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ABSTRACT

GMS satellite imagery, hourly rainfall repert surface and
upper obgervations during 1933 Post-TAMEX Forecastlng Exercise
period were used to study the characteristics of the heavy
rainfall events. Hesults showed that two third of events wara
produced by frontal weather systems. But the other one third
were produced by the non-frontal., oObviously, the non-frontal/
weak forcing factors were also important trigger mechanism for
the MC5 formation and intensification.

Three kinds of surges were found in the TAMEX-92 pariod,
they were equatorward, troplcal and collapsing tops. The first
two were belong to synoptic scale, and the last one was meso-
scle. The equatorward surge brought the cold and dry air from
the higher latitude to Taiwan and its vicinity, then produce
heavy rainfall. Tropical one transport warm and moist air from
tropical area +to Taiwan and its vicinity, and produged heavy
rainfall, Down draft due to the collapsing tops can indece or
enhance the scurcunding MCBE. Therefore, the surges played very
important role for the oocurrence of heavy rainfall events.
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l. Instructiocn

The weather reguirements in the United States range from
numerical weather prediction (HWP), field forecaster to train-
ing and research. NWP using precipitation attempt to validate
and wisualize the numerical weather models. As field forecast-
er, ghort range, Howcasting and synoptic scale forecasting
techniques are developing for forecasting the flash floods.
The Interactive Flash Flood Analyszer (IPFA) are also waed for
estimating rainfall £rom convective systems. On training and
research, are working with the forcaster in the UDnited States
and alsc several countries on better understanding and improv-
ing flash fleod forecasting, such as People’'s Republiec China ¢
FRC) /Mainland China, Taiwan, Senegal, Africa and south America
In the United States, the climate raeguirements for global,
monthly and seasonal rainfall put into global models. And we
also have effort to ingert the rainfall estimates into hydro-
logical, river flow modeling systems.

Satellite offer only a pice of puzzle when you looking at
8 short range forecasting of MCSs and precipitation. Even
though, satellitea datza iz opnly a pieca of data, it has an
ability to analyze on all scale that related precipitaticn. In
other word, vyou could see from global scale, synoptic scale,
mesoecale and storm scale all on ane picture. Ho other data
source can do it, such as doppler radar, surface and upper obh-
gservations as well as vertical profiler. We have to work with
the advantage to improve the forecasting on heavy rainfall.
There are all kinds satellite information available to the
United 5tates ranging from geostationary satellite which have
very gecd time and space resolution, all the way down to the
polar orbit which is very poor temporal resolution data. But
the polar data much higher spatial resolution and physical re-
lated to precipitation in the United States. Starting in 1996,
Taiwan also available to have same type information U.5. get
that involved this very good physical relationship te precipi-
tation. It would come with NOAA-K, -L, -M polar satellite,

The philesphy of persistence and continuity may use in
short range forecasting and Nowcasting. Persistence and con-
tinuity means extrapolation and trend. The extraplotion is ¥
2asy”. The hard part is that processes are looking for the de=
velopment and dissipation of the MCSs. That requires you put
satellite data, doppler radar, surface and upper observations

.



as well as model outputs together. To come up with the lelit-
handed thinkers which are intutive,expaerimental, emperical and
an art. Nowcasting is an art in using all available resources.

A simply, of courss is left-handed thinker; simply con-
cepts for loocking at low level flow, information for maitain-
ance and intensifigetion to see this location in tropic around
Taiwan. The confluence areas {directional confluence ans also
spead confluence) are favorable area for MCSs initiation and
maintainence. And contrast, using the left-handed thinker ap-
proach, difluence (directional difluence and speed difluence)
at low level go along with a dissipatation MCS. Nowcaseting sy-
stem you are going to develop and devote. The forcing model of
Mailnland Chimna is strong. Conceptual models for MCS develop-
ment over Mainland China and Talwan are very similar. A lots
of way, in many time before stromg system that go on with the
heavy rainfall over Taiwan area, the Indo-China connection,
Bay of Bengal connection, the Mei-Yu front, and the low-level
jet, theta-e axis and upper jet streaks (Fig. 1). Taiwan has
gimilar type connections on Mainlapd China bot get little com-—
plecated in Mainland China becausse it ipvelwves with mid-lati-
tude jet streak and alsoc with the southwest vortex. The south-
west vortex ig a8 very blg contributor to heavy rainfall along
the Yapgtze River area of Mainland China.

Tha biggest problems for forecasting flash floods over
Taiwan are follows. Forecasting the movement of foousing mech-
anisms which Mei-¥u front on the synoptic scale and ocutflow
boundary on the mescoscale. And then timing of lifting mecha-
nigms, like jet streaks, mesc-alpha wave, low-level masae low |
a.g. B50 hPa). The timing of lifting mechanism iz extremly
difficult. ¥ou can see them in the data field, in the imagery.
The timing when they are going to affect Taiwan. Of course,
forecasting the movement of typhoons is a major problem. And
fipally most major is orographic influences.

The present paper use the GMS satellite imagecy, hourly
rainfall report surface and upper observations to give a brief
summary of heavy rainfall events during 1992 Post-TAMEX Fore-
casting Exercise period and also some recommendations. Results
involve storm scale, mesoscale and synoptic scale. The results
are expected to provide reference to the analyses on the mego-
scale and MHowcasting/wvery short range forecasting.
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#. Satellite Forecasting Funnel

For wusing the detected advantage of satellite data and
nse Satellite Forecast Funnel approach that look at data from
the global scale &ll the way down to the storm seale in the
heavy rainfall for the period of Mei-Yu period (Fig. 2}). and
uslng the forecasting funnel approach, we develop technigues,
conceptual models, checklist (Fig. 3) and handle the all good
of each one of the scale that read up the prepare the enviren-
ment for the event. HEvent means the heavy rainfall. The feed
back process from storm scale on back to the global scale (Fig.
4). On the storm scale, the MCS can modify the environment by
producing outflow boundary, a mesoscale-induced meso-vortex at
Low-mid levels, and also antieyclonle jet streak north of the
vortex (Fig. 5). There was a MCS produced meso-vertex at least
ones during the May - June 19%9%2 (Fig. &8). Por example, on June
3, 50 mm rainfall amount of a day was produced at north Taiwan
produced by this vortex. There was a rather deep mesoscale
convective system located over the eastern China on 1630 UTC
June 3 (Fig. 6a). A small Vortex moved south-scoutheastward and
eventually produced very warm top rainfall over the northern
Taiwan area (Fig. 6b & c). Sometime intense convection develop
over Mainland China but produced downstream ridge over Taiwan.
Downatream ridge will tend to less rainfall facts. This case
produced very light rain over Taiwan area on 0933 UTC May 14,
1932 (Fig. 7). It perhaps latent heat process warming the tro-
pospnere down stream build the ridge, making Taiwan environ-
ment for only light raipfall amount. Another feed back pEoOCess
from the small zecale, mesocscale to large scale,

3. Btatistics / Results on the " STORM SCALE
3.1 Cases Used

In the study have worked done the cases used were 10 ; pre—-
dicted was 15, overpredicted was 9, and unpredictad was 24. 0OfF
predicted and overpredicted wers 24 cases. They ineluded TOD
{Intensive Operational Period) alert and TOP warning events
which means some of them ccourred in the same day. Seo,48 cases
Wern oot mean 48 days, It means 48 events or 48 casan. Again
it include alert days and warning days. The simple done here,
unpredicted wae 50%, overpredicted was 19%, and predicted was
41%. However,went back to the data that heavy rainfall avents.
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Heavy rainfall events tended to cccurred in clusters. Clusters
mean consective daily event pericd. Therefere, using persist-
ency, the predicted cases would increase by 10. And the pre-
diction ability would become 52% (25/48). When you got heavy
rainfall in one day, the environmentis still good for the fol-
lowing day on heavy rainfall.

Pable 1 iz slx forecasting areas in Talwan versus railn-
fall. There were about 60 evente could be counted in the sat-
ellite imagery that go along with heavy rainfall pericd. Al-
though try to avoid that, some overlaps are possible. The pro-
bability of heavy rainfall events over the western Taiwan (B3%
| was much more than that over the eastern part {15%). The
biggest one was over northern Taiwan (35%), while tha smallest
was over the southeast (1.7%). Obviously, 507100 mm mean the
maximum (75%). But only one event over 200 mm. 5o, the experi-
ment last year is boring.The heavy rainfall event of 50 e/ day
raw wersus the pix forecasting areas, the small to the east.
They also have a few number of rain gauges (Fig. 8}. BSo, ik’'s
not sure that the rainfall were over there. For example, there
wag an MCE with overshooting top was over a void area (0834
uTe, June 11) (Fig.%®), but ne raln was reported in the eastern
part of Taiwan. Look at satellite imagery, a very good over-
shooting top was cbserved. The overshooting top is a good in-
dicator of heavy rainfall (Scofield, 1987).

Fig.l0 was another heavy rainfall event.It indicated that
a MCS with ecold top located at data void area. Less than 5 mm/
day was reported in the sastern Taiwan. IR imagery indicated
that a very pronounce MCS with grey shade colder than -62°C
located in the sastern Taiwan again. But the rainfall reperted
was less than Smm/day. So, & data source that is not as part
of perfect that we are working.

3.2 Cloud Top Temparatures

Table 2 shows the cloud top temperature of those 60 cases
(60 events) versus six forecasting areas mentioned above. The
satellite imageries were processed by MY enhancement curve |(
Chi et al., 1992). The grey level of cloud top broke down the
enhancement level to unhanced (warmer than -32Cy, warm top (
32—~ =520.), dark gray (=-52— =62 ; quasi-cold top) and cold
top (colder than -62°_). It is very interesting that in the
southern part of Taiwan. Even though, few cases down there,
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but prety high percentage of cold tops. The percentage of cold
top over northern Taiwan was high, but also get high percent-
age of dark grey and warm tops. I guess the people live thera
hope to get a colder and colder top over there bacause the
colder top the easier to estimate the rainfall. But see the
northern part of Taiwan, very high percentage of the warm top
convection, for example, there is a typical land-breeze situ-
ation-A typical TAMEX-92 MC3 (Fig. 11). In satellite imagery,
on May 7 at nighttime land-breeze between Mainland China and
Taiwan. The land-breeze brew on shore and produced over 100 mm
of a day in the central Taiwan.

Also look at the ¢loud top temperature versus rainfall |
Table 3). Cloud top temperature is go from unhanced to cold
top wversus rainfall of 60 cases (eventg). And basically, we
can say that the unhanced which is emall amount only 10%, Un-
hanced can not really detected on the imagery. Hopefully,
deppler can see that. Warm top 37%; dark grey 25% and cold top
28%. And again this brings up system can reenforees the typi-
cal TAMEX-92 MCS. A case (083307C, May 31) produced 100 mm/day
in the northeastern Taiwan (Fig. 12). The MCS was over Taiwan
area.And the cold top with dark grey shade was over the north-
eastern Taiwan.

Additional results on cloud top temperature which are
very impertant that average time for the cold cloud top for
0B322 UTC (late afternocon). TAMEX-92 dominated by frontal and
local torrain indoced MCS. Advection systems tend to have a
colder top that those produced by local terrain effects.Advec—
tion system that one came from Taiwan strait and/or Mainland
China to Taiwan. Colder IR top of the loecal prodiuced MCS
occurred in the afterncon. Advection system can  have colder
tops any time of the day or night. Advection syatem can not
follow the local heating time, could be radiatisenal cooling
nighttime minimum on the IR temperatures, could be in the
atterncon and following sometime.Finally,lecal terrain induced
HCSs only lasted 1-2 hoursjthe others advection systems lasted
-6 hours and one case waa 12 hours.

3.2 Batellite Rainfall Estimates

The satellite rainfall estimation within three days [June
6™~8) during TAMEX-92 experiment. On three days period, three
areas (northern,central and southern) rainfall estimated based
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on hourly rainfall estimating techniques (Scofield, 1987), the
error been 30%~30%. The bias was basically mnegative which
means this rainfall is generally under estimated. 30% error is
uite good. The United Stateg doing thie job since 1974, the
error is also ~30%. You do this only one year. Howaver though,
proeblem area over central Taiwam and southern Taiwan We would
say "congradulation" on that, because the skill close to the
state of the art. Also the [orecast technigue taking estimated
either on extrapolation or use left-handed to enhance them or
te reduce them. Whatever the technique that was used on that,
the three hour forecast technigque or outloock technigue. The
errors were 43%, 74% and 57% for northern, central and south-
ern Taiwan respectively.

d.4 Propagation

HMCS propagation during TAMEX-32 was also brifly examined.
Fropagation called forward, regenerative and super cell.hdvec-
tion systems were mostly comprised of forward propagating MCSs
except when the degtabilization and lifting occurring west of
the MCS to produce backward propagation MCS, that is, the MCS
system was go from a forward to back building on its western
side. While the terrain produced MCS3 were generally guasista-
tionary or moved forward. The statistics was break down here:
fast forward was 52%; slow forward was 40 %. So, 92% of MCS in
the past summer moved forward with high percentage.Disappoint!
And backward &€ % which look killers. Regenerative was 2%. An
example of backward propagating MCS (Fig. 13) developed from a
sea breeze interacted with cutflow boundary, with upper-level
eysatem, resulted in a backbuilding MCS and produced over 100
mm/day during its affected Taiwan. This case had been analyzed
by Chi et al., ({1%%3).

Another one back progating MCS case (Fig. 14) occurred in
the southern Taiwan where yoo have. Over 50 mm/day reported
from this MCS here which start off-shore Taiwan.This is doering
the nighttime hour of 1733 UTC (Fig. l4a} start off-shora.
During the next one hour (Fig. 14b) that MCS propagated back-
ward £ the southern Talwan produced over 50 mm of rain., Back-
ward prepagating MCS was rare in last summer not go  on very
exeiting weather, heavy rainfall events.
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4. Btatistica / Results on the " SYNOPTIC f MESOSCALE
4,1 Burdges

The following discussion is open scale. It ls from storm
scale to synoptic scale/mescscale. First of all talking about
surges that can be seen in the IR data. The surges can be ob-
gerved even betiter on the water vapour imagery on 6.7 i m that
the Contral Weather Bureau of Republic of China will get in
1994 or 1995, The purge process that go on in the atmosphere
that woe really don't understand very well, but it aeems to be
related to the development, initiation of weather system like
MCSs, maybe typhoons. Surges discussed here can be divided
into egquaterward surges, tropicall surges and collapsing tops
{warming upj.

4.1.1 Eguatorward (Synoptic Scale)

Look at the equatorward surge briefly here. IR data is
a not advanced data, is wery Limited for locking at sorges.Bat
it's "startl"™. The eguatorward surges are that clear air at IR
(especially water vapour) imagery moved from the north to the
gsouth., And the intrusing of the dry air interacted with the
tropical, high theta-e air, high E-index and CAPE air at
ungtakble area to initiate MCSs. Basically, 300 hPa flow like
Fig, 15. There are two type surges, they are direct and
indirect. The direct is when the whole jet stream coming down,
looke eBurge coming directly. Indirect, the jet did not down
with them. It stay the north area, but the surge coming down.
The surge as see in the satellite data still take place. Surge
at 700 hPa shows in Fig. 1&. The deformation zome goes south-
ward, then going back to the west and bexome cyclonic. Althouh
the IR imagery is mnot really good data for this, number of
surges occurred during the TAMEX-92. For example, the case
proeduced 50 mm/day over northeast Taiwan (Flg.17). The dry air
comes from the nmorth to south a e¢loud cluster formed at the
northeastern Taiwan at 0232 UTC, May 1 (Fig. 17a). The next
fellowing hour (Fig. 17b™~e), the cloud cluster evoluved into
deep convection and produced 30 mm rainfall amount that day.

The mogt disappoint rainfall event of the year back sat-
ellite interpretation was this surge cccurred when over 200 mm
ol rain occurred over Taiwan. The most disappoint with the ex-
pected satellite signature and some way that question is rain-
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fall or mot.Again animation really need for this. Water vapour
are "really" useful, Again storm that produced 200 mm/Sday
was really warm top even not dark gray is warm than -52C pro-=
ducing the heaviest rainfall amount for TAMEX-92., Satellite
picture at 2133 UTC May 21 (Fig.lBa). It's several hours latar
for the surge, And northern Taiwan was covered by basically
low=level clouds, but not distingushing precipitation elements
in the satellite data (Fig. 18b).

4,1.2 Tropical (Synopticc SBcale)

Another type of surge is tropical on moist alr (Fig. i9j).
It's different from the equatorward surges. The eguatorward
surge is dry surge., This is the moist surge. In the satellite
dada as seen by. a band of bands. & band of cloudfa band of
moisture moves out from the Bay of Bengal, Indo=China area
over the Taiwan area. So, the tropical surge is a surge of
moisture air. Fig. 20 was one of the tropicval surge. 50 mm of
rain occurred in south Taiwan may due to this surge., A surge
comes out from the tropical, from the Bay of Bengal, from the
Indo-China and over the southern region of the surge.The area
of .cold top convections that developed and produced over 50
mm of rain in the south Taiwan. The moisture surge mnot dry
surge, the moist surge and the every hour the parsistence
gold top. 50 mm seems too light. Look at the imagery here, it
seems look like more than 30 mm occurred, maybe 100 mm or 200
mm event. During TAMEX-92, wvery approximately, up about 17
egquatorward and 21 tropical. FEguatorward more freguently in
Hay and the grey shade resulted in MCS warm top,and warm dark
grey. And the tropical surge around 20, more freguently in
June; .and the colder top.

4.1.3 Collapsing Tops (Mesoscale)

Fig. 21 shows the schematic of mesoscale surge go along
with the mescscale surge is collapsing tep. Whaen the cloud
top collapsing, the air bring down in all direction, With the
mesoscale surge air bring down resulting in that the air de-
etabilization going on to the west and to the east. And back
to the TAMEX-92, one case of this kind of surge occurred in
the period of 0233~~0533 UTC May 17 (Fig. 22}. Fig. 22 showed
that a mesoscale surge colappeing MCS over eastern Mainland
China {called MCS-C), and there wag over 100 mm reported in
central Taiwan.The downdraft which pdoduced by the collapsing
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top can trigger the sourcunding MCSs. The MCS-C was goint to
collapse, while the one (MCS-E) was going to develop over the
wegt of MCS5-C and the other one [(MCOS-RA) golng to develop over
the Taiwan area. The MCS-C gontinue to dissipate, while MCS-A
gat colder top the white area, and other one (MCS5-B} start to
become collder. When the cloud top of MCS-C total collapse,
the MCS which over was very active, it produced over 100 mm
in the central Taiwan. &So, mesoscale surge the collapsing of
one MCS and developed another one in the surrounding the one
collapsing.

4.2 Frontal Versus Hon Frontal

The 48 cases of weather system associated heavy rainfall
eurred during the TAMEX-9Zwere shown inm Fig. 23. It included
32 frontal and 16 non-frontal situations. The frontal situna-
tion that the front whinthin the hox area and nnnﬂfruntgl Hi=
tuation was no front is expected within the box (20~27 3117
~125" E) (see Pig. 2Z4). In other word, 32 frontal, front was
in the box, and 16 non-frontal, front was outside the box. 32
frontal that can be divided into post-=frontal (2),pre-frontal
(7)s collocated front (l2) and behind the front (11).16 non=-
frontal ware mesolows (8),land/sea breczes [(4); easterly wave
(2) and tropical digturbance {(2}. 16 of those break down, 2for
the catagories, meso low is important.

Fig. 23 also show that the non-frontal situation was im-
portant because it possessed one=third last Hei=¥u season.
Although most of heavy rainfall is produced by the ptrong
forcing (e.g. frent, low lewel jet,...), weaking forcing fac-
tors the through the convective scale interaction procasses
produce heavy rainfall are easily expeacted (Furdom, 1986).
Howaever, events produced by the strong forcing mechanisms are
more predictable that those produced by the weak forocing ove.

Therefore, study on weak forcing mechanism is also very im-
portant .



4.3 Frontal position versus low level jet/ fae / Area

Baging on the evaluation report of the 1992 Post-TAMEX
Experiment (Lee, 1982). The weather systems which associated
with heavy rainfall events devided inte frontal type (pre-
front F1, collocated front F, post-front F2), without frontal
type (M) in the area of 20-27" N; 118-125" E). Table 4 is the
list of maxlimum, minimun and moderate rainfall amount and
asmociated weather patterns in each forecast period for the
1992 Post-TAMEX Expariment. In the 24 caseg of unipredicting,
12 cases were associated with front and the other 12 wers not
releated to front.

Table 5 shows the characteristics of nine ecases of MCS
which were asscclated with frontal type. Among these cases, 7
produced heavy/terrential rainfall, but the other 2 didn't.
Those cases were all frontal type, but why some of them caus-
ing heavy rainfall, while some didn’t? In order to understand
the reason, some parameters were sclected to compare with the
two different situations. Result showed that the favorable
conditions 1in synoptic environment were surface front asso-
ciated with low level jet (850 hPa or 700hPa) and £ e maximum
axis area nearby. If low level jet was absent, even frontal
system passing by, it would not resulted in heavy/terrential
rainfall.

4.4 HNon-frontal versus low level convergence/warm air
advection/ # e/time

Table & indicates the characteristics of 9 MCS cases
without front. There were 7 cases with mesolows, 2 were land-
sea breeze phenomina. Some cases only showed meso low pattern
but without favorable conditions., But some had a few favor=
able conditions (e.g. low level converdgance, LLY, warm advec-
tion, #e maximum axis) except mese low situation. ALl af the
cases had heavy rain cccurred in the afterncon.
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5, Summary and Recommendations
5.1 Summary

GHS satellite imagery, hourly rainfall report surface and
upper observations during the 1992 Post-TAMEX Exerclise period
ware used to study the characteristics of the heavy rainfall
events. The prelimary results as follows:

{l) Two third of the events were produced by frontal weather
gystems. But the other one third were produced by the non-
frontal ones. Obvicusly, the non-frontal/weak forcing factors
waerae alse important trigger mechaniam for the MCS formation
and intensification.

(2} Thres kinde of surges were found in the TAMEX-92 period,
they were eguatorward, tropical and collapsing tops. The first
twa ware belong to synoptic scale, and the last one was pego-
sgle. These surges played very important role for the occurr-
ence of heavy rainfall events.

{3) The eguaterward surge divided into direct and indirect
gpurge. The direct one was the whole jet stream coming down
with the cold air, while dindirect the jet did not come down
with them, The suarge broidght the c¢old and dry alr from the
higher latitude to Taiwan and ite viecinity, then produce heawvy
ralnfall.

{4) Tropical surge transport the warm and moist alr from tro-
plcal area (the Bay af Bengal, Indo-China and south China Sea,
etc.) to Taiwan and its vicinity, and produced heavy rainfall,

{2y Down draft due to the collapsing tops can  induce/enhance
the sourounding MCS.

(6) The favorable conditions in synoptlc environment were
surface front asgociated with low lewvel jet (B850 hPa or 700
hPa) and @ e maximum axis area nearby. If low level jet was
absent, even fromtal system passing by, it would not resulted
in heavy/terrential rainfall.

5.2 Recommendaticns

From the study, some recommendaticons are made as follows.
They divided into short term and long term.
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5.2.1 Short term

(1) Must continue forecasting and HNOWCASTING efforts on the
WIHS System.

{2) Must use satellite animation where every cloud feature is
tracked and understood,

(3) Heed to use satellite data for error checkinhg and initial-
izing Humerical *SYHOPTIC SCALE" Forecast Models (winds, Vor-
ticity, fromts, etc.)

(4) Heed to use satellite data [(integrated with other data)
for developing conceptual models for application to the meso-
scale and storm scale.

(5) Heed a better understapding of Heavy Rainfall produced
from weak forcing events.

(B} Heed to develop rules and conceptual models for predicting
organized local produced thunderstorms.

(7) Heed to better understand the local circulation such as
the low level meso low associated with heavy rainfall.

(B} HWeed to wpnderstand synoptic and mesoscale environments
associated with warm top thunderstorms.

{9) Must install doppler radars and more rain gauges (espe-
cially in Eastern Taiwan}).

{10} Heed data from surrounding water.

(11} Muest understand how Lo use the 6.7 ¥ m water vapor imagery
to be available on GMS and FY 42 (12) Heed to develop software
to allow the calculation of relative flow ipto a MCS.

(13} Heed to use sea surface temperature data to compute a low
level "eguilibrium®" # e field,

5.2.2 Lohg term

{1) Heed more aspatial and temporal data for better assessment
of initial conditions.

(2) Hesd more data from Mainland Cchinge.

(3) Heed commercial aircraft to provide wind, temperature and
moisture observations over Taiwan and surrounding area.

{4) Heed vertical wind profilers.

{5) Regional Model (CWB) needs to produce better fields such as
low level winds and £ e.

(6) Need to develop a 12 and 24 hour QPP technique.

(7) Weed to be able to combine GMS with Fy#2 to possibly cbtain
15/30 minute imagery products; also steorographic producta.

(B) Heed to develop an orographic Humerical Forecast Model for
predicting location, coverage and intensity of "orographic pro-
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duced® convection.
(9) Heed to use cloud models for better understanding precipit-
atioft processes such as warm top convection.
{10} Hardware Preparatlon:
M. Must prepare to receive Fy $#2 satelllite data.
B. Mugt prepara to recelve WOAAR-K, -L, -M data in 1996 (@.d9.,
mircrowave and 3.7 Um)
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Tabla 1

B8ix forecasting areas in Talwan versus heavy rain-

fall events. The aix areas are M: Horthern Taiwan; HE:
Hortheast Taiwan; C: Central Taiwan; E: Bastern Taiwan
&: Gouthern Taiwan,

and SE:

Southeast Taiwan.

FORECASTING AREAS
RAINFALL (MM) T TOTAL
o NE c E B SE
|
1 _'|
50-100 18 3 | 16 i} B ] 45
| ]
S — I
100-150 2 2 2 3 4 1 14
| = 200 1 o o 0 1] o 1
— R g
TOTAL 21 5 ig a 12 1 60 |
R . i el J
Table 2 Eame as Table 1, but for cloud top temperature ver=

gus Taiwan Areas. Cloutd top gery shade are U:unenhanced
{warmer than —321:}; WE: warm top (=32—~-52"(C); D8: dark
gray (-52~~-52(C}); €T: cold top {(colder than -6270).

- —

|
CLOUD TOp FORECASTING AREBAS
GREY SHADE — T
H HNE c BE 5 EE
1 0O 3 ] 1 o
HT 3 f 3 i a
s 1 [ 0 4 0
or 1 3 ] ] 1
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Table 3 Same as Teble 1, but for cloud top temparature ver-
aus rainfall.
. -
CLOUD TOP GREY SHADE
RAINFALL (MM} |
A WT Lz CT
50=100 & lé 12 11
100=200 5 3 1
=200 1
TOTAL = ] + 2R 15 17
=/0 MCS5 BEVEHNTS
b= 6 = 10% of the avents
WT = 22 = 3T7% of the events
3 = 15 = 25% ol the evenia
O = 17 = 28% of the events




valid
indicted
LN wini lass] ZRrd

and
Bath S kL
10 S 1mk cang i

L]

pedivg and maximum in
and overpredict respectively.

Exi

patterns in the periecd of
L1 sLalined

el
|38 sman lvmef

£

weathar

Berdbert]

| skl ]

agsocdiatad

[Tl

TH siatemall

The rainfall amount ©f minimum,
and

the each locatien at the each predictipg apd ice
1992 Post-TAMEX Forecasting Exercise.

ubhpredicat

£ ime

Table 4

S fZZe H_ 3 __x& b e A T m Tk e e Tamuaw
seimTpraagigE-ctpeesi o Ty et g T T AT i il it -
o o miribehu ol Al T T e o 0 0 0 0 1 it o
muuuunuunuumuumumuumuuummmuuummuuuuuuuLuuuuuuuuuﬂuuuunmuuuanLuuuumnmmttttttnuﬁmuu
o o i o ddenddddridrds S d T S g W e d d S S e S S
H_l.um..nlulull.lll.n_.n:n:n_.?.lI.!n-.:.hll.ll..:.l.l.l.l..: e il e o O O D ol e GrwgReEoss eSS oS
Teme e e L bbb b e B el <ol
b b bbb b b udn b i b e i g ===a
o e e T Rl Y T iy e L L G L L Y PV L - T
T L A ] A D 3, T ot T L ) ) S e R Cherieriorin i
e e e R e P LR P EE Sl Bb b e e i s F
B e LT L LT seeadatL ad g gua s g eSsdesadd S dd
Bessga-—cs=d= P o e e, P e = aea
e S S S S S e S e e o el i e
.r..u.n_.u_.u:u.u_.n.L.H..lHltLLLI.I.I.I..lLLH.“..n..R.I.llI.}..Hn.IIIIIIII.-_I....IIIl.n P oanan mmmm

e o

o Do e . Bttt e o i

i i i g oy . e o . bR S
AT == A E SCES IS S SO DD O oo S=oxocooodaooTeEs

i
:

ﬂH.ﬂl,.-.].-.,....l.......ln.n.n..ﬂ“.n..u._u.mu._.m.ﬂ.n.lli..l._l..ll_.ﬂlu-u_.l_ﬂ._ul.____..u:n..n...ul.ﬂﬂ._l-._n.l.-_- HEFood oS ===
== —=

gl el o i S =il PR ——— i Rt it

o oy o o £ L i e e et AT -

S S EE SRR TN S DR S AT~ EEENE TR T T R AR E R SR R SRR AR TR R ARRATRE T ISP AR I,

wrprtEE e d S S e g B P o o o O T A A o o e

-!.Ll.l_-..tlll....ﬁ.:_.ﬁ .unu_n._nu_u.lln.ﬂ.ﬂl?.J._..ul.”“HL.n I.-Il.l.l._-.ululu....ﬂ.i.lll i il i e 0 D (5 ey o — P
. 2 PR [ A T A o
acdddd i o T a  a Saaamnm L iy, ke il ol b e o e e e

PSSR ALO S-S O IO e dE —A—OD eSS R R A S SO @

et

S o i o "l i Ao P o g o e et B s Tl R T R S e e e L i)
- e, g 0 ey Y % R TR

e e ] ) i AT e M T T LR SR o o i D T TR R Y e s il o W S o o o .J.H..._._.-._.n-__ﬂnﬂ_!“u.l.l bt e e J

——

= o St ...H.ﬂﬁ...lliﬂ...l.W.l...HEHl..ﬂ.Hu.Hllil1ﬂﬂbl1ﬁ.mml_ﬂ.lIHJH.HHHI.I.IHH...HIH.H.-.._I:I A D —
et b R gl - |||||I||||I|-—.-.IL_.II.I.IIh-._Il._-. lllll

E ey e e T e A P A e e i ik i P A R T T o e LT e
e e A R T e oD T W T S T e e e S S ] Pl ek o i e o i b b s e Jerfor o fer)
e it Al ety Pt A T el . -
B Rt b b b L Ui 11 o ) 5 e A e o
i RO oO oY B e s amd A S SN RO DO HECC O S g = T “.l:l.
o P S ] o .t e e e - rr i —

e - e,

]J-Ir-lr-lr-l[lr]]hl]lrntl'.‘rll.hlrh]u]l]-lnju]u]l‘rl[
T e e i e oot i i o s B o N ot il s ol

e e e e L L

b T o P G W e =i didd o o o e Wy FeddTe etk
et e i e e e e e P B R R R R R
.nthhthmmmmmmwMMtttiLuLLthmmtmLan-whmhnuauu : e L e e

FoCoCcooowEssdaAsedando oS oEREaE
e i A o R L it

EECEEFESTTETo sz o nms e IEEs RS S S S PR R N I NN S SRR T NN RS S R AORRRI RS

mmmmmmmmmmmmmmmwwWMMMMMWmmmmmmmmmmmwmmmmm“mmmmmmmmmmmmmmmmmmwmmmmumMmmmmmmmmmmmmmm

—

Pwrp g o T LI BT T Bag s mai b lrrddbdadLE

- - - i e = - -
R P §. . 1. Teeppa—m" e R s ey | L H_ 1| PR T S —— | 1 f

SEzrmmsEzSNiEEEEEgASEEESMSSSOOaEREGIogERYRESS000SaRasaadoRERESSRSYataagossaucUoug

e EE EF FREEE: Eerp e b ke p e s b EH LR F e PR e e
mmMmWMmmwmmmmumﬂmuuummmmﬁmﬁ“ﬂMW&nuﬁummnunuuuuunnﬂmmnuunnwuwumammmﬂmnmnnwnuuunuumuu

=




Tahle 5

Characteristics of nine cases for MC5/heavy rain-
fall with fronte.

Date Wealher Pattern | B5Ohpa Jet | T00hpa Jot | Be Hax, Awis | Heavy Rain Areas
May MFLLEL/E F + + + ;%. C,S
T~ 8
Pl
L7
15=-18 | F/FL,F,F == = + H,C,5
2122 | FL#F,F — s + I"? N.C
AT
Pl
2E~27 | B1/F.F/F2.H = — - _/y’ a _
0~31 | FI/F/F2.E2 — 3 + // HE, SE £
-
June H/ELLF1/M + — + ﬁ K
A B
T~ B F,F.F — + + W,C.5
£
l16--18 | FL1,FL/F.F T + o C
e
2224 | H,FL/F,F2/H — &3 £ f(? —
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Table &

Sama as Table 5, but for without fromt.

E5ipa Wind Shear
Ethpa Hodsture Adwec.

Sarig.0oZ-(ar

Cats | Wemther Features Heavy Rafn Areas | 08 Ha. Axis M5 | Heavy Rain Perlod
Hay Land-5ea Breeze W + }& T 1.062-222
1~ 2
Pour 3 | Mosm Lo HE,E iR 4+ | KE12.157-3. 2
y\ E:2.1a2-3.002
Y A | Hoen Liva [ - ;/'y) + 37127
JUE oo Lo sn + y & 1.062-172
1= 2 | EElhpa HWird Shear
Z~ 3 | Hean Low - g _/ " 2.082-087
E=fbpa Wind Shaar
B 4 | Hesa Low Ha + - 3.DEZ-0a2
BE0hpa Hind Conv, Pj’
BEDIpa Warm Advoct lon
13~14 | Lard=5Sea Bresza H,KE,S + 4 B3l 0XZ-082
BEOhga It 5. Mz 2. 06T-D5T
BSnpa Holsture Adwec, Pl
19~15 | Hasa Low hn + + 14.057-08%
Heat Convection
ESChpa JJat
BEOhpa Moisture Advec, R
BEThae Wird Conw,
ESipn Warn Advection
T0dhpa Jet
1970 | Heso Low K, Cn, S - j/kz % | tm.Carie.06z-127

ESnpa Wind Cone,
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BYROPTIE BCALE MECHANISHS /,/ /

OF HEAVY RAIHFALL OVER CHIHA

LB T
& -4 j

SOUTHWEST :
VORTEX ~ "N\ iy : i MCS ]

an*

.u.w OF } 7'§ &
Wﬁﬁ/ %1
, \\\ Qﬁ

w’ﬁ -
S <

E_ . 00" E [10° E lzﬂ- E BT

s

fig. 1 Synoptic scale mechanisme of hzavy rainfall over
subtropical China during Mi-Yu season,
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h 3 ) L .
FOR THE TAIWAN MEI - YU SEASON

IR

« CONMECTION OVER BAY + CLOBAL SCALE
OF BENGAL / INDO-CITINA INTERACTIONS

« MALAYSLIAN AREA CONMECTHONS -

¢+ GUAM AREA + TRANSFER OF ENERGY

s BEA SURFACE + CLIMATE FORECASTING
TEMPERATURES (WEEK/MONTH/ SEASON

| TEAK)

i, 1 l

* Fughjg;|uuth.hﬂlﬂhh . PREPARES THE
Ao . ENVIRONMENT FOR

s LOMNG WAYE TRODGHS] THUNDERSTORMS
]llf](-[-'f.i ! . SYNOFTIC SCALE

« JET STREAMS FORECASTING

*AADTIIUIGS. {12-24 1FOURS UP TO

s YOIRTICITY CENTERS FIVEDATS)

|E i 'I."|h l }

= LOW LEVELJETS MESOSCALE « DETERMINES WHERE AND
TEMPERATURE ADVECTION 1 Jm WHEN THUNDERSTORMS

+ QUTFLOW BOUNDARIES WILL DEVELOP

« MESO ALPHA WAYES » MESOSCALE

= JET STHEAKS FORECASTING

« MESD BIGHS { LOWS | (3 TO 12 HOURS)
YORTICITY CENTERS

+ DROGEAFHY EFFECTS l

¢+ DIFFERENTIAL HEATING STORM SCALE

» DETERMINES HOW MUCH

. LOW LEVEL JETS/ 1- 50 km

RAINFALL HAS OOCURRED
TEMPERATURE ADVECTION N WHERE TBE STORME
# WILL MOVE; {0-3 HOURS

IR{MIS CALLED: NOWCASTING)
+ BICS RAINFALL

P MCMOTION  ———— o L7 723
« MCS PROTAGATION B

Eifé“-::?:}
\

\

Satellite forecasting funnel for the Taiwan Mei-
Yu soason.
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SATELLITE / INSTABILITY CHECKLIST
FOR THE FORECASTING OF HEAVY RAIN/
FLASH FLOODING OVER TAIWAN

CHECEK ALL THAT APPLY

AEE e GLOBAL SCALE

e e Is there a tropical connection present i
[ Bay of Bengal Tndo-China, Mualaysian, Guam )

SYNOPFTIC SCALE
S, LA Is there a frontal zone, theta-e fdpe axls present

ur expecled Lo effect the nrea T

e e 15 the low level ow increasing { presence of low
level jet)?

e e D the 850 mb dewpoint = 16 *C 7

e e A Instabifity Bursts or Destahillzation processes
present or expected over the area T

— e Ae mid fo upper level jets streaks | disturbances
present or expected to effect the area T

MESOSCALE

e —Are local island and srographic efforts present

or expecied lo pr{:-d:m.'e o enhance the convectlon 7

. Are oulllow boundacies present 7
ER IR Are mesoseale vortices | waves or lows present y
P SRR Are mesoalpha waves preseni ;2
—— Will convection madily the environmental fow
and temperature fields 7

e p— m— e m— m mm mmm o mmM OERS PER S B BN D EEN N R BEN EEE NN EER Eem e mmm

IS TODAY GOING TO BE A WEAK OR STRONG DAY 7
MWEAK STROMG

ARE FLASH FLOODS EXPECTED 7
YES KO
LOCALIZED WIDESPREAD

WHERE 7

Fig. 3 satellitef/ingatbility checklist for the foregasting

of heavy rain/flash flooding over Taiwan during the
Mel-¥u season,
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SCALE { PRECIPIT

i ——

-
CLIMATE
Jzﬂmlmm BCALE

WEEK(S) - MONTH(S)

SYNOFTIC ACALE

2A00 KA

DAY S

MESOECALE

- WEATHER
250 KM

SCALE

TGS

MINUTES) - HOUR(S) W,

Fig. 4 The scheamatic diagram of scales of precipitation
and fesd back process.
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VERTICAL STRUCTURE OF A MATURE MCC

LARGE, SHALLOW
SHORT-LIVED

= :
&% . = ANTICYLONE

TROPOPALSE H
J0 mb

= =T

40 ks

600 mb

SMALL, DEEP
LONG-LIVED
CYCLONE <

CLSD LAOW
~ B(H) mlr

MID-LEVELS

LARGE, SHALLOW
LONG-LIVED .—>
ANTICYLONE —

BOUNDARY

<IA‘|’F.'F':

Fig. 5 The schematic diagram of wvertical structure of a
mature MOC.
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Fig. & Enhanced IR imagery at (a) 1E&26 UTC,
and (b} 2333 UTC, Jurd 3, 1992,
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b CWE WINS(Weather Integration and Nowcasting System)

£y
g
i3
- L- E
5
WB RAINGAUGE NETWORK
Fig. @

CWE raingauge netweork.
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Same as Fig. &, but for O0B3Id4d U
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for 1026 UTC, May 7, 1332,

-

b

same as Fig. B,

14

Fig.

— 1356 —



(b)

fame as Fig. 6, but for (a) 2032 UTC, May 7,
and (b) 0034 UTC, May &, 13932.
— Bh7 —

Fig. 11



Fig. 12 ESame as Fig. &, but for D833 UTC, May 31, 1993,
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but for
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1992,
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Same as Fig. &,

13

Fig.
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and (d) 0533 urc,

(¢) 0437 UTCE,
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15 The echematic digram of equatorward surge of dry air

at 300 hPa.

Fig.
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but for 700 hPa.

15,

Fig. 16 Same as Fig.



(a)

Fid. 17 Same as Pig. &, but for (a) 0232 OTC, (b) 0333 UTC,
(e} 0426 UTC, [d)0532 UTC, and (e} 0632 UTC, May 1,
1953,
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17T [Continuad).
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7 (Continued) .,
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17 (Continued).

Fig.
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Fig. 18 Same as Fig. 6, but fer (a) 2133 UTC, May 21,
and (bh) 0333 UTC, May 22, 19982,
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(b

1g [(Contingead).

Fig.
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Fig. 1% The schematic diagram of treplcal synoptic scale
surge of moist air.



bt for (a) 0333 OTC, (b} 0427 UTC,

Fig. 10 Some as Fig. 6,
{c} 0533 ULC, Jone 8, L9%2.
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Fig.

21 The schematiec digram of esllapsing MCS and

resultine mesoscale snrrs
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Fig. 22 Same as Fig. 6, but for [(ay 0233 UTC, (b 0333 utc,
and (c) 0532 UTC, May 17, 1992,
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Fig. 22 (Continued).
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48 CASES

32 PFrontal . 16 Non Frontal

7

POST PRE COLLOCATED PRE/POST MESQOLOWS LAND/ EASTERLY TEOPICAL
S5BA WAVE DIETURBAMCE
BREEZE
2 7 12 11 B 4 P 2
*NON FRONTAL = No front is expected within a 24 hour period between

20° N to 27° N and 117° E to 125° E

Fig. 23 48 heavy rainfall events occorred during the 1992 Post-
TAMEX Forecasting Experiment period. The weather system

associated with thess events were also showed in

diagram.
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Fig 24. The domain of the frontal [(within the box) and non-=
fronal (without in the beox) within a 24 hour peried.
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