 500 086 | 375 0.81 503 0.8¢ | 380

GSQ | <100 sec. 0.91 190 0193 145 0.89 220 0.91 180
218 >100 sec, 064 | 680 0.64 | 660 0.64 | 690 0.63 680

LPQ | =100 sec. 1.00 130 1.00 110 | 1.00 140 1.00 125
257 =100 sec. 0.55 840 0.67 540 0.54 | 865 0.66 | 560

MNQ | <100 sec. 1.00 160 1.00 140 1.00 175 1.00 185
425 =100 sec. 0.55 830 0.65 565 0.53 880 0.63 620

©

GNT | <100 sec. 1.00 125 1.00 110 1.00 130 100 | 135
442 =100 sec. 0.74 | 560 0.86 | 415 0.72 580 0.83 440

MNT | =100 sec. 0.93 350 0.95 270 0.93 405 092 | 460
561 >100 sec. 0.98 350 098 | 295 0.98 360 0.98 315

TRQ | =100 sec. 1.00 160 1.00 145 1.00 175 1.00 190
611 =100 sec. 0.98 350 098 | 295 0.98 360 0.98 315

GACZ| <100 sec. 0.86 | 305 0.88 { 255 0.85 335 0.84 | 360

698 =100 sec. 0.95 370 056 | 315 095 | 385 0.95 344
GACT | <100 sec. 090 | 295 0.91 249 0.89 325 0.88 § 345
>>100 sec. 1.00 | 430 1.00 355 1.00 | 445 1.00 | 390
GACR| =100 sec. 0.84 340 086 | 280 0.83 380 -] 0.81 410
>100 sec. 074 | 720 0.7 330 0.73 775 0.77 | 620

WBO | =100 sec. 081 250 0.83 215 0.79 280 0.76 330
702 >>100 sec. 0.93 415 094 | 345 092 | 430 094 | 380

GRQ | <100 sec. 1.00 145 1.00 130 1.00 150 1.00 170
703 >100 sec. 0.65 520 0.71 410 0.63 565 0.66 { 450

OTT | <100 sec, 1.00 | 230 1.00 | 205 1.00 | 245 1.00 { 250
721 >

CKO | <100 sec. 1.00 180 1.00 160 1.00 190 1.00 | 240
835 >100 sec. 0.83 260 086 | 230 0.82 [ 270 0.84 [ 255

VDQ | <100 sec. 1.00 130 1.00 120 1.00 135 1.00 170
864 1 >100 sec. 0.63 255 0.64 | 235 0.63 260 0.63 250

JAQ | <100 sec. 1.00 130 1.00 120 1.00-§ 130 1.00 180
994 >

Q.= Q,(1Hz) £

L.T.: Lapse Time of coda wave

b =
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Fig. 8. Coda wave attenuation of each event. {a) using Aki body wave model, the zeta is
about 0.65 for all events and slight difference for Q is caused by different num-
bers and type of records used. The numbers specify the event used. (b) the same
notation as (a), but using Sato body model, the results are similar to those from

Aki’s model.
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waves at different lapse times, the coda
wave attenuations are measured for
different parts of coda wave duration. In
Figure 9, the attenuation for coda wave
lapse times less than 100 seconds, 150
seconds, 200 seconds and 250 seconds are

plotted with respect to frequency. Sym-
bols represent different lapse times. One
can immediately see the change only
occurs at frequencies less than 7 Hz. The
slope below 7 Hz becomes gentler as coda
wave lapse time increases. The high fre-
quency (> 7 Hz) attenuation is inde-
pendent of coda wave lapse time. This
tell us that the coda waves at low fre-

quencies are more intricate than in high
frequencies.

DISCUSSION AND CONCLUSION

The small’ difference between the
results from the body wave scattering
model and the surface wave scattering
model can not be resolved because of the
complexity of coda waves can not be
significantly expressed by only one model
or by single back scattering model is not
appropriate if the whole coda waves is
studied. In addition, two different at-
tenuation-frequency relations can be
found from Figure 5 by examining the Q-
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values at different frequencies. The at-

tenuation has small frequency-dependence

for frequencies less than 7 Hz. From the
study of Lg wave properties in the same
area, Shin and Herrmann (1987) con-
cluded that Lg wave attenuates much
faster than scattered S, wave at frequency
greater than 7 Hz. This phenomenan is
more pronounced at distant records.
Based on these observation, Lg-coda will
not be existed beyond 7 Hz. Moreover,
the Lg phase is the largest amplitude
observed on short period seismograms at
the distance used in this study. We can
expect scattered surface waves are domi-
nant in coda waves at frequencies less
than 7 Hz. This agrees with the observed
filtered data shown in Figure 10. The
original trace on the top of this figure is
recorded at epicentral distance 611 km
and the filtered traces are illustrated
below it. The coda wave trains are im-
mediately after the Lg waves at low fre-
quencies and a smooth envelope is ex-
tended directly from Lg wave. This indi-

cates that the surface wave scattering is
proper for that frequency range. At
higher frequencies, the Lg wave is simin-
ished or hidden under the scattered S,
wave, Coda waves become a tail of the S-
wave which 8 convincingly due to the
scattering in the upper mantle. Based on
this observation, the rate of attenuation
for scattered surface waves is Q. (f) =
335f0-78 which is obtained by taking low
frequency Q values and fitting them to
the frequency-dependent form, whereas,
high frequency Q-values are attributd to
body wave scattering attenuation. Its
attenuation is Q (f)= 200119 for frequency
greater than 7 Hz. The relatively small
amplitude of scattered body waves are
hard to see in distant records especially at
low frequency range. The unknown

properties of scattered body wave at low
frequencies can be studied by using the
records from different distance ranges.
But at short distance, the 8,, wave arrival
is not yet separated from Lg wave. This
makes the observation difficult to under-
stand in detail the properties of scattered
S, wave.

The frequency dependence of coda
wave attenuation is enhanced in low fre-
quency range if a longer coda wave lapse
time is used. This is shown in Figure 9.
Again, this phenomenon supports the con-
clusion that the scattered surface wave is
attenuated much faster than scattered
body wave.  Therefore, the ratio of
scattering surface wave to scattered bhody
wave is decreased as lapse time increased.
This is more pronounced at higher fre-
quencies.

The associated mean free path can
thus be estimated by substituting these
attenuation values into equation 7. For
the scattered body wave, very strong fre-
quency-dependent attenuation makes the
meéan free path a constant (=120 km) over
the frequency range from 7 Hz to 15 Hz.

It is equivalent to a 8x10 km™ turbidity
and consistent with the theoretical study
(Sato, 1984) of S-S back scattering model
in which the magnitude of fluctuation is
0.01 and the scale length is 2 km. For the
scattered surface wave, the turbidity
varies from 4x107 to 9x10® km™ by
ignoring the intrinsic Q; values. If Q; is as-
sumed to be 4000, which come from high
frequency Lg attenuation (Shin and Her-
rmann, 1985) the turbidity ranges from
3x107 to 5x1073km™. The correspond-
ing mean free path is 200150 km. The
smaller mean free path value of scattered
body wave can be explained by relatively
high frequency content of the body
waves. Therefore, body woves -are more

—119 —



10 10
[} ! { I
CAki Bl [Aki S1
10" L | 107 L A
10’ L i 10 L -
a i a
10° | e 4 0L B 4
10' ! L 10" L N
107! 10° 10 10° 10 10° 10" 10
103 FREQ. (Hz) 105 FREQ. (Hz2)
) i I I
[Sato B2 [Sato S1
10" L 4 1oL -
10° | 4 e’ 4
e} o}
10° L e 4 %L 8 |
10‘ L [ 10l i 1
107 16° 10" 10° 10! 10° 10 10%
FREQ. (MHz) FREQ. (Hz]

Fig. 9. Coda attenuation for different models and different coda lapse times of 100
(asterisk), 150 (square), 200 (circle), and 250 (triangle) seconds lapse time are
used for comparison. The Q values at low frequencies increase as a longer lapse
time of coda waves is used. The high frequency attenuation is not changed at
all. This points out that the shape of coda waves at low frequency ranges is
more complicated than at high frequencies.
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Fig. 10.Seismogram at MNT of the first event is shown on the top together with differ-
ent filtered traces displayed below. Arrows indicate the arrival of Lg wave.
Coda waves are the tail of Lg wave at low frequency ranges. It tell us that the
scattered body wave model may not be proper to apply,

B A #-RE MNT R85 2 R R B b ORI 8 2 R ia ek » LUEEE O 2

—121 —



10 T ill] £ E] T ||“|' T T Trrr
L Ald Sato +10
1G°L |
- . A‘QT,:w-un T
[ \‘;\“I‘;\\@& O
[ 18
.i' w
-3 |
a4 >
iRle)
10"" oot raaank 11ty R R
10™ 10° 10' 10°
FREQ. fHZ)

Fig. 11. Observed turbidity (g) of scattered body
wave ‘and scattered surface wave in
eastern Canada. The results for Kanto,
Japan (Sato, 1977; Aki, 1980) are also
plotted for comparison. The dot line
shows the theoretical result for S-8
scattering model (Sato, 1984).
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capable to have scattering effects.

Figure 11 shows the results of some
independent studies from other areas.
The dashed curve is the theoretical curve
(Sato, 1984) for S-S scattering model.
The small square on the top is the turbidity
estimated by Aki- (1980b) in Kanto,
Japan, where single scattering model is
assumed. The turbidity ranges from 1072
to 4x10% km™ at frequency around 2
Hz. In the same area, Sato gave 4x102 to
4x10km™ turbidity for frequency from
1 Hz to 30 Hz as shown as large square in
the center of figure. The bold solid line

" shows the turbidity of scattered body
wave determined in this study and the
small rectangular is turbidity from the

-

surface wave scattering model. A brief
conclusion from Sato (1984) indicates
that single scattering model is valid for the
lapse times less than characteristic time
(vg, shown on the right side of figure)
and gave 62 seconds for that area. Using
low frequency ranges, Aki when estimated
the characteristic time as 25 seconds.
Similar calculations were executed by
using 3.8 km/sec velocity for scattered
body waves and 3.5 km/sec for scattering
surface wave. The characteristic times are
35 seconds and 70 seconds for body and
surface waves respectively. Actually, the

observed data are much more complicated
than the theoretical simulation and the
measurement of coda wave amplitude is
alway more than the characteristic time.
Therefore, these observation make the
results adequate only under the assump-
tion of single back-scattering. Actually,
the possibility of multiple scattering at
the rear part of coda wave (Gao et.al.,
1983) and the unknown ratio of scattered
body wave to scattered surface wave at
different frequency ranges may play an
important role in the whole coda waves.
Of course, we admit that neither Aki’s
model nor Sato’s model describes the
excitation and propagation of the coda
waves perfectly. Somehow, this analysis
only provides some features of scattering
observed in Eastern Canada.
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Fig. 1 Annual variation of averaged vormalized departure index in

Taiwan areas (1946-1985).
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# 1. ZERBERTIHEHERR (1946—1985)

Table 1. Mei-Yu season and its rainfall amountis for periods from 1946 to 1985.
R | e GEdeEE) o B (B | e GEm - E) | EE GEE &R
) | m om0 s mow | Tr e om o es mom |G

1946 | 5/13-6/10 | 436.5 | 5/13-6/10 | 236.5 | 5/13-6/10 | 379.0 | 5/13-6/10 | 193.0

47 | 5/16-6/25 | 865.0 | 5/16-6/25 | 1657.6 | 5/18-6/25 | 1064.8 | 5/16-6/25 | 747.3

48 | 5/26-6/24 | 295.2 | 5/28-6/24 | 363.5 | 5/28-6/25 | 211.8 | 5/26-6/24 | 302.4

19 | 5/11-6/18| 457.6 | 5/11-6/17 | 891.7 | 5/12-6/18 | 667.5 | 5/11-6/20 | 126.0

50 | 5/17-6/24 | 559.2 | 5/17-6/25 | 902.7 | 5/17-6/23 | 478.4 | 5/17-6/24 | 354.3

1951 | 5/14-6/28 | 432.8 | 5/14-6/18 | 1002.7 | 5/13-6/18 | 962.2 | 5/14-6/19 | 540.8

52 | 5/20-6/26 | 344.3 | 5/20-6/26 | 0.9 | 5/20-6/26 | 555.3 | 5/20-6/25 | 236.7

53 | 5/11-6/14 | 505.0 | 5/12-6/14 | 802.9 | 5/12-6/14 | 790.8 | 5/11-6/14 | 290.2

54 | 5/30-6/5| 87.4| 5/316/ 5| 72.3| 5/30-6/ 5| 139.9| 5/30-6/ 7| 270.0

55 | 5/ 8-6/14| 330.1| 5/ 9-6/17 | 318.5| 5/ 9-6/17 | 551.7 | 5/ 9-6/14 | 124.7

56 | 5/ 9-6/17 | 534.6 | 5/10-6/19 | 268.0 | 5/11-6/15 | 310.4 | 5/ 9-6/17 | 212.6

57 | 5/12-6/20 | 579.6 | 5/12-6/19 | 814.0 | 5/13-6/19 | 1043.8 | 5/12-6/20 | 358.2

58 | 5/22-6/25 | 333.0 | 5/22-6/25 | 289.5| 5/23-6/26 | 255.7 | 5/23-6/25 | 314.5

59 | 5/27-6/25 | 524.0 | 5/27-6/24 | 623.4 | 5/27-6/24 | 281.8 | 5/27-6/20 | 86.6

60 | 5/15-6/18 | 520.5 5/18-6/19 | 461.6 | 5/19-6/19 | 382.1 | 5/15-6/19 | 400.7

1961 | 5/29-6/11| 82.1 5/29-6/ 9| 90.5 5/29-6/12| 70.0 | 5/29-6/12| 123.6

62 | 5/ 5-6/18 | 370.1| 5/25-6/18 | 309.1 | 6/ 4-6/17 | 235.5| 5/ 5-6/17 | 229.0

63 | 5/31-6/16 | 145.8 | 6/ 1-6/17.| 256.0 | 6/ 1-6/16 | 142.6 | 6/ 1-6/16 | 129.1

64 | 5/ 4-6/26 | 450.5 | 5/ 4-6/24 | 479.6 | 5/ 5-6/28 | 301.3 | 5/ 3-6/26 | 310.2

65 | 5/10-6/20 | 458.3 | 5/ 7-6/29 | 489.5 | 5/10-6/29 | 480.9 | 5/10-6/28 | 529.3

66 | 6/ 2-6/23 | 616.6 | 6/ 2-6/22 | 824.6 | 6/ 2-6/14 | 472.7 | 6/ 2-6/21 | 224.6

67 | 5/21-6/14 | 391.7 | 5/21-6/14 | 456.9 | 5/21-6/14 | 744.2 | 5/21-6/14 | 369.5

68 | 5/18-6/27 | 592.2  5/20-6/29 | 1010.1 | 5/19-6/28 | 621.1 | 5/19-6/28 | 246.6

690 | 5/16-6/23 1 305.3| 5/16-6/23 | 659.1 | 5/19-6/22 | 561.2 | 5/19-6/23 | 292.0

70 | 5/ 7-6/27| 398.2| 5/ 9-6/231 300.6 | 5/ 9-6/23 | 381.1 | 5/ 7-6/28 | 307.6

1971 | 6/ 1-6/111 114.9! 6/ 2-6/11 | 396.3 | 6/ 3-6/ 8| 131.9 | 6/ 2-6/11 |, 46.6

72 | 5/ 9-6/18 | 416.8| 5/ 9-6/18 | 1195.4 | 5/ 9-6/18 | 862.8 | 5/ 996/18 | 348.6

73 | 5/ 9;6/16 | 405.6 | 5/ 9-6/18 | 476.0 | 5/ 9-6/16 | 380.5 | 5/ 9-6/16 | 206.3

74 | 5/24-6/25 | 532.3 | 5/26-6/24 | 603.0 | 5/27-6/24 | 627.5 | 5/26-6/25 | 408.1

75 | 5/16-6/19 | 569.6 | 5/17-6/19 | 764.8 | 5/19-6/20 | 531.5| 5/15-6/19 | 205.9

76 | 5/26-6/14 | 266.3| 5/27-6/14 | 472.2 | 5/26-6/13 | 267.4 | 5/27-6/16 | 42.8

77 | 5/15-6/21 | 597.2 | 5/15-6/21 | 845.0 | 5/15-6/21 | 1344.7 | 5/15-6/21 | 215.8

78 | 5/18-6/10 | 337.3| 5/18-6/ 8 | 307.5 | 5/18-6/ 7| 241.0| 5/17-6/ 7| 150.2

79 | 5/15-6/17 | 600.6 | 5/15-6/17 @ 421.8 | '5/15-6/14 | 459.3 | 5/14-6/19 | 274.1

80 | 4/20-5/11| 282.4.| 4/20-5/10 | 103.7 | 4/21-5/ 9| 46.3| 4/21-5/12| 66.8

1981 | 5/10-6/14 | 816.1 | 5/10 6/14 | 782.4 | 5/10-6/14 | 499.7 | 5/10-6/14 | 490.7

82 | 5/28-6/25 | 340.7 | 5/286/24 | 430.9 | 5/28-6/24 | 432.9 | 5/30-6/25 | 57.2

83 | 5/9-6/19| 341.0 | 5/ 9-6/19 | 462.1! 5/ 9-6/19| 791.1| 5/ 9-6/18 | 151.9

84 | 5/14-6/11 | 601.8 | 5/14-6/11 | 344.0 | 5/14-6/11 | 464.3 | 5/14-6/10 | 290.2

85 | 5/286/19| 283.9| 5/28-6/19 | 488.4 | 5/28-6/19 | 493.7 | 5/28-6/19 | 327.8

ﬁﬁzﬁﬁ%ﬁé (o)  430.3/169.7 519.6/322.4 493.8/285.0 267.6/146.0
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# 2 EEMERTHZ PR(%)ME - NDI {EE W7 §(1946-1985)

Table 2. PR(%) -~ NDI values and classification of Mei-Yu season in Taiwan
areas from 1946 to 1985.
4t | =] o =il
AR —— & H
BPR(%) NDI |PR(%)| NDI |PR(%)| NDI |PR(%)| NDI
1946 101 0.04 43 | —0.97 77 | —0.40 72 | —0.51 N
47 201 2.56 302 3.44 216 2.00 279 3.29 MA
48 68 | —0.80 66 | —0.58 43 | —0.9% 113 0.24 B
49 106 0.16 162 1.06 135 0.61 47 | -0.97
50 130 0.76 164 1.10 97 | —0.05 132 0.59 A
1951 101 0.01 182 1.41 195 1.64 202 1.87 MA
52 80 | —0.51 57 | —0.74 112 0.22 88 | —0.21 N
53 117 0.44 146 0.79 160 1.04 108 0.15 A
54 20 | —2.02 13 | —1.48 28 | —1.24 101 0.02 MB
55 77 | —0.59 58 | —0.72 112 0.20 47 | —0.98 N
56 124 0.61 49 | —0.87 63 | —0.64 79 | —0.38 .
57 135 0.88 148 0.82 211 1.93 134 0.62 MA
58 77 | —0.57 53 | —0.81 52 | —0.84 118 0.32 B
59 122 0.55 | 113 0.23 57 | —0.74 32 | —1.24 '
60 121 0.53 84 | —0.27 77 | —0.39 150 0.91
1961 19 | —2.05 17 | —1.42 14 | —1.49 46 | —0.99 MB
62 86 | —-0.35 56 | —0.75 48 | —0.91 86 | —0.26 B
63 34 | —1.68 47 | —0.91 290 | —1.23 48 | —0.95 MB
64 105 0.12 87 | —0.22 79 | —0.36 116 0.29 N
65 107 0.16 89 | —0.19| 97 | —0.05 198 1.79
66 143 1.10 150 0.85 9% | —0.07 84 | —0.28 N
67 91 | —0.23 83 | —0.29 151 0.88 138 0.70
68 138 0.9 184 1.43 126 0.45 92 | —0.14 A
69 71 | —0.74 120 | 0.34 114 0.24 146 0.17 N
70 93 | —0.19 5 | —0.77 77 | —0.40 115 0.27 N
1971 27 | —1.86 72 | —0.48 27 | —1.27 17 | —1.51 MB
72 97 | —0.08 218 2.00 175 1.30 130 0.55 MA
73 94 | —0.15 87 | -0.23 77 | —0.40 77 1 —0.42 N
74 124 0.60 110 0.17 127 0.47 153 0.96 A
75 153 1.35 139 0.67 108 0.13 77 | —0.42
76 62 | —0.97 86 | —0.24 b4 | —0.79 16 | —1.54 B
77 129 0.98 154 0.92 272 2.99 81 | —0.35 MA
78 78 | —0.55| 5 | —0.75| 49 |—0.80| 5 | —0.80 B
79 140 1.00 77 | —0.40 93 | —0.12 102 0.04 N
80 66 | —0.87 19 [ —1.38 9 | -1.57 25 | —1.38 MB
1981 190 2.27 | -142 0.72 101 0.02 183 1.53 A
82 79 | —0.53 78 | —0.37 88 | —0.21 21 | —1.44 N
83 79 | —0.53 84 | -—0.27| 160 1.04 57 | —0.79
84 140 1.01 63 | —0.64 94 | —0.10 108 0.15
85 66 | —0.86 89 | —0.19 100 0.00 122 0.41
2 : MN=Much Above A=Above MB=Much Below B =Below N =Normal
(M) (HiH) (HBizEHs) (2249) GIE®H)
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B 2 BiEER bP® 500 mb BEEFAR
Hofa)3F r (b4 2(c}5 A6 F »
)5 A+6 A (FETHMME 5 gpm) -
Fig. 2 Northern Hemisphere 500 mb com-
posite anomalous charts for(a)March,
(b) April, {¢) May, {d) June, {e) May+

June during wet Mei-Yu year.
{contour interval 5 gpm).
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a:March

d:June

e:May +June

(

d)6 A

b

» L5 ER 500 mb BB ET AR o

()37 +(b}4 5 +{c}5 A

b: April

1 B 3 ZSiEes

e}b 4+

6 B (SETHERA 5gpm) o

dry

Mei-Yu vyear.

c:May

Fig. 3 The same as Fig 5 except for
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4 FEHEREEREEETSHE o (@)FEX (K3~ 4E) b5 A ()68 »
@sA+6R (FEFHHEER 5 gpm)
Fig. 4 Northern Hemispere 500 mb camposite anomalous charts for {(a) Spring,

{b) May, (¢} June, (d) May+June during normal Mei-Yu year (contour
“interval 5 gpm).
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[a:Wet/Winter |

H 5a HEEER - URKFELE SST EFSRBE (£/450.200°F) -
Fig, 5a Northern Pacific SST composite anomalous chart for winter
time during wet Mei-Yu year. (contour interval 0.200°F).

l b:Wet/Spring |
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¥ ¥
=
a

; 255" N
o
o

] 5b HRFR EATERS SST EF4HE (ZEE 0.200°F) o
Fig. 5b The same as Fig 5a except for spring time.

— 135 —



| a:Dry/W’inter_|
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B 6a ZSERS LATHEASE SST BEESKE (ZEH 0.200°F) o

Fig. 6a Northern Pacific SST composite anomalous chart for winter
time during dry Mei-Yu year (contour interval 0.200°F)

[ b:Dry/Spring |

B 6b ZHERILAPHEES SST BFARE (LHEs 0.200°F) o
Fig 6b The same as Fig 6a except for spring time,
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B 7a HEESER BPERZETHLEEE

Fig. 7a The trace of anomaly center for
East-Hemisphere during wet
Mei-Yu year.

b:Dry

B 7b SR RERZERLEEE
Fig. 7b The same as Fig 7a except for
dry Mei-Yu year.
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A Study on Characteristics of 500mb. Anomaly and
Sea Surface Temperature during Wet/Dry Mei-Yu
Seasons in Taiwan

Henry Fu-Cheng Liu

Central Weather Bureau

ABSTRACT

The main purpose of research this is to study the characteristics of 500mb
anomaly and Sea Surface Temperature anomaly during wet/dry Mei-Yu
seasons in Taiwan area. Rainfall data is selected from seven weather stations
{Keelung, Taipei, Taichung, Tainan, Kaohsiung, Hualien, and Taitung) with
the period 1946-1985. We first define the wet/dry years of Mei-Yu by PR
(%) and NDI. The composite 500mb level height anomaly charts of northern
hemisphere and some related information are used. In addition, 3ST seasonal
anomaly over northern Pacific are also employed to reveal their relations

-with Mei-Yu rainfall.

Two significant findings emerge. Those are as follows. (1) From the
500mb - anomaly composite charts, the East Asia during wet Mei-Yu season
has positive anomalies to the north and negative to the south of 30°N, and
converse patterns during dry season. This distribution appears to occur about
two months (in March) before the onset of Mei-Yu season. (2) The change
of SST anomaly in west and central North Pacific areas can be an useful
indicator, i. e, for the wet Mei-Yu season, the negative anomaly in central-
pacific in winter will evolve into positive in the following season (spring).
For the dry Mei-Yu season, the small negative anomaly area in central-pacific
becomes larger in the vicinity of Japan and Taiwan.

Finally, the application of these results on long-range weather prediction
for 1987's Mei-Yu season has shown promising skill.
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Tuble 1. Summary of the date with lowest temperature <10°C in Taipei (sclected
locale for Northern Taiwan) from December 1976 to March 1986, Lowest

value for each day and day/s of successive occurrence are listed also.
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Table 2. As in Table 1, but for Tai-chung (selected locale for Central Taiwan).
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Table 3. As in Table 1, but for Chia-yi (selected locale for Southern Taiwan).
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Table 4. As in Table 1, but for I-lan (selected locale for Northeastern Taiwan).
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700 1118 9 2 2012131 9 (12118 ] 9 4
B 12~ A B36ANREFTR )72 ~ BRI (RN R oTH s A
Table 5. 12hr, 24hr and 36l low temperature forecast equations for the Northern,
Central, Southern and Northeastern areas of Taiwan. The multiple cor-
relation coefficient and error mean for each equation are listed behind.
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Fig. 2. Comparative distributions of the daily lowest temperature 12hr forecast(x) and the
observed temperature minimum(o) from 2 December 1986 to 30 March 1987 for the
Northern area of Taiwan (selected locale is Taipei).
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Fig. 3. Asin Fig. 1, but for the Central area of Taiwan (selected locale is Tai-chung).
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Fig. 4. Asin Fig. 1, but for the Southern area (selected locale is Chia-yi).
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Fig. 5. Asin Fig. 1, but for the Northeastern area (selected locale is I-lan).
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Fig. 6. Asin Fig. 1, but for Z4hr forecast.
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Fig. 7. Asin Fig. 1, but for 24hr forecast of the Central area.
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Fig. 8. Asin Fig. 1, but for 24hr forecast of the Southern area.
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Fig. 9. Asin Fig. 1, but for 24hr forecast of the Northeastern area.
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Fig. 10. Asin Fig. 1, but for 36hr forecast.
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Fig. 12. Asin Fig. 1, but for 36hr forecast of the Southern area.
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A Study of the Objective Forecast of Low
Temperatures in the Winter of Taiwan

Tin-Kuo Lee, Chao-Ming Liu, Par-Yuang Hwang, Jeng-Der Tsai

Taipei Meteorological Center, ANWS, CCAA

ABSTRACT

In Taiwan, from December to March of the next year, there are days
of £10°C caused by the strong cold surges and or cold air from Chinese
Mainland. These cold air will sometimes cause big damages to the land and
the water farmings, Thus, it is our intention to set up objective forsecasts

of low temperatures for this area.

Firstly, the exact dates and the lasting days with temperatures<1G°C in
Taipei, Taichung, Chiayi and Ilan, representing the Northern, the Central, the
Southern and the Northeastern parts of Taiwan, between 1976 and 1986 of
the above mentioned months were summed up. And then, 850mhb, 700mb and
the surface charts at both 0000Z and 1200Z were used to derive basic data of
the four areas, and some station data of the Eastern and the Northern
Mainland China. Finally, by using multiple regressive method, we built up
12hrs, 24hrs and 36hrs forecast models of quantitaive minimum temperature

for the four areas.

The correlation coefficients of the 12 hrs forecast models for the four
areas are over 0.6, and those for the Northern and the Southern parts are
higher than 0.8, The correlation coefficients of the 24 hrs models are over
0.7 except for Northeastern part, it is 0.587 The results of the 36hrs fore-
casts for the four areas are 0.549, 0.585, 0.598 and 0.466 respectively, and
comparatively lower than the 12hrs and the 24hrs forecasts,
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Table 1. Summary of typhoon information
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the western North Pacific Ocean in 1986
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Table 2 Summary of typhoon warnings issued by the Central Weather Bureau in 1986
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Table 3 Summary of typhoon occurrence in the western North Pacific since 1947

#=

El = M= ML Y ODIHNOMF Ot NN NN m M bl
= MMHB Bmmmmmwmmm %MQ%S%Z%HB %%uﬁumnmwr vomorn & m =
B iy

-l e mm%m%uﬂmww 95%3&%%%9% RRTI[QIIOY W8("8 S ¢ &
w | = -n|u.0m00 0000000000 0000000000 COoOODOoCOOTOD SO0 O MM.
= e (DA OON A ASAASHOOOD0 ONOOSONS S NS & .,0: ™

n.H... L 141|.+M£;24 N A =S @O AN =S OO COIRNONMN DN O O =t O _p_w M o
m | e 0001 CNONOSOOMO CO000OMHTOD OO0 TOoOD OOOn,u..OimuwM:mU
| e A RN NN IO RO T i N SN N 1 (L N D 1D H o

= LTM IR DOl LD ED N I 1306223424 2234311321 31431 2 M”
Ni <t O O L O O3 -1 O3 O P 00 00 O3 T 00 100 OF V3 0] 0 1 £ 643 0 09 13453 M1”!ou

Sl ol womem SO IO DO WD OOD D LD I NI 0D D W M 7+
w2 ONNG it AR S N D O D N el 200‘1..,.100om.b..w.mwmlhﬂw:ﬂ.
IM N NOALOMBINMONDS DN FEO W HMINN PO P LU KT D m M.u o

S |y | WO NMSEINMOBN WY MO ML 65255555“6 O LG m.l”.!?.
m ||| el FONAAASHMN NNOOA—ACS S OrOMNM— N N~ B m -
= AT INIBMOMI TN THA) MMM PO OMmH MMM S OO MM W H o™

@R MM OO HNESD MOMD -0 00D IO WG IDLO H N C DIA b L0 U 1 60 Mi”_.!w}lo.ol
m | E |90 OrrO0O00mHH A0 O S NOmMOONCO et & M”
= SN AN AN ENETNRNTO DINFNONOMNT NN 5 HIZ

L mow €3 60 e vt e €0 71 £m O 6D 5547556333..N...w?Slbrﬂb.d.,d.%pmeEmW.ﬂ......m...m..,.-
| = 1‘001‘ SHHSO00HOOH COCOHOOO0R SOTCTOOHIS NAD—- « M!M.E
IW_I i YO DS ORI O N—OHONOCOOO NmooN 8 Ni.“.

[f=} ..HI — Y i O] 13202113.03 €3 <0 ¢ O\ OF) vt vl yel 0 O] 2303“%1301 M1 "w ””.IMLI
== OO0 COOOITOOTOE HMOCOHOOOOD 000:0.00100:00-MW0..~0.WH0EMMUI
| NS A SOEAESO O NNONNND =SS 110102000!%41010“1 4] nnu.. -

I:w...r ot | NS HMOAHOO NSO ONSNANAHOD OO NOS S OO~ F M.2
m | mUanwnqu COCO00O0000 SODCOTODOO VOO0 OCODT W Mw
| OO0C0 FOCOHHHOAH CrHHOOHMHHD MOCOONOmd SO0 D Mll

- — OO MO OO O e e v B S DD OO St ] ZOO;W.O Ww M‘.Iﬂ.
M| g | OO0 COCOTOOOOO DOOOOCONOO COCIOVOOOSD SOS0O © Ml.m.
o] ©000 COOOHHOOO0 HODOOD~OOCO COOOOOOO—D =HNOOOD o M.IOI
|3|f.H_ oo OO A D OMD MOOC—ADNOAD mMOOAME DO S —MNS oS ] knuu =
m Bl oooco vsocococococe cooccoococoo COOOCOoOSO 00000<m.,.M-Mul
= | cooco cCoroCooO0oO OO SOOO 0000000000 OWOOO ™ Mf.H

“ = | COOC HO~OMOOOHD COOCNCOOOH VVVOHOOIOO DTS00 ® M -
m IMI.OW.On.VI:OFWO\nwOOOOOO 0000000000 CCODCoOOO0 OO0 O Mlm.
= CO00 COCOHOAHOD OO0 OD MmO 0100110010 Nmuinﬂﬂ'ﬂlam!nn/“l:nw
TR OO COOOHONHOO HOOCNONOHD ~rOmriOmemO SoOON =] MM
& OMD T INIDE0DE oy P 00 S 1234.m67890 e N V7 w1 1y o
|= ¢ 3338 BEREEREERES 2000000820 SENSENEE0E BRER N 8




%Y RELG ARG
Table 4 damages related to typhoons in Taiwan area in 1985
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Table 5 Cstatistics of typhoon life

period in 1986
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Table 6 List of 24-hour average vector errors for invasive typhoons in 1986
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Table 1 Eight cases of upper level cold core lows selected in this study.

O |F B A B B E BB BERE|OE & b | B % E
1 1985 6 14122-2400 z 9.5 18°N, 167°E 23°N,133°E
2 1985 8 0412z-1012z 6 22°N, 160°E 32°N,137°E
3 1985 8 1300 z -1900 z 6 21°N, 168°E 23°N, 130°E
4 1985 9 0100 z ~0612 z 5.5 22°N,150°E 34°N,139°E
5 1986 6 0200 z-1200 z 10 18°N, 176°E 22°N,158°E
6 . 1986 6 2800z -0712 2z 9.5 24°N,177°W 20°N, 141°E
7 1986 7 020020712z 5.5 23°N, 177°W 27°N, 140°E
8 1986 7 1012 z-1800 z 7.5 19°N, 171°E 23°N, 126°E
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Table 2. The location differences of upper cold core lows as determmed by .
" the rawinsondes/aircraft reports and satellite winds (with respect -
to the satellite locations). Wind directions is octant and location - -

differences in latitude.

w ﬁﬁ‘ N | NE E | SE.| S |.SW | W | NW | &
1 1 1 9 3 2 2 2 0 0
-2, 1|0 2 1 2 3 | 4 0 0
3 1 1 2 2 0 2 3 2 0
4 1] 2 1 .| 3 2. | 1 0
5 2 | 0 4 3 Lo 1 1 1 8
6 1 4 6 1 0 0 2 2 3
7 3 5 2 0 2 1 5 1 1
1- 8 2 1 1 0 0 0 5. 1 6
W #| 12 13 28 11 9 10 24 8 18
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Table 3. Same as Tab_lg_l, but for the hexadecimal.
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. Table 4. -Same as Table 2, but for the location differences of. the upper
cold core lows as determined by the rewinsondes/aircraft reports

and the composite data.

— e
S E _i N
;;:::ii>

NE | E .SE S SW W NW | K &

1 0 5 | 3 | 2 2 3 3 2 0

2 1 0 0 | .0 5 | 4 3 0 | -0

3 0 1 2 1 2 2 3 | 2 0
| 4 1 2 2|2 2] 1 2 [0 | o0
2 #1.2 | 8 | 7 5 |11 |10 |1 4 0
" 4 .84 | 138 | 121 | 867 19.0 | 172 | 19.0 | 69 |0
THREE@E) 0.3 | 093] 1.25| 1307 1.09| 1.68| 2.7 2.10| 0

BRI SBMITISEEE (I :1.43e

CEE RRMe J8TSNHE
Table 5. Same as Table 4, but for hexadecimal.
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Analyses of Center Location of Upper Troposphenc
I " Cold Core Low

George, T. J. Chen
Department of Atmorpheric Sciences
- National Taiwan University

Shati- Shang Chi, Shuh-Wang Wu and Jye-Yu Kou
Meteorologlcal Satellite Ground Station
Central Weather Bureau G

ABSTRACT

~ Eight cases of upper tropospheric cold core low over western Pacific
during the warm months of 1985-1986 were selected to study the methods
of positioning the center position. Rawinsondes/aircraft reports, satellite
winds and.the combination of the previous three kinds of data were
used. Results show that the tracks of satellite wind positions and that
of the rawinsonde/aircraft are coherent but the distance difference are_
slightly larger than the former one.

Comparisons among the positioning methods of the satellite wind,
rawinsonde/aircraft data and the combined data show that the first
- .two methods have a west and an east bias, especially, the satellite
‘wind method. Results also show that the satellite wind method was
closer to the combined data methods than that of the rawinsonde/
aircraft- method. The combined data method was considered to be the
best one to locate the position of the upper tropospheric cold core low.
Evidently, the satellite wind method shows slightly better result than
thz other one in this study.

Key Words: Cold core low, Cold vortex, Transient cyclonic center
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Table 2. The coefficient of muti-channel SST.
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with local standard deviation greater
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Fig. 5. (a)Cloud image of AVHRR channel 4 observed on 07Z of Dec. 21, 1987, the area

is 20°N~28°N, 118°E~127°E.
(b)Same as (a), but observed on 07Z of Dec. 23, 1987.
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Fig. 6. The SST estimeted from satellite on 07Z of Dec. 21, 1987, the analysis grid is 0.5°

latitude by 0.5° longitude, the value in circle is the observed SST.
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Fig. 7. Same as Figure 6, but satellite observed on 07Z of Dec. 23, 1987.
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Table 4. Same as Table 3, but on 07Z of Dec. 23,
1987,
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Applying Cloud-Clearing Techique in a Cloudy
Area to Estimate the Satellite-Derived Sea Surface

Temperature around the Taiwan Area

Gin-Rong Liu Tai-Chung Yen, Hsing-Hann Chen

Center for Space and Remote Sensing Meteorological Satellite Ground
Research, National Central University Station, Central Weather Bureau

ABSTRACT

A multiple-channel method is developed to determine sea surface
temperature from the radiation measurements of AVHRR infrared
window channels. To estimate the sea surface temperature from satellite
observed infrared window channel radiances, it has been necegsary to
first select or determine the radiances for clear air. In this study, ‘a
simple and accurate "cloud-clearing technique called “spatial coherence
method” is applied to extract the clear air radiances from observed
cloud-contaminated radiances.

The results obtained from this method are compared with conven-
tional ship observations. The intercomparisons reveal the usefulness of
this technigue in estimating the sea surface temperature in a cloudy
area.

Key Words: SST, Multi-channel method, Spatial coherence method,
Cloud-clearing
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Fig. 1 (a)Typhoon Andy's (1982) rainfall
distribution analysized in 1987
on the basis of the data obser-
ved at some 949 stations.

(b) Typhoon Andy’s (1982) rainfall
distribution analysized in 1982
on the basis of the data obser-
ved at some 50 stations.

i1

#1 FEFEWEHERBRGHE
Table I The total observation stations
attached to some different
units in Taiwan.

MO OB O (MBI ERRBER

EE EKAB] 16l
EEEBHKFG | 258 61
1ok E EHE | 16 60, 63, 72
EBAmAaR| 15
EBEHAE| 9
=M OB %A | 267
EWMEHRBR| 15
EEARBENER | 3|60, 61

BB H Bl EssEE | 17 | 60, 61, 64, 65, 70
EBLLEEERK | 15| 60, 61, 64, 65, 61

WH e 4R | 13]60-67, 70
E8E BRAT] 7|60, 61, 65-68, 70
AT RATER 4] 60, 61, 65-70,72-74
EEYEEABAT | 3] 60, 61, 65-67,70,72
ML BREARPET | 5| 60-67, 70, 72
B EREKE | 861, 70
EEETREWRYE | 4| 60, 64, 65, 68, 70
BERENRERBAT | 9] 60, 64-67, 70, 72
EEETEEERES | 3 :
B KEEER| 8
bR E B R 2

»_l.

& = | 949

B 2 FESERREAN R85 E

Fig. 2 Topographic map of Taiwan and
the distribution of weather sta-
tionsattached to some units.
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tracks used by Hsu (1972).
(b)The 8 categories of typhoon

tracks used in this study.
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Table 2. Cases of typhoons which passed over the north of Pengchiayi. (type 1)

B AE (B 4 F R ORE B > > > > > > |

B £ 5 %A an B |4 F|® | 150 | 300 | 500 | 800 | 1000 {1500 {n E B
iazgist lss | MB | KM | KTS) mm | mm | mm | mm | mm_| mm

GILDA | 1852 / N~
1A 0716 | 984 | 400 | 15 @ @ @ @ 0
(1) 0720 \
NINA 1953 _ ‘

1A 0815 | 950 | 450 | 20 @ @ @ @ @ @ /0

(2) 0818

WANDA | 1956 / \
1A 0730 | 920 | 550 | 20 @ @ g @ 0
(3) 0803

GRACE | 1958

1A 0902 | 920 | 250 | 23 @ @ @ @ a @ /a\
(4) 0905 w7
BILLIE | 1959 \
1A 10714 | 9ro | 250 23 6 @ g @ @ @ /O
(5) 0718 -
TESS 1966 ‘
ANy A AV AVAVAV L
(6) 0818 v
CORA 1966 / T~
1A 0903 | 930 | 200 | 10 &
(1) 0308 t
IRVING | 1979 /

1A 0814 | 955 | 300 ; 20 (7 O
(8) 0816

JUDY 1979

1A 0822 950 | 300 | 20 g @ @ @ @ @ /é\
(9) 0824 "~
AGNESS | 1981 / S~
1A 0830 | 950 | 300 | 20 0
(10) 0901 :

HOLLY | 1984

18 088 | 975 | 300 | 20 @ @ @ @ @ @ ,/0 \
(11) 0819 _\
JEFF 1985

18 0729 | 985 | 250 | 10 a @ @ @ @ @ /O
(12) 0730 ”
BRANDA | 1985

18 1003 { %0 | 300 | 25 @ @ @ @ @ @ /OK
(13) 1005 | 7




#£ = EAREICREILSERNMERABEE (F25)

Table 3. Cases of typhoons which passed through northern Taiwan or
over the vicinity of northern waters. (type 2)

BB AR AT B8R RFE 8 > > > > > >

B o W o MEi RX(® 150 | 300 | 500 | 800 | too0 { 1500 | R B B A
MEHEM | W] MB! KM |[KTS |mm | mm | mm | mm | mm | mm

KIT 1953

2A 0703 | 910 | 400 | 25 ﬁ g @ @ g @

(1) 0705 . :

DINAH | 1956

24 0902 | 970 | 400 | 23 J @ @ @ @ @

(2) 0905

FREDA | 1956 ,

24 0915 | 990 | 200 | 10 e @ @ g @ @ /Lé?\
(3) 0920

SHIRLEY| 1960 ' ' ;

2A or29 | 960 | 300 | 20 J @ @ @ a @ /U\
(4) 0803 .

TRIX 1960

24 6806 | 960 { 200 | 25 @ @ @ @ @ @ /}a\
(5) 0810 . \

OPOL 1962

2A 0803 | 010 | 450 | 20 @ @ @ @ @ @ /b\
(8) 0807 '

AMY 1962

2A 0901 | 940 | 400 | 25 @ @ @ g @ @ /bk_/_
(7> 0907 -
WENDY | 1963

2A o714 | 930 | 400 | 20 @ @ @ @ @ /b\
(8) 0719 g

GLORIA | 1963 5

2A p9os | 925 | 500 | 10 @ @ @ (j ﬁ\
(9) 0913 '

MARY 1965 -

2A 017 | 965 | 350 | 15 ﬂ @ @ @ g /v\
(10) 0820 '
BETTY | 1969 ' ‘

2A ogo7 | 968 { 200 | 30 @ /@\
000007

ELSIE | 1969 74

24 0925 | 930 350 25 @ @ @ @ @ @ /w\
(12) 0928 o .

FRAN 1970

2A 0906 | 980 | 200 | 15 @ @ ‘
(13) 0908 ﬂ ﬁq i @' @ /aj
BESS 1971 ] ' '
2A 0921 | 920 | 280 | 25 @ éﬁ @ @ @ @ /a\
(14) 0924 | - .

BETTY | 1972 7\
24 0816 | 925 | 400 | 15 @ @ @ @ @ 0
_(15) 0818 |
BILLIE| 1976 -

2A 0810 | 990 | 150 | 25 @ _ , ,7‘0\
(16) 0812

|
8
1
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(continued)
Bm R MBIE 4| FE R R|FE B > > > > > >
I 4 A B opEl4 | ® #| 150 | 300 | 500 | 800 | 1000 | 1500 j AR E B %
{H % M| R MB KM |KTS [ mm [ mm | mm | mm {mm | mm
VELA 1977 @ ;
2A ar29 | 930 | 300 | 18 67 @ @ @ @ 70\/
17) 0801 i x
NORRIS | 1980
2A 0826 | 950 | 200 | 20 @ @ @ @ @ )‘0\
(18) 0829
MAURY | 1981
24 o719 | 987 | 200 | 25 a @ @ @ @ @ /U\
(19) 0720 i
FREDA | 1984
24 0806 | 988 80 | 40 w @ @ @ @ @ )U\
(20) 0808 -
NELSON| 1985 ‘
24 0822 | 965 | 300 | 18 J @ @ @ a @ ;a\
(21) 0824 .
JEAN 1974
(22) 0720
JUNE 1981
28 0620 { 965 | 300 | 15 @ @ @ @ @ @ /&
(23) 0621 ]
ALEX 1984
2B 0702 | 980 | 150 | 25 @ @ @ @ @ @ /&
(24) 0704 :

— 901 —
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Table 4. Cases of typhoons which passed through central Taiwan. (type 3

WE AR £IFE HR AT B > > > > > >
B 4 & moEE |4 ®|® M| 150 | 300 ; 500 | 800 | 1000 {1500 | R WL OBE @
fi8l %€ vk |BF | MB KM [KTS | mm mm | mm mm | mm | mm
PHYLLIS | 1953
3 0820 | 980 | 250 | 30 a g @ @ @ @ /K
(1) 0822 X
IRIS 1955
3 0823 | 985 | 200 | 24 g a @ @ @ @ /&
(2) 0825 |-
WINNIE | 1958
3 o714 | 940 | 300 | 25 a @ @) @ @ @ }??\
(3) 0718
JOAN 1958 ,
3 0829 | 890 | 650 | 23 @ @ @ @ a @ )<§\
(4) 0901 _
LOUISE | 1958 -
3 0901 | 980 | 300 | 25 g @ @ @ @ @ /Ejk
(5) 0406
ELAINE | 1960 ‘
3 | o820 } 930 | 100 | 15 @ 0 g @ @ @ }@
(6) 0825 L
BETTY 1961
3 0524 | 945 | 250 | 25 a a @ @ @ a /&
%&E 0528

1961
3 0804 { 950 | 250 | 15 g g @ @ @ @ / '@\
(8) 0809 '
PAMELA | 1961
3 0gif | 930 | 300 | 30 @ @ a @ @ @ )%O'\
(9) 0913 |
CLARA 1967 ' 7
3 0826 | 960 | 250 | 20 @ @ g @ @ @ /??\
(10) 0831
NORA 1967
3 1115 | 980 | 150 | 28 @) @ @ @ @ @ /5\
{11 1119
GILDA 1971 _ -
3 0916 | 890 | 800 | 15 0 @ @ @ @ @ /25\
(12) 0920
AGNES 1975
3 0802 | 980 | 300 | 12 @ @ @ /f(%
(13) 0804
NTNA 1975 _
3 0802 | 900 | 250 | 28 @ @ g @ @ @ )ﬁ?\
(14) 0804
DELLA 1978
3 0812 | 985 | 150 | 30 @ a @ @ @ 0 /"’zj\
(15) 0814
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Table 5. Cases of typhoons which passed through southern Taiwan

or over the vicinity of southern waters. (type 4)

8

BALS B & F B # AFE B > 1 >
B # 4 49 o OR #|EB oW 500 | 800 O OB
ELEE AL IR G KM [ KTS mm | mm mm | mm
MARY 1952 -
4 0831 | agg | 400 | 30 g @ @ @ @ /@
(1) 0903
BESS 1952 .
4 1112 | 940 | 400 | 30 0 @ @ @? @ @ /«Q
(2) 115 -
DELLA 1952
4 1123 | 990 | 150 | 15 @ @ a @ @ @ /O
(3) 1128 \
RITA 1953
4 0829 | 960 | 300 | 25 0 g @ @ @ @ ><Q
(4) 0903 :
GILDA | 1956 )
4 0822 | 965 | 300 | 15 a a @ @ @ @ /<Q
(5) 0924 ‘
LORNA | 1961 y @ @ @ @ a ‘\
1 0823 | 960 | 250 | 20
(6) 0827 Xq
SALLY | 1061 N
4 0926 | 980 | 300 28 g @ @ a @ @ %
(1) 0930 )
KATE 1962 -
4 o717 | 970 | 150 | 15 g ﬁ @ @ @ @ @
(8) 0724 .
DINAH 1962
4 1001 | 955 | 400 | 20 a @ @ @ @ @ ;@_
(9) 1004
HARRIET | 965
4 o724 | 975 | 300 | a0 a 0 @ @ @ @ /&
(10) 0727
NADINE 1968 ‘
1 o722 | 970 | 300 | 15 e @ 0 g g @ '/aﬁ
(11 0729 ‘
NADINE 1971 j
4 0724 1 925 | 400 | 12 @ @ @ @ @ @ %
(12) 0727
NORA 1973
4 1008 | g75 { 400 | 15 a a 0 @ @) @I )Q _
(13) 1011
BETTY 1975 o
4 0922 ] 950 | 250 | 20 a a @ @ @ @ )<L
(14) 0924 -
ROSE 1978
4 0623 | 993 | 150 | 25 @ @ @ @ @ 0 //Q
(15) 0625
PERCY 1980
4 0917 | 950 | 250 | 18 0 g @ @) @ @
(16) 0920 ,
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{continued)
KE MR £[F 5 B[ B8 > ] > | > | > | > ] >
B & 5 & o R #R)E | 150 | 300 | 500 | 800 | 1000 | 1500 | % % M5 ¢
LW | MB | KM |KTS |mm | mm | mm | mm | mm | mm
ANDY 1982 a g @ @
4 0728 | 915 | 300 | 22 @ @ )(&
(17) 0731 A\ 7
DOT 1982 @; g @ @ a @ )<0\
4 0814 | 986 | 250 20
(18) . 0816 .
WYNN 1984
" 0623 | 982 | 250 | 23 @J @ @ @ @ @ ?{Q_/-
{19) 0625 .
GERALD | 1384
4 0813 | 980 | 250 | 20 O 0 @ @ @ @ %
(20) 0817 .
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B4 HRARERSGNER (EE49F SHIRLEY EAHmHEE)
(2)BR®E (b7 H30F  ()7H3IB  @S8SALIE ()8AZH
Fig. 4 The example of the relationship between topography and rainfall
distribution (Typhoon Shirley’s daily rainfall amount map in 1960)
“{a) best track {b) 30 JUL. (e} 31 JUL. (a4} 1 AUG. (¢} 2 AUG.

50
/ ] e
g f
5
0s S|l 1 E /
GSO / / 2008 “6 /
il .

| NG
i ‘?23% FN‘?QF_ 50 1?? = iz0E \,J T Lzlz%r o 120E Wy mE




mmTHRE + BEALEGE 9 AZEILAM
 BRZEHEERERREERE » £
iR E ~ TSR R R E AR 800~
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Table 6. Cases of typhoons which passed through Bashi Channel. (type 5)
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(continued)
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Fig. 5 The example of formation of second circulation center after
typhoon crossed over the mountain range (Typhoon Joan, 1959)
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Fig. 6 The daily rainfall amount map for the same case as Fig. 5
(<} 31 AUG.
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Table 7. Cases of typhoons which passed through Taiwan Strait and
then moved northward. (type 6)
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Fig. 7 The example of rapid decrease of rainfall amount for continuously westward
typhoon after it passed Hengchun. (Typhoon Percy’s daily rainfall amount
map in 1980)
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%

A RAE R RIGIRAL RITERAMER GF 7 5D

Table 8. Cases of typhoons which moved northward after passing over
eastern Taiwan or the vicinity of eastern waters. (type 7)
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Table 9 Cases of typhoons which landed at southwestern Taiwan
and then moved northeastward. (type 8)
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Fig. 8 The example of the occurrence of heavy rainfall in southwestern
Taiwan when the northwestward typhoon passed Hengchun.

(Typhoon Andy’s daily rainfall amount map in 1982)
{a) 28 JUL. (b) 28 JUL. (e} 30 JUL. (@) 31 JUL.
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Fig. 9 The 12 hours interval surface map for the same case as Fig. 8
{a) 1200Z, 28 JUL. (b 00007, 29 JUL. (c) 1200Z, 29 JUL.
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Fig. 10 The daily rainfall amount map

for the flood case in 1959
(a} 7 AUG. (b 8 AUG.
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Fig. 11 The profile of sounding for
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Fig. 12 The surface map for typhoon

HEREE

Lynn, 1200z, 24 OCT. 1987.
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Fig. 13 ‘The surface map for typhoon
Carly, 1200z, 17 OCT. 1967.
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14 The total rainfall amount map
for typhoon Lynn, 23-27 OCT.
1987,

(The shaded area shows rain-
fall amount larger than 1000mm)
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On the Rainfall Distribution of the
Typhoons That Hit Taiwan

Yiu-Woo Lin and Chin-Huai Hsu

Atmospheric R&D Center, Central Weather Bureau

ABSTRACT

By using the densely distributed daily precipitation data from 949
stations (attached to some 20 different units), we analyzed 119 typhoons

that hit Taiwan from 1950 to 1985, according to eight kinds of typhoon
tracks.

The results indicate that basically there are 3 main precipitation
areas on the island of Taiwan and precipitation patterns may be com-
pletely different for different typhoon tracks. As a typhoon nears a
mountain, its intensity speed, and the coexistence of a seasonal synoptic
system may have explicitly influenced the rainfall amount. There
is a large difference in rainfall amount between windward and leeward
sides of the Central Mountain Range on Taiwan. The existence of moist
southwest flow has a significant impact on the occurence of heavy pre-
cipitation. Most heavy precipitation centers are located in mountain
areas with elevations of about 2000-3000 meters.

In this study, we also make an evaluation on an individual case,
typhoon LYNN (8720) of October 1987. The results turn out to be good

enough te encourage us to apply this simple but efficient method to the

routine operation.

Key Words: Hit Typhoon, Densely Distributed, Daily Rain-fall Amount,

: Total Rain-fall Amount, Precipitation Patterns, Seasonal
Synoptic System, Wind-ward Side/lee-ward side. Topog-
raphy, South-west Flow
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A2 SRR ~ B > Bk~ AL~ RAREE ~E
WERERRABEEES  FURAERRRA
BRI o TRRFF AR AR SR — » {RINREJT =R BT
RAZFRBEDAEERESETERR (128

CAPPI) z#EFI k= (B RMEE) o
TR RS ERE A 7 A26H 1600 L # A S
& NENFEBINEE - FEUBKRERIESEERE
#RERERMTR (WREREMEER 2 58 -
YHEER s EEE TR ATFREGHEZEHE
- 2T 4320/ ¢ 1467k 22 (volumn) R

Table 1. Radar performance

Operation Non-ddoppler Doppler
fequency _ 5.61 GHz
PRF 258 Hz 988/1200 Hz
Pulse width 2 us 8.5 us_
Péak power 269 KW 262 KW.
Radome loss <0.5dB
Antanna rotation rate 2,5,7 rpm 2 rpm
Antenna gain 43 dB
Antenna lobe width 0.85 deg
Antenna side lobes ~22dB Hor. planei -28 dB Ver. plane
Antenna polarization horizontal
Antenna elevation -1 to 90 deg
Receiver logarithmic 1 linear
Noise figure 5 dB
Dynamic range >85 dB
Minimum discernible signal -112 dBm -114 dBm
Range coverzge 480 Km 120 Km
Range resclution 2 Km 1 Km
Unambiguous velocity -+ —48 m/s
Ground clutter suppression >34 dB
Accuracy of velocity €0,3m/s at S/N=10dB

<0.6m/s at 3/N=0dB

Wind spread 6 classes

# o EHTRBEGERSE EEEERREARE

Table 2. CCAA doppler radar scan strategies for typhoon ALEX.
B OB ORR O EL -] ~ # B k B
m A » B 0.5 1.0 1.5 2.5 3.5 4.5 5.0 7.5 10.0 15.0
o E S m 0.5Km 1.5Km 2.5Km 3.5Km 4,5Km 5.5Km
&E (CAPPD) 6.5Kkm 7.5Km 8.5Km 9.5Km 10.5Km 11.5Km
EOE M K 7.5 rpm 2.4 rpm
Ol A W 2408 6 i
OB AR 2 5ok 55
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Table 3. Eye-fixed positions of typhoon

ALEX observed by CCAA
doppler radar

A | Ll (%%)?;{I%Eﬁ}ﬁ%)
27 | 0432 24.6) 122.0f 92 | 45-50] 320! 18
27 1 0502 |124.7 121.9) 88 | 45-50| 320| 16
27 | 0533 [24.0 121.8 71 1 45-50) 330 11
27 | 0602 124.9) 121,70 71 | 45-50 340 18
27 | 0632 25.1| 121.6) 67 i 35-40 310 24
27 | 0647 25.2] 121.5| 65 | 36-40] 310 15
27 | 0932 |125.4| 121.3] 70 | 45-50

27 | 1004 125.6! 121.2] 76 | 50-55 350/ 15
27 | 1032 25.0 121.2] 78 | 50-55| 3501 16
27 | 1102 25.9 121.1] 76 | 55-60f 3501 16
27 | 1132 26.0/ 121.1, 76 | 55-608 350 14
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oazne HOR:PEFL DAY

B — 1987487 B27RH MIERREATRARMKRER » BrS DBZ, (1) 04321,
(2) 05021, {3)0533L, (410602L, {50632L , (610932L, {7)1032L, (8) 1132L ¢

Flg. 1. The distribution of maximum herizontal reflectivity (DBZ) In
doppler mode on July 27, 1987. (1) 0432L (2) 0502L (3) 05331 (4)
0602L (5) 0632L (6) 0932L (7) 1032L (8) 1132L
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Flg. 2.

I
E4:32 HOR :UIND OG5}

" . . X
s BOR:UINDULAD Preudo " v e

2L a]
18:3¢ HOR :UIADGLS) Prrudo

19874127 H27F &8 MR IE 588 14 (Pseudo) W IEK AN » WS
de# e (1004321, (2) 03821, {3)0533L, 4) 06821, (5)0632L , (6) 0932L.,
(7) 1632L, (8) 1132L «)

The distribution of horizontal mind fields (m/s) at altitudes 500M
in doppler mode on July 27, 1987. (1) 04321 (2) 0502L ¢3) 0533L (4
0602L (5) 0632L (6) 0932L (7) 1032L (®) 1132L
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Iy LR IS SR L R

BT TR HT M » P27 HO132 L ZEaE I 7R L 5T
FREREHEETRS (BA B HRFR
AR s EEHRPIDGESS AR (B
W 5.5/ AL s (HEREE) o SRR R B
154 M (850 mb) LATF » BEFERASEE AR
B354 E (700 mb) LUT o LEHEEHTET
L P\ PG T AR AL R AT R B 0 EDEs
WA A PRI R ¢+ JEHEFET 6 DR o %
FTR26H 22001 » B IR ORI E B B TT /M
ARSI ENA T b b I BRI IR

Ve 23321 R 0 B MR AL RATES Rl

{ISIWE M 3476 % o 3 Al el e RS BE 2 A A S Y
» $oh AL TR I ARRE ¢ WA R LR ARR
KA R, ©

m = % RS E RO R R TR
6 B AL 5 P9~ A B R
SR FRIGZ A o :

Fig. 3. The tracks of typhoon ALEX
observed by CCAA doppler radar.
(4 eye-fixed positions of typhoon
ALEX inner circule: range
coverage of doppler mode outer
circule: range coverage of
nondoppler mode)
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Wik WIRREFLOBD aakn - sk | Sk WORCREFLUOZ s

Bl B9 198747 H27H8582L # MR & S B L KPR IEBE 545 - BES DBZ,
(1} 588AR (Pseudo), (2) 1.5 8, (3} 3.54H, (4] 5.54R o

Fig. 4. The distribution of horizontal reflectivity (DBZ) in doppler
mode at 0502L, July 27, 1987. (1) 500M (2) 1.5KM (3)3.5KM (4)5.5KM

.
Tt HOR:REFL (DB2)

AN . . nai .
url:u:?l BOR:FEFE (0B -a.5Hi " " gkl - ual?na HOR :REFL (982 5.5kt

B 20 19874F 7 JI27F8662L 4 R BhFSEIRIEA ¥ 1 2 ACIS I i HE A » A DBZ,
(1) 53884 R (Pseudo), (21 1.54% 1L, (8) 3.54%0, 4} 5.5 o

Fig. 5. The ditribution of horizontal reflectivity (DBZ) in doppler mode
at 0602L, July 27, 1987. (1) 500 M (2) 1.5KM (3) 3.5KM (4) 5.5KM
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B o< 198748 7 H27 B # REIVESRHE R TR BN 8 P AR I8 e S ~ ol s e U R [ e
4+ » WS DBZ, (1) 8533L, {2) 8632L, (3} 1832L, (4} 1132L o
Fig. 6. The distribution of maximum horizontal and vertical cross section

reflectivity (DBZ) on July 27, 1987. (1) 0533L (2) 0632L (3) 1032L
(4) 1132 L

DISTANCE 1%,
D1STANCE InE]

2

ULSTRNCL, 1xHI
DISTANCE (ko)

\C
TN
3

2 4 iy

- Q 1 -1 0 1
OISTANCE 1KH) DISTAKCE (kM1

Wb R R S o
Fig. 7. Modeled single doppler velocity patterns (thin centours) and
equivalent horizotal flow fields (thick curves)at 3 to 5 KM height
intervals in a typical severe storm.
(a) convergent rotation near the ground.
(h) pure rotation at lower midlevels.
(c) divergent rotation at upper midlevels.
(d) pure divergence near storm top.

— 223 —



Tl HORUTRD 0 skt

B\ 198747 F27H 8582 L KA I RSB A+ BB 0 (LIBB8 AN, (215401,
(3) 3.54E, @) 5.5RH -

Fig. 8 The distribution of horizontal radial wind fields (m/s) at 0502L,
July 27, 1987. (1) 500M (2} 1.5BKM (3) 3.5KM (4) 5.56KM

Ny

. 3 . . -
wiaz HOR:UINDGS) sl " 138 HOR:MING OS] s.a8

B Ju 198757 H27THE863ZL kIR BB » BALAR# » (U588AR, (21,5441,
{3) 3.54H, id) 5.5/ ¢ ,

Fig. 9. The distribution of horizontal radial wind fields (m/s) at 0632L,
July 27, 1987. (1) 500M (2) 1.5KM (3) 3.5KM (4) 5.5KM
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A Preliminary Study of Single Doppler Radar Data to
Interpret the Structure of Typhoon Alex

Chin-Wan Lee, Chien-Sheng Yang, Kuo-Pin Lin

Air Navigation and Weather Services, Taipei Meteorological Center
Chiang Kai-Shek Weather Station

ABSTRACT

The single Doppler radar data are analyzed to interpret the char-
acteracteristics of typhoon Alex, which landed at northern Taiwan on
July 27, 1987, Results of the study indicate that the Central Mountain
Range played a major role in horizontal destroying and vertical tilting,
and induced a low pressure circulation below 500 mb level. The flow
pattern 500 mb might he the steerihg level which led the movement of
typhoon Alex ignoring the appearance of a mountain range.

Key Words: NEXRAD (next generation radar), CAPPI (constant altitude
plane position indicator), Scan stratege, Volume scan, Zero
isodop, Bright band, Nowcasting
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# la 1977~19864E b RERTME (R) WESRIFHE
Table 1a List of issuing heavy rainfall by CWB from 1977 to 1986.

(o 2| 1| DENENENE =R \@ﬁ,i(ﬁﬁ;ﬂﬂ B | @
1977 | 520 x 1979 111 9 & (1981 5|15 & 1982 0| X
30 * 1980 | 3| 4| X 16 | & 31 x

6| 1 x 5| &k 21 * 5| 21 X

2 N 6 *x 22 x 6 x

61 & 8| X 23 & 30| X

8 K 9| % 28| % EIPN

21 N 10| X 29 & 6| 1 o

71261 K 11 * 0 K 71 R

10 | 16 * 4111 x 31 A 8 K

i7 K 12| X 6. 2, X 9 K

11115 e 13 * 3 e 15 K

6] R 14 | & 51 & 16| X

19781 3| 9 * . 22| X 6| & 23| X
18| % 5| 5| % 12| & 28 | ok

19 K 6| & 21 x 29 | &

20 * 9 i 22| K 7 1 N

21 *x 10 Xk 7117 & 21 K

22 | K 9122| & 18| % 3| &

5122 & 111181 X 19| & 5| &

23| & 19 | X 21 b3 30| K

6| 5| 3¢ 20 = 22 | 31 N

6| = 21 & 23| # 81 9| X

7| 5 231 X 31 x 10 &

8| 241 X 8126 Xk 11 .

9] 5 N 25 | X 91 1 = 12| &

6| X 26| X 2{ K 131 #&

12| & 27 x 3] & 16 | X

131 X 1981 | 3|18 * 41 X 17| Xx

1979 | 5122 | X 19 x 131 & 18| A
23 X 20| X 14 *x 1983 | 2 (15| X

6| 11 = 4115 | X 22| X 3112 &

12 . = 16| X 11| 21 * 13| &

13 t 19 x : 12 N 15 x

g| 1] = 25 | * 18| % 6] %
VA 261 K 29| & 23| X

24 | 5110 | & 11982 | 4123} & 24 | K

25| = 11 pie 24 & 25| X

26 | =& 12| X 27 | & 26| X

11 8| X 13| X 29| K 4: 6 x
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Table 1a Continued

(#7= 1a)

B LK K KK KK KK KK 0% K 0 T

= RENRRBIR NI NNNRBE T OO DR,

m o ~H [ {n] =1 \nM
e S

nEE:

—— ol

W BEKKKEHKBERKK KKK K @ WM KK KR KK R il

mlgmomerenzyRRN~aRYIoAGIS R8N -8Ra] F

B K K KKK KKK BB K KRB KK K KKK K KK KKK KK KA

T Y S RN N NN AP T NRNRRC PO S HNR NN QR

M? €0 o = ] ~ft 10

] & g

S T E st I IroT™™™,

=~ SN IR RNRE VO N222RIRER TS NREN 2RSS
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g 16 1977~19864FE h R E AR AR AEHNMEEE (OO WER=EE
Table 1b. List of issuing heavy rainfall during the period of typhoon
warning for CWB from 1977 to 1986

A W | mA4Z® mE| H Wo| WM& B | EE
1977 6. 7~ 6.17 5 S 1982 8,12~ 8.15 k7 e B
7.3~ 7.25 | T % B | = 9.20~ 9.22 | B o=
7.30~ 8. 1 | % WL o® | 1983 7.24~7.25 | w0 B | =%
8.20~ 8.22 | & % | &t 8.11~ 8.12 | % A | =
9.24~ 924 | = B &% | B 9.25~ 9.26 | M W & | X
1978 4.5~ 4.25 | B #1 % | = | 198¢ 6.24~6.24 | @m0 A | %
6.2~ 624 | B #% | = T.o~T. 4 | @m oy o+ | =
7.29~ 7.29 7 i B 8. 6~ 8.7 E oW o= b
8.13~ 8.13 | &  # | = 8.16~ 8.17 | 4 & @ | =
10.12~10.13 | # & | & 8.17~ 8.19 | #% g | =
1979 7.27~7.28 | % = | = 8.30~8.31 | ®m B | =
731~8.1 | ® = | 2 | 19 62~623 |#% @ | =
8.14~ 8.16 i % b= 7.28~ 7.29 15k # =
8.2~ 824 | % B | & 8.22~8.23 | B W & | =
10.17~10.18 | 1% Bk 9.16~ 9.17 | 7§ B | %
1980 5.23~5.24 | ® ¥ mW | * 10. 3~10. 4 BOBo& |
.07~ 828 | B O Mi | & | 1986 6.23~6.24 | 7w | =
1981 6.12~6.13 | % 0w | = 7.0~ 7.10 | @ 1 | =
619~621 | & A | ® 8.20~9.1 | = B | =
7.9~ 7.19 | = ® | 8.9~ 8.26 | M i | =
8.30~ 8.31 | ¥ I # | = 9.16~ 9.20 | % A | =
1982 7.1~7.2 | % % | o= 10.16~10.16 | ¥ & | =
7.29~ 730 | % om | m
8. 6~810 | fo| B e At 46 %

P T OMEie! B RTE . 8l (1A yes/
ves [(BFZEmEHH > MEBAERAHEER]
(2)BfE no/yves [(BHHEMHERE (K) W B
BER (R) MEtrfE) «B3)CE yes/no [
FirEe () Wi - EFER AR (K) Wit
g o 4D no/no [FEHABME (K
) T TR RREARE (CK) WEE] < A~
B ~ C~ DiREERBIAAN 2FH CLTE)
o PC fEZREWT
PC (i% ves/yes FIhiEmEsf:) -
A

e KIQOGE woererreraersersonneransssnnininennn(1)

PC (4 yes/ves & no/no FEIh¥Ep=Rd

e AED 10005 e e
) =15 cop <100% {2)

DL (DT « (2EINEIE » ¥ PC E

WHEERE -
5 Woodcock’s #1531

Woodcock EFEGZEM » ERFLBEER
HEEMNET (predictor) F-EREAKIIE
f(events) RAREE A HEH (non-events)
AF » 2R RARZIHE » ATTRFA-B
> C~ D » IR BER R » LR A (dis-
criminant) » W & TRME T 2 BT 5
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=53 lc 1977~19865# A3 (k) MEMR

RIREFR IS E 4 (%)

Table 1c. List of total events for issu-
ing heavy rainfall and fre-
quency (%)

e L AL
\ IR G BARI AN &8~
A ] | 7% | 7%
1,0, 1 1 03 0{ 0] 0] 0
2 | 0] 3 8 1.07 0] 0| 0 0
3 21 30 32 11.38I 0y 0 0O 0
4 0| 25 25 8'99i 14 0 1] 2.17
5 |37 40 57 20,26 0y 1) 11 2.17
6 251 400 65 23.101 51 2| 715,22

17 3| 200 23 8. 18‘ i1y 11121 26.09

8 |16 13 29‘ 10. 31| 16 0]16134.78
9 1] 19 201 7.11i 41 1) 510.87
10 1 8 O 3.20i 3] 1} 4| 8.70
11 | 0 17 17 6.050 04 01 O 0
1210 0 0 00 01 0 0
|¥»’5'\§Jr 65 | 216 281 % 40 1 6| 46 | 100%
& 2 2x2 ABCDMITE kg

Table 2. 2x2 ABCD contingency table

ek (Forecast)

B (Observed) & (Yes) & (No)
= (Yes) A B
% (No) C D

o DIET R o BES RS (discrim-
inating) » FELAMERTHERIN R E 2B - —
TS HARNRZHIESRES (R A
—1&+1zm s AR S ERATARE R
r 2R o
#T®A~B~ C- Dz 2 x 2EEFFEN
%2 el » Woodcock FRET TFI 9 EERS
P o BEREINF ¢ '
{1)IfEHSE (Ratio test, R)

A+D
Rm gt s s cnrl3)

0<R<1

2 3 AR 2EEAZ RS TE
Table 3. List of selection stations for
evaluating purpose
45 [EA # vk = Ve
s "&M*?ﬁé?ﬁ*%&*%ib*%’ﬁ
v .q - JEﬁl?ﬁl RC TN IREX I
' Eﬁ% ~ T )~ Zh
A | g Ay~ REN i
jﬁﬁ i Efﬂd ~ BRI
VER | IDE | BB~ R~ MR
g | TR | EReb o~ R
| LhE BREE
S EEZH 2 B HER
RN B
i LiE | PR S Eqy
e | = T~ S7HE ~ B2~ KRR~
| R e i
W mE | —
A R EIRE A RS

= da e R ARIEHME (R) FiMETE
GHEEIEME (B yes/yes, yes/no
ZEfE)

Tahble 4a. Calculated PC wvalues for
special heavy rainfall warn-
ings (by vyes/ves, yves/ no
events)

~. 9

sy ves/ves(A)lyes/no (C) %’?%g)i
5 15, T~
it CE | 30/33.719 | 59/66.29% | 89
W odh | 27/35.53% | 49/64.47% | 76
2 i | 34/30.91% | 76/69.09% | 110
i % | 48/36.369 | 84/63.64% | 132
H | 7/23.33% | 11/76.6795 | 18
R & B | 44/54.329% | 37/45.68% | 81
il =) 35.69% 64.31% | 100%
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EANBSHHEEZHE (total number

of occurrence) EIN=A+B+C+D T
£, "N” 3R o
@B fERIE (skill test, SK)
S, — 4(AD-BC) |
N2
— 18,1
(3) Hiedke Fi#EH45(T)

2(AD-BC) (5
TAFBEYBFD)F(A+CYC+D)

—-1<T<1
4) Appleman’s (1960) #15=% (U)

-1<U<1
{5) Hanssen and kuiper’s (1965 #lil
V)

_ AD=BC_ |
V=(A=B)(C+D) 4
-1Vl

BRI ()

y = AD-BC
((A+BYATCI(CID)(B +D)]
................................................... (3}

—1<r<1

17} Chisquare J=Ex

e N(AD—BC)? 9
(A+B)(A+C)(B+D)(C+D)

JRXE=0

18) Yule’s I (Moroney, 1963) #5i5.(Q)
AD-BC '

Q-— AD-I—BC . ....[1())

—1<Q<1
{9) Yule’s II (Moroney, 1963) HBI(Y)
_VAD =VBC e,
Y=AD —BC i

~-1<Y<1
23 (K) WOERWERTESE
HRE (R) WZHRABERRE »
REEREMZER (R) WERRRRNY R 35
Sl TR R ARG o Rk
SFEAGES ~ HAGER ~ AT~ B ~ MR EHY)
IPE » BTS2 % ISR (RREN

HEEHBLENTT) o HET A Z W5 IR 3 o

b PR ER R R 2E (R) FirH
Hiet » TIBEACI97TAEEI9864E 6 AR BEHAR
iEE (k) T2 » 5168 L d6EB 113 2k (
FK) ~EIEOlR () ~ 121k (K) ~H
149k (R) ~ E#dsHk (R) » 2% (FF
E) 8l () s #ah 6033 (K) o HPEES
EREHEE (CK) WiSSE  MEE REmEE (K
) B REF W R (B o ERRAERERE
B RE » RGBT RS » FLO IR
1977471986412 A i o

M~ 5 R

HEaEEE (PC)

(1)ZeB A MR (BN D a5 A B BV ST
) B (k) T (197741 A~19866 A) °

FUHFBREE TS » Rz EBEREFERE
Eisk 4a o

3 Aa TR RS ERRE ¥ 54.32%
Y RS TR » TERRZES
wET (HEE) Ho BREEER 36.36% » LK
RS - A 23.33% + HIFETHREAERENE (
K) TARBMEUNITE » M s R E A IR
FHR A+ WATRTEE yes/yes, no/no, yes/
no % no/yes PISEERHE » ARABHERZE
RESEEE (% 4b) o HwE 4D HBFE (
R EEER) » BASEZE (R) IR » 3
no/no ZH{EAETEE LRAETE  RTEEEN
Br 281 E () Frho HEMETWE BT
Y TESEEEHERR » 198R7127.43~62.08%
o ISR AEERE SHEEEHESALER 42 R
4b o+ BRECEES ~ LA RIS o B mEEE
S—BERER BN mRRERE— ) WERZE
HHR ves/yes 2k FIIE HMBE MR
HEE TR o BRI  AUEE c RIS no/
no ik EIERARETEERASL » AL
i (SRTEIR) BEW » MEH LRERT2ZHN
bEtHERS T (F233H%E) -

PREEATIS » ZRPEREE (KD FoE
{BIEE 73.23% ¢

(AR 5 k) WM Q97791 A

~19864121)
P AR A R S (RIin2
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5(72:

4b ZREBXEIAMBE (L) WEETIEETE

(& yes/yes, no/no, yes/no, no/yes FuzE{k) .
Table 4b Calculated PC values for special heavy rainfall Warnings

" (by yes/yes, no/no, yes/no, no/yes events)

=

\_\' " ves/yes | no/no | HZh PC | yes/no | no/ves | Tl PC . i
B o | W © (%) © ®) (%)

4k % 30 168 | 198/70.46 59 2% 81,/29.54 281
g 27 190 | 217/77.92 49 15 64/22.78 281
1 # 34 160 | 194/69.04 76 11 87/30.96 281
=t 5 48 132 | 180/64.06 84 17 101/35.94 281
;i i 7 233 | 240/85.41 11 30 41/14.59 281

P O Y T BEE

7R 1 — ‘ — ‘ 73.23 — — i 26.771

W o THRGREN L B R o SRR
AHRAERBE (R) WERSZHE » 33
RITAM TR IR > A TE46/ER R ESE » 1
AERERT

BER Sa Wil RMEERPZE (K) WHE
 HESBREEEE—#ZE () WHEREE (
) o WETTRERREBE S TR ESEER IR
TR (REEWE) — e R 2 ST o 2 i
MBFRRER L - BRSEILE » ETRFERTY
BEEIEERE 71.43% » HE4ER » RS2
B HHREER®R + 3 57.69% » HhiFins—p
2 (R) WY » BREHH - ARERILEW
45.45% » ILBR—E () WHHT - » KE
R 2 R o RASMIAB R 28.57% » It
AR SRR AR R R TBRM - BFHZERE
HARMEYT » REWEYTS o nR—R5 iz
(R) TSR MEMET 2 TR » 3R yes/
yes, no/no, yes/no K no/yes PAZfE » EH
FRBESEEL  FTEEEZEE (KD '
SILEBIEE (4N 5b) - @FE ShBEAKEZ
HEEIESER 1 $14.05~32.30% © HEERS
B2 e SiREE] M2 91.30% « Bk E
HICHEE F4b R EBb) » PUIRILH R HREY
RT1.74% » M2 E MBI EER ML~
BHFRCROTRREE (MR RESRER)

FIGHHF » BREEAYE » SRR 5w
TE4RITI (BT o+ BURERAERE o

= Sa REERPMBGHSE (R) WESE
EIEfE
(# yes/yes, yes/No —##)
Table 5a Calculated PC values for yes/
ves, yes/no events during
the period of typhcon raiofall
7 warnings
4
g
. ves/ves) yes/no(C)_ ()
3h ¥ 1 10/45.45% | 12/54.55% 22
H b | 5/33.33% | 10/66.67% | 15
4] | 5/29.419 | 12/70.59% | 17
i # | 15/57.69% | 11/42.31% | 26
g | 6/28.57% | 15/71.43% 21
T & E| 5/71.43% 2/28.57% . 7
| 44.31% | 55.69% | 100%
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% 5b BMEEWHBBHE () WEALEEE
: {(#% yves/ves, no/no, ves/no, no/yes FI{H)

Table 5b. Calculated PC values for yes/yes, no/no, yes/no, no/yves
events for the period typhoon heavy raiafall warnings

- ﬁ\%iﬁ ves/yes | no/no ‘ﬁﬁ\%ﬁ%@)ﬂiﬂ# ves/no | no/ves %%E?%I% il B
| i 10 22 32/69.96 12 2 14/30.04 46
- (O i 5 28 33/71.74 10 3 13/28.26 46
e =i 5 26 31/67.39 12 3 15/32.6 46
[&4] i 15 18 33/71.74 11 2 13/28.26 46
) i 6 22 28/60.87 15 3 18/39,13 46
T 5 37 42/91.30 2 2 4/ 8.70 46

a bt — — 72.17 - — 27.83

(B AHRESRIAEZE (K) WIGRRREERIMZME (B466) - HERERER
CR) WMz ETR » PR EETIE LG -

) Woodeock’s $IRIR 2 HERE

F3bh Woodcock’s #FIRZEFETTH: » F
FFP QMBI » R B1977HEEI986EM] »
RRREFHEHEENE (Ra0EEE > GRS ~ fig -
AR 25 (R) MEAEARTEE TR
WS (K) WEE 7 TR (ves/ves K
no/no) EAKE%M (ves/no & no/yes) #
PR O BN AR B BRERSREAE
B RERARMZE (R WER HER

RE 6a (ZEFH) »
WMo REERPzEE () W HERR
# 6b o

g% 6a (RETFH)F » FHTFES ~ RIE
fEfERE  (NIEHE » REESRSH0.79
BT ERIRIE 0,50 5 (QEAFME » Se HLLFILIRR
EE0.22 » HIFEER 0.01 5 (3) Hiedke H515
4y s THEEELS R SE0.33 » BHRERS0.11;
(4) Appleman’s #IFNUfE » DM EDR0.74
» BE M #R{E550.26 ; (5)Hansesen and Kuiper’s
20 » VIEREILIEESR 0.34 » ERRIER
0.10; (6)HMGEE » r HMHIHERR0.28» &
HIER0.13 5 (7) Chisquare JIE (X2>0) &
PAhEEERE 0.03 WHREERO 5 (8) Yule'sI
PIFN » QEDEIERR50.61 » LR Bt

EA50.31 5 (91T ule's TT2150s% » YSRGS
A 0.34 LB FIRIES 0.16 0 pbl LR
P T IAEEE AL A A MRS B R SR 0 [
RIMBERE R RS HTRBREMER » ERK
TR FESRRE ¢ Hilt 4b » BIBHFHE © B
AP, » BES R ERAR 2 E (R) ¥
FAHERILEAAE LT » HERREN—ENE
» WEHESBEBIERYS o '

Hsh o B (1988) FRBATIEZ IR » LT
BTN  (FT 0 BFRTHES (TS,
0~1) BUEETHT o AREEBETRRERSS
30.9~38. 0% E (B%) + ME (K) W2t
#18.9~75.695 LA TR » TS B L TR
1% » {820.15 » AW RHEFH A EAHE0.27~0.32
B SERTERENTES » TS 808 1 » iR ES
B 100% - WMEREHR 7THiREBESNE (K)
TREEE 2 RN A EEAR » EAAB (
1985) FiEBEY [KATHH, H—2m— BRI
FRTERN RS R R 2 B SO B R I »
SBIAIEE ¢ KA - ENEEMIIRRER
FEGRETIFOT - FEEEIR TR (0
~AVNEE) PR ARARASE » AR
B A KR A SR R B i T T o
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iy f6a EERFUHE (&) RS> Woodcock’s #IFINFBHEE (F4TH)
Table 6a. Calculated woodcock’s discriminant values for special heavy
rainfall warnings.

MY | Woodcock’s H % #H B K RBE | AnfR [HAGET| hER | REER | HUHE
i W (Ratio test) R |0.59|0.68 | 0.55| 0.50 | 0.79
2 HfFRizE (Skill test) S [0.,12]0.22 | 0,18 0.12 | 0.01
3 Hiedke iG55 T |0.19(0.33|0.17 | 0,11 | 0.12
4 | Appleman’s (1960) #I7I5K U | 0.44 | 0.60 | 0.41 | 0.26 | 0.74
5 Hanssen and kuiper’s (1965) £13|=, Y |0.16|0.34 |0.25]|0.14 | 0.10
6 THBAGRE v 10.14]0,28 |0.2110.14 | 0.13
7 Chisquare fli5E X2 10.0310.01 0,01 0 (0.01
8 Yule’s I (Morney, 1963) 4t Q |0.310.61|0.,50(0.31|0.46
9 Yule's IT (Morney, 1963) $#51K Y |0.16 | 0.34|0.27 | 0.16 | 0.24

E=3 6b REBHEIAMNE (K) MR Woodcock’s AR EREE (2HTH)
Table 6b. Calculated woodcock’s discriminant values for the periods
of issuing typhoon heavy rainfall events.

%% | Woodcock’'s H £ #H  H K o | 4630 HRCRE HED | EER | BT
1 | HEME (Ratio test) R [0.63|0.64|0.59 | 0.64 | 0.51
2 | BN (Skill test) S. 10.30 [ 0.18 | 0,14 | 0.33 | 0.09
3 | Hiedke Hifiifss T 10.29|0.210.15|0.31 | 0.09
4 | Appleman’s (1960) 2175k U 10.44|0.55 | 0.48 | 0.35 | 0.35
5 Hanssen and Kuiper’s (1965) #i7i=, vV 10.350.28 |0.210.33 0,13
6 | HHERFRIE v 10.33]0.20  0.12 | 0.46 | 0.11
7 | Chisquare ¥ X? 14,19 | 1.57 | 1.12 | 4.85 | 0.47
8 | Yule’s I (Morney, 1963) #I5is% Q |0.68]0.5210.4010.71 | 0.26
9 | Yule’'s II (Morney, 1963) #I7is Y |0.39]|0.280.210.42]0.13

o s IR (& yes/no B no/yes) Hfp (

L~ fnh B events) » R (HRR>130 AH) AW

FACL977 ~19865E R m B R R IERE RS (AREZ50AE) 8% » ghdndf ~ BALE ~

BT R R BERTEA sE (K) WHEST H-EH TN R2EEESEoE g R

fEER (G5 327 %) B « WESEBER HEHEHGSEBLE (%) RARNGE (Ei

Woodcock’s £I7I5% 0 L2 x 248MFIERS B4  DHEAKBGEREZRE (K) WHE#ZE
r FARECHHLE (& yes/ves B no/no) BT HIERE (;‘Ziﬁﬁﬁ%ﬁﬁ) °

=238 —



T

7 1977~19864F ik EH RBHESAHERE (5O TR (F) ~ BT/ AT

WE (R F(0) ~ RIRERE (ERIEE) Za (C) > #iik(C/0) ~ &AT
(C/F) Bl TS f30#st (BLapi»1988) - :

Table 7. Caculated threat scores {after Chen, 1988) for the heavy rainfall
events issused by CWB from 1977 to 1988

S K B omlm wlE % H# LTSS O~
E o o () (0 (C (C/0) % | (C/B) % | (C/F+0-C)
ik i 89 54 30 55.6 3.7 | 0.7
rfs 0 110 45 34 75.6 30.9 0.28
[ " 132 65 48 73.9 36.1 0.32
A o 76" 42 27 64.3 35.5 0.30
L 18 37 7 18.9 38.9 0.15

RERE R — R RPIEE OEGE H &
35.60% (yes/yes)Z 73.23% (yes/yes/+tno/
no) » RENSTE TS EBIEEE 4.31% (ves/
yes) E72.17% (yes/yes+tno/no) o1 Wo-
odcock’s #IFFETH2ER BB MW - R

dhEEEREE (W PC BEZET7.22%) »®

grame e (i PC ERIESE64.06%) T
FGBE » MR REE (B PC BRRHETL.TS
) o HMEEREME (LE PC ERIESR 60.87%
) o MLRIAEMTENL » B ves/ves HiFk
s SRR AT (R) TSR R AR R
WEHERERE  BERE s TR ves/yes+no/no
R 0 RERA 2R (R) TR » WARE S
o SRS - DURCIRSR A AR » BRI .
HAPRZAERE B RTHRE K E
THR B R (80~86%) £3E » TR I E MRTH
BESZERRAE ~ 5T B R R S
TRSRERRERIERE » BAREEEE -~ BE
~ BERERHT AT B BB (BUEETE) TRMBITES
5 BRAEREREZRMEAT (PRESR
¥4 : CDC/AMIGAS I, Advanced Meteo-
rological Image and Graphics Analysis
System CFEEBFEED) BB Ed: » fLEBT
g (R) MRS EEE P2 Ry
M2 DIEEREEMNIE B KA 505
TR B T TR IR AR « BT EELIT
M (R ¢
(1R RS AT BRI LS D - SRR (

*) WREMHARFE 2L (EUERR

(2) T T R R R I b B T e B MR 2 A S R
» ATEREITEANA ~ L FI AR ~ BRI E S
L EATERGEE ~ HRIRIL ~ M4 ~ RSO
~ T BB M AR AR ADE
BEEA » mMETER (UEhE B~
AR A EE-BEIEA 2% £
fTEr GRS - DB DB ER R -
DMESE (K W¥RIB2EEE

()38 B AT ~ BT SR 4 BB 2 S o SR B
HAHETRESRRMSAERE (AWZETER
HATES) o EREER BT R (
self-control) » 118 INHGEAT B (time re-
solution) F Y LI b 3 B2 G B Rl A b ik
KITE o

@IEEE (AW By 3BTRS « s
D FEREPEN (buoy) ~ THEIIREE - &
e EE/ Rt

(oHERIE LR SRR R R EETRY » MIEREER
AR E IR R 2 A o

(617 F B L IH R RA » (B A ~ R B A
# (custumers or users) -~ HEFIEEMEIE
R m 2 #5H » IR BIEA 2= K ThiE (3
S+ 1984) o G ~ RA ~ RS« HUERM

(&) # Say what (GHEE) ~ In

which channel (71 EEE#RIEE) kwith
what effect (BB o
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(MEMERPRESTZEMEAHE (EBHB
NWP - ZZRHERSBTEARMER) » BE
FREAEAE -

@nEREFRIME 2 EERAIE TRUETRE Rk
BIEE] o fRE/ -~ BERREE  HHBERAS
SNREPE K » FARR M k¥ (RREER) T
¥ (—BER) BREZTHE B TESE T
RER BOREZEL -

OB S R NBHERET K
FW A ETRINESEE S HEMNLTIE (EEE
RPREERBERE) o

EHRE C&C (Computer & Communic-
ation) & » ERBEZREEL - BHE
SRACHIREEEEEE » HEESFMEA
b (RE) MEEE (I 1200,240040) > &
AR EERE (1 4800,960048) 2R
Feff o

(DMEREINGE [Ee ] BB SRR » EERE
~ HEF B LA e R BB R AL S BT ¢
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An Evaluation of CWB’s Heavy'Rainfall Forecasting

Techniques

Henry Fu-Cheng Liu

Forecasting Center, Central Weather Bureau

ABSTRACT

Weather forecasts are often accurate but never exact.

Part of the

reasons can be explained by the error distribution from the probability
functionsg. This report is to evaluate the skill scores based on 327 cases
(days) of the heavy rainfall forecast issued by the Central Weather
Bureau (CWB) from 1977 to 1986, Two statistical methods are used: one
is called percent correct (PC) and the other is called Woodcock’s

discriminant.

According to the verified results, the scores-are not calculated well-
from the traditional (synoptic) and extrapolative methods. The average
values based on the PC method for the special heavy rainfall warnings - -
range from 35.69% (yes/yes events, case 1) to 73.23% (yes/yes and no/no-
events, case 2). Values from 44.31% (case 1) to 7217% (case 2) are -
observed during the typhoon period. On the other hand, the scores
from Woodcock’s discriminant method show the reference values with

a maximum/minimum appeared in northeastern/southern Taiwan during
the special heavy rainfall warnings and vice versa for the typhoon

period.

Key Words: Heavy Rainfall, Percentage Correct, Contingency tabhle,
Threat score, Discriminant
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When the translational motion is removed from both GEORGETTE
and TIP, their distinctive center-relative counterclockwise movement
about the centroid of their midpoints hbecomes apparent. (the chart
comes from JTWC'S report)
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A General Report on Typhoons in the Western s

North Pacific Ocean in 1986

Lai-Fa Chen and Chiné—Te Chen
Fore_casting Center, C. W, B.

ABS_TRACT

There were twenty-six tropical cyclones (TCs) occurred in the western
North Pacific Ocean in 1986. This amount was very close to a climatological
annual mean value of 269 taken from the period of 1947-1985. Seventeen out
of these twenty six TCs reached typhoon intensity (including four superty-
phoons: LOLA, PEGGY, IDA and LEX) on JTWC’s classification. However, :
according to the typhoon intensity classification standard defined by the \\
Central Weather Bureau (CWB) of the Ry 0 C., eight TCs (LOLA, PEGGY, S
VERA, BEN, CARMEN, FORREST, JOE, “and KIM) were in severe typhoon
intensity, ten (JUDY, KEN, NANCY,ROGER, TIP, WAYNE, ABBY, ELLEN,

" MARGE and NORRIS) were in moderate, and the rest (MAC, OWEN, SARAH,
DOM, GEORGIA, HERBERT, IDA and LEX) were in weak ones.

During this year CWB ‘issued seven typhoon warnings, in which four
typhoons (NANCY, PEGGY and WAYNE) affected Taiwan indirectly and
three typhoons (NANCY, WAYNE and ABBY) made their landfall on the
Island. It is a unique event that typhoon WAYNE landed on Taiwan twice

st é and threatened the dwellers for 15 days. These typhoons caused 430 casualties,

] S u. 4 mxssmg people and 13105 destroyed houses. The most destructive one,

et ”*“{ fy,course, is WAYNE that swept Penghu xsland and then lahded from the

-2 F‘E%ﬁ,poaqt of Taiwar on August 21.

T %hxp ort, we simply summarize each typhoon’s life, intensity, track,

synOptxc sit tjgn and warning issuance and causing damage if so happened.
Tre detafls of t é?§ threatening typhoons (They were named as NANCY,
PEGGY;; WAY‘NE ' A, ABBY and ELLEN) will be revealed in thEII' indi-
vidual reports respectwely e

Key words: Near equatoria?” trough, 14'CZ, Confluence, Fujlwhara effect
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Fig. 1. 850 mb chart i lvzed by C .

B Caccessive  cortection method. at 12 Fig 2(2). 850mb chart at 00 UTC May 29,

UTC May 30, 1983, the contour inter-~ 1983, the contour interval is 30 GPM.
val is 30 GPM.-
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W = (b 5F29H 12 UTC f 850mb 7SEE I8 — (] 5308 00 UTC # 850 mb 7%

(EEEEESNENALR) - ' (EEREENEHLR) o
Fig, 2(b), 850 mb chart at 12 UTC May 29, Fig. 2(c). 850 mb chart at 00 UTC May 30,
1983, the contour interval is 30 GPM. 1983, the contour interval is 30 GPM.
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Fig. 2(d). 850mb chart at 00 UTC May 31,  Fig.2(e). 850mb chart at 12 UTC May 31,
1983, the contour interval is 30 GPM. 1983, ihe contour interval is 30 GPM.
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(HERBERIENAR) - (EEREESOENAR)
Fig. 3(a). 700mb chart at 12 UTC May 30, Fig. 3(b). 500mb chart at 12 UTC-May 30,
1983, the contour interval is 30 GPM. 1983, the contour interval is 60 GPM.
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Fig. 4. The result of variational amalysis (850  Table 1. Nine positions for the setting of
mhb)by Sasaki‘s weak constraint(1970) theoretical high.

of geostrophic  balance, the contour
interval s 30 GPM,

B A ERWEREBAEBREN (R%—) SFWE B < EASEREECEN SHELrET

FEAZTALEHE—EEEE BHB—EEERE

Fig. 5. Each lower corner has one fictitious Fig. 6. A fictitions high at lower-left corner
high, when setting a theoretical high when setting a theoretical high at G
at B (See Table 1). (See Table 1).
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Table 2. The percentage of the difference
from theoretical and analyzed value,
when focusing at lower right corner.
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Table 3. The percentage of the difference
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from theoretical and analyzed value,
when focusing at lower left corner.
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A fictitious high at lower right corner
and a fictitious low at lower left cor—
ne, when setting a theoretical high at

C (see Table 1).

Fig. 7.
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Table 4, Same as Table 2, except setting a
theoretical low instead.
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Table 5. Same as Table 3, except setting a
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Table 6.

—_
N

R
(KM) n
200 99
300 54
400 36

REBREMEEREE BAS48 » n
BRETEHER
R (in kilometer) are the standard
values for choosing climatological
data, and n is the number of clim-
atological data.
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Fig. 8.

RfE# 200 48 » 45T HERRAEER
RERZ850ZEE 5Bl

When 850 mb chart is analyzed with
a radius of 200 kilometers (R), and
99 climatological data {(n) are included.

iz

Fig. 9.
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When 850 mb chart is analyzed with
a radius of 400 kilometers (R), and 36
climatological data (n) are included.
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Fig. 10. The 850 mb climatological data which B
are used as initial value. Fig. 11. 850 mb chart is analyzed by using

climatological data as initial value.
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THRRERERNSERSE 1530 GPM R

Fig. 12. 850 mb chart is analyzed by using an Fig. 13. 850 mb chart is analyzed by using-an
expanding scan radius, and those two interpolation of neighboring grid
unlabelled contour at lower right points,

corner are all 1530 GPM.
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On the Objective Analysis in Data-Sparse Regions

Lie-Shieu Fang Tzay-Ming Leou

Computer Center C. W. B, Computer Center C. W, B,

ABSTRACT

Objective analysis was undertaken of an observed data-sparse area.
The result of this analysis was the discovery of an unrealistic anti-
cyclone around this data-sparse area, which we decided to call the
*fictitious high”. Generation of the fictitious high (GFH) and its variations
in strength are related to the approach of the weather system. Theore-
tical study of GFH factors has resulted in the identification of two
considerations:

1. After shrinkage of the scan radius there are no stations for any
grid points so interpolation is not possible.

2, After shrinkage of the scan radius some grid points only found one
station to do the interpolation, and the stations analyzed value was
found to be much smaller than its observed value. It was seen that
in such a case a fictitious high had been generated after several
successive corrections.

Many characteristics of the fictitious high can be learned by
theoretical study, for example, the GFH reacts to the approach of the
weather system. _

Scarcity of observations is the real cause of GFH. If we were to use
climatological data to fill an observed data-sparse area, it could prevent
this generation of the fictitious high. But if we use climatological data
as initial guess values in fields of objective analysis the problem of
GFH couldn’t be settled. So we may say the second factor found in
theoretical study is the really important cause of GFH. By testing the
scan radius series of the successive correction method we can again
conclude the causes of GFH.

Key Words: Fictitious high, successive correction method, initial guess
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Fig. 1. Tracks of the identified upper-troppospheric cold vortexes in the western North
Pacific in (a) 1985, (b) 1986 and (c) 1985 and 1986. The ligures denote their series

numbers refer to Table 1 and 2.
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Table 1. The initial and final positions and the life time of the western
North Pacific upper-tropospheric cold vortexes in the Warm

months of 1985.

£ W A ol 7= W M| HBREIE £ # B Kk & B
1 1985 6 1412 z -2000 z 5.5 18°N,167°E 23°N,133°E
2 1985 6 2700z -0412 z 7.5 18°N, 158°E 20°N,124°E
3 1985 7 1200z -1900 z 7 18°N, 173°E 23°N, 158°E
4 1985 7 1912z -2112 2 2 22°N,146°E 25°N,135°E
5 1985 8 0412z -1012 z 6 22°N, 160°E 32°N, 137°E
6 1985 8 0900z -1300 z 4 25°N, 165°E 22°N,135°E
7 1985 8 1300 2-1900 z 6 21°N, 168°E 23°N, 130°E
8 1985 9 0100z -0612 2 5.5 22°N, 150°E 34°N, 139°E
9 1985 9 0300z-1412z 11.5 20°N, 160°E 30°N, 118°E
10 1985 9 0800 z-1812z 10.5 22°N, 160°E 29°N, 109°E
11 1985 9 17122-2012 2 3 20°N, 130°E 26°N,113°E
£ 19864 6 ~10 A FE AP ELEER OIEREH BLR S 20 ES
Tahle 2. Same as in Table 1 except for 1986
i) G B Blf £ W B FAXHE|E £ # 8 B & 1 B
12 1986 6 0200z -1200 z 10 18°N, 176°E 22°N, 158°E
13 1986 6 2400 z -2600 z 2 18°N, 171°E 24°N,169°E
14 1986 6 2800z -0712z 9.5 24°N, 177°W 20°N, 41°E
15 1986 7 0200z -0712z 5.5 23°N, 177°W 27°N, 140°E
16 1986 7 1012z -1800 = 7.5 i19°N, 171°E 23°N, 126°E
17 1986 7 2112z -2400 2 2.5 22°N,138°E 23°N, 129°E
18 1986 8 1200z <1712z 5.5 29°N, 128°E 30°N, 105°E
19 1986 8 1712z -2100 2 3.5 22°N, 130°E 29°N, 132°E
20 1986 8 2900z -0212 z 4.5 18°N, 170°W 23°N,170°E
21 1986 9 2700z -0112z 4.5 18°N, 162°E 22°N, 140°E
22 1986 10 0700z -12122 5.5 18°N, 168°E 24°N, 147°E

WAREE » T EEEKelley and Mock(1982)
RIS s A7EE (1976) RES (1979) ZEE
LLHE o A —SH A AR » 1985411 ¥ i & B8
AR EE 1805 LIFE » 19864 RIA =4 T 47180
LR ATE c HFRETATE LRERTZ
a3 A
EERAMEENTERATEEEREGHEE
FUIRRE » —BTE » HTEAAREREZE
Fhh (BE 1983 + £ FBFHRAIEDRN
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Table 3. The statistics of four synoptic situations at 300 mb favorable to the
western North Pacific upper-tropospheric cold vortex occurrence in

1985 and 1986 (in brackets).

B R B | G | B | mawe) | T2979)
e F @ O ERZE | I80°E | & &

"W 2 Vi | 1R B | ¥ % U ® 1974/1975 | 1963-1977

6 1w | 1w | e | e 2(3) 0/0 20

7 ey 2(0) o) oL 2(3) 2/3 48

8 22) | 0@ | 10 | o 3(3) 3/6 64

9 30 | 1® | o | 0w 4D 0/3 31

10 000 | o | om | 0 oD 0/0 —

& E 10 5 4 3 22 17 163

% 45.5 22.7 18.2 13.6 -— — —
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% P9 19854FERI9B64 (IEMALIT) 6 ~10 AMATHEEES LEERAR 300 mb R

PR RERMERER

Tahble 4. The statistics of five synoptic situations at 300 mb for the western
North Pacific upper-tropospheric cold vortex dissipating in 1985 and

1686 (in brackets).

\\\f\? | REEE | RABER
H et AR ’ % ™
" 2B | 4 E
6 2(2) o) 0C0) 0(0) 0(0)
7 1(1) 1) 0(0) 0 | o((EES T.D)
8 01 0¢0) 20 (D 0(0)
9 2(1) 1(0) 0(0) 00 | 10 CEATmRA)
10 002) 0(0) 0(0) 000y | 0
& #| 50 2(1) 201 1 | 1w

R » AT 2 v IR PR B R
55.8% » AT T RS E S 513.6% + #
TIPSR 9.1% » TEFER R » ez f—
AR - BAITREEERZRSH 22
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B2 FE
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o r IERBEEEFR o 4R EATEZHA S H,
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LS ERRS46% + BERZH2% + PERE L
%o b 1985 FEEHME 1986 FrEBErS
EEREBERD 2 HBE RRIULTESEH
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(Cu) HRLHEME > MELES RN S RER
o 1985 MEME  REBATRLER (49%)
» BEATIERIE (8%) ;19864 BEHIE RS
$IR (33%) » BEAELEB (14%)  HWE
AR+ 185 RBREETILZE (39%) RIS
EEILRAEERE (15%) 5 1986F 5S4k fEH
BRI G8%) . REAFELER (4%) o ki
19854F 5 198645 4 EE S sk 4 TRREH MR » (B
SHEBBIEE » FHTE (Eh) BRABRTE
REUBERER6% + RRBBEAY » Bo 28
WEBHELSHE /BERESNSI%~ 4%

B1%c MEMEHE » DEILERBEH6Y
KAARH » THENLERE 598 30%
18% B.16% - B EHERILI R R IR R EH48%
P HRBHI Y BHEEELEE 5SS 30%
14% % 8% o _

BRBERMERREEZFAERXBRES
b MEABRTH T #2BRZTRERSH
BT 5 ELOA ¢ B 19854 B 19864 2 L B R 42 BRI
W0~49%ER SR TS BB RIS EHEERE S
<% LML K ARRSYE HBERS
ZEGRURHEETSLRE - RERATHNE
» 19854 82 5 % T B EL 0 A SR SR SL B R A R » B
ER<20%EBEHW0S 1 RBER0~9% R
50%—T79% » ST 5 HF5369% B 15% § A B
SARBER 80~100%% + .5 3 % o 198644
RE » DER20~49%EHRREH42% + kKD
ER<20%R50~79% » KARINB6%R16%
s EE 80~100%% 2 HRPERD B 6% o
RRETHTNE » EELTRBEARZ 2N -
ERB<20% R 20~49% ZIEHME + FABABER
399 » EE50~79% R 80~1009% 2R K AR A 5
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Mock (1982) ZATFHEBRERSH—H o HF
AR > 19855 DI AL R IRIR & 53449 » 19864
AR ERRRAR4R% c ML ERAEHTREIRE
1 > 19855F 7EVE 7 SR » 19864 EE L R IR o IS
19854 219865 » £ BB AHBE SR RIEZS

250 0 8 Kelley and Mock (1982) z4&
BA—3 - PENFHARESCEREBTELS
o LA EE D FUF TR MR AW o B
TENE » RESRLRIEBERES G7%)
DSERFEARRE 22%) » BheELENESE

RIDEH MRS - 186FRRHRALEELSE RRE 13%) PEMBRRERES (28%)

E A 1985 6 ~I0AEATHEEEAOEBREA (~8° &) » HE12/\EF (0000 & 1200
GMT) Bl zEm2ER > £AMENELERRIDEZRBEETTE (EA) HEASE
BERBANBRIBETEE S « Cu & Cb A (A) RETMITR HB AL
BERESL (B) REEREGEREA G H - :

Table 5. The frequency of the occurrence for various cloud typss in four qua-
drants within 4-degree-latitude radius from the cold vortex center for 1985.

E_ Cu Ch
& & Ci Ac/As Sc 4
B (A) (B) (A) (B)
NE 36(38%) | 1(1%) 10%) | 46049%) | © 49% | 10(11%) 39% 94
NW | 17(38%) | 2(4%) | 2(4%) | 20(45%) 21% | 4( 9%) 15% 45
SW 8(4295) | 0(0%) | 000%) | 7(37%) 8% | 4(219) 15% 19
SE 20041%) | 000%) | 0(0%) | 21(43%) 22% | 8(16%) 31% 49
& B[ 81(39%) | 3(2%) | 3(2%) | M(45%) | 100% | 26(13%) | 100% 207
=R HEE  B51986% o :
Table 6. Same as in Table 5 except for 1986.
%‘ o

= Cu Ch
- Ci Ac/As Sc

O\ w | ® | @ | ® "
NE 72(39%)| 1(1%) | 14(8%) | 83(46%) 31% |11(6%) | 24% 181
NW | 38(45%)| 22%) | 6(7%> | 37(43%) 14% | 2( 2%) 4% 85
SW 50(43%)| 000%) 2(2%) | 59(50%)| 22% | 6( 5%) 13% 7
SE 83(42%)| 0(0%) 3(2%) | 88(44%) 33% | 26(13%) 58% 200
& 3| 2430429 3(1%) | 25(4%) | 267(46%)| 100% | 45 8%) | 100% 583
H+ o FEA » HE1985R 19864 o

Table 7. Same as in Table 5 except for 1985 and 1986.

z_ ~ Cu Ch
& = Ci Ac/As Sc & &

B (A) (B) (A) (B)

NE | 108(39%)| 2(1%) | 15(5%) | 120(47%)| 36% |21( 8%) | 230% 275
NW | 55(42%)| 43%) | 8(6%) | 57(44%)| 16% | 6( 5%) 8% 130
SW 58(43%)| 0(0%) | 201%) | 66(49%)| 18% |10C 7%) | 14% 136
SE | 103(41%)| 000%) | 3(1%) | 109(44%)| 30% | 34(14%) | 48% 249
& B |324(41%)| 6(1%) | 28(4%) | 361(46%) 100% | 71 9%) | 100% 790

—281—



#=

A 198 54 6 ~10 B AT H B LEERNA (~8°#E) 548 12 /NE (0000 & 1200
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Table 8. The frequency of the occurrence for varoius cloud amounts in four
quadrants within 4-degree-latitude radius from the cold vortex center

for 1985.
=
" B oy 09%-499% | 50%-79% | 80%-1009% |  <<50% =50%
[E
NE 26(27%) | 40(42%) 24(25%) 6( 6%) 21% 44%
NW 53(55%) | 30(31%%) 13(14%) 0( 0%) 269 19%
SwW 67(70%) 23(24%) 4( 4%) 2( 295 29% 9%
SE 31(32%) | 45(47%) 16(17%%) 4( 49%) 24% 29%
& 5 177(46%) | 138(36%) 57(159%) 12¢ 3%) 100% 100%
A WA HE519864E o
Table 9. Same as in Table 8 except for 1986.
= T
.
P = <<20% 20%5-49% 50%-79% | 80%-100% | <50% =50%
ES
NE 32(26%) | 60(50%) 21(17%) 8( 79%) 24% 28%
NwW 64(53%) 47(39%) 7( 6%) 3 2%) 29% 10%
SW 61(50%) | 39(32%) 15¢13%) 6( 5%) 26% 20%
SE 19(16%) 58(48%) 32(26%) 12010%) 209 429
& B 176(36%) | 204(42%) 75(16%) 29( 6%) 100% 100%
-t FIZA 7 {A£31985 K 19864 o
Table 10. Same as in Table 8 except for 1985 and 1986.
:E S
" = <<20% 20%-49% | 509%-79% | 80%-100% | <<50% =50%
13
NE 58 100 45 14 23% 34%
NW . 117 77 20 3 28% 13%
SW 128 62 19 8 27% 16%
SE 50 103 48 16 229 7%
& 3| 353(41%) | 342(39%) | 132(15%) 41( 5%) 100% 100%
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A Preliminary Study on the Western Pacific
Upper-Tropospheric Cold Vortices in the Warm
Months of 1985-1986

George Tai-Jen Chen
Department of Atmopheric Science,
National Taiwan University

Lai-Fa Chen, Lan-Fan Chow, Yu-Chi Lee

Forecasting Center, Central Weather Bureau

ABSTRACT

The Central Weather Bureau's automated 300 mb charts, the
Japanese Geostationary Meteorological Satellite images, and the Japan
Meteroclogical Agency’s analyzed cloud pictures were used to study
the climatological characteristics, synoptic conditions, and accompanied
weathers of the western Pacific upper-tropospheric cold vortices (cold
core lows) in the period of June-October, 1985-1986. The near equal
frequencies of the Palmen type and Palmer type were observed in the
cold vortices formation processes. The cold vortices generally moved
slowly westward from their genesis region, and then recurved west-
northwestward or northwestward in area between 145°E and 160°E.

- The mean radius of the cold vortices circulation was estimated to be
800 km. This was equivalent tc a wavelength of 3200 km. An averaged
life time of cold vortices was 6 days and it was longer for those orig-
inated in the east of 150°E than for those that originated in the west.
The distribution of the clouds indicated that the area of the strongest
upward métion, the most unstable air, the greatest cloud amount, and
the most frequent occurrence of shallow/deep convections were in the
southeast -of the cold vortices center. The reverse was true in the
" northwest. Finally, the occurrence of the low clouds and high clouds
seemed to suggest that the cold vortices perhaps inducing the low-level
convergence and upward motion, thus enhancing the covections.

Key Words: Cold core low, Cold vortices
—284—



FEBRE="1TmERmY (TFEIZAD

R A A
# 7

-%‘/)IL; ‘:lj RE{.

4 o2 AT M

(198346 H 1 H ~3 H {f%)
% & B M &%
B AL A EE L ER 9T AT ERAR BT R R

(R A HA 1 77.06.20 3 EFEAHE 1 77.11.10)

1

3

HELERHEHTEEL 600 hPa RBUUTHEBEMNTHE 20T AaEEHR
HREREZ R R RAREF NG o ACERI83E 6 A 1 ~ 3 0 EFEMEF KR EIR{TEE
HOE BRETIE S ¢ ST K BURM B R -

R EESTE 0 1983456 A 1 B 0000 UTC~6 A 2 F1200 UTC HiR @ BBRTEERE
HAHERE R AR R E) » e SRR (MCS) 1 BTy W i i 2t [ 7 ) B8 %
» [ 15 (0GR U 0 A R R B TR R R 1 R A o R IR R EE TR AR T BB W 25067 B
B2 (SR R 808 - 426 A 2 B1200 UTC~6 ﬂ 3 H1200 UTC HiR - (EEEMBE
HE LT 0 W MCS HHER B A B AR  FRLE HE R R BRI IR
o EHBREETRET RN ER » HEEANZEEERRRRE

B g R RET (RN o R REEEN o AR -

a1 a

19834 6 A 1 ~ 2 BILFAH AL MET A I6i
W 6 A3 0EBPHEETERKE  HER
E—FEHEEER - RS ICERLEZE
RS E S AT T 0 BT AR
2R ERZ BRI RS TETRER » W
SRR rRENEEHERNES -

AR b s R B E R R T 2 hE AR
B L R EEEFR AR L (NCAR)
CEEEsFEER 2 EEHH » #7RE - 5E
EBRSZWoW o MTHSHNBRESETRE 2R
FKRIE » R REE Rz AR R
GMS-2 I RBR » Lo ENERZBER
BIAE o N ER RSN » MR R
{E TR 2R BE - R+ 0 s 2 AR 2 s

Jite o BEUNTREBARBERERERE <-32C
f=-52°C ZHEFHK A o

= BREREKS T

Bll1Z/6A1IHN UTCE 3 FI1200UTC
& 3L A AR LT REE > VBRSPS
HRER 2D - E-HEhRERMRRK (A,
B,C.C'D EF, G & H) EFERE £-32C
BE<-52C zmEi-6H1R 0000 UTC ARE
B (B la) BERPREHGERE (Mesoscale
Convective System, MCS) 7P RIEEF
BMAEE » 2EE  BEMCS-A » HETERE
X£-32°C CH O Y<-52°C 2SS 240><
10° km?® 88 96x10° km? » HIRE7= R -
H0300 UTC (@ib) +»MCS-A %’hl’ﬂimﬁm N
BN EREEL TS BERE » @ERX

—285-



0600 UTC (@ lc) » A#IBILHMM RN —

AR 0 0900 UTC (A 1d) mpzwm~ MCS-E 02 JUN 1200 84 12
LR P T R — A IR 0 A B R K R 1600 | 240 126
r B XY RS 4 9145510 X 10° km? B 196 109 1800 | 273 142
m® o 2100 | 165 45
£ — 19834E6A1H~30 MCS-F| 02 JUN 1600 | 108 60
HREHERE (A, B, C, C, D, E, 1800 176 51
F, °G’ F H) EERE <-32C o= 2100 100 50
Table 1 fzc Zfﬁﬁ' 1 i} 03 JUN 0000 | 200 126
*hio 1 Arca of soaguesle, somvegtiv
G and H) with cloud top tem- 0600 1 220 19
perature =-32C and =<-52°C 0900 | 99 27
during 1~3 June 1983
T N MCS-G| 02 JUN 1600 | 42 12
A F (X10° km?) 1800 | 55 22
MCS | date .(UTC) %%(2)0 %‘%C 2100 | 126 57
MCS-A| 01 JUN 0000 240 96 03 JUN gggg ;‘:’Z 2;
ool m
0900 | 510 196 0900, 277 137
1200 280 93
1200 | 442 160
1600 | 246 112 MCS-H| 02 JUN 2100 20 8
1800 | 285 128 03 JUN 0000| 66 22
2100 | 218 9 0300 | 143 38
02 JUN 0000 | 104 39 0600 | 203 33
0300 | 150 ) 0900 | 170 11
0600 | 170 20 1200 | 151 16
MCS-B| 01 JUN 1200 | 280 11
1600 | 145 84 1 H1200 UTC (Ele) * MCS-A BZ#H
1800 | 176 78 b~ WIE ~ BRI T —7 » KRS o bk
2100 | 212 95 B ZE R AL R RN — 4 > BE MCS-A 27
02 JUN 0000 | 151 52 A+ SRS RS - B MCS- B,
0300 | 166 67 CAID, EHHERN (F—) - 18 1600 UTC
. 0600 8 10 (| 1) > MCS-A Bl 10ms™' ZEEMRE
MCS-C| 01 JUN 1200 | 16 4 BEEY ~ LARHITES » HEEAERA, o
1600 | 117 67 MCS-B WMimmaBE R RmREEk
Mos-plol ToN 0| 6 5 MCS-C  #EMHFIEN LR A IAEEEEA
60 | e 26 MCS-D BNZEREMN IR RIA + HEFRMN o
' 35 PO b BB R R R — e R A ) 0 SRR
MCS-C 01 JUN 1800 | 218 101 AR A Z B R W R E R AR
2100 | 240 157 b BT T M S0 (P ) L B8R © — I
0z JUN 0000 | 338 182 1800 UTC (Ellg) +MCS-A 35 10ms- =
pond B 7 EEREBESE - I~ TRRL ) EE
MmBA 3 MCS-B fERERSRIL A ST nss

—~286—



MCS-C #1 MCS-D ZE#fnsEmas: » B2
MCS-C’ » 1 H2100 UTC (& 1h) » MCS-A
MEBERIL O » MEME o MCS-B HHBEL
76 RO R — A I » LI B I B R A S B
r XAYERESNET 212x10° km? B& 95 <108
km?, W MCS-A BWis - MCS-C’ BifE%
M~ FREGFIWFTANER » TR o

2 H 0000 UTC (M1i) »MCS-A #ET
O AN B » MCS-B 59T I R A — 1
35 o MCS-C' BIFEE M - FEve R riis iR -
TE SR AR BXAYERSFIEAS
338 10% km?2§2182%10° km®- 2 [ 0300 UTC
(F1DMCS-ATERIL 0 BT SHE % » MCS-B
HIY 7Y i 00 B A 0 VAR B W PRV
MCS-C’ fll 2 FE PG 3518 B/ » 2 R0600 UTC
CER1k) o o2 T M B 6 1 R o 5 406507 9 B
e SR AT » MCS-A 7545 ~ MCS-B
FEMI T ~ TEVEFITE — 8 MCS-C' 7e/fi 1548
SRTE » E2 0 0900 UTC (1) » Bk
T o
21200 UTC (8 1m) -+ 7erihbs F o
B — B R4 » 788 MCS-E » & X
Y BERSFE 84X 10° km? B 42X 10° km? o
2 H 1600 UTC ([Eln) * MCS-E #Eiay
~ BRI R R B T R T A KXY T
SRS 240 x10° km® 8 126X 10° km?o B4
FERS VA G,/ BE TR AR ~ ILVH A DL R iR A P 2 b
B BBR=MERSE ) B2 8 MCS-F -~ G
FIH » i MCS-F ZXFY WSS 108x
10° km?® 82 60x10° km? o igibch R fr 8 % 4
BB — R RERHE TR
AT+ BLF R B R I PSR 70 ) T B, + 8D
FEFATHFELE - 201800 UTC (@ 10)
» MCS-E 7EE B A S5 RUFE T PE 300036 + KA mE e

BEABEEN  EXTMYEEZ0MAE 273X
10° km?® B 142x10° km?® - MCS-F BG4 R74

VAR ~ FUS PH AR LT v R R ~ R T R

FURIHR » MCS-H 7ERREGN 22 b sk » LT
B 3R o PERS SRIMESHAE R » MOH7I R
—HRR W ER - 2 0 2100 UTC (EIp) -

MCS-E 7e BRI AT AR RHE » HX
FNY AL S BlRE Ny 165X 10% m® B 45X 10°km?
o MCS-F ZEREva#gntsle » MCS-G mm#E
BERANRRE I L sk 0 X TIY WAL PR 126

X10° km?* B 57x10* km? MCS-H HMEBE
IS  HERRE K -

30000 UTC (®lg) »MCS-E {##
MCS-F 7E5% 78 RS R ge i ik » MCS-G 5
H4 M EERERERT ~ EEHk R R e
EEHEE « 3 0200 UTC (Flr) » MCS-F#
FEVERIBR RS R - MBS R A B RAE » AX
FIY MRS A 313x10% km? F1 115x10° km®
MCS-G N ~ BB Z s b il
&+ MCS-H RImdLR = st 2 et
BER AT N o JLRSELE MCS T gAm
TSRS SR - 3 A0600 UTC (E 1s) » MCS-F

FEREPRUR R TS A 0 MCS-G KR

WAT ~ EB SR EEE MR 0 MCS-H #%
R — AR - 3 0000 UTS (M1t
» MCS-F 72iEva# » MCS-G 7EfFHinS -
BV ~ BRI R A R B R B R AR B
r TIEAEEASRAN » HXTYEELSE
977 x10* km® F 137x10° km? o MCS-H 7%
BEILEE R EERE o 38 1200 UTC
(F 1u) + MCS-G fEMsREsmERmeg o
MCS-H AR R B M

WL LS ERSE » MCS-A, BRI C &
— AT E 2 B R 5 R B
LT TR o MCS-A 71 H0900 UTC i
RLEHE o MCS-A W ZEEs » MCS-B # 1 8 2100
UTC sl - MCS-B #4356 » MCS-C’
2 H0000 UTC #EGadh - gtk MCS B
' EBRRREEFHMCS-E~ F~ GRIHZW®H
T AR T 2 B B 0 4 B TR PR e
Tz EiEERE - MCS-E ®2 A1800 UTC
SEREVE o EEMER » MCS-F 3 00300
UTC EH#dE - MCS-F ®3B » MCS-G #
3 {0900 UTC REE - MCS-H 8B Eig
Bz b o e MCS-G ALl -

EERREHMEBR SN~ B -
DotE ~ BE -~ REBERE 0 MCS-A 24/ )0
+ MCS-B #1 C' /8188 » MCS-E $#75% 9
K s MCS-F $4814/M5 » MCS-G 95 18 /1
B » MCS-H /0 » ZE7REH R il o

MCS-A FB# 1 F1200 UTC % 2 A1200
UTC il b FiL 4 B « 1 71200
UTC—2 H1200 UTCILFEL# >R E (58606)
B 458 (58527) - 1-PU/NE T B4 BIAST7.0mm

—287—



100°E 110°E 120°E 130°E

100°E 110°E 120°2 130°E

1pg® 110°E 120°% 130°E

100°E 1 126°= 13C°E

20N 2gon




0oy

20 ' '
208 i ' 2y 20"

1993 Jui 02 03UTC

100°E 1L0°E

10002 110°= 120°E 13T

0




B 1

Fig. 1

1—t¢

100°E 110°E 120°E 130°-E

‘ 1—u
1963 JUM 03 12UTC

1983 6 A 1 H0000 UTC E3 B1200 UTC & 3z A a2 ERE « E3x
FREFREHRTER -

(a) 1B 0000 UTC (b) 1H0300 UTC (c) 1 H 0800 UTC (d) 1B 090¢ UTC
(e) 1H 1200 UTC (f) 18 1600 UTC (g) 18 1800 UT C (h) 1K 200 UTC
(iy 29 0000 UTC () 25 0300 UTC (k) 28 0600 UTC (1) 28 0900 UTC
(m) 28 1200 UTC (n) 28 1600 UTC ‘(0) 2R 1800 UTC (p) 28 2100
UTC (q) 38 0000 UTC (r) 3@ 0300 UTC (s) 38 0600 UTC (t) 350900 UTC
(uw) 38 1200 UTC ‘

Series of GMS-2 enhanced infrared imageries. Capital alphabets are
Mesoscale Convective Systems.

(a) 0000 UTC (b) 0300 UTC (c} 0600 UTC (d) 0900 UTC (e) 1200 UTC
(f) 1600 UTC (g) 1800 UTC (k) 2100 UTC 1 June 1983, (i) 0000 UTC (j)
0300 UTC (k) 0600 UTC (1) 0900 UTC (m) 1200 UTC (n) 1600 UTC (o)
1800 UTC (p)2100 UTC 2 June 1983, (q) 0000 UTC <{r) 0300 UTC (s) 0600
UTC (t) 0900 UTC (u)-1200 UTC 3 June 1983,

—290—




B 2 1983 4E6[H 110000 UTCE3H1200 UTC

HEE R AR T R o
Fig. 2 Surface low and front during 0000
UTC 1 June~1200 UTC 3 June 1983.
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Fig. 3 700 hpa height analysis (solid contour at 30 gpm intervals)and isoteach analysis
(dashed at 5 kt intervals).Low-level jet (heavy arrow) and trough (dashed-dotted
line) are also shown. (a) 0000 UTC, (b) 1200 UTC 1 June 1983, (c) 0000 UTC,
{d) 1200 UTC 2 June 1983, (e) 0000 UTC, (i) 1200 UTC 3 June 1983.
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A Preliminary Analysis of the Low-Level Jet and
Mesoscale Convective Systems over Subtropical China
during Mei-Yu Season: The Case of June 1-3, 1983

Chin-Pigo Pu
Geo-Science Institute
University of Chinese Culture

George Tai-Jen Chen

Department of Atmospheric Science
National Taiwan University

ABSTRACT

The relationship between a low-level jet (LL]) and mesoscale conve-
ctive systems (MCSs) was analyzed for a case over subtropical China in
the period of June 1-3, 1983. Synoptic maps at different levels and GMS
IR enhianced cloud imagery were used to discuss the evolution of an

LLJ and MCSs.

It was observed that an LLJ intensified to the southeast of a well-
developed band of MCSs over southern China to the south of a Mei-Yu
front. The LLJ reached a maximum intensity right after the maturing
stage of the MCS band. For the two events of an MCS band, one had a
series of MCSs developed upstream while the other one developed

downstream.

Key Words., Mei-Yu, Low-Level Jet(LL]), Mesoscale Convective Systems
{(MCSs), Heavy Rainfall, Subtropical China.
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Fig. 1 GMS-3 IR cloud imagerys of IOP1.
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Fig. 3 The location of front per 6 hours.
(3a) From 05/13/00Z to 05/14/00Z for IOPIL.
{3b) From 05/16/00Z to 05/17/00Z for 10P2.
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B 4 500mb HEXEHE » HHRAEFEHR (@pm) - EEAEZER 0 -
(4a) 05/13/12Z, (4b) 05/16/12Z.

Fig. 4 500mb chart, solid lines indicating height field (gpm) and dash lines indicating
isothermal (°C). (4a) 05/13/12Z, (4b) 05/16/12Z.
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5 (5a) 05/13/00Z 850mb BliE
(3b) 05/13/007 830mb & f¥ 753 + BN ERTER - A I -
(8¢) 05/13/12Z 850mb KABEE » TSN EKANEAR » BHAZAKBIE -
(5d) 8T (5a) R - {EB#BS 05/16/00Z. (3e) B (5b) [ » B H¥im 05/16/00Z.
(51 BB (5c) @+ BAE 05/16/167.
Fig. 5 (5a) Wind field of 850mb at 05/13/00Z,
(5b) Temperature advection of 850mb at 05/13/00Z, solid lines indicating warm
advection, dash lines indjcating cold advection. )
{53¢) Moisture convergence of 850mb at 05/13/12Z, solid lines indicating moisture
convergence, dash lines indicasing moisture divergence.
(5d) as in Fig. (5a), except for 05/16/00Z. (5e) as in Fig. (6b), except for
05/16/00Z.  (5f) as in Fig. (5¢), except for 05/16/12Z.
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(Ba) 0513712z BGLnib IFHAELIE (Gd) B5/16G/127 8G0mb ¥
: HEARERY 6, 80801/ sec
o e

110 120 110 120

(6b) B5/13/068Z 700mb FEHNIE
SS{ELIEAFG 0. 66001/ sec

(Bc) B85/13/007 SOOmb SHKESE By i g (6 ©5/16/00Z 5oonb SNERSR B H

o SEASHEIIEG 2w b/sec

— HELATEMG 2ub/sec

110

20

B 6 (6a) 05/13/12Z 850mb @IES » WRARKLEEE - BEAZAREE -
(6b) 05/13/00Z 700mb $B#LH » TERLAEEEIE » EHRAKESE - .
(6c) 03/13/00Z 500mb FEEREEE » KA ETHRE  ERNELAE -
(6d) £ (6a) R+ (LA B 05/16/12Z. (be) | (6b) M+ (A A EE 05/16/00Z.
(6f) | (6c) M - EHEAE 05/16/00Z.
Tig. 6 (6a) Vortcity field of B50mb at 05/13/12Z, sclid lines indicating positive vorticity,
dash lines indicating negative vorticity.
(6b) Divergence field of 700mb at 05/13/00Z. solid lines indicating divergence,
dash lines indicating convergence. ’
(6c) P-velocity field of 500mb at 05/13/00Z. solid lines indicating downward
motion, dash lines indicating upward motion.
(6d) as in Fig. (6a), except for 05/16/12Z. (6e) as in Fig. (6b), except for
05/16/00Z. (6f) as in Fig. (6c), except for 05/16/00Z.
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7 (7a) 05/13/127 200mb IRESE » BHURFLAEE » RENEEBEE -
(7b) 05/13/12Z 200mb 328045 - WMAFRERE » FRAHBELE -
(7¢) 05/13/12Z 200mb E 3 - (7d)y B (72) R - [ERA#ES 05/16/12Z.
(7e) 31 (7b) A - AEHAEHE 05/16/12Z. (7f) @A (7c) - BEHEE 05/16/12Z.
Fig. 7 (7a) Vorticity field of 200mb at 05/13/127. solid lines indicating positive vortcity,
dash lines indicating negative vorticity,
(7b) Divergence field of 200mb at 05/13/12Z. solid lines indicating divergence, dash
lines mdicating convergence.
(7c) Wind field of 200mb a: 05/13/12Z. (7d) asin Fig. (7a), except for 05/16/12Z.
(7e) as in Fig. (7b), except for 05/16/12Z. {7f) as in Fig. (7c), except for 05/16/127.
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The Comparision between Developed MCS and Non-

Developed MCS in Environmental Conditions

Ming-Sen Lin Shi-Min Lin Shin-Ting Wang.
Applied Meteorology Division, Atomospheric R & D Center,
Central Weather Bureau ~ Central Weather Bureau
ABSTRACT

Objective analysis scheme is employed to demonstrate the difference of environ-
mental conditions between the developed and non-developed MCSs during the Intensive
Observation Period (IOP) of TAMEX. The MCS of IOP 1 on May 13, 1987 is
found to be embedded in a fast-moving frontal cloud band, compared with the MCS
in IOP 2 on May 16, 1987 of a slow-moving system. By examining the kinematic
and thermodynamic features of two MCSs, it is found that the frontal convergence,
LLJ, warm advection and moisture flux convergence at low level, deep short wave at
middle level, coupled with the upper speed divergence/diffluence were the favorable
environmental conditions for the formation, organization and maintenance of MCSs.

Strong cyclonic vorticity and convergence in the lower troposphere coupled with
the significant anticyclonic vorticity and divergence in the upper troposphere were
conductive to the MCSs formation and development. The vertical velocity field revealed

that the MCSs were associated with the large-scale upward motion.

Key Word: MCS(Meso-scale Convective System), Environmental Condition
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Annual variation of fog days
of four stations in northern
Taiwan (1951-1980)

Fig. 1.

H— EEILSNEREREATHAZRB (1951~1980)
. Table 1. Annual and monthly average fog days of selected stations of
' northern Taiwan (1951-1980)

Ag | -|zl=la|laz | x|t~ n|+ | +]*+ u
My A | A | A | A | A|B|A|B|A|A|A]AH

w & | 1.9| 23] 2.4 23| 1.4 1.2 1.1| 04 0.7] 0.9] 0.7 1.6]17.1

% J | 8.6| 8.7/10.5]10.3| 8.1| 7.6| 6.5| 5.5 4.9| 4.4| 4.6 7.4|87.2

# @ | 45| 4.4 58] 6.3| 4.7| 46| 2.21 1.2] 1.8] 1.9] 2.1 3.1[42.8

w ow | 29| 27| 4.2 4.9] 4.5 2.7| 2.1} 1.9| 2.6 2.3 2.3| 2.5|35.5
* EEA RS
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Table 2. Annual and monthly average fog days of Sungshan and Chiang
Kaishek Airports
Agl -z |=lw|s | s || A ||+ ]+ ]+ S
;;N,H slalale |alalalala|al5 Fle x
#ih | 3.8 3.3 3.9 3.3/ 1.9 2.0 1.3 0.3 1.1! 1.2 1.9] 2.9(26.4| 19531972
HeER | 3.0) 2.8/ 3.8/ 2.4/ 0.4 | 0.4 0.2 0.0| 0.0 0.4 0.2]| 1.6 15.2 | 1979—1983
£ = ERATNEBRLETRENSEZERAAEEHY
Table 3. Annual and monthly average fog days of selected stations of
western sea shore and near mountain plain
Agl —l=l=lmlz | x| & | A|n +|+]+ £ &
mN\|A|a|s|a|s |28 ala a8 |7 Tle o
AT | 4.3 5.1/ 6.0, 4.4 2.7 | 1.4] 0.1] 0.3| 0.8] 1.3] 1.6| 3.0 31.0 | 19511980
EE | 0.5 1.2 2.& 0.200.1} 0.1 0.0 0.2| 0.0 Q.5 0.5 0.8 6.5 19771986
= | 5939372915 0.5 0.2 0,2 1.2| 1.8| 2.9 4.8 29.6 | 19511980
=% 15.64.204.20 3.9/ 2.4| 0.6 0.1 0.1 1.1 | 4.8 3.8] 6.7 ] 37.3| 1969—1986
MME | 2.4 2.5 2.4 1,5/ 0.7 | 0.1 0.4 0.1 0.4] 1.0| 1.4| 2.3;15.1 | 1951—1980
W | 3.8 2.81.61.0004| 0.2 0.0 00| 0.2] 1.3| 2.6| 3.8]|17.8 | 19511980
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Fig. 2. Annual variation of fog days of
six stations in western Taiwan
(Wuchi 1977-1986, Chiayi 1969-1986,
others 1951-1980)
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Table 4. Annual and monthly average fog days of selected stations of

eastern seashore (1951-1980)

Ag [ -l =l =|m|z x| &« A|la|+]|+]+

BN A A A | B | 8|8 RlA|A|A|A|7F ®

it %! o1 0.2 0.0 0.27 0.0} 0.0 0.0 0.1] 0.0 0.1 0.0 0.1|0.8(23)
¥ &1 0.0 0.0 0.0 0.0 00| 0.0 0.0 0.0| 0.0 0.0} 0.1| 0.0(0.1( 3)
T ®E| 0.0 0,0 0.0 0.0 0.0 0.0 0.0 0.0] 0.0 0.0 0.0] 0.1]0.1( 3
X &®| 00} 00 0.0 00, 0.0 0.0} 0.0 00| 0.0 0.0] 0.0| 0.0 0.0C 1)
B #| 0.0 0.0 0.0 0.1 0.0/ 0.0/ 0.0| 0.0 0.0 0.0{ 0.0 0.0/0.2¢ 7)
# m| 0.0 0.0 0.0 0.0 0.0] 0.0 0.0| 0.0] 0.0 0.0 0.0 0.0]0.000)

i LHEETHRERREFER0EABBMRE -

2R 1982~1986;2F ¥ o
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Table 5. Annual and monthly average fog days of mountain stations in

. Taiwan (1951-1980)

Apl-lzizlm| =] Aln i+ 1+ + g

' - = E O BE

MmN |A AlA| A 8| A Ala| A BB (AF)
MW | 4.4/ 6.1/8.3 7.6 7.1| 6.2 3.3 3.6| 3.0 1.4| 2.4, 3.1| 56.6 600.0
¥ @ 118.4[17.9/19.0| 16.2 | 16.3 | 11.2 | 6.5 | 8.2 | 11.1 | 13.1 15.8 | 16.6 | 170.5 836.2
TR |16.816.619.8 19.7 | 23.8 125.5 | 25.9 1 27.5 1 25.2 | 23.3 | 16.9 | 15.2 | 256.32406.1
% (I [16.6]17.320.5 21.7 | 26.6 | 26.0-| 25.2 | 25.8 | 22.7 18.7 | 14.2 | 14.5 | 249.53850.0
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A Preliminary Study of Fog Occurence in Taiwan

Mong-Chin Chen

. Data Procession Sec. C, W, B.

Chi-Hsun Chi

Consultant C. W. B.

ABSTRACT

Fog is one of the most serious problems in Taiwan, especially for
freeway accidents, ship operations and aviation activities. The distri-
bution of annual fog frequency and the seasonal variation in different
regions are discussed. The authors intend to determine the factors of
fog generation of each station according to its nearby topography and
the distance from the sea shore. Diurnal variations of selected stations
are also analysed. The results of the study are believed to be useful for
both air and land traffic planning, and for fog forecasting.

Key Words: Fog, Taiwan Climate
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Table 1. Eye-fixes for typhone ABBY
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Table 3. The best track for Typhone
ABBY
B ML E | B | A TS| R
FIE | HE (km/
ST - - E(mb) {m/s)[F7 | h)
14 20| 15.4 | 136.1) 990 | 20 | 280, 47
15 02| 16.0 | 135.4] 990 25 | 300 23
08 | 16.6 | 134.2| 985 | 25 | 310 20
14 1 17.3 | 133.3] 9851 25 | 310] 22
201 17.9 | 132.1] 985 | 28 | 305 22
16 02 |18.5|130.9, 980 | 28 | 295 26
08 19,1 | 130.0l 975 | 28 ) 3100 22
14 | 19.3 ] 129.1] 975 | 30 | 305 20
20 | 19.31128.4 970 | 33 |fTH
17 02| 19.4 | 127.50 970 | 33 | 275 15
08 | 19.6|127.1 965 | 35 | 295 14
14 | 20.3 | 126.8] 965 | 38 | 325 14
20 1 20.8 | 126.0] 953 | 45 | 305 16
18 02 |20.8|125.3 953 | 45 | 270 13
08 | 21.1|124.6] 953} 45 | 295 12
14 | 21.8 | 123.5| 950t 50 | 305 20
20° 22.1 | 122.9 945§ 51 | 300 13
19 02| 22.5|122,2 945 51 | 305 16
08 [23,11121.7 945| 51 | 320, 13
14 | 23.8 | 121.5( 950 | 40 | 340 13
20 | 24.11120.7| 960 | 35 | 295 15
20 02| 25.4|120.6 970 | 33 | 335 24
08 | 25.9{121.3 982 | 25 45 15
14 | 26.7 | 122.7) 985 | 23 60| 25
20 | 28,0 | 123.4, 990 | 20 60/ 30
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Table 4. Eye-fixes for Typhone ABBY
by aircraft

— R ET0 &
TIHI(Z) | RORE e e s = e

& (#/ & (gpm
AR R 2 R N o) )

9 14 12 2415.2 136.0
15 00 27/16.7 134.1] 55 987
15 03 00[17.5 134.0{ 45 986

15 11 09)17.7 132.2 983 | 2954
15 14 08[17.3 132.2 988 | 2962
16 02 0719.6{ 129.61 70 | 977

16 09 12[19.00 129.2 70 2883
16 11 42]19.2] 127.6 ' 2895

16 21 57]19.5 127.3 55 968 | 2797
17 00 30019.6 127.2 70 963 | 2777

17 11 4120.9| 126.0 953 | 2684

B 4 ARRIEEEDER O AI9A 0 BBTELAE 17 14 3321.0) 125.5 2688

. XABRRME 17 20 31021.0] 124.7 946 | 2633
Fig. 4. The echo observed by the radar

of Hwa-Lien stations at 18th 17 23 2921.1) 124.8 75 | 943 | 2605

1600Z Sep. 1986 18 21 0822.7 121.3 2585

18 23 41123.1 121.7} 90 946 | 2627

10°N

H0°E 120°E 130° 1Li0°E 120°E 130°E

B 5. EE7549HITA000Z GMS ATsHAENH )

Fig. 5. GMS 1R picture imagery Typhoon Fig. 5 (conxf{lﬁ)(‘l) 172})5] i;(?olzogz
ABBY at 17th 0000Z Sep. 1986 - € Z Sep. 1986
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Fig. 5. (continue) 18th 0000Z Sep. 1986 Fig. 5 (continue) 18th 1200Z Sep. 1986
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Fig. 5. (continue) 19th 0000Z Sep. 1986 Fig. 5. {continue) 19th 1200Z Sep. 1986

<= W& 5.6 2 A20H0000Z
Fig. 5. (continue) 20th 0000Z Sep. 1986
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Fig. 7. GMS VIS picture at 10th 03Z Sep. 1986
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Fig. 10. The Mean sea-surface temperature chart of ten days interval
during the peroid of 1ith to 20th Sep. 1986
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Fig. 11. The mean sea surface temperature anomaly chart of ten days interval
during the peroid of 11th to 20th Sep. 1986
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%o AARBRAREERLE (PRELR)

Table 5. Eye-Fixes for ABBY by Satellite (CWB)

it Mo (Z) B M (D
I #HIE. & i+ BIRE B

Aleiw | & | - IR
o | 14 | 12 | 00 16.21 .136.1 || 9 | 17| 12 00 | 20.9 125.9
18 | 00 16.3 | 135.2 16 00 20.8 124.8
21 | 00 15.2, 135.0 18 00 20.7 125.3
15 | 00 | 00 15.5 | '134.5 | 21 | 00 20.8 125.0
03 | 00 16.8 | 133.8 18] 00 00 21.1 124.4
06 | 00 17.2|  132.6 03 00 21,6 124.3
09 | 00 18.4 1 131.7 06 00 22.0 123.6
12 | 00 |{EEi18.9! 132.7 09 00 22.5 123.2
BR18.5 | 130.8 12 00 | 22,5 122.7
16 | 00 | @I85 130.5 16 00 22.5 122.1
18 | 00 | 79/@18.5| 130.3 18 00 22.6 121.8
21 | 00 . 19.0 ] 130.1 21 00 22.8 121.8
16 | 00 00 | 18.4 129.4 19/ 00 00 23.2 121.5
03 | 00 | " 19.0] 129.4 03 | 00 | 23.5 121.4
06 | 00 19.1| 129.1 06 00 | 23.9 121.3
09 | 00 19.0 | 128.7 09 00 | 24.1 121.2
12 | 00 19.8 | 128.3 12 00 | 24.2 120.5
16 | 00 19.8 | 128.3 16 00 24.4 120.2
18 | 00 19.9 | 128.2 18 00 24.6 120.1
21 | 00 20.3 | 128.0 21 00 25.3 120.5
17 | 00 | 00 19.8 | 127.4 20| 00 00 25.7 120.8
03 | 00 19.9 | 127.0 03 00 26.2 121.6
06 | 00 20,2 | 126.8 06 00 26.5 121.9

09 | 00 20.7 | 126.5
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Fig. 13. 3-level (700, 500, 300 mb) mean flow chart at 16th 1200z Sep. 1986.

e o :(&.,—.p._

@3'14.

| Fig. 14.

—-331—

NERAGZIRMERE R RE (9
A19E19Z) » BERBEAERLBE
+ IR R R B R R LB E

The surface chart of Typhoon
ABBY (19th, 1900Z, Sep. 1986),
Solidline is main circulation
center track and dot line is the
secondary circulation center
track.
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Table 6. The time of lowest pressure
appeared at CWDB’s stations
during Typhone ABBY passage

@m;m 35 %ﬂfﬁﬁmﬁﬁﬂ
" # | 0828 | 19:03:05
4 i 970.1 | 19:03:15
;; i %1 980.1 | 19:03:30
® |k & 9725 | 19:04:00
ig W | 9878 | 19:04:38
5 | E Wl 9825 | 19:05:00
| % % | 9791 | 19:06:20
;; s | 970.8 | 19:06:45
il # 961.7 19:07:07
B rh 978.7 19:08:35
#6815 | 19:13:00
I 1t i 978.0 19:13:16
Bolm o oap| 9830 | 19:13:49
Tle wl| 34 | 19045
® e B | 986.3 | 19:15:14
olm w857 | 19:16:00
¥ & m| 9907 | 19:16:17
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# X A B R &

XERA (ABBY) REHH8613EM754 (19864)
Table 7. The meterological summary of CWB’s stations during Typhoon ABBY's passage

WO & Kk R OE (m/s)

S

BASRE (mb) Bk B ME(m/s) | BRQ0m/SME B Ok B B (mm) B ok # & (nm)

W% (W ERBA R A RE| ERS|R E|RE|RE|R u RE| ARS ERSEIRS | TR ARsER s |18 amssrws B OB AEA NS
¥ O OB 990.7 | 19.16.17 | ENE | 36.1 | 19.12,35 | 993.7 | 24.6 96| SSW |27.3|20.07.41 | 17.18.00~20.13.00 | 21.0 | 19.03.20~19.04.20 8.2 |19.03,40~19.03.50 | 178.9 | 18.01.08~20.16.00
3% 55 986.3 | 19.15.14 | NE | 34.7|18.23.18 | 997.4 | 26.0 83| NE [20.3]18.23.28 16.17.15fv20.08.50 31.0 | 19.01.40~19,02.40 | 13.3 | 19.02.20~19.02.30 | 178.3 | 17.06.25~20.15.00
B s 895.3 | 19.15.15 | NNW | 48.0 | 18.21.38 | 907.7 | 18.0 | 100 | NNW | 20.3 | 18.23.00 | 17.17.35~20.05.12 | 29.3 | 19.02.03~19.03.03 9.0 | 19.02.52~19.03.02 | 655.7 | 17.16.07~

roF W 984.0 | 19.15.46 w 32.5 {18.21.19 | 998.5 | 19.3 97 | SW 10.3|19.01.30 - 41.5 |19.02.00~19.03.00 | 11.7 19.02.20~19.02.30 653.1 | 17.17.00~20.15.00
Z it 983.0 | 19.13.49 | NNE (27.019.01.18 ; 992.,2 | 25.1 88 | SW | 11.7 | 20.04.00 [ 18.21.30~20.05.10 ; 30.5 | 19.01.40~19.02.04 | 13.5 | 19.02.10~19.02.20 | 186.0 17.17.00~20.16.00
o o 981.5| 19.13.00 | NE | 25.2|19.01.25| 991.4 | 22.7 97| NE |13.3]19.11.00 | 18.21,00~19.14.00 | 29.7 | 19.02.00~19.03.00 8.5 | 19.02,.20~19.02.30 | 239.9 | 17.19.25~20.15.00
-3 ol 978.7 : 19,08,35 | NNE | 28,2 | 19.02.32 | 982.3 | 24.6 83 N 11.3 | 19,02.40 | 18,11.50~19.05.40 ; 14.8 | 20.01.50~20,02.30 4.5 | 20.01.50~20.02.00 96.3 | 18.20.45~20.14.45
& #. | 978.7 | 19.08.59 | NNE | 49,7 | 19.01.18 | 986.0 | 23.2 93 | NNE | 33.0 | 18.05.15 | 16.07.50~20.,02,30 | 12.5 | 20.00.50~20.01.50 2.5 |19.22.48~19.22.58 75.7 | 18.14.40~20.12.20
H A & 872.7 | 19.05.00 | SW : 30.0 | 19.21.35 | 886.2 | 17.3 98| SW |[15.019.21.30} 19.15.20~20.03.00 | 18.0 19.21.00~19.22.00 4.0 i9.21.00~19.21.10 134.2 | 18.17.10~20.12.10
¥ . #h 987.7 | 19.04.38 N 41.0119.00,57 | 992.0 | 23.8 82 N 21,0 | 18.23.50 | 17.13.50~19.20,10 | 24.0 | 19.16.20~19,17.00 7.2 |19.16.45~19.16,55 | 120.4 | 19.02.20~20.04.20
= 979.1 | 19.05.20 N 30.4 1 19.00.25 | 985.6 | 23.9 86 N 15.3 | 18,13.00 | 18.10.30~19,06,30 | 27.1 | 19.18.00~19.19.00 4.0 | 19.18,40~19,18.50 | 139.3 | 19.03.20~20.10.20
fromoi 739.9 | 19.05.00 | WSW | 26.8 | 19.18.59 | 749.9 | 11.5 98 | NNE | 8.4 19.02.00 — 25.2 | 190,21.00~19,22.00 6.2 | 19.16.50~19,17.00 | 287.1 | 18.16.20~19.15.00
x i 286.2 | 19.07.00 - — - — - — | NW |15.019.18.50 | 19.07.10~19.21,00 | 19.0 | 19.07.00~19.08.00 4.8 {19,07.40~19.07.50 | 326.1 | 18.04.00~20.16.00
% 3] 982,5 | 19,05.00 N 36.3 | 18,21.28 990.6 | 25.0 a2 N 21.2 | 19.02.35 | 18.02.35~19.18.17 | 19.0 | 19.15.00~19.186.00 4.5 | 19.15.18~19.15.28 | 137.7 | 18.23.30~20.08.40
[z it 982.8 | 19.03.05 | NW | 34.8}19.03.06 | 983.0 | 24.2 96 | WNW | 21.7 | 19.08.40 | 18.17.00~19.20.50 | 19.0 | 19.13.00~19.14,00 3.5 | 19.13.00~19.13.10 | 148.0 | 19.00.15~20.05.10
i 981.1 | 19.05.00 | NNW | 52.0 | 19.06.12 | 986.6 | 22.2 03 | NNW | 36.0 | 19.06,18 | 16,04.30~20.05.16 | 10.4 | 19.14.56~19.15.56 { 3.8 19.16.48~19,16.58 80.1 | 19.01.10~20.08.25
=] & 980.0 ; 19.03.30] W 29.6 | 19.07.25 | 084.5 (22,6 | 100| W 13.1 | 19.09.50 | 19,02.10~19.12.40 12,6 |19.11,20~19,12.20 4.5 |19,12.06~192.12.16 | 119.8 | 18.11.05~20.07.18
Al I 970.1 | 19.03.15 | WSW | 62.8 { 19.06.38 | 973.4 | 22.3 | 100 | WSW | 45.0 | 19.06.40 | 15.22.30~ 65.0 | 18.23.00~18.24.00 | 15.0 i 18.23.30~18.23.40 | 271.7 | 18.01.10~20.07.23
* & 972,5 | 19.04.00 S 18.1 1 19.04.07 | 974.2 | 27.4 69 S 8.6 119,04,00 — _ 8.9 |19.14,00~19.15.00 2.0 {19.13.30~19.13.40 74.5 | 18.10.30~19.23.45
23 H 970.8 | 19.06.45 N 28.2 ¢ 19,01.03 ; 975.0: 27.8 70 | SSW | 13.5:19.14,30 | 19,11.55~19.15.25 8.5 | 18.23.00~18.24.00 2.5 | 18,23.10~18.23.20 63.9 | 18.16,40~20.13.00
& # 961.7 | 19.07.07 N 43.4 | 19.01.47 | 969.6 ; 24.2 93 N 95.2 | 19.00,10 | 17.08.30~20.06.10¢ | 37.9 | 19.09.00~19.10.00 | 10.8 | 19.03.30~19.03.40 | 222.4 | 18.04.35~20.13.30
7E i 978.0 1 19.13.16 | NNE | 33.3 | 19.00.21 | 987.2 | 27.0 87| NE |18.419.00.30 | 17.21,00~19.13.00 | 26.5 | 19.01.41~19.02.41 | 11.0 |19.00.02~19.00.12 | 269.4 | 18.14.50~20.15.30
;4 [ 983.4 | 19.14°54 | E 22.1 1 19.09.55 | 989.7 | 24.0 08 | ENE |14.7 ] 19.02.00 | 18.21.00~19.12.50 | 19,3 | 19.00.45~19.01.45 9.8 | 19.01.20~19.01.30 | 175.3 | 17.17.00~20.14.40
" i3 085.7 | 19.16.00-| ESE | 33.419.08.58 | 988.8 | 24.5 98| ESE }17.2!19.08.54 | 18.12.10~19.21.10 | 31.3 | 18.19.10~18.20.10 | 14.0 | 18.19.55~18.20.05 | 303.1 | 17.06.50~20.15.30

— 333 —




11¢*E - 130°E

5. EFE755 9 A19A208=RK (700 ~ 500 ~ 300 E) TR
Fig. 15. 3-level (700, 500, 300 mb) mean flow chart at 19th
1200z Sep. 1986.
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Fig. 16. The variation of the pressure durning ABBY’s passage
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ABBY’s passage
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Fig. 19. The best track of typhoon ABBY
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Table 8. The Comparison among different objective forecastings errors

(24 hours) for ABBY

## (Km) ﬁMARAKAWA ARARAWA| JURRAN | CLIPER | CWB-gl
TR Z 1
161 2 955 345 115 177 142
161 8 162 180 114 147 115
1700 173 199 240 121 250
1706 143 277 175 93 185
171 2 184 249 201 437 182
1718 176 235 210 423 154
1800 263 252 166 216 218
1806 266 303 207 215 259
181 2 203 196 173 139 152
181 8 136 209 3l 101 69
1900 133 136 156 498 113
1906 24 24 183 101 131
1912 11 141 120 723 83
1918 78 24 151 735 105
2000 146 187 322 871 231
200 6 260 415 328 376 325
oy B o 163 211 181 336 170

SRR S MR TR + T 2 TS 3 R,
TTRFERM -
L EABAERETEEPL ARAKAWA R
163 bl 1 HHA CWB-81 REITOAL »
Tibl CLIPER ##£3368ZR%E (BA) 5 44
SRS RIS (PGTW) 232161
AEGE AR (CWB) TERERES 181 &
e S
A AR R R TR - A2 500
ECHEEELRE ECMWF s HgEE
FE R BB HER BB ERIFOEE 5 @21 B
ECMWF 9 12 516 H 96/NES5 00 2 [ 451

E20 A13H R|17HT2/NR: 500 Z BTEME » ReR72
96/ TR A » 9 A18 BRI A EBm 7 500
BOAHBE T NEEERRELE » 20 BRHER
20 FRAEREEB A + EERILEEERHEH
AVEERERY » LB 3T R BT 48 573 1K B o
MRS 447 ECMWE 83 H B ETRHR
FERBITHIR A » TRERHERS0E Bk T B

FRUNBRE BN MREEEYSER

At ECMWF R EHNEB SR AT ¥R ER

HEVEE » BERATERREN L » BABEHEE
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Fig. 20. ECMWF=14th 1200Z Sep. forecast 18th 1200Z Sep. 9hrs 500
mb geopatential predict chart.
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(AR BB Table 10. Subjective forecasting errors
Table 9. 24 hours forecasting errors verification for ABBY
verification for ABBY (Km) Bpr AR Unit: Km
\%\Wq: ai Bln Ay W[ RERE %;Eﬁ e .
e RERE WREL T oy P AR ESEL 1
1618 152 | 166 | 567 | 107 | 1600 45 24 69 53
1700 183 | 243 | 3851 220 1606 15 56 59 24
1706 2181 345 | 298| 215 1612 73 62 59 78
1712 152 51 | 132} 265 1618 87 99 84 | 112
i 718 136 93| 134 | 184 1700 84 15 49 10
1800 | 196 98| 212| 87| 1706 | 43 | 15| 22| 22
1806 194 | 174 | 167 | 136 1712 22 15 i1 23
1812 112 | 226 | 309 | 182 1718 56 55 22 35
1818 92| 209 | 285 | 246 1800 34 1 15 22| 21
190040 60 | 155 90 | 132 | 167 1806 23 38 15 24
1906 151 | 203 | 103 160 1812 11 22 11 11| 24
1912 182 | 145 | 138 127 | 130 1818 22 15 24 24 | 23
1918 252 | 134 | 111 61| 204 190¢0 20 30 0 157 30
2000 209 82 [ 123 74 | 265 1 9 06 52 22 37 46| 61
2006 391 89 | 288 207 464 1912 24 89.| 152 | 77| 99
- . _ 1918 | 5 | 73| 53| 20| 30
FTHgE; 181 | 161 19_8 164 | 246 2000 20 103 66 20
e REYE AL » %%Eéﬁ'ﬁ%ﬁ@iﬁiﬂﬂ "EHl | mmme| g !l a2l sl a
ZREMFERCHTARRANEERLLBRERSE

o MLl BAB] RIB6AHEBER/ » XRAL T e T Ve e AL T o
BEemTo s E
— 1% LEBER RS SR 3BT BB GELR
HA29/ 0 ~ EE L A ¢ BREEWE  E
A _ B8 AISEL6R » THEMZ MYk
LSBT ¢ BEE B » WEF &K » B3R RSk B+ A TESSAT A » H i bIE
SRR RS s R—EETRE A 0 MR B R AR SR KRB 4R -

° , RIERDIEE o
2B ST ¢ WRAE ~ ALk - R FEARRIE 2. R IR 3T b TET » HeKBEHE%
HHFF R WY AP E - 1468 1 T80 » PrEEHE S6S69ALH » K
SEHTI ¢ FHE AR RTRIT 0 A LIk ~ Bk~ ZRESRHEE o AR
75— SR TR 28 R SR N TR T IR HER23ME 3T 9WET - WA 89422
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Report on Typhoon Abby of 1986

Yu-Chi Lee

Forecasting Center C. W. B.

ABSTRACT

Abby, the 13th typhoon occuring in the northwest Pacific was the
6th typhoon that influenced Taiwan in 1986.

Abby, originally generated over the northern waters of the Pacific
from a tyopical disturbance at 1200z Sep. 14, 1986. Its central pressure
lowered to 945 mb with maximum sustained surface wind of 51 m/s. Abby
passed through the Taiwan area during 19-20 Sep. 1986. Its life span was
61+ days.

Abby was a standard westward typhoon whose track was affected
by the northern subtropical high. Five objective methods, ARAKAWA,
HURRAN, CLIPER, CWB-81, and PC, were compared to evaluate the
aceuracy of typhoon track prediction. It was found the HURRAN was
the best one in this case.

Key Words: Steeing Flow
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