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Introduction

In springtime there are several cold fronts passed
through Taiwan area. Sometime it caused heavy rainfall
in local area. There were also papers to study the spring
front and climate. Such as Hwu and Wang { {6 i
AL 1994) use Singular Value Decomposition (SVD)
method to understand the large scale circulation of spring
time in East Asia. Shizo and Juang (ifiaE4l - #3384
2002) use the NECP region medel to simulate the short
term climate on spring time and Mei-Yu period. And
these above mentioned papers have given some better
understanding to the spring climate. In this study a weak
cold front passed through north Taiwan that brought
morning rainfall associated with thunder lightning. With
radar echo, satellite image, and conventional data, which
the mechanism of the cold front caused morning rainfall
associated with thunder lightning can be analyzed and
realized. Finally a result of simulation was given and

examined to comparc with the data analysis.
Data analysis

At 00Z 9 April 2008a, low pressure was located near
the coast of Mainland China north part. The cold front
extended from the center of low pressure to the south
part of Mainland China. As the low moved to the East
China Sea the cold front came and covered the off shore
of north Taiwan Strait at 12Z 10 April 2008 showed the
low moved to the Japanese Sea the cold front passing
through the north Taiwan and caused morning thunder
lightning and rainfall at 00Z 10 Aprit 2008.

Table 1 was the list of metrological element before and
after the front crossed north Taiwan. The observation
stations include three stations that are Keelung, Taipei,
and Hsinchu. The time is from 4 o’clock to 10 o’clock of
1¢ April 2008 in local time. The data contain wind,
rainfall, and temperaturc.

Tablel The variation of metcorological element of 14 April 2008

4 hour 5 hour 6 hour 7 hour 8 hour 9 hour 14 hour
Keelun HEFE wind(m/s) SSW /3.8 SSE/22 N/M49 NNE/5.3 NNE/4.6 N/4.1 N/4.2
rainfall(mm) 0 0 Trace 22 4.5 0 g
Temperature("C) 25.9 259 : 19.7 20.3 20.3 20.2
Taipei ¥51h wind(nys) Calm SE/ 0.5 SSE/ 1 ENE/4.8 ENE/6.8 ENE/M4.7 ENE/6.2
rainfall{mm} 0 0 Trace 4.5 13 Trace 0
Temperature("C) 25.1 237 23.5 0 204 20.4
Hsinch #7T wind(m/s) WNW/1.7 NNW/0.9 WNW/L5 'WNW/1.2 'NE/ 2 ENE/2.1 NNE/24
rainfall(mim) 0 0 0 0 1 0.5
Temperature('C) 25.6 253 253 254 ;2E.3 219

At the time 4 o’clock of local time before
the front arrived Taiwan all the temperature of
the three stations were over 25°C. Then the
temperature fall down to 20°C when the front
passed the individual stations. The time, which
the front passed by, the temperature of Keelunng
station fall down and the wind component tumed
from south to north at 6 o’clock. The time,
which the front passed by, the temperature of
Taipei station fall down and the wind component
turned from south to north at 7 o’clock. And the
temperature of Hsinchu station fall down and the
wind component turned from west to cast at 8
o’'clock. But for the rainfall amount decreased
when the cold front moved southward. The total
rainfall of Keelunng station was 26.5 mm. The
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total rainfall of Taipei station was 17.5 mm. And
the total rainfall of Hsinchu station was only11.5
mm. From the temperature change and rainfall
pattern, the pattern of this front is very similar a
katafront. That is said the temperature drepped
first, and then has apparently rainfall afier
temperature change, especially on the windward
of spring time. And that katafront often
associated with thunderstorm in nerth Taiwan.
Rainfall accumulatien

The rainfall amount of the cold front across
Taiwan arca began at 6, and rain started from the
top of north Taiwan and moved southward. The
rainfall arca expanded parallel to the movement
of the cold front. At 06h of 10 April 2008 it was
just the front that touches the north Taiwan. At



07h of 10 April 2008 showed that when the front
crossed over the mountain of windward and the
intensity of rainfall increased. At 8 o’clock of 1€
April 2008 the rainfall area moved southward.
And at 9 o’clock of 10 April 2008 the rainfall
area was almost not increase that represented the
cold front was decreasing respectively.

Radiosonde Analysis

The analysis of Skew-T Log-P diagram could
understand the stability of local area. The curve
of radiosonde of Taipei at 00Z 9 April 2008, in
the low levet from the ground to 900 hpa there
was a dry iid (inversion) which was advantage
for the development of convective system
( Carlson $980). From the bottom to the top, the
entire wind field was almost west wind. During
the daylight because of the surface heating the
bottom of the inversion layer was lift from
surface to 900 hpa. And the surface humidity
dropped from 77%(00Z 9 April} to 549( 127 9
April),

When the cold front arrived to Taipei the
humidity became 88%;, between 900 hpa and
850 hpa level there was an inversion, the
inversion stable layer it similar as a gravity duct
{Lindzen, Tung 1976). And the wind speed about
700 hpa level was decrcase very evident at 0072
10 Aprit 2008. And below the 900 hpa the wind
direction turn from west wind to east wind that
means the high pressure after the fromt has
crossed Taipci which was match with the
temperaturc of Taipei in table 1.

Radar eche and satellite

Radar echo and satellite image showed very
match, And the time of the figures were
presented from 16Z 9 April to 02Z 10 April.
These pictures showed the development of line
convective cloud that caused morning thunder in
north Taiwan. An arc line appeared in satellite
image and the arc line was increased both in
radar reflectivity and satellite cloud image. The
line in radar echo organized gradually, And
ahead the arc line the cloud amount also
increased apparently.

At 192 9 April 2008, the line echo moved
southward that caused the line echo was very
close to the Taiwan island. At the south of line
echo, which was on the satellite image and the
intensity of the cloud was increase. When the
line cloud arrived the north part of Taiwan at
212 9 April 2008, the intensity and width of the
line cloud were also increase.At the windward
the intensity of line cloud increased continuality.
And at 227 9 April 2008 the line cloud moved
southward. At 23Z 9 April 2008 the cloud on the
right hand of Taiwan Island, and before the iine
echo were also moved southward. At 00Z 10
April 2008 the line echo came to Hsinchu.
Because of the mountain block the intensity of
the line echo began decrease. And the cloud over
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the off shore on the right hand of Taiwan and
also moved southward but the intensity started
logsen gradually. As the line echo went down
southward the intensity of the line echo reduce
continuity and then disappeared graduaily,
Discussion and conclusion

At 9 April 2008 a weak front, which
associated with line cloud, passed through
Taiwan from Mainland China, and brought
morniag thunder rainfall in northern Taiwan.
Before the front arrived Taiwan the sounding of
Taipei presented an inversion and jet stream in
the low level of the atmosphere. At that time the
wind which around Taiwan was southwest winds
that could bring the warm advection to Taiwan
casily. Both the inversion and low level jet
played an important role for the server weather
(Yang, shu 1985) (Uccellini, Johnson 1979).
Simpson (1983) described that if there is a low
level jet before the surface front that will not
benefit to the deep convection. And the other
reason was the weather system of 10 April 2008
that the title of the trough from the low level t©
the high level was only a little which was not
favor to the decp convective storm. In addition
to the cold air mass was very thin and the cold
high moved very fast. Therefore as the front
moved to Taiwan that only caused a broad area
rain  fall associated with shallow thunder
lightning in the morning, especially in the
windward of upslope the precipitation was larger
than the plain.

Moncrieff & Miller (1976) named the
positive area of thermal dynamic diagram as
CAPE ( Convective available potential energy),
which is particularly useful to measure the
statically unstable air parcel. Colby(1984)
offered convective inhibition (CIN) energy for
the convective forecast. And Resmussen &
Blanhard ( 1998) used the CIN as a parameter of
low level thermal dynamics to investigate the
isolated super cell thunderstorm. in this study we
also examined the value both CAPE and CIN. At
00Z 9 April 2008, from Skew-T Log-p diagram
of Taipei showed that there was a cap from the
ground level to 900 hpa and the value of CAPE

and CIN were 2985 ] - kg™ and 302.2 1 - kg~
respectively. Because of the value of CIN was
greater than the value of CAPE that represents
the air parcel was stable at 00Z. Until 12Z the

value of CAPE and CIN turn 0381 J - kg 'and

27511 kg™’ respectively. Due o the values of
CAPE and CIN became opposite. That was said
the value of CAPE was greater than the value of
CIN at 12Z. Thus, the air parcel has the potential
to overcome the convective inhibition (CIN) and
advantaged  for the convective  system
development. Due to the front passed through



Taiwan accompanied with linc cloud, the
instability was explosive and then the cloud line
was strengthened that formed a convergence line
in north Taiwan.The convergence of streamlines
in low level that was one of the major
mechanism of thunder rain and produced upward
motion.

As the convergence line of the front moved to
Taiwan the front instability triggered the
potential unstable of low boundary and ferced
the unstable layer became convective system and
the front went forward along the upslope of
windward area. So the weak front was enhanced.
Then following the rainfall happened and
associated with thunder lightning in the morning.
And that case was a special case which the
thunder rainfall occurred in the moming not in
the afternoon.

As the low center moved eastward
sequentially, and the weak cold high pressure
moved southward. The cold north wind was
blocked by the Ling-Lan terrains at the coast of
gouth Mainland China. Then the wind turned
into northwest direction. As the low pressure
center and high pressure center moved on the
same latitude as a pressure dipole. The speed of
north wind was increase between the dipole.
There were two effects that caused the north
wind increase. One is that between the low
pressure and high pressure, the wind field was
confluence then therc were stronger north wind.
The other is as the north wind moved along
Ling-Lan terrains and the flow was squeezed by
the topographic effect. Therefore the wind speed
was forced increase. Those two effects generated
a low level northly jet. When the low level
northly  jet encountered the low level
southwestly jet at the northern part of Taiwan
and at the windward place the system were
enhanced especiatly. As shown in fig.} the dash
line is northty jet. The dots line is southwestly
jet. The cross of above two lines was the thunder
rainfali area. At first the low center moved
eastward, cold high moved southward. And the
cold air was also pushed southward by the north
wind. Before 09Z 09 April 2008, the cold
temperature was blocked by the Ling-Lan
terrains. After 09Z 09 April 2008, the north wind
shifted to eastward. Therefore a group of cold air
through Ling-Lan terrains and moved down
along the coast of Mainland China, and then the
flow directly crossed the isobar that also induced
gravity wave and agcostrophic wind (Chang,
Millard 1983). At 217 09 April 2008, the gravity
wave moved to the north part of Taiwan. From
the Skew-T Log-p diagram of 00Z 10 April 2008,
there was an inversion between 900 hpa and 85¢
hpa which was just like a duct. And the duct
could keep the gravity wave not disappear so
guickly. According to Raymend (1976}
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wave —CISK theory, the convergence of gravity
will force the convective development. And the
maximum rainfall was occurred after the trough
and before the ridge. That was another
mechanism to product the thunder rainfall in the
morning of 00Z 10 April 2008,
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Fig. 1 The intersection between northly jet and southwestly jet at Taiwan area.
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