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Abstract 

During the TASSE(Taipei Summer Storm Experiment), a severe afternoon thunderstorm 

developed within Taipei basin on 22 July 2019, which produced intense rainfall in Daan Forest 

Park(max rainfall rate ~ 200mm hr-1) and caused urban-scale flooding. This study utilized 

IBM_VDRAS (Variational Doppler Radar Analysis System based on immersed boundary 

method), radar data, CWB weather station data and stormtracker data to analysis this case 

At initial stage, sea breeze brought moist air into inland, and caused convection initiation 

at mountain region of Taipei, Taoyuan, Hsinchu. At developing stage, The environment was 

suitable for main convection developing because 1).Taipei basin was surrounded by scattered 

convection, the outflow of these convection converged with sea breeze and terrain, 2).sufficient 

mid-level water vapor and conditional unstable environment. At mature stage, the main 

convection initiated at center of Taipei basin and produced over 100mm accumulated 

precipitation within one hour, cell merge happened at this stage and increased the vertical 

velocity, extended the lifetime of this main convection, also caused a severe flooding in Daan 

Forest Park and its adjacent areas. At dissipation stage, land breeze happened, the divergence 

filed of Taipei basin center transformed from convergence to divergence, and new initiated 

convection propagated from Taipei basin to Taoyuan and Hsinchu. 

This study also took advantage of IBM_VDRAS three-dimensional analysis to calculate 

the developing, mature and dissipation stage Q1, Q2 vertical profile, which could analyze the 

relationship between this afternoon thunderstorm case and environment. The result showed that 

Q1 had one peak pattern with max heating layer about 5km(575mb) on mature stage,  Q2 had 
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double peak pattern with low level max drying layer about 1.75km(824mb) and high  level 

max drying layer about 5.25km(540mb) . 

From the result we mentioned, by assimilating radar data, IBM_VDRAS is a very 

powerful ,useful system which can retrieve analysis well, and can help us to analyze the process 

of cell propagation , cell merge and other parameter quantitatively . 
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Ⱦ�ȹ ɢˀ�

1-1. �ğ̱ż 

�ǩÌà̚ƽ�ʩSǛǫ̸̌�̈́ͅ�x��ğ̱ż͖[
¾ĖɝʭÌàŷ͖ƁÐ

ȔSǛ�x�ğ̱żɍɛǫ�͖Chen et al. (2007)�Ńa�}Ȗ¿Ȕ�ğ̱żŶȋǍ̈́

ȆǌîǤǧǝŻȔȴƼĆS�}Ȗ¿ğ͖¨̂ĄǴþ�Ȗ¿�Iû�¿Ě��_Ȋ͖ŭ

ûÁʙĚĵðǌ͖�ʕȋðǌĚĵȔ_ƿÍǌʆǍ̈́Ȕˢ�͖îťmðǌɍɛʆ̚ƽʂ

��}ȭS�}Ȗ¿� 

¾ʭǚŬ̸ L͖in et al. (2011)gȊ̱˵µǉ�̲̔ʭǚ�ŉȴx�ǚȸːŨcƎ 2005

ʃ 2008 ÌàĖɝʭ�ğ̱żɍɛȔŷȴ̖ǹħ͖ɘƐ̓Ȫ¾}�ǩƁÐ̭̾̚ǽaȀ

¾ 1500-1600LST͖ɸƁÐµǉaȀ̾ǽȔ-ɰkŶ¾ĉʝ̮ûûʀȔûÁ¿�͘Chen 

et al. (2014)�gȊ̱˵µǉ�ǚȸ�ŉȴ�ɝʭÑƼ½ŉʲ˸��ğ̱żȒȈȔɝʭȆ

È͖ȒȀ¾
Iù(700hPaĀ�)ÐƼǫʨ�̈́�ȜðǧĎˠ͌ŷ͖ˠųƄ�ğ̱żȒȈ

ȔƪƂ� 

¾ƦĔƦŘŬ̸͖Kuo and Wu (2019) gȊ VVM(Vector Vorticity equation cloud-

resolving Model)ȔȂĬƙLŉʲ}�ǩ¿Ě�Ǎ̡̈́Ȇǌ�̂ĄǴþšĴðŭ�ğðǌ

ȒȈȔ̇ʩħ͖ɘƐ̓ȪǍ̡̈́÷̀Ȇǌ¾�}�ğ̱żɻÙĻǡ�̗̏Ȕʮʊ͖�Ǵ

þšĴŽtĘ�Ǎ̈́ʆȖ¿�ŬȔˢ�͖ğɭðǌJŔƪikŶʆ_ƿƄ̗͘Miao and 

Yang (2020)�gȊWRF(Weather Research and Forecasting Model)ScƎ 2015Ċ 6ƃ 14

ů�ğ̱ż̚ƽ�3͖åťcƎ_ƿJŔ�ðǌǡ˰ɀ˳Ȯ͖�̉ð̯ģǸȂ˳Ȯ�̢

Ųû¿ĚbŢįħì͖͊ɘƐ̓Ȫ̭ƽʒȒ_�šĴðŭ_ƿĚĵĻǡ̗̏Ȕʮʊ̢͖



� 

 2 

Ųû¿Ěˮĵǒƽ�Ạ̊VǅˉȔȵɃšĴŽƄgǍ̈́îǤǧȔȴƼJ˶ʃȖ¿T̡͖

ˮĵ˸�ðǌȈ̓ȔȆÈ� 

1-2. ːŨ�| 

ȋ NCAR(National Center for Atmospheric Research)ĸȒøȔ´ɟˇĉ�v̱˵ː

Ũ�|ɍɛ(four-dimensional Variational Doppler Radar Analysis System ,VDRAS)͖gȊ̯

ʯƎƦĔ�|̱˵µǉx�Ġ�͖̈́�ǡaƁȂĬȔ�ɟcƎÇ͖ðŭðǌöĎÑƼȀ

ˊȔcƎx�̼Æ̂ƄĞÐȔĈu�VDRAS ſʢĴȊ¾Iù̈́Çx�ǝĎÇȔ�ǡ

(Sun and Crook, 2001)͘�ſ¾ 2000 Ċ̮ƛÕ˲�2008 Ċ}�Õ˲Ƃ�˰ʝ�ŷ̼Æ

(Crook and Sun, 2002; Sun et al., 2010)͘ɸ˥Ċ VDRASkŶȊSȥȳÐˋ̭�3Ȕĵ¶

x�Ȓøƪi(Friedrich et al., 2016)� 


ÓÐá̱˵Ƽˊì͊éî VDRASb�ʴÎȔŝ˰͖Chang et al. (2016)î^ȜǸ

Ȃ˳ȮtS VDRAS͖ġhŽ×ȔƽȜɋÝc9x�æ̈̚ƽ̼Æ͘ǫ�ęʥ˥¿̸̱

˵ŅŌƴʮɮ�ʭǚȔ¬͖̠̿sǑ (2016)î¿̸ːŨ�|ŬǈtS VDRAS͖ŝ¯č

ù̈́Ç�ǝĎÇ͘ ͎ǳȮ (2017)˰�Ʋ�|ʞŴȉª ASCAT 10Ɋ̈́ÇːŨ͖ɘƐ̓

Ȫ�|ʞŴ¿̸̈́ÇðŭǴr�wr�¨̯ǸȂɘƤ̂Ƅ̓ʑŝ¯͘ǫ�ʯǀ�ǩ¿Ě

ʧ̪Ȕ¬͖̿Tai et al. (2017)gȊǁǎ˽Ȍǈ(Immersed boundary method)î¿ĚtS

VDRAS͖ɘƐ̓ȪtS¿ĚšĴğȔ VDRAS �xƦŘaŽ×ȔcƎÇ͖�ȰƱŪǷ

VDRAS ǫ IBM_VDRAS(Variational Doppler Radar Analysis System based on immersed 

boundary method)͘¢ʍȅ (2019)ŝ˰¿̸ːŨ�|Ɂȍ�cƎ�ğðǌȞìƙL͘ɱ

ɳ̋ (2019)¾ IBM_VDRAS 
tSȬƺr�̱˵ǉƋ˺Ŗx�Źȴµǉ�|͖�ňȊ

�ŪȔơò|ǈ L-BFGS_B(Limited-merory BFGS for boundary-constrained )͖¾Ɗɇȥ
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ȳ
AȊ�Źȴµǉ�|͖Źȴµǉ�|�ľi IBM_VDRAS ̓aeðǌĢɸAƦĔ

ŽtȲæ� 

1-3. ȥȳwƪʆȚƥ 

ƕŗlŧ͖ðŭ�}�ğ̱żȈĵȒøȔƪiʆʩɑ͖ȚlăɜƄʴÎȔȥȳ�c

Ǝ͖ǯɸȞìȒȈȔ�ğ̱żĝĝSġŽʧ̪͖
�¾�}Ȗ¿�Ŭ̓˒ğĝ}JŔ͖

ƄŷȇʃƂʆ[iɩĄJŔ˳SȔðǌɾ��_Ȋ͖Miao and Yang (2020)�ōh̳ʩŽ

ÎȔƙLcƎ̉ðˋ̭Ã�ğ̱żĘ̭̚˳Ȯbŉʲ͖¶Ʊ̸ðˠʧ̪Ȕ�ğ̱żƙL

1ƄŉʲȔĦʩ� 

¾cƎ�ğ̱żŷ͖AȊʭǚːŨ�xġh�ğ̱żˠ̓ƈ�æħȔǹĤ͖�Ǯǈ

åťŌ˧ðǌɾʆ[ƼˊÇȔʸɔ�ɟɘƤ͘AȊƦĔːŨŷ͖�xġh�ğ̱żʸɔ

�ɟɘƤ͖ʰɂ�̻Ƽˊ�Ŧ͖8ƦŘɘƐ�ɿ�heÙÇʼā�ȴ̖ʯƎĎ��Ŧ|

Ŭǈɀ¶ɑ͖¾ŷȴ̖ʆȞìðǌƄ�ģȔāȏ͖ɸØƐAȊːŨ�|Ŭǈ͖ɘ�ƦĔ

x�ʭǚːŨ͖
�ɿġhʸɔȔ�ğ̱ż�ɟɘƤÇ͖�¶ǫ�|̱˵ːŨ͖ɿġh

ʆȞìðǌāȏŽòȔcƎÇ� 

2019 Ċ 6-7 ƃ
͖
ÓÐá̱˵Ƽˊì͊é X-band ʝw̱˵ TEAM-R �ʆ�

TASSE(Taipei Summer Storm Experiment)͖ �ġ�ǿˎȔ̱˵ʭǚːŨ͖ƕŗ�˧wƪ¨

ÿ\˻�Ŭǈ͖ƊŧîgȊƱƮ TASSE�ːŨt� IBM_VDRAS̉ð 2019Ċ 7ƃ 22

ů�ğ̱żĘ̚ƽ�3˰ʝcƎŉʲ� 

ˀŧZcǫYmȹɅ͖Ⱦ�ȹŶɢˀ͖0ɕ�ğ̱ż�ːŨ�|�ȥȳwƪʆȚȔ͘

Ⱦ�ȹŶȥȳŬǈ͖0ɕƁŪǷ IBM_VDRAS ȔƒƤ��Ȃ͘Ⱦ�ȹǫmƙʆƦŘ0

ɕ͖0ɕ TASSEʰȎ�2019Ċ 7ƃ 22ůmƙx� IBM_VDRASȔ�|Ɂȍx�ƊƮ

ȥȳAȊhȔʭǚːŨ͘Ⱦ´ȹǫ IBM_VDRAS �|ɘƐƔ͖͊gȊ�ʭǚːŨƔ͊
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IBM_VDRAScƎÇ͖˻�ƁDcƎÇ͘Ⱦ�ȹǫmƙcƎ͖gȊǚȸːŨ�˻�aS

� IBM_VDRAScƎÇ͖ð 2019Ċ 7ƃ 22ůȔmƙ͖˰ʝʸɔȔcƎŉʲ͘ȾYȹǫ

ɪɘ͖ðŭƊɇTê_ɪɘx�ɘˀ� 
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Ⱦ�ȹ  IBM_VDRAS 

ƕŗlŧ͖VDRASǫ��Ĕďƥ�Ȕ´ɟˇcːŨ�|̯ʯƎƦĔ͖Ŷȋ Sun and 

Crook (1997),Sun and Crook (1998)¾ NCARȒøȔ�|¨̼Æɍɛ͖IBM_VDRASŶȋ

Tai et al. (2017)ĴȊ Tseng and Ferziger (2003)ōaȔ ghost-cell immersed boundary 

method(GCIBM)͖î¿ĚšĴtS VDRAS͖]ɜ
ÓÐá̱˵ì͊éŝ¯ʆŪÉȡÎ

sɿ(¢ʍȅ, 2019; ̠sǑ, 2016; ͎ǳȮ, 2017; ɱɳ̋, 2019; Chang et al., 2016)͖Ɗȹ

îɈ°0ɕƊƮȥȳĸȊ IBM_VDRASĴȊ�Ȃ� 

2-1. Cloud resolving model 

IBM_VDRAS�̯ʯƎƦĔƦĔ�ɶ Kessler (1969)ȔŻ̭ģǸȂ˳Ȯ͖ ̼ÆˇŦǫ

./�.0�.1�.23
4�.56�.57͖[
.ǫÅƊİëĎ͖u(m s-1)�v(m s-1)�w(m s-1)ǫɧ�

̈́�ɜ�̈́�Âț̈́˭͘23
4(K)ǫǐİƽ-ǝŚw͖¾`ɘķʒȒȔĪǇ	͖ǐİƽ-ǝ

ǫãĨȔ͘56(g kg-1 )�57	(g kg-1 )kvʠ̭ƽǕ�Ƹx�ɪƽ¡̈Ǖ�Ƹ͖̈́ÇȔ̼Æ

ŬȮĔØ	͗ 

9./

9:
= −

∂=4

∂x
+ ν∇B./,																																																																									(2.1) 

9.0

9:
= −

∂=4

∂y
+ ν∇B.0,																																																																										(2.2) 

9.1

9:
= −

∂=4

∂z
+ g.K

L4

L
+ 0.615O

4 − 5P − 56Q + ν∇
B.1,														(2.3) 

Ĕ
=4ǫƼÊŚw͖L4ǫǝĎŚw͖LǫȆÈǝĎ͖5O
4 (g kg-1 )ǫƽƼŚw�5P(g kg-1 )ǫ

̯ƽǕ�Ƹ͖ ν(m2 s-1 )ǫřŤoŦ͖ ɸɱɳ̋ (2019)ĸŪÉȔȬƺr̻kŶt¾(2.1)-(2.3)

ğ͖ƊƮȥȳ¶ǫcƎɆºˠò͖ǃƄ̕­Ȭƺr̻͖Š
ʸtʽŲ�IBM_VDRAS�
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ʩƾ̈́ÇǠ˖˯ɭŬȮĔ(2.4)͖�î(2.1)�(2.2)�(2.3)cfð x�y�z Ŭ�bģcğ͖

�xġhŚwÊrȔʵūŬȮĔ(2.5): 

9./

9S
+
9.0

9T
+
9.1

9U
= 0.																																																											(2.4) 

∇B=4 = −∇ ∙ XYZZ⃑ ∙ ∇(.YZZ⃑ )\ + g.
]

]U
K
L4

L
+ 0.615O

4 − 5P − 56Q (2.5) 

ɸǴr̼ÆŬȮĔ(2.6)kŶ͗ 

9.23

9:
= −

_O

`amax	(L, 253)

23
B

2
K
9def.56

9U
Q + ν∇B.23,							(2.6) 

[
_O=2.5*10g J kg-1ǫƽȔʒȒǣǴ͖%a=1004 J kg-1 °∁-1ǫæÊƸǴ͖def(m s-1 )ǫ

̭ƽȔɖȺʐ˭͖ƕŗ Sun and Crook (1997)͖eʳ̭ǟɋĠǫMarshall-Palmer͖�xʠ

Ȫǫ(2.7)͗ 

def = 5.4 j
=k

=
l
k.m

(.56)
k.$Bn																																																(2.7) 

Ĕ
=kǫ 1000hPa͖=ǫÅƊİƼÊ�ƱÍ͖ƕŗ Tripoli and Cotton (1981)͖ǐİƽ-ǝ

�xʠȪĵ(2.8)͗ 

23 = 2 p1 −
_O

`aL
(5P + 56)q.																																																										(2.8) 

ƦĔ̯ģǸȂȔ̼ÆŬȮĔkŶ(2.9)¨(2.10)͗ 

9.56

9:
= st + sP + su +

9def.56

9U
+ ν∇B.56,																					(2.9) 

9.57

9:
= .twww

9def56

9U
+ x∇B.56.																																																			(2.10) 

Ĕ
st ǫ̯ƽˣ̭ƽ̻͖vʠ̯ǟ¨̯ǟȨœ�Rǫ̭ƽȔǸȂ˳Ȯ͖ƕŗ Kessler 

(1969)�xʠȪǫ(2.11)͗ 

st = y
z(5P − 5P6{7)			, |})		5P > 5P6{7	

	0																								, |})		5P < 	 5P6{7
																																			(2.11) 
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[
zǫ 0.001 s-1  ͖ 5P6{7ǫ 1.5 g kg-1�sP ǫȨR̻͖vʠ̭ƽĝ	ŇʐŷǪ̋´§̯ǟ

ȔǸȂ˳Ȯ͖�xʠȪǫ(2.12)͗ 

sP = Ä5P56
k.Ån,																																																																				(2.12) 

ƕŗMiller and Pearce (1974)͖îÄʳǫ 0.002 s-1�su ǫʒȒ̻͖vʠ̭ƽʒȒǫƽʒƼ

ȔǸȂ˳Ȯ͖�xʠȪǫ(2.13)͗ 

su = Ç(5O − 5OÉ)(.56)
k.gn,																																																	(2.13) 

[
5OÉǫ͇¨Ǖ�Ƹ͖Çǫ 0.02 s-1͖.ǫƽĉĉÀëĎ� 

IBM_VDRAS
Ȕ̯ƽǕ�Ƹ�ƽƼǕ�Ƹx�ǝĎkŶʕȋ�˧Ȕ̼ÆˇŦɜ˳ʵū

ŬȮĔɸġh͖[̗oĔǫ(2.14)-(2.16)͗ 

L = j
=

=k
l
Ñ/PÖ

23 p1 +
_O

`a
(5P + 56)q,																																				(2.14) 

5OÉ =
3.8

=
ÜS= j17.27

L − 273.16

L − 35.86
l.																																				(2.15) 

5P = y
(57 − 5OÉ − 56), á|	5O ≥ 5OÉ	

	0																								, á|	5O < 	5OÉ
,																																				 (2.16) 

ʕȋɚæ̼ÆˇŦ57,	56x�23͖�ɘ�(2.14)-(2.16)͖ɱɳ̋ (2019)ǫ�Étʰɂš

ǽ͖ňȊ Newton-Raphson methodƾƕɂǈ͖ʕƱġh5O�5P�T� 

2-2. Cost function and the adjoint model 

¾´ɟˇcːŨ�|ɍɛ
͖Țƥǫïļ�mƁDȔeÙÇ͖AġƱeÙÇ¾�|

ȶ�Tȱcŷ͖ɿÏġhƁòȔMkbŦ(cost function)͖ ɸ¾ IBM_VDRAS
͖Mkb

ŦȔæɲØ	Ĕ(2.17): 

â = âäã +åçéO(d6 − d6
&)B + éè(56 − 56

&)Bê

O,7,{

+ âa																			(2.17) 
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MkbŦȋ�̻ɗĵ͖Ⱦ�̻âäãǫ
öĎɽŸÇ͖ȋŭʭǚːŨǮǈåťʪʔhťm

cƎÇɆº͖ĸxɮ�ʭǚːŨȔ͐õƂ�hɽŸÇĸɎƋ͘Ⱦ�̻kŶʭǚ̻͖vŶ

�ɟȴ̖�tŶŷ̖�iǫ̱˵ɥʛ͖d6ŶcƎÇȔ̱˵Ġ�͖̈́d6&Ŷ̱˵ʭǚĠ�͖̈́

56ŶcƎÇṶ̏ƽǕ�Ƹ͖56
&Ŷ̱˵ʭǚµǉkˣŏṶ̏ƽǕ�Ƹ͖ηí¨ηìcfŶ̱˵

Ġ�̈́¨̭ƽǕ�ƸȔƭ͖̇ηìȋ 0ʃ 20͔ȋ̱˵
ĥ�Í˶É͕͖ ηíȋ 0ʃ 1͔ȋ̱

˵
ĥ�Í˶É͕͖ Ⱦ�̻âakŶŷȴ̖ĉǞ̻�ȋŭ IBM_VDRAS �ǃƄ̼Æ̱˵µ

ǉ͖ �Ƅ̼Æ̭ƽǕ�Ƹ56͖ ¶ƱSun and Crook (1997)AȊMarshall-Palmerc9(Marshall 

and Palmer, 1948)	Ȕ Z-56̗oĔ(2.18)îµǉˣĵ56˰ʝ�|͖ 

56 =
1

.
10î

ï#mñ.$
$ó.n

ò,																																																						(2.18) 

Ĕ
56°-ǫ g kg-1͖ ɸ¾�|̱˵Ġ�̈́Ȕ̀c͖kŶgȊ(2.19)î IBM_VDRAS�̈́

Çˣŏĵ̱˵Ġ�̈́˰ʝ�|͖ 

d6 =
S − S6

)ô
/ +

T − T6

)ô
0 +

U − U6

)ô
(1 − def).																						(2.19) 

Ĕ
(S,	T,	U)ǫƦĔɠƖ͐Ȕ-ɰ͖(S6,	T6,	U6)ǫ̱˵Ȕ-ɰ͖)ôkŶ̱˵¨ƦĔɠƖ͐

Ȕ˘̫� 

¾ IBM_VDRAS �|ȶ�
͖7̧ƦĔ(adjoint model)�xġhMkbŦðeÙÇ

�̼ÆˇŦȔƜĎ͖ʕƱʰɂaƁDȔeÙÇ͖7̧ƦĔǫdɣħƦĔ(Tangent Linear 

Model , TLM)Ȕˣɰȣ̝͖dɣħƦĔ�ʆ̼ÆƦĔ�Ȝ̗ɺ͖¶Ʊ7̧ƦĔŶēȷ¾

̼ÆƦĔ��åĵȔ͖IBM_VDRASȔ7̧ƦĔʸɔŋñ��ɶ(¢ʍȅ, 2019)� 

2-3. GCIBM 

Ɗȹî0ɕȋ Tai et al. (2017)tS VDRASȔ GCIBM�Ȃ�GCIBMŶîʧ̪¿Ě

tS� VDRASăß¾�ĔďƥȔŬǈ͖Ⱦ�ƲŶ̳ʩîťmcƎÇɆºcĵ�ȯɠƖ
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͖͐Ø½ 2-1¾¿Ě͔ɞʊʚɣ͕Í̸Ȕ͔͐͏ìĥ�ʮ͕ǫǌ͋ȔɆº͖Ƃ˰ʝƦĔ

Ȕȱc˲ɂ͖ɸ¾¿ĚT̀ȔȾ�ùɠƖ͐(G)�ǫʚɠƖ(ghost cell)Ȕ-ɰ͖ʚɠƖǫ

ƦĔȱcȔ˽Ȍ͖ɸ¿ĚŽT̀ȔɠƖ͔͐͏ȴĥưŬĚ͕ǫ¿ĚȔɆº͖
Ƃ˰ʝƦ

ĔȔȱc� 

ʕȋŽŪʚɠƖ͖�xî¿ĚšĴĆSƦĔȱc͖ƱʙAȊȔŬǈǫ̑Lǈ(Image 

point method)͖̑Lǈ̳ʩQļa�¿Ě˽Ȍ(B)Ȕǈɣ�͖̈ǆƱǈɣc͖̈x¿Ě˽

ȌǫðȰ˟͖¨ʚɠƖ(G)ðȰ͖¾ǌ͋ɆºTȔƖ͐tŶ̑L͐(image point)͖gȊ̑

L͐ŽŪʚɠƖŷ͖ƕŗ˽Ȍƚ3ȔʳæcǫVȯŬǈ͖Ⱦ�ȯŶɚæ¿Ě˽Ȍ̈kȔ

Dirichlet˽Ȍƚ3͖Ø(2.20): 

öõ = 2öú − öù,																																																						(2.20) 

Ⱦ�ȯkŶɚæ¿Ě˽ȌƜĎ̈kȔ Neumann˽Ȍƚ3͖Ø(2.21)͗ 

öõ = öù − _
]ö

]û
|ú,																																																						(2.21) 

Ĕ
öǫ IBM_VDRAS�̼ÆˇŦ͖Lǫ̑L͐ʆʚɠƖȔÂț˘̫͖̑L͐�ŦkŶ

gȊ̙˥ǌ͋ɆºTȔɠƖ͐˰ʝTŎɸġ͖TŎŬǈAȊ Franke (1982)ĸōa��˘

̫ƭ̇ǈ(Inverse distance weighting method , IDW)͖Ø(2.22)-(2.23) 

†° = j
sät¢ − s°

sät¢s°
l
a

																																																						(2.22) 

öù =
∑ †°ö°°

∑ †°°

																																																						(2.23) 

Ĕ
sät¢ǫŐïɆº
Ɓ˷ȔɠƖ̫͐̑L͐Ȕ˘̫,	s°ǫȾ nmɠƖ̫͐̑L͐Ȕ˘

̫͖pʳæǫ 0.5� 

ƊɇȥȳňȊǞw˽Ȍƚ3͖̑L͐�ŐïɆº¾ƽĉŬ�ŶxʚɠƖǫ
ĥƽĉ

10x10ȔɆº͖ÂțŬ�kǫʚɠƖȐùx���ù_ǫŐïɆº͖ʌŐïɆºTǌ͋

ɆºȔ͐Ŧ
hYmktÐƽĉŐïɆº͖țh˓˳Ym͐ǫƯ͖¾˽Ȍƚ3Ȕʳæ�
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/�0�23
4�56�57ň� Neumann˽Ȍƚ3͔§•

§°
|ú = 0͕ŽŪ͖wkňȊ Dirichlet˽Ȍƚ

3ŽŪ͖ØĔ(2.24): 

1ú = /ú
]ℎ

]S
+ 0ú

]ℎ

]T
																																																						(2.24) 

Ĕ
 hǫ¿Ě͌Ď͖/ú�0úkļƁŊ˥1ù�-ŭǌ͋ɆºȔ/ �0 Svƀ� 
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Ⱦ�ȹ mƙɈ0ʆƦŘ0ɕ�

3-1. TASSE 

TASSE(Taipei Summer Storm Experiment)ǫ̩}̂Ƃ�Ìàż̭ʭǚ̼Æì͖͊ 2016

Ċǫ̼ì͖͊2017-2019 ĊkŶ˰ʝʭǚì͊�cƎ͖ȚȔǫgȊ̱˵�ŉȴ�Éʳʂ

wƼˊȸ¨̭ǟ˃NɀN²͖˰�Ʋ�ʯÌà̩}̂Ƃ�˽Ȍùˇ|ǹħ¨ˋ̭Ã̱ż

Ȓøwr�ǹĤ͖[
{ŁÐ�}¿��ğ̱żȆÈǹħȔć�Ðʅ}¿�§˹̱ż

ȒȈȔǴ͐ʆ˛Ġ�Ěĵˋ̭Ã̱żȔɘƤʆ˲wÇǹĤ�ˋ̭Ã�ğ̱żȔ�̼ÆĎ

ɀɀ� 


ÓÐáŭ 2019Ċ�ʆ� TASSEȔʭǚì͖͊¿͐ǫŪ}Ą�ɼʂʝ˝˴͖ʭǚ

N²{Ł�ȭwĔ X-band ̱˵ TEAM-R�̭ǟ˃N�ʂwƼˊȸɀ͖ȋŭǚȸ-ɰǍ

ŀˠI͖�̸��}Ą�͖�xåť¿ʭǚ�}Ð̂Ƃ�TðǌȔǡ˰˳Ȯ͖
ˀŶð

ŭʭǚcƎķŶːŨ�|͖̂ƄĞÐȔĈu� 

3-2. 2019Ċ 7ƃ 22ʛƙL 

¾ 2019Ċ TASSEƈ̖͖ȒȈƁÐȔ�ğ̱żƙLõŶ 7ƃ 22ʛ�͖¾ȐÑ	�

V͖̰͐ŴðǌȈ̓¾̢Ųûx�̮ûûʀ}Ƶ͖]t�ĢƗ»�ŪȻȭS�}Ȗ¿Ȕ

ȭwðǌ͖¾	��͐ŷ{ºB��}Ȗ¿͖�ŭ�͐��c¾�}Ȗ¿̓˒�ƁÐµ

ǉ˓˳ 55dBz��ğ̱ż͖�¾ƉS�òŷT̚	�˓˳ 100mmȔˋ̭͖ˮĵÐäƞ

ƏX»̙˥�Ä³̇ǖƽ�ƊɅîgȊ̱˵µǉ½x�ɓȱ̚ƽSðƱƙLbƢȍȔ0

ɕ͖Ⱦ�ȹkƂ˰ʝğɭʸɔȔcƎ� 
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3-2-1. ̱˵µǉ 

½ 3-1ǫ 2019Ċ 7ƃ 22ů 1230LSTʃ 1700LSTƼˊ÷ƁÐ̱˵�ĵµǉ½͖¾

1230LST ŷ͖̰Ŵðǌ¾Ɨ»�ŪȻû�̕ÙĚĵ͔½ 3-1a͕͖ 1300LST ŷðǌÉĘ�

̕Ùĝĉ¿JŔ͔½ 3-1b͕͖ 1330LST�1400LST Vðǌɾ¾Ɨ»�ŪȻĉ¿�R�É

Ę͖�¾Ū}ĄǭSĚĵȔðǌ�ȭwʃƏ��¿͔½ 3-1c�d͕͖ 1430LSTŷƗ»�Ū

Ȼ�ðǌʆƏ��¿�ðǌ¾Ɨ»ǦȒðǌȈĵ��R͖¾ƱȥȳȰƱðǌɾx�ğɭ

[ğɭȭĝ�}Ȗ¿�̀cȰǫ Aðǌɾ͖��Ŭ̸̢͖Ųû�̮ûûʀ}Ƶ�̓aŪ

Ȕðǌɾ͖¾ƱȥȳȰ̢Ųû�̮ûûʀ}Ƶ�ðǌɾ�[ğɭȭĝ�}Ȗ¿�̀cǫ

B�Cðǌɾ͔ ½ 3-1e͕͖ 1500LSTŷ Aðǌɾcʣǫ�}Vɾ͖}ȺȔ Aðǌɾʆ B�

CVɾĝ�}Ąʨ�Ŭ̷˥͖�{ºB�}Ȗ¿͔ ½ 3-1f͕͖ 1530LSTŷ�}Ȗ¿
ĥ̓

aȔŪðǌɾ�ʆ�Ɗ§ºȔðǌɾ�R͖ˮĵÐ̈Ṷ͖̏̚łɭ��m�òŷ͔½ 3-

1g,h,i͕͖ 1700LSTŷ�}Ȗ¿
ĥðǌǙĖ�¾�}Ąʨ�ŬǦȒŪȔðǌĝƗ»�Ū

Ȼȭw͔½ 3-1j �͕ 

3-2-2. ɓȱ̚ƽ 

½ 3-2 ǫ 2019 Ċ 7 ƃ 22 ů 1200LST ʃ 1700LST Ƽˊ÷òŷɓȱ̭̈½͖¾

1200LST-1300LSTŷ͖ǮŲ̓̚ƽɍɛȉȈ͔½ 3-2a͕͘ ɸh 1300LST-1400LSTŷ͖̚

ƽðĴh½ 3-1b,c,ḏ˵µǉ͖ȋûÁĝĉ¿ȭw͖�ʩ-ɰȒȈ¾Ɨ»�ŪȻ̮ûû

ʀûÁ�Ɨ»ŪȻĉ¿x�Ə��¿͖ƁĘŷ̭̈¾ 20-30mm͔ ½ 3-2b͕͖ ɸh 1400LST 

-1500LST ŷ͖̚ƽðĴh½ 3-1d,e,f ̱˵µǉ A�B�CðǌɾȔ-ɰ͖̚ƽ-ɰʆl

�òŷāȏ
Ð͖ 8ŷ̭̈ÉĘ Ɓ͖͌˵h 30-40mm͔ ½ 3-2c͕͖ɸh 1500LST -1600LST

ŷ͖̚ƽðĴh½ 3-1f,g,hȔ̱˵µǉ͖-ɰǫ�}Ȗ¿
ĥȔ�}Ąʨ�Ŭ͖Ʊŷ̚
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ƽĘĎ˵h͌ý͖ŷ̭̈͌˵ 90-110mm͔½ 3-2d͕͖ ɸh 1600LST-1700LST ŷ͖̚ƽ

ðĴh½ 3-1h,I,j Ȕ̱˵µǉ͖-ɰǫ�}Ȗ¿Ȕʨ�Ŭ͖Ʊŷ̚ƽĘĎǙĖ͖ŷ̭̈

Ɓ͌˵h 30-40mm͔½ 3-2e �͕ 

3-3. ʭǚːŨ 

½ 3-3ǫƊɇȥȳ� IBM_VDRASƦŘɆº�ʭǚːŨc9½͖ ƊɅî0ɕAȊȔ

̱˵ːŨ�¿̸ǚȸ�x��ÐĸȥȒȔ storm trackerːŨTêx�ʙȂǌȮɀɀ� 

3-3-1. ̱˵ːŨ 

ƊɇȥȳAȊȔ̱˵ːŨƄ�cû̱˵(RCWF/RCMD)�
ÓÐáȭwĔ̱˵

(TEAM-R)�ƪÇ̱˵(RCTP)͖RCMD ǫǉ̓ 5 XcȔ C-band ̩)ơ|̂�v̱˵͖

RCWFǫǉ̓ 10XcȔ S-band̩)ơ|̂�v̱˵͖ TEAM-Rǫǉ̓ 3XcȔ X-band

̩)ơ|̂�v̱˵͖RCTPǫǉ̓ 5XcȔ C-band̂�v̱˵��ŷAȊ RCWFx

� RCMD Ȕ�¶ǫ 2019 Ċ 7 ƃ 22 ů�� RCWF ˰ʝƬrɟ˅͖1600LST ğĹƄː

Ũ͖¶Ʊ 1600LSTl��cû̱˵ːŨňȊ RCMD͖1600LSTğkňȊ RCWF� 

¾̱˵ːŨʙȂȔ̀5͖ƊɇȥȳňȊ
ÓÐá̱˵ì͊é̕ȒȔ̱˵ːʱɥrɍ

ɛ Rakit͖x	î0ɕ�m̱˵ŅŌɁȍx� QC(quality control )ǌȮ� 

1.  RCWF 

RCWFŅŌɪZƄ 15m2ʮ͖cfǫ 0.5, 0.9, 1.3, 1.8, 2.4, 3.1, 4.0, 5.0, 6.4, 8.0, 

10.0, 12.0, 14.0, 16.7, 19.5Ď͖�Ġ�ȔʯƎĎǫ 250Xö͖Ⱦ�hȾ�m2ʮ�Œ

̎̈́˭ǫ 28.7ms#$͖Ⱦ´hȾ�m2ʮȔŒ̎̈́˭ǫ 26.6ms#$͖Ⱦ�m2ʮȔŒ
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̎̈́˭ǫ 28.7ms#$͖Ⱦ��hȾ��m2ʮȔŒ̎̈́˭ǫ 33.6ms#$͖RCWFȔ QC

ǌȮǫ͗ 

(1) gȊ¿ĚːŨ͖�̞¿Ěµǉ 

(2) �̞.ßO < 0.95Ȕ̱˵ʭǚːŨ 

(3) gȊŷȴ̖˯ɭǈîĠ�̈́�Œ̎ 

2.  RCMD 

RCMDŅŌɪZƄ 9m2ʮ͖cfǫ 0.5, 1.4, 2.4, 3.4, 4.3, 6.0, 9.0, 14.6, 19.5Ď͖

�Ġ�ȔʯƎĎǫ 500 Xö͖ĸƄ2ʮȔŒ̎̈́˭ǫ 33.3ms#$͖RCMD Ȕ QC ǌ

Ȯǫ͗ 

(1) ļh∅k 

(2) gȊ¿ĚːŨ͖�̞¿Ěµǉ 

(3) �̞.ßO < 0.85Ȕ̱˵ʭǚːŨ 

(4) Ľ∅ôa�Ŀȑ͖�gȊ�ĿȑğȔ∅ôaʰɂ©ôa 

(5) ȋŭ RCMDǫ C-banḏ˵͖ Ƃ˹˱ʡǙȔ¬͖̿ ¶ƱgȊ™´ =∝ ∆∅ôa

̼6µǉʡǙ͖̈ Ʊʙʳ∝= 0.0721͖ �îʡǙ̈tµ�ƊʭǚȔµǉ� 

(6) gȊŷȴ̖˯ɭǈîĠ�̈́�Œ̎ 

3. TEAM-R 

TEAM-RŅŌɪZƄ 11m2ʮ͖cfǫ 0.5, 1.3, 2.3, 3.5, 5.5, 7.1, 8.5, 11.0, 13.5, 

16.0, 18.5 Ď͖�Ġ�ȔʯƎĎǫ 125 Xö͖ĸƄ2ʮȔŒ̎̈́˭ǫ 31.1ms#$͖

TEAM-RȔ QCǌȮǫ͗ 

(1) ļh∅k 
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(2) gȊ¿ĚːŨ͖�̞¿Ěµǉ 

(3) �̞.ßO < 0.85Ȕ̱˵ʭǚːŨ 

(4) rư TEAM-Rɍɛħʼā 5dBZ 

(5) Ľ∅ôa�Ŀȑ͖�gȊ�ĿȑğȔ∅ôaʰɂ©ôa 

(6) ȋŭ TEAM-R ǫ X-band ̱˵͖Ƃ˹˱ʡǙȔ¬͖̿¶ƱgȊ™´ =∝

∆∅ôa̼6µǉʡǙ͖̈ Ʊʙʳ∝= 0.3124͖ �îʡǙ̈tµ�ƊʭǚȔ

µǉ 

(7) gȊŷȴ̖˯ɭǈîĠ�̈́�Œ̎ 

4. RCTP 

RCTPŅŌɪZƄ 13m2ʮ͖cfǫ 0.3, 1.0, 1.8, 2.5, 3.8, 5.0, 6.0, 7.0, 9.0, 11.0, 

14.0, 17.0, 20.0 Ď͖ �Ġ�ȔʯƎĎǫ 250Xö͖ ĸƄ2ʮȔŒ̎̈́˭ǫ 16.8ms#$͖

RCTPȔ QCǌȮǫ͗ 

(1) gȊŷȴ̖˯ɭǈîĠ�̈́�Œ̎ 

(2) gȊ(ZH > 15dBZ & VR < 2m	s#$&ǉ˃í < 1 m	s#$)ķ(ZH > 15dBZ & 

VR < 2m s#$&ǉ˃í > 8 m s#$)ȔŬĔǨ̞Ǎ�̪ǉ 

(3) gȊ(ZH  > 15dBZ & VR < 0.5m s#$&ǉ˃í < 0.5 m s#$)ķ(ZH > 

15dBZ & VR < 0.5 m s#$&ǉ˃í > 8 m s#$)ȔŬĔǨ̞¿Ěµǉ 
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3-3-2. ¿̸ǚȸːŨ 

Ɗȥȳ
͖ ɪZAȊ�
ÓƼˊ÷ 14m÷ú¿̸ʭǚȸ� 108mʂw¿̸ʭǚȸ͖

ʭǚȔˇŦƄƼÊ�ǝĎ�ǧĎ�̈́˭�̈́��̚ƽːŨ͖ǚȸŷ̖ʯƎĎǫ�c̒�

ȿ� 

3-3-3. Storm tracker 

Ɗȥȳ�AȊ��ǩÐáĸ̕ȒȔ storm tracker ʭǚːŨ͖storm tracker �xġh

°͐Âțmɣ�ȔƼˊˇŦ͖{¡�Êr�͌Ď�ǝĎ�̴͐ǝĎ�ȜðǧĎ�̈́�̈́

˭͖ȜȐ-ǝɀɀ͖¾ 2019Ċ 7ƃ 22ů͖�ÐʂŰ�W͐̕Ù͖Ʒ̥�òŷŮŞ�Ʈ͖

ŮŞh	�Y͖̞͐�	�´͐ǃƄːŨ�Í͖ɪZƄ�ȿŉȴmɣ� 

3-4. IBM-VDRASʳæ 

½ 3-3ǫƊɇȥȳ� IBM_VDRASƦŘɆº͖ƦŘ
ĥǫƌɜ 121.3Ď�}ɧ 25.0

Ď͖ƌʨŬ� 161mɠƖ͖�}Ŭ� 141mɠƖ͖ƽĉʯƎĎ 1X͖̆ÂțŬ��Ƅ 41

ù͖�Ŭ�ùǫǍɡù͖Ɓčùǫ 0.25X͖̆ÂțʯƎĎ 0.5X̆� 

¾�|Ȕ˻̻�͖AȊŻ̭ģǸȂ˳Ȯ�ʂȋǞw˽Ȍ͖�tS�|Źȴµǉ͖ʕ

ƱľieðǌȔȉȈ͖ƕŗ½ 3-4͖¾�|ȶ�ʳæ�ǫ 16c͖̒Ȥ̼Æŷ̖ 5c͖̒

cƎÇŷ̖̖̥ 21c͖̒cfǫ 1420LST�1441LST�1502LST�1523LST�1544LST�

1605LST�1626LST�1647LST�1708LST�1729LST�1750LST͖Ʒ�m�|ȶ�Ȕ˦v

ƮŦǫ 40Ʈ� 
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3-4-1. ˯ɭȶ� vscŤȶ� 

ƕŗ½ 3-4�|ȔǌȮ½͖ñSɽŸÇğ͖ƂQ˰ʝ�Yc̒Ȕ̼Æ͖�|̱˵ː

ŨğġhȾ�mcƎÇ͖ɸƱcƎÇȔ�c̼̒ÆÇƂbǫȾ�m�|ȶ�ȔeÙÇ͖

�xƱǌȮ�|hƁğ�mcƎŷ̖ 1750LST͖Ʊȯ�|ŬǈȰǫ�˯ɭȶ��͖ ńǰ

ƱǌȮ͖ ȋŭ�|ȶ�͌˵��m͖ ğƵȶ�ȔcƎÇƂĕSlƵȔʼā͖ ˮĵeðǌ�

ƦĔ
Ȳæɀ¬͖̿¶ƱƊɇȥȳî�|Ɂȍŝǫ½ 3-5ĸȪȔ�cŤȶ��͖ �ǚʶ�

2CYCLEx� 3CYCLEVȯ�|Ɂȍ͖xcƎÇ 1441LSTǫL͖2CYCLEvʠƱcƎ

ÇǫɜƳVm�|ȶ�ġhȔcƎÇ 3͖CYCLEkŶƱcƎÇǫɜƳ�m�|ȶ�ġh

ȔcƎÇ� 

3-4-2. ɽŸÇ ͓ ̱˵ːŨ 

¾ɽŸÇȔ̀c͖Ɗɇȥȳǚʶ�AȊ ERA-Interim 0.25° ∗ 0.25°� NCEP-GDAS 

0.25° ∗ 0.25°]cƎːŨȔƦŘ͘ɸ¾̱˵ːŨȔ̀c͖ȋŭƪÇ̱˵�̶̩)ơ̱˵͖

QC ˳ğȔːŨ1ǯ�Ǎ̪ǉx�¿Ě̪ǉĜ̹͖¶Ʊǚʶ��|Vḏ̌˵ːŨ

͔RCWF/RCMD�TEAM-R͕ʆ�ḏ̌˵ːŨ͔RCWF/RCMD�TEAM-R�RCTP͕ȔƦ

Ř� 

3-4-3. �|ì͊ 

ƕŗl̸Ȕ0ɕ͖ Ɗɇȥȳǚʶ�Wȯ
�Ȕ�|ì͖͊ ØʠƖ 1ĸȪ͖ x N_3r_2c

ǫL͖Ⱦ�mÞƶvʠȔŶ ERA-Interim 0.25° ∗ 0.25°ķɷ NCEP-GDAS 0.25° ∗ 0.25°]

cƎːŨȔɽŸÇ͖ Ⱦ�mÞƶvʠȔŶ�|Vḏ̌˵ːŨ͔ RCWF/RCMD�TEAM-R͕

ķ�ḏ̌˵ːŨ͔RCWF/RCMD�TEAM-R�RCTP͕͖ Ⱦ�mÞƶvʠ�|Ɂȍǫ
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2CYCLEķŶ 3CYCLE͖ɸ Continuousʆ N_2r_fkŶx˯ɭȶ�ȔŬĔ͖�|�ďķ

Vḏ̌˵Ȕì͖͊Ⱦ´ȹƂȊ
�ȔʭǚːŨðƱWȯ�|ì͊˰ʝƔ͖͊˻�ƁDȔ

cƎÇbğɭȔcƎ� 
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Ⱦ´ȹ IBM_VDRAS�|ɘƐƔ͊�

ƕŗlȹʠƖ 1ĸȪ͖ƊɇȥȳƦŘ�
�ɽŸÇ�
��|Ɂȍx��|
�̱

˵ȔɘƐ͖ǫļhƁDȔcƎÇ͖ƊȹgȊ storm trackerȔǝĎ�ƽƼÇx�̱˵µǉ�

ɓȱ̚ƽSð
� IBM_VDRASȔcƎÇ˰ʝƔ͊� 

4-1. storm tracker 

IBM_VDRAS �cƎŷ̖ǫ 1420LST-1750LST͖¶Ʊ˻ŕ 1400LST�1500LST�

1658LST� storm-trackerSbƔ͖͊Ɗȥȳ˻ŕ storm tracker�ǝĎ�ƽƼǕ�Ƹ_ǫ

Ɣ͊ˇŦ͖ gȊ̩ɣħTŎî IBM_VDRASƦĔɠƖ�ȔǝĎ�ƽƼǕ�ƸTŎʃ storm 

trackerʭǚ͐Ȕ-ɰ�˰ʝƔ͊� 

4-1-1. ǝĎ 

½ 4-1a,c,eǫ 1400LST�1500LST�1658LST ¾�ÐŮŞȔ storm tracker ʭǚǝĎ

ðĴh IBM_VDRAS WɗcƎÇȔɘƐ͖Ɣ͊Ȕ RMSE ɘƐØʠƖ 2ĸȪ͖¾
�Ʀ

ŘȔ 1420LSTcƎÇ
͖ƕŗ½ 4-1a�ʠƖ 2̓Ȫ IBM_VDRASƄˌȔǝĎ)ā͖[


x E_3r_2c͔ ͎ɣ͕ȔɘƐƁ×͖[ RMSEǫ 1.97℃͖ʆ E_3r_2cˠŊ˥Ȕǫ E_3r_3c

͔ɞɣ͕Ȕ 2.12℃͖[͈ RMSÊ͌ŭ 2.5℃͘¾
�ƦŘȔ 1502LSTcƎÇ
͖ƕŗ

½ 4-1c�ʠƖ 2̓Ȫ IBM_VDRAS ʆ storm tracker ȔɘƐ�cŊ˥͖[
x N_3r_3c

͔ʖɣ Ȕ͕ɘƐƁ×͖ [ RMSEǫ 1.19℃͖ ʆ N_3r_3cˠŊ˥Ȕǫ[igȊ NCEP-GDAS

ɽŸÇƦŘȔɘƐ͖ɸȊ ERA-InterimɽŸÇƦŘȔ RMSÊ͌ŭ 2℃͘¾
�ƦŘȔ

1708LSTcƎÇ
͖ƕŗ½ 4-1e�ʠƖ 2̓Ȫ IBM_VDRASƄưȔǝĎ)ā͖[
x
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N_2r_2c͔Ǘʖɣ͕ȔɘƐƁ×͖[ RMSEǫ 3.17℃͖ʆ N_2r_2cˠŊ˥Ȕǫ[igȊ

NCEP-GDASɽŸÇƦŘȔɘƐ͖ɸȊ ERA-InterimɽŸÇƦŘȔ RMSÊ͌ŭ 4℃� 

ƕŗx�Ɣ͊ɘƐ͖�xȒȀ IBM_VDRAS�ǝĎʠȀʆ storm tracker̓ȪȔ˕y

�ʄ͖�¾�mŷ̖͐
͖x 1502LSTȔcƎÇʠȀˠ×͖[�¶ǫ 1502LSTŷ storm 

trackerʭǚ-ɰ�ȴȔðǌă̓˒͖̱˵ːŨåť͖ĸx�|̱˵ːŨĸġhȔcƎÇ

�Žǜȩ͖ɸ¾ 1420LST x� 1708LST ŷ͖ȋŭðǌôƉaȀ¾ storm tracker ʭǚ-

ɰ�ȴ͖¶Ʊ�|̱˵Ȕŝ¯ȜðˠƄ̛͖ƱŷȔƔ͊ɘƐõ�ɽŸÇĜ̹ŽÎ͖Ģ


�ɽŸÇȔƦŘɘƐSƸˠ͖1420LST ȔǝĎƔ͊ɘƐx ERA-Interim ɽŸÇˠOȏ͖

ɸ¾ 1502LST� 1708LSTx NCEP-GDASɽŸÇʠȀˠOȏ� 

4-1-2. ƽƼ 

½ 4-1b�d�fǫ 1400LST�1500LST�1658LST¾�ÐŮŞȔ storm trackerʭǚƽ

ƼǕ�ƸðĴh IBM_VDRASWɗcƎÇȔɘƐ͖ [Ɣ͊ȔŬÀƕʼāɘƐØʠƖ 3ĸ

Ȫ͖¾
�ƦŘȔ 1420LST cƎÇ
͖ƕŗ½ 4-1b �ʠƖ 3 ̓Ȫ͖¾WɗƦŘ
x

N_2r_3c͔ɒɣ͕ȔɘƐƁ×͖[ RMSEǫ 1.93 gkg#$͖ʆ N_2r_3cˠŊ˥Ȕǫ[ig

Ȋ NCEP-GDASɽŸÇƦŘȔɘƐ͖ɸȊ ERA-InterimɽŸÇƦŘȔ RMSEkˠÐ͘ 

¾
�ƦŘȔ 1502LSTcƎÇ
͖ƕŗ½ 4-1d�ʠƖ 3̓Ȫ͖IBM_VDRAS¾͌Ďò

ŭVX̆ƄˌȔƽƼ)ā͖ [
x N_3r_2c͔ ɏɣ Ȕ͕ɘƐƁ×͖ [ RMSEǫ 1.77 gkg#$͖

ʆ N_3r_2cˠŊ˥Ȕǫ N_3r_3c͔ ʖɣ Ȕ͕ 1.82 gkg#$͖ɸȊ ERA-InterimɽŸÇƦŘȔ

RMSEkÐŭ 2.1 gkg#$͘¾
�ƦŘȔ 1708LSTcƎÇ
͖ƕŗ½ 4-1f�ʠƖ 3̓Ȫ

IBM_VDRASƄˌȔƽƼ)ā [͖
x N_2r_2c͔ Ǘʖɣ Ȕ͕ɘƐƁ×͖ [ RMSEǫ 0.64 

gkg#$ ͖ʆ N_2r_2cˠŊ˥Ȕǫ N_3r_2c͔ɏɣ͕Ȕ 0.81 gkg#$͖ɸ[iƦŘɘƐkÐ

ŭ 1 gkg#$ 
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ƕŗx�Ɣ͊ɘƐ͖�xȒȀ IBM_VDRAS�ƽƼǕ�ƸʠȀʆ storm tracker̓Ȫ

Ȕ˕y�ʄ͖ Ģ
�ɽŸÇȔƦŘɘƐSƸˠ͖ 1420LST�1502LST� 1708LSTx NCEP-

GDASɽŸÇʠȀˠOȏ͖ɝ�l˧ǝĎƔ͊ȔɘƐ͖ğɭcƎ˻ŕx NCEP GDAS_

ǫ IBM_VDRAS ȔɽŸÇ͖ǯɸAȊ 2CYCLE�3CYCLE ȔɁȍx��|Vḏ̌˵ķ

Ŷ�ḏ̌˵Ȕāȏ¾ storm trackerƔ͊Ȕ̀c1ǮŲ̓āȏ͖¶Ʊğɭîɬɭx̱˵µ

ǉ�ɓʰ̭̈S˰ʝƔ͊� 

4-2. ̱˵µǉ 

Ø��ɅĸȪ͖ğɭcƎ˻ŕx NCEP GDAS _ǫ IBM_VDRAS ȔɽŸÇ͖¾Ɗ

Ʌ͖ǫ�Ƹˠ�|ɁȍňȊ 2CYCLE x� 3CYCLE Ȕāf͖˻Ȋ̱˵µǉ˰ʝƔ͖͊

½ 4-2a,fcf�cû̱˵ 1627LST�1645LST�ƁÐ̱˵�ĵµǉ½͖ɸ½ 4-2b-e�g-j

ǫ 1626LST�1647LSTŷ͖N_2r_3c�N_2r_2c�N_3r_3c�N_3r_2cƦŘ�ƁÐ̱˵�ĵ

µǉ½� 

¾ 1626LSTŷ͖Ģ½ 4-2b,dʆ½ 4-2c,eƸˠ͖�xȝaňȊ 3CYCLEɁȍȔƦŘ

µǉɆºˠÐ͖¾Ə��¿͔ȓʊ¼¸͕Ȕ-ɰƄµǉȉȈ͖ǯɸ 2CYCLEɁȍȔƦŘ

¾Ȝ�Ȕ-ɰ�ǃƄµǉȉȈ͖]ʆ�cû̱˵Ȟìʭǚ½ 4-2a Ƹˠ͖�xȒȀňȊ

2CYCLEɁȍȔµǉÇƸňȊ 3CYCLEɁȍSȔŽŊ˥ȞìÇ͘¾ 1647LST��xȝ

h�ƧȔĪǇ͖Ģ½ 4-2g,iʆ½ 4-2h,jƸˠ͖�xȝaňȊ 3CYCLEɁȍȔƦŘµǉɆ

ºˠÐ͖¾ǒƽaǍ�͔ȓʊ¼¸͕Ȕ-ɰ̂ƄˠĘȔµǉȉȈ͖ǯɸ]ʆ�cû̱˵

Ȟìʭǚ½ 4-2f ʆ 2CYCLE ɁȍȔƦŘƸˠ͖�ǃƄȝhĘµǉȔȉȈ�ƕŗx�Ƹ

ˠ͖�xȒȀňȊ 2CYCLE ɁȍȔcƎÇġhȔ̱˵µǉˠ 3CYCLE ɁȍȔcƎÇS

ġŽŊ˥ʭǚ͖¶ƱğɭȔcƎÇƂňȊ 2CYCLEɁȍȔcƎÇ� 
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4-3. ɓʰ̚ƽ  

ƕŗ�˧VɅ͖ğɭ IBM_VDRAScƎÇîňȊ NCEP GDASȐ_eÙɽŸÇ͖�

gȊcŤȶ� 2CYCLEȔ�|ȶ�Ɂȍ͖ƊɅîŉʲŶ �| RCTP͖ňȊɓʰ̚ƽS

Ƹˠ�| RCTP(N_3r_2c)x�ǃƄ�| RCTP(N_2r_2c)ȔcƎÇ͖ƊʙcƎÇ̭̈ʰɂ

ŬĔňȊ Tai et al. (2017)
gȊƁčṷ̀ƽǕ�ƸʰɂȔŬĔ͖ɘƐØ½ 4-3ĸȪ͖½

4-3a ǫȐÑ 1500LST-1800LST �òŷɓȱ̚ƽ͖ʭǚ̓ȪȐṊ̃̚ơk-¾�}Ąʨ

�ŬÐäƞƏX»Ȕ-ɰ͖�òŷɓʰ̭̈˵h 90-110mm͖ɸ½ 4-3b,c kŶcƎÇ

N_3r_2c�N_2r_2cĢ 1502LST̕Ùʰɂh 1810LSTȔɓʰ̚ƽ͖VcƎÇ N_3r_2c�

N_2r_2c¾̚ƽȔ-ɰx�c9�ʆì̦ʭǚ�cŊ˥͖ơk-ɰ�Ƨ-ŭ�}Ąʨ�

Ŭ͖ɸĢ̚ƽ̈Sȝ͖N_2r_2cȔɘƐƸ N_3r_2cSġŽtŊ˥͖¶ƱğɭȔcƎîň

Ȋ N_2r_2c�|Ɂȍ� 

ƕŗ½ 4-3c͖ N_2r_2c�òŷɓʰ̚ƽ̈kɎ¾ 40-50mm
̖͖ʆì̦ȔʭǚƸƄ

I6ȔĪĚ͖I6�¶�ɿSʂŭƦĔ Z-qr ̗oĔðµǉÐòƄ 55dBZ Ȕ�̛�ǸȂ

˳Ȯ�ƄɶıŻ̭ǸȂ˳Ȯɀ¶ɑ͖ĸxǮǈƦŘa	��͐h´͐�}Ąʨ�Ŭŷ̭

̈˓˳ 100mmȔĘ̚ƽ͖ñʄɓʰ̚ƽʆì̦ʭǚƄĸāȏ� 

 

 �
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Ⱦ�ȹ mƙcƎ�

ƕŗȾ�ȹ0ɕ͖ƊƮ�ğ̱żƙL˒Ùŷ̖ǫ 1230LST͖ðǌĢğɭJŔ��R

]h̫̕�}ĄɎǫ 1750LST͖ ƊɇȥȳîƱƙLcǫ´m̤Ƶ͖ Ⱦ�̤ƵǫeṲ̀Ƶ͖

ŷ̖Ɏǫ 1100LST-1420LST͖0ɕƗ»�ŪȻû�ðǌ͔Aðǌɾ �̢͕Ųûðǌ͔Bð

ǌɾ x͕�̮ûûʀ}Ⱥðǌ͔ Cðǌɾ Ȕ͕eÙ�[ÐƼȆÈ͘Ⱦ�̤ƵǫȒø̤Ƶ͖

ŷ̖Ɏǫ 1420LST-1502LST͖0ɕ A�B�C ðǌɾ¾�}̂Ƃ�ȔȒøx�cƎƄg

ğɭĵǲ̤ƵðǌȒøȔ�ȯ¶ɑ͘ Ⱦ�̤Ƶǫĵǲ̤Ƶ͖ ŷ̖Ɏǫ 1502LST-1626LST͖

0ɕ¾�}̂Ƃ�ŪȈĵȔ�ʩðǌɾ͖cƎɾ�R˳Ȯ�[ÐƼȆÈ͘Ⱦ´̤ƵǫǏ

Ť̤Ƶ͖ ŷ̖Ɏǫ 1626LST-1750LST͖ 0ɕðǌɾǏŤ�[ÐƼȆÈ͘ ƱÍî̉ðȒø�

ĵǲ̤Ƶ�ƽƼ�-ǝ˕y˰ʝŜścƎ͖ʕƱŽ�ʯðǌ�Ǵ�wr˳Ȯ� 

5-1. ɝʭcƎ 

½ 5-1x�ǫ 2019Ċ 7ƃ 22ůŰ�W͐Ȕƌ�ɝʭÑƼcƎÇ͖ 850hPa�ǩ�

pǴĆ͌Ê�ʨ�à̈́Ĝ̹͖ť͋£ƌ�̈́��͔̈́½ 5-1a͕͘ 500hPapǴĆ͌Ê-ŭ

�ǩƌ}Ŭ͖ǫ�ǩĆSƌ�̈́�ƌ͔̈́½ 5-1b͕͘ ¾ 300hPa͖��͌Êɉɯ¾�ǩ}

Ŭ͖ǫ�ǩĆSƌ͖̈́�Ƅ�͌ù_ĥIÊ-ŭ�ǩ�ȴ͖ƕŗ Chen and Chen (1988)̓

Ȫ͖͌ù_ĥIÊ�ĕȒIùˢ����˲w͖ʄAðǌȈ͔̓½ 5-2a͕͘ ɸ¾ 200hPa

�h��͌ÊĜ̹͖̈́Çʆ 300hPaÐʄȜ�͔½ 5-2b �͕ 

½ 5-3ǫ 2019Ċ 7ƃ 22ůŰ�W͐ƍƨŉȴȸȔŉȴ½͖�xȝhčù 850hPa-

700hPa£ʨ�͖̈́îƽƼĆS�ǩ�ȴ͖ɸh 600hPax�kÎ£ƌ̈́͘¾ǧĎȔ̀c͖

̞� 850hPa x	͖ťmmɣ�Ȕ̴͐ǝĎx�ǝĎɣāȏ
˓˳�Ď͘ʇ�`ɘ͌Ď

(LCL)�ðǌ`ɘ͌Ď(CCL)�ʂȋðǌ͌Ď͔LFC͕k¾ 270Xö�1057Xö͌�1530
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Xö͖ðǌ�Ȋ-ɿ͔CAPE͕kǫ 1042.8 m2s-2͖ðǌľiɿ͔CIN͕kǫ 78.8 m2s-2͘

ɝ�x�ɘƐ͖ʉ×Ȕ͌ùˢŤÇ͖̃�ƽƼP˖ȔȆÈ͖2019Ċ 7ƃ 22ůȔɝʭȆ

ÈŶ̶ć˸�ðǌȒøȔ� 

5-2. eṲ̀Ƶ 

¾eṲ̀Ƶ͖ȋŭðǌnn̕ÙȒø͖̱˵ːŨ
ÏÎ͖¶ƱgȊ¿̸ǚȸːŨc

Ǝ¿ʠÐƼȆÈ��̃� CWBʞŴʊʿĘ|½x�ƁÐ̱˵�ĵµǉ½cƎðǌȒø� 

ƕŗl Ȕȥȳ͖Ǎ̡̈́Ȇǌ¾̩}¿�ȔðǌɻÙĻǡ�̇ʩȔʮʊ(Chen et al., 

2007; Chen et al., 2014; Kuo and Wu, 2019)͖½ 5-4ǫ�}̂Ƃ� 2019Ċ 7ƃ 22ůðǌ

eÙȆÈȔ¿̸ǚȸ̈́Ç͖͐Ȕ̀ʊvʠǚȸʭǚȔƽƼǕ�Ƹ(g kg-1)͖ʠƖ 4Ŷ̩}

¿�
ƽƼǕ�Ƹ̧ŷ̖Ȕˇ|͖qv_average ǫ 500 Xöx	ǚȸĉÀƽƼǕ�Ƹ͖

qv_maxkŶVǅˉǚȸ
ƁÐƽƼǕ�Ƹ� 

ƊɇȥȳæɲǍ̈́ɻÙȔŷ̖xǒƽǚȸ(46690)�Ạ̊ǚȸ(46694)Ȕ̈́ǫǜ͖¾

1100LST½ 5-4a̓Ȫǒƽǚȸ£��ƌ͖̈́Ạ̊ǚȸ£�͖̈́ƱŷǍ̡Ȇǌ1ǫ̡͖̈́

h� 1210LSTŷǒƽǚȸ£ʨ}͖̈́Ạ̊ǚȸ£ƌ}͖̈́ƱŷǍ̈́ɻÙ͖Ǎ˽Ȕǚȸ̕

Ù£Ǎ͖̈́8�}Ȗ¿T͔�}Ąʨ�Ŭ͕Ȕǚȸ̈́�c91ˠɐ�͖țh 1300LST�

1400LSTŷ͖Ǎ̈́ĘĎ˪ǢÉĘ͖ǒƽǚȸx�Ạ̊ǚȸ̈́˭ȕƸ 1200LSTSȔ͖͌�

�}Ȗ¿T̈́��ˠɛ�͖�}Ąʨ˽ǫǒƽǅˉ£˰Ȕʨ}Ǎ͖̈́ƌ˽ǫẠ̊ǅˉ£

˰ȔǍ͖̈́ƸˠʠƖ 4
ƽƼȔˇ|͖
ˀŶǚȸƽƼƁÐkķƽƼĉÀk͖1400LST

ȔƽƼǕ�Ƹ̂Ƹ 1100LST SȔÐ͖vʠ¾ 1210LST ɻÙȔǍ͖̈́ȩìƄîƽƼˡ˩

˰ST̡͖Aġ�}Ȗ¿IùƽƼŽtP˖� 

ǫ�Ž˰�ƲŉʲƗ»�ŪȻû�ðǌ͔Aðǌɾ �̢͕Ųûðǌ͔Bðǌɾ͕x�

̮ûûʀ}Ƶðǌ͔Cðǌɾ͕ȔɻÙ͖Ɗɇȥȳ�ɶ¢ʍȅ (2019)ȔŬǈîǚȸːŨ
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Ȕ̈́Çx�ǝĎÇ˰ʝèʭcƎ͖½ 5-5 ǫ̈́ÇèʭcƎğġhȔˢ�ˢŤÇ͖½ 5-6

ǫ A�B�Cðǌɾ¾ɻÙŷ̖ȔʞŴʊʿĘ|̯½x�ƁÐ�ĵ̱˵µǉ½͖½ 5-7ǫ

ǝĎÇèʭcƎȔɘƐ� 

˻æŪȻûÁʙǫ A1Ƙ͖Ɨ»�Ū}�ȌûÁʙǫ A2Ƙ͖¾ AðǌɾȔ̀c͖

1100LSTŷƗȻǆütǴŲ͖̓ ǝĎSh 31-35ĎĀ�͖ ȋŭǍ̡ǝĎāȏ Ǎ͖̈́ɻÙ͖

8ôƉ˰SƗȻT̡͔½ 5-7a͕͖ țh 1200LSTŷ͖Ǎ̈́˰SƗȻT̡͖¾ŪȻûʁ	

(A1ƘʨI)ˣ£ǫʨ �̈́Ɨ»ûʁ	͔ A2ƘʨI͕x £ǫʨ}͖̈́ Ǎ̈́¾ƗȻûÁ(A1�

A2Ƙ)Ěĵˢ�͔ ½ 5-5b͕͖ 1210LSTŷ¾ʞŴʊʿĘ|½̓Ȫ Aðǌɾ¾ƗȻû�͔ A

ƘƌI͕ĵ͔̓½ 5-6a͕͖ �¾ 1230LSTŷ͖ŭƁÐ̱˵�ĵµǉ½�xʭǚhƗȻû

�͔AɏƘƌI͕ĚĵȔ AðǌƄ 15dBZ x�Ṵ̏ŴµǉaȀ͖AðǌŭƱŷ̕Ù�

ĉ¿ȭw͔½ 5-6b͕͖ ¾ 1400LSTŷ͖ƗȻûÁ(A1�A2ȓƘ)ʆ[ʨIȔĉ¿ȔǝĎ	

̚ʴÎ͖[
¾ŪȻûÁ¿͔A1Ƙ͕ʆ 1200LSTȜƸȇʃ̚� 6-8Ď͔½ 5-7d͕͖ ˫Ŷ

ȋ Aðǌɾˬ˳ŷ̚ƽʒȒ_�ˮĵȔ_ƿĸʄ͖ ƱÍ��xȝhŪȻûÁ¿͔ A1Ƙ͕

¾Ʊŷȋ�Q 1200LSTȔˢ�ÇˣǫˢŤÇ� 

˻æ̢Ųû�Äǫ BƘ͖̮ûûʀ}Ƶû�ǫ CƘ͖¾ Bðǌɾx� CðǌɾȔ

̀c͖1200LST ŷ�}Ȗ¿tǴŲ͖̓ǝĎSh 31-35 ĎĀ�͔½ 5-7b͕͖ Ǎ̡ǝĎā

ȏˮĵǍ̈́ɻÙ͖8Ǎ̈́ôƉ˰S̩}T̡͖�̈́˭ÐɎ¾ 1-2 ms-1͖țh 1300LSTǍ

̈́̈́˭tĘʃ 2-3 ms-1͖ʆ̢Ųûûʀ͔BƘ �͕̮ûûʀ}Ⱥ͔CƘ͕Ȕˢ�ÉĘ͔½

5-5c͕͖ 1330LST(1340LST)ŷʞŴʊʿĘ|½̓Ȫ B(C)ðǌɾ̕Ùĵ͔̓ ½ 5-6c͕͖ �¾

1400LST(1410LST)ŷŭƁÐ̱˵�ĵµǉ½ă�ʭǚh̢Ųû͔ ̮ûûʀ}Ƶ Ě͕ĵȔ

B͔C͕ðǌ͔½ 5-6d�f͕͖ ¾ 1400LSTŷ͖ȋŭ CðǌɾȔ_ƿšĴ͖̮ûûʀ}Ƶ

ȔǝĎʆ 1300LSTƸˠ	̚�Ɏ 2-4Ď͔½ 5-7d �͕ 
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5-3. Ȓø̤Ƶ 

½ 5-8ǫ IBM_VDRAS¾½ 3-3Ð�}̂Ƃ�Ɇº 1420LST�1441LST�1502LST

cƎÇȔƁÐ̱˵�ĵµǉ½�ƦĔ¿ʠ�Ⱦ�ùȔŚwǝĎ 1͖420LSTŷ¾ƗȻȔ A

ðǌɾĝ}J˶͖ƁÐµǉɎ 48dBZ̢͖ŲûȔ Bðǌɾ̓˒ğƇĉ¿ȭw͖ƁÐµǉ

Ɏ 42dBZ͖̮ûûʀ}ƵȔ C ðǌɾkŶnn̓˒͖ƁÐµǉ˼Ɖ˓˳ 30dBZ͔½ 5-

8a͕͖ Ɗɇȥȳæɲ_ƿǫŚwǝĎòṵ̆ȔɆº͖1420LSTŷ A�B_ƿ-ɰʆ A�B

ðǌɾȜȽ͖B ðǌ_ƿŚwǝĎɎǫ 0.5 Ď͖A ðǌ_ƿkŶǫ-1 Ď͔½ 5-8b͕͘ h

1441LST ŷ A ðǌɾĘðǌ
ĥ}ȭʃƏ��¿͖ƁÐµǉɎ 42dBZ͖ðǌɆº¨

1420LSTȜƸŽÐ͖Bðǌɾ¾�-ɰȔʨ}ŬǦȒ�mŪȔðǌ͖̮ûûʀ}ƵṴ̏

ŴðǌkŶ�R�̷��}Ȗ¿͔½ 5-8c͕͖ ȋŭ A�BðǌɆºÉt͖A�BðǌȔ_

ƿ�ˇĘ͖Aðǌ_ƿŚwǝĎƁÎ˵h-1.5Ď͖Bðǌ_ƿŚwǝĎkƁÎ˵h-1Ď

͔½ 5-8d͕͘ h 1502LSTŷØ½ 5-8eĸȪ͖Aðǌɾ˔˳Ə��¿͖ƌȭʄʃ�}Ȗ¿

ʨI͖Bðǌɾłɭ�ʨ}ȭw�˪ǢRS Aðǌɾ͖CðǌɾĘĎÉĘ͖ƁÐµǉS

h 42dBZ͖�ȭʃ�}Ȗ¿ƌ�I͖Ʊŷ�}Ȗ¿ʢ A�B�Cɾĸ{º͖Aðǌ_ƿ

¾�}Ȗ¿ʨI͖ ǝĎŚwɎ-1 Ď͖ Cðǌ_ƿ¾�}Ȗ¿ƌI͖ ǝĎŚwɎ-1~-1.5 Ď͖

Vðǌ_ƿî�}Ȗ¿
ĥºB͔½ 5-8f �͕ 

ƕŗl Ȕȥȳ͖_ƿÍǌʆȆÈ̈́ÇȔˢ�͖ʆŪðǌɾȈĵƄĞÐȔ̗o͖¶

ƱƊɇȥȳ�ʕȋ IBM_VDRASȔcƎÇScƎ�ʩðǌȒȈlƦĔȔˢ�ˢŤĪǇ͖

½ 5-9ǫ IBM_VDRAS¾½ 3-3Ð�}̂Ƃ�Ɇº 1420LST�1441LST�1502LSTcƎ

Ç¿ʠ�Ⱦ�ùȔƽĉˢ�ˢŤ�Âț˭ĎÇ͖ʖʊìɣǫŚwǝĎ 0Ďɣ͖ɣTŚw

ǝĎ<0Ȕ�Ävʠ_ƿ͖¾ 1420LSTŷˢŤȔ-ɰʆ½ 5-8b_ƿ-ɰ�ʄ͖Ʊŷ�ʩ

ˢŤ�ǫ A�B�C ðǌɾȔ-ɰ͖ˢ��k¾�}Ȗ¿ȔʨI͖ȋǒƽǅˉȔǍ̈́ʆ



� 

 27 

Aðǌɾ_ƿÍǌĸĚĵ͔½ 5-9a͕͖ Ʊŷ�ʩ	ǂ˲wȔ-ɰ͔͏ìɣƘ͕͖ ðĴh�

Ęðǌ(>35dBZ)¿ʠˢŤȔ�Ä͖ ɸ¾�ʩˢ��Ä͖ kƄ��˲wȔaȀ͔ ͏ʚɣƘ͕͖

˫�Ŷğɭ Aðǌɾɿ�}ȭwȔ�¶͗_ƿÍǌ¨Ǎ̈́ˢ�͖˰ɸĚĵ��˲w͖Ǧ

ȒŪȔðǌɾ�Íȭw͔½ 5-9b͕͘ h 1441LST ŷȋŭ A�B�C ðǌɾ��}Ȗ¿̷

˥͖�ðǌɾĚĵȔ_ƿˢŤ��ĝ�}Ȗ¿̷˥͖A ðǌˢŤ
ĥ-ŭƏ��¿�B

ðǌˢŤ
ĥ-ŭ̢Ųû�Ŭ͖CðǌˢŤ
ĥ-ŭ̮ûûʀ}Ⱥ͖�ðǌ�Íǌ
̖

kĚĵˢ�Ç͖-ɰ�ʩ¾ǒƽ�Ạ̊ǅˉ͖ɸ�ðǌÍǌ¨Ǎ̈́�¾�}Ȗ¿�ŬȔ

ûÁ¿�ˢ�͖��˲w͔	ǂ˲w͕�¨ˢ�͔ˢŤ͕�Ä�ʄ͔½ 5-9c�d͕͘ h�

1502LSTŷ BðǌɾĝǍüȒø͖�ʩºB�}Ȗ¿Ȕǫ A�CVðǌɾ͖ɸ A�CV

ðǌɾȔ_ƿ̧ʑðǌ̷˥�}Ȗ¿͖�ĝĉ¿ȭw͖AðǌɾȔ_ƿ˽ɤȭwh�}

Ȗ¿
̖Ȕ-ɰ͖CðǌɾȔ_ƿ˽ɤkŶȭwh�}Ȗ¿ƌ�ŬûÁ¿Ȕûʁ͖Ʊŷ

�ʩȔˢ�-ɰǫ�}Ȗ¿
ĥʆ�}Ȗ¿ƌ�ŬûÁ¿�͖�}Ȗ¿
ĥˢ�ÇȋǍ

̈́ʆÍǌĚĵ͖ ƌ�ŬûÁ¿�ˢ�ÇkȋÍǌt�Ǎ̈́t�¿ĚšĴɸĵ͔ ½ 5-9e͕͖

ðĴhˢ�Ç
ĥ͖��˲wȔ-ɰ�Ŷ¾�}Ȗ¿
ĥʆ�}Ȗ¿ƌ�ŬûÁ¿�͖

͔½ 5-9f͕͖ Ģx�ȔcƎ�xȢ˴͖�}Ȗ¿§ºṴ̏ŴðǌɾĚĵȔ_ƿ͖Aġ�}

Ȗ¿
ĥˢ�ĪǇŽD͖˰ɸȉȈÂț˲w�ĚĵðǌɻÙ� 

Ɗɇȥȳ�gȊ IBM_VDRASȔcƎÇːŨSʰɂ 1502LSTȔ CAPE�CIN�LFC

͌ĎɀŦk͖ʕƱ�ʯ�ʩðǌȈĵ�lȔƼˊȆÈ͖¾ 1502LST ŷȔ CAPE kɎǫ

400-600 m2s2͖ƁÐkɎ¾�}Ȗ¿�ŬȔ-ɰ͔½ 5-10a͕͖ LFC ͌Ďk¾ 800-900 X

ö͔ ½ 5-10b͕͖ � CINk̶ćȔò͔ ½ 5-10c͕͖ ½ 5-10dǫ IBM_VDRAS¾ 1420LST�

1441LST�1502LST cƎÇȜðǧĎ�ÄƽĉĉÀÂțmɣ͖�xȝhĢ 1420LST h

1502LST͖Ð�}̂Ƃ�ťùȔȜðǧĎ
ūÉt͖�ȜðǧĎƁÐkɎ¾ 4.25X̆͌

Ȕ-ɰ͖½ 5-10eǫ 1420LST͌Ď 4.25X̆ȔȜðǧĎÇ͖Ʊŷ A�Bðǌɾȋŭðǌ
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ăȒøh�æĘĎ͔Ðŭ 30dBZ͕͖ ĸxƄˠ͌ȔȜðǧĎ͖̈k˓˳ 90%͖½ 5-10fǫ

1502LST ͌Ď 4.25 X̆ȔȜðǧĎÇ͖Ʊŷ C ðǌɾăɜȒøåU͖¶Ʊ̮ûûʀ}

ƵȔȜðǧĎÉĘ͖̈k�˓˳ 90%͖Ģx�cƎ̓Ȫ A�B�C�mðǌɾȔß¾A

ġ�}Ȗ¿
ùÐƼƄP˖ȔƽƼ͖ðŭ�ʩðǌȔȒøƄĞÐȔĈu� 

ǫ�cƎ 1502LST 
ùƽƼSǛ͖Ɗˀŧ̉ðʷŷ̖� IBM_VDRAS cƎÇƽƼ

ˬ̈ˢŤ˰ʝʰɂ͖½ 5-11ǫ IBM_VDRAS¾½ 3-3Ð�}̂Ƃ�Ɇº 1502LSTcƎ

Ç¾ 4.25kmx� 0.25kmȔť͋�ƽĉ�ÂțƽƼˬ̈(g m-3 s-1)͖[
ť͋ƽƼˬ̈ǫ

ƽĉƽƼˬ̈t�ÂțƽƼˬ͖̈ɘƐ̓Ȫ¾ 1502LSTŷ͖ÐäƞƏX»ǚȸ�ȴ
ˀ

Ŷ
ù 4.25X̆͌ķŶIù 0.75X̆͌Ȕ-ɰ͖̂ƄƽƼˬ̈Ȕˢ�͔½ 5-11a�b͕͖

¾ƽĉƽƼˬ̈Ȕ̀c͖4.25X̆ǫˢŤ͖0.75X̆ǫˢŤ͖vʠ
ùƽƼʕȋƽĉˢ

ŤîƽƼĝ´§Jˡ͖ɸčùƽƼkŶʕȋǍ̈́Jˡʃ�}Ȗ¿͔ ½ 5-11c�d͕͖ ¾Âț

ƽƼˬ̈Ȕ̀c͖4.25X̆ǫˢ�͖0.75X̆ǫˢŤ͖vʠÂț˲wîčùȔƽƼĝ


ùJˡ͔½ 5-11e�f͕͖ ɘ�x�ɘƐ͖Ǎ̈́îP˖ȔƽƼĆS�}Ȗ¿͖Âț˲wîƽ

ƼJˡʃ
ù͖
IùƽƼP˖ȔĪǇ	ǫğɭðǌeÙ�ȒøōT�ʉ×ȔȆÈ� 

½ 5-12ǫ 1420LST�1441LST�1502LST½ 5-8a,c,e
ɏʊɣƵ EȔ
ȲæĎÂț

m̸͖Ʊʙæɲ
ȲæĎǫ�ùȔȜȐ-ǝǙ�	ùȔȜȐ-ǝ͖ØƐ̈kÐṵ̆vʠ

ÐƼȆÈȲæ͖òṵ̆kŶÐƼȆÈ
Ȳæ͖¾ 1420LST x� 1441LST ŷ͖�}Ȗ¿

ʙŭÐƼ
ȲæȔǺİ͖ �
ȲæùɎh˵ 3-4X̆Ȕ͌Ď͔ ½ 5-12a�b͕͖ɸh 1502LST

ŷ͖�}Ȗ¿�ŬȔ
ȲæùÉĘ͖Ɓ͌�xh 6X̆Ā�͔½ 5-12c͕͖ ʆl˧cƎȜ

Ƚ͖h˵Ʊŷ�}Ȗ¿�ȴȔȆÈðŭ�ʩðǌȔȒø�cƄg� 
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5-4. ĵǲ̤Ƶ 

½5-13ǫ IBM_VDRAS¾½3-3Ð�}̂Ƃ�Ɇº
1523LST�1544LST�1605LST�

1626LSTcƎÇȔƁÐ̱˵�ĵµǉ½ 1͖523LSTŷ�}Ȗ¿
ĥ̓a�ʩðǌ͖ðǌ


ĥ-ŭÐäƞƏX»͔ʏĚ͕�Ŭ͖�µǉĘĎ˓˳ 54dBZ͖�QȔ A�B�C ðǌ

ɾǙĖRS�ʩðǌ
͔½ 5-13a͕͘ h 1544LSTŷ� A�B�CðǌǏÔ͖�ʩðǌĝ

}�ʨȒø͖ƱŷĘðǌ
ĥ1¾ÐäƞƏX»�Ŭ͔½ 5-13b͕͖ h 1605LSTŷĘðǌ


ĥ}ȭʃÐäƞƏX»}Ŭ͔ ½ 5-13c͕͖ h 1626LSTŷ�}Ȗ¿}ȺĘðǌǏŤ͖�

Ⱥû�ǦȒaŪȔðǌɾ͔½ 5-13d �͕ 

½ 5- 14ǫ IBM_VDRAS¾½ 3-3Ð�}̂Ƃ�Ɇº
 1523LST�1544LST�1605LST�

1626LST cƎÇ¿ʠ�Ⱦ�ùȔƽĉˢ�ˢŤx�Âț˭ĎÇ͖¾ 1523LST ŷ�}Ȗ

¿ʨ˽ƄǒƽǅˉǍ̈́��ʩðǌȔ_ƿÍǌˮĵȔʨ̈́c͖̈ƌ˽ƄẠ̊ǅˉǍ̈́¨

CðǌɾȔ_ƿÍǌˮĵƌ̈́c͖̈Vc̈¾�}Ȗ¿ƌIĚĵĘˢ�Ć͖[̈k˓˳

�-2.5*10-4͔½ 5- 14a͕͖ Ʊˢ�ĆĚĵ�Ę��˲w�͖̈k˓˳ 1 ms-1͔½ 5- 14e͕͘

¾ 1544LST ¨ 1605LST ŷĘðǌ
ĥ¥�}ˑ�͖_ƿ-ŭ�}Ȗ¿͖čùȋˢ�Ç

ˣˇǫˢŤÇ͖�¾§ºû�Ěĵˢ�Ç͔½ 5- 14b�c͕͖ Ʊŷ�}Ȗ¿
ĥˣǫ	ǂ

˲w͖§˽̢Ųû�I�Ə��¿�̮ûûʀ}ƵkŶ��˲w͔½ 5- 14f�g͕͘ ɸh

1626LSTŷȖ¿}˽Ȕðǌ
ĥăɜǙĖ͖�}Ȗ¿ʨ˽Ǎ̈́dƯ͖ˣǫðǌĚĵȔÍ

ǌƌ͖̈́�}Ȗ¿ƌ˽̈́Çˣǫʨ͖̈́Íǌ̈́ÇʆȆÈȔ�̈́¾�}Ȗ¿�ŬûÁˢ�

͔½ 5- 14d͕͖ Ʊŷ�ʩ��˲w�Ä¾�}Ȗ¿�Ŭ͔½ 5- 14h �͕ 

½ 5-15ǫÐäƞƏX»ǚȸ 1500LST-1650LSTȔ�c̒ɓʰ̭͔̈ mmhr#$ �͕ɪ

ɓʰ̚ƽ͔̈ mm͕͖�xȝh¾ 1500LST-1600LSTŭÐäƞƏX»ǚȸ̚	˓˳ 100mm

Ȕ̚ƽ͖�¾ 1520LST-1550LSTɓʰ̭̈ŏɂŷ̭̈Ŋ˥ 200 mmhr#$͖ɿ¾Ȥŷ̖T
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ˮĵØƱÐ̈Ȕ̚ƽ͖ƕŗɫǪĩ and ƟŲ  (2018)Ȕȥȳ͖[�¶�ɿǫðǌɾ�

R͖½ 5-16 ǫ RCMD ¾ 1516LST-1546LST ĸʭǚh�ƁÐ̱˵µǉ½x�ɣƵ E Ȕ

̱˵µǉÂțm̸͖½ 5-17kŶɣƵ E Ȕ ZDR(dBZ)Âțm̸x� Kdp(deg km-1)ȔÂ

țm̸ 1͖516LSTŷ�ʩðǌ¾�}Ȗ¿Ěĵ͖ƁÐĘĎɎ¾ 50-55dBZ͖�¾ÐäƞƏ

X»(rangeǫ-4km ʙ)�ȴ͖ƄŲ̓Ȕ ZDRƓ͖̈kƁÐ�h 4~5dBZ͖̓ȪƄˠÐȔ

ƽȜɋÝx�ˠĘȔ�ʟǌ͖ɸ¾ ZDR ƓȔ�ŬkƄˠĘȔ Kdp Ɠ͖̈kƁÐ�h

3~3.5 deg km-1(½ 5-16a�e͖½ 5-17 a�e)͘h� 1526LSTŷ͖�ʩðǌ¨ Dðǌɾ�

R͖ĢÂțm̸�xȝh˓˳ 35dBZȔµǉɆºŲ̓ˇÐ͖ðǌǔĎ�t͖͌ƱŷÐä

ƞƏ�ȴ ZDR� KdpƓɆº�tÐ(½ 5-16b�f͖½ 5-17 b�f)͘h� 1536LSTŷ͖V

ɾc̫͖µǉ̕ÙǙĖ͖ZDRƓǏÔ͖KdpƓÉĘ͖̈kƁÐ�h 5~5.5 deg km-1͖̓

Ȫðǌɍɛ
Ð̭ǟŦ̈Ǚó͖ ò̭ǟŦ̈Ét(½ 5-16c�g͖ ½ 5-17 c�g)͘ h� 1546LST

ŷ͖µǉĘĎx�Ɇº]ĎÉt͖� ZDR� KdpơkȕÉÐ(½ 5-16d�h͖½ 5-17 d�

h)͖ ǫ�ʯƱɾ�R˳ȮÂț˲w�ƽȜɋÝɀƼˊ�ŦȔˇ|͖ ğɭîx IBM_VDRAS

�cƎÇcƎ 1520LST-1540LST ŷ�}Ȗ¿�ʩðǌȔȒøʆˇ|͖ȋŭ�ƊcƎÇ

ŷ̖ʯƎĎˠI͖ǮǈåťʯƎ 1520LST-1540LSTȔɾ�R˳Ȯ͖¶ƱƊɇȥȳgȊl

˧ N_2r_2c�|Ɂȍ͖̇ŪƦŘ� 1520LST-1540LSTƷ�c̒�ȿȔ IBM_VDRASc

ƎÇ� 

½ 5-18ǫ IBM_VDRAS Ð�}̂Ƃ� 1520LST�1530LST�1540LST cƎÇƁÐ

̱˵�ĵµǉ½͖ ½ 5-19�½ 5-20�½ 5-21kŶ½ 5-18
 1520LST�1530LST�1540LST

ɣƵ EȔƽĉǝĎŚw�Âț˭Ď�ˢ�ˢŤÂțm̸͖¾ 1520LSTŷ͖�ʩðǌȒø

űȘ͖-ŭÐäƞƏX»�ȴ͖ƁÐµǉ˓˳ 48dBz͖�˽ûÁkƄðǌɾ D̕ÙȒø

͔½ 5-18a͕͖ �}Ȗ¿Iù͔0.25-2.75X͕̆¶ʒȒ_�ƄˌȔǝĎŚw͖Ɓ_Ɏh-2

Ď͖
ù͔2.75-5.75X͕̆¶ǣǴ̅ŞƄưȔǝĎŚw͖ƁŻɎh+2Ď͔½ 5-19a͕͖ �
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�˲w�¾�}Ȗ¿��˽ûÁ¿�͖[
�ʩðǌ¾ 4~5X̆͌ȔÂț˭ĎŽ͌˵ 6 

ms-1x�͔½ 5-19b͕͖ ¾�}Ȗ¿��˽ûÁ¿�͖Vðǌčù(0.25-4.25X̆)Ƅ�ʂ

Ȕˢ�Ć͖ðĴh
͌ù͔4.25-8.25X͕̆Ƅ�ʂȔˢŤĆ͔½ 5-19c͕͖ Ʊŷ�ʩðǌ

˓˳ 35dBZȔ̀cȒøh 6~7X͖̆ɸ Dðǌ˓˳ 35dBZȔ̀ckȒøh 4~5X̆͘

h 1530LSTŷ͖�ʩðǌǙĖ͖ðǌ DÉĘ�ĝ}ȭw͔½ 5-18b͕͖ �}Ȗ¿čù_

ƿÉĘ͖Ɓ_Ɏh-2.5Ď͖ɸ
ùtǴǙĖ͖ƁŻɎh+1.5Ď͖͔ ½ 5-20a͕͖ �ʩðǌÂ

ț˭ĎǙĖ͖ƁĘɎ�h 5 ms-1͖D ðǌÂț˭ĎÉĘ͔½ 5-20b͕͖ Vðǌčù(0.25-

4.25X̆)�ʂȔˢ�Ć�
͌ù͔ 4.25-7.25X͕̆s ŤĆăɜ�R¾�˒͔ ½ 5-20c͕͖

Ʊŷ�ʩðǌ� Dðǌ˓˳ 35dBZȔ̀ĉȒøh 5~6X͖̆�Ģ̱˵µǉŦk�x

ȝhVðǌɾăɜ̕Ù�R͘h 1540LST ŷ͖�ʩðǌ� D ðǌåU�R�ĘĎÉt

͔½ 5-18c͕͖ Vðǌ˓˳ 45dBzȔĘµǉ�ÉÐ͖̯̺É͖̯͌ƽǕ�ƸÉt͖ǣǴ̅

Şˮĵ�}Ȗ¿
ùtǴÉĘ͖ƁŻɎSh+2 Ď͔½ 5-21a͕͖ Vðǌ�ʟǌ�R�É

Ę͖˓˳ 6 ms-1ȔɠƖ͐�Ų̓Ét͖͔ ½ 5-21b͕͖ čù(0.25-5.25 X̆)ˢ�ĆÉĘÉ

�͖
͌ù͔5.25-9.25X͕̆ˢŤĆ�ÉĘÉ�� 

½ 5-22 ǫ IBM_VDRAS Ð�}̂Ƃ� 1500LST ʃ 1550LST cƎÇɆºĉÀx�

ƁÐÂț˭Ď�̭ƽǕ�Ƹ�̯ƽǕ�ƸŷČ½͖Ģ½ 5-22a�xȝh͖
ˀŶÂț˭

ĎơkķŶĉÀÂț˭Ď͖ơÐkȕȒȈ¾Vðǌɾ�RȔ 1540LST͖vʠðǌɾ�R

ɿˮĵŽĘȔ��˲w͖½ 5-22b ̓Ȫ͖ƁÐĉÀ̭ƽǕ�Ƹ�ȒȈ¾ðǌɾ�RȔ

1540LST͖ǯɸƁÐ̭ƽǕ�ƸơkȒȈ¾ 1520LST͖Ⱦ�Ð̭ƽǕ�ƸơkĹŶ

1540LST͖ƱɘƐŶ¶ǫȐÑðǌȈ̓ȆÈʉ×͖1520LSTŭÐäƞƏX»�ȴ̓˒ŷ

̭ƽǕ�Ƹ͌˵ 3.5 gm-3͖h 1530LSTŷ͖�ʩðǌăɜ̕ÙǙĖ͖ƁÐṶ̏ƽǕ�Ƹ

�Ƅh 1.5 gm-3͖țh 1540LST͖¶ǫɾ�RȔ̗o͖ˢ�Ç�R͖Âț˭ĎÉt͖A

ġĘðǌġăĒɭ͖̭ƽǕ�Ƹ˵h 3 gm-3͖ �ɬɭˮĵÐ̭͖ƱɘƐʆ½ 5-15ĸȪɓ
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ʰ̚ƽŷČ½�Ŷ�c¤�Ȕ͖x�cƎvʠɾ�R˳ȮɿÏĒ̓ðǌĘ̭̚ŷ̖͖˰

ɸÉÐ̭͖̈̚ɸĢ½ 5-22c̓Ȫ͖ƁÐ̯ƽǕ�Ƹơk�ĉÀ̯ƽǕ�ƸȒȈ¾ðǌ

ɾ�RȔ 1540LST͖�˂Ų�ðǌɾ�RɿÉĘÉđðǌ̯Ɇº�	

5-5. ǏŤ̤Ƶ 

½ 5-23ǫ IBM_VDRAS¾½ 3-3Ð�}̂Ƃ�Ɇº 1647LST�1708LST�1729LST�

1750LSTcƎÇȔƁÐ̱˵�ĵµǉ½ 1͖647LSTŷ�}Ȗ¿}˽ðǌǏŤ͖ÐäƞƏ

X»�ȴµǉĘĎɎ 24dBZ Ā�͔½ 5-23a͕͖ ðĴh½ 5-15͖̚ƽǙɦ͖h 1708LST

� 1729LSTŷðǌɾǙĖ�ɬɭ�ʨJ˶͔½ 5-23b�͙͕͖ h 1750LSTŷʈȔðǌɾ

ǏŤ�̫̕�}Ȗ¿͖ŪȔðǌɾʢǦȒ�ĝʨ�ŬJ˶͔½ 5-23d �͕ 

½ 5-24ǫ IBM_VDRAS¾½ 3-3Ð�}̂Ƃ�Ɇº
 1647LSTcƎÇ¿ʠ�Ⱦ�

ùȔƽĉˢ�ˢŤx�Âț˭ĎÇ͖Ʊŷ�xȝh�}Ȗ¿
ĥ¿ʠˣǫˢŤÇ͔ ½ 5-

24a͕͖�Ƅ	̚˲w͔ ½ 5-24b͕͖ɸ¾_ƿ˽ɤkƄˢ�͖Ʊˢ�ĆîðǌǦȒ¾ʨ˽�

�˽�ɬɭ�ÍJ˶� 

ȋŭǏŤ̤Ƶ��|�̱˵µǉǙó͖¾ɮó̱˵ːŨȔ¿Ŭ͖cƎÇȔ̈́Ç�ɿ

¶ǫSʂɽŸÇɸƄˠÐȔʼā͖¶ƱƊȥȳgȊl˧èʭcƎȔŬǈ͖]ƮƸˠeÙ

̤ƵðǌȒȈlʆǏŤ̤ƵðǌǏŤğ¾�}Ȗ¿
�͖½ 5-25ǫ 1700LSTǝĎÇè

ʭcƎȔɘƐ͖�xȝh¾ 1700LST ŷ͖ȋŭ�ğðǌȔ̗o͖Ƅ̭̚ȔÐ�}̂Ƃ

��ƗȻʋǆǍ¿ĆǝĎŲ̓ƸȐÑǃƄ�ğðǌȔçʘ¿�I��Ďx�͖ƱÍ͖ʆ

ȐÑǃƄ�ğðǌȔçʘ͖˼¾£Ǎ̈́ȔĪǇȜƸ͖Ạ̊�ǒƽǅˉ�¶�ğðǌȔ̗

ö̡͖́ɻÙȔŷ̖SȔŽŰ͖˫ȯ�ğðǌȔ̗oˮĵ̡̈́ɻÙōŰȔȀˊʆ(Chen 

et al., 2014)Ƅ�ƧȔɘƐ͔½ 5-25a͕͖ ƱÍ¾ 1700LSTŷ͖ȋŭÐ�}̂Ƃ�ăŝ£̡

͖̈́��ğðǌnnǏŤ͖�}Ȗ¿
ĥȋ�QȔˢ�ŝǫˢŤ͔½ 5-25b �͕ 
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5-6. Q1,Q2cƎ 

ȆÈ¾�ğðǌȔȒȈĻǡ�̇ʩȔʮʊ͖ɸ�ğðǌɍɛ�ʕȋƽƼ`ɘtǴx

���˲wîɿ �̈ƽƼ�ẅbÂțJ˩SĜ̹ȆÈ͖ ǫ�ʯȱ̯ðǌðȆÈȔĜ̹͖

Yanai et al. (1973)æɲ�ʬǴǛ(Q1)¨ʬƽƼ~(Q2)Vȯ�Ŧ͖[Ĕ�xʠȪĵ: 

Q1 =
	]≥

	]:
+ ∇ ∙ s¥ +

	]≥̅∂∑

	]=
																																																	(5.1) 

Q2 = −_O(
	]5

	]:
+ ∇ ∙ q¥ +

	]5w∂∑

	]=
)																																							(5.2) 

[
͖(5.1)Ĕ
 sǫ�Ǔɿ: 

s = caT + gz																																							(5.3) 

%a=1004 J kg-1 °∁-1ǫæÊƸǴ͖T ǫəðǝĎ(K)͖g=9.8ms-2ǫ̇rt˭Ď͖z ǫ͌Ď

(m)͖ ωǫɀÊďƥ	ȔÂț˭Ď(m	hPa-1)͖ɸ(5.2)Ĕ
_O=2.5*10g J kg-1ǫƽȔʒȒǣ

Ǵ͖qǫƽƼǕ�Ƹ(g kg-1)͖�Ŭƫɣvʠ˻æ�ÄTȔƽĉĉÀ� 

ƄʴÎáɷgȊʷǈȥȳ
��ÄȔðǌʆȆÈ��_Ȋ͖¾ Yanai et al. (1973)�

Johnson (1976)Ȕȥȳ
͖ǴĆ¿�¨pǴĆ¿� Q1ƁÐtǴ͌ĎɎ¾ 400-500mb̖͖

�ǫ°ýɘƤ͖ ¾ťmðǌùÀǫưk͘ ɸ¾ Ninomiya (1971)¨ Lewis (1975)Ȕȥȳ
͖


ɧĎ¿� Q1Âțc9kǫ̩ýtǴɘƤ͖�¾čù 850mb	ƄŲ̓Ȕ_�šĴ� 

ɸ¾ Q2Ȕ̀c͖ ƸˠǹfȔtŶ̩ý�|ɘƤȔÂțc9͖ ƕŗ Johnson and Young 

(1983)� Johnson (1984)Ȕȥȳ͖Ʊ̩ýɘƤǫðǌ�Äx�ùǺ̚ƽ͔ȦǺ̯͕�Ä�

RˍǼ͖ ùǺ̚ƽ͔ ȦǺ̯ �͕Ä�|ơÐk¾ 350mb(8km)�ǧ|ơÐk¾ 800mb(2km)͖

ðǌ�Ä�|ơÐk¾ 750mb(2.5km)͖ Aġť͋ Q2ȔÂțm̸Ěĵ¾ 500mb� 850mb

Ȕ͌ĎƄ̩ù�|ȔɘƤ�ƱÍ¾ Yanai et al. (1973)ſōa͖Q1� Q2ơk¾Âțm̸

�Ȕc̫͖ vʠȔŶƄˠĘȔ�ǌǧ̵ɿÂțˬ͖̈ �Ʊ̈�xŌ˧ðǌ̯�ǋ˜ȮĎ͘  
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l˧ȥȳʰɂ Q1�Q2ÐÎAȊAȊŉȴːŨ͖ɸ¾Ɗɇˀŧ¶Ƅ IBM_VDRAS�

ɟȴ̖cƎÇ͖�xcfʰɂaŷ̖˕y̻�ƽĉ�Âțĉǌ̻͖¾˻æ½ 3-3
ʖʊ

ŬƘÐ�}¿�bǫƽĉĉÀȔɆºğ͖gȊ IBM_VDRASȔ�ɟȴ̖cƎÇ͖�xʰ

ɂaȒøƈ�ĵǲƈx�ǏŤƈȔ Q1x� Q2� 

½ 5-26ǫ IBM_VDRASÐ�}̂Ƃ�Ȓø�ĵǲ�ǏŤ̤ƵȔ Q1�Q2Âțm̸͖

ɘƐ̓Ȫ¾�m
�̤Ƶ
͖Q1̞�Ɓčù 0.75X̆�Í͖[͈ðǌùÀǫưk͖¥

°ýɘƤ͖Ȓøƈx�ǏŤƈȔƁÐtǴ͌ĎɎ¾ 3.75(650mb)͖ ÐòɎ¾ 1~2 %& /ℎ)͖

ɸ¾ĵǲƈƁÐtǴ͌ĎɎ¾ 5km(575mb) Ā�͖ÐòɎ¾ 3~4 %& /ℎ)͖x�ɘƐ̓Ȫ

ĵǲƈȔƁÐtǴ͌ĎƸȒøƈ�ǏŤƈȔ͌Ď˼͖͌�tǴĘĎŽÐ͖ƱȀˊ�Ƚ�

Esbensen et al. (1988)Ȕȥȳ͘¾ Q2Ȕ̀c͖Ȓøƈ�ĵǲƈ¥Ȁ̩ýɘƤ͖čùƁÐ

�|͌ĎɎ¾ 1.75km(824mb)͖ÐòɎ¾ 4 %& /ℎ)͖SǛǫčùðǌƽƼ`ɘ̅ŞǣǴ

Ƅ̗͖�ùƁÐ�|͌ĎɎ¾ 5.25km(540mb)Ā�͖ȒøƈŷÐòɎ¾ 1~2 %& /ℎ)͖ ĵǲ

ƈŷk¾ 3~4 %& /ℎ)͖SǛʆùǺ̚ƽ͔ȦǺ̯͕�ÄȒøƄ̗͖ƱɘƐ̓Ȫĵǲƈŷ

Âț˭ĎÉĘ͖ȦǺ̯7̧ǔðǌĚĵ͖ˮĵ�ù�|_ȊŲ͖̓h�ǏŤƈŷ͖¥Ȁ

°ýɘƤ͖čùƁÐ�|͌ĎɎ¾ 1.75km(824mb)͖ ÐòɎ¾ 4 %& /ℎ)͖ ̓ȪƱŷ�o	

̀cðǌ̯Ȕß¾͖ùǺ̚ƽ͔ȦǺ̯͕�ÄǙó� 

ȾYȹ ɪɘ�

6-1. ɘˀ 

2019Ċ TASSEŭ 6�7ƃø͖̕[
 2019Ċ 7ƃ 22ů�ğ̱ż�3͖ˮĵ�}̂

Ƃ�ǖƽ͖̭̚
ĥ¾ÐäƞƏX»ǚȸ͖ƁÐ̚ƽŷ̭̈Ŋ˥ 200 mmhr#$͖Ɗȥȳ

gȊ
ÓƼˊ÷ǚȸ��ǩÐá storm-trackerʭǚːŨ�x� IBM_VDRASɍɛðƱm
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ƙ˰ʝcƎ͖¾ IBM_VDRASȔ�|Ɂȍ�͖ɜ˳ storm-tracker�̱˵µǉ�ɓʰ̚ƽ

ȔƔ͊	͖AȊ NCEP-GDAS ]cƎːŨȐ_ɽŸÇ�cŤȶ� 2CYCLE �|Ɂȍ�

|�cû̱˵�TEAM-R͖ʕƱġhƁȞì�cƎÇ� 

¾eṲ̀Ƶ͖
� 12 ͐ŷǒƽ�Ạ̊ǅˉȋ̡̈́ˣǫǍ͖̈́îǍ�ǤǧȔȴƼĆ

S�}̂Ƃ�T̡͖�ŷǍ̈́¾Ɨ»�ŪȻûÁˢ�͖¾û�Ěĵ̚ƽğĝĉ¿JŔ͖

Ěĵ Aðǌɾ͖	� 1͐ŷǍ̈́tĘ͖¾̢Ųûx�̮ûûʀ}Ƶ͔�}Ȗ¿�ŬÁ͕

ˢ�͖P˖ȔƽƼx�ˢ�Ćˮĵ B�CðǌɾɻÙ͖�ŷ Aðǌɾ}ȺʆǒƽǅˉǍ

̈́ˢ�͖Aġ Aðǌɾ}ȭ͖ĝ�}Ȗ¿̷˥	

¾Ȓø̤Ƶ͖A�B�CðǌɾÉĘ�ĝ�}Ȗ¿̷˥͖ŭ 1502LSTŷ͖A͔C͕ð

ǌɾ_ƿ{º¾�}Ȗ¿ʨ͔ƌ͕I͖ʆćʫȔ�ğ̱ż¾�}Ȗ¿�ŬûÁ¿Ěĵğ

}JȔĪǇ
�͖AðǌɾȔ_ƿtĘ�Ǎ̈́ˢ�ȔɆº͖
��Ɗ�}Ȗ¿�ŬûÁ

¿͖˯�}Ȗ¿
ĥ�Ŷˢ�ȔɆº͖Ȑŷ�}Ȗ¿Ȕ CAPEkǫ 400-600 m2s2͖LFC

͌Ďǫ 800-900Xö͖CINk̶ćȔò͖�¶ǫ A�B�CðǌºB�}Ȗ¿Ȕ̗o͖


ù(4.25 X̆)ƽƼP˖͖]t�ƚ3
Ȳæ͖ˢ�ˮĵȔ��˲wŶ̶ćƄgŪȔðǌ

¾�}Ȗ¿ȒøȔ� 

¾ĵǲ̤Ƶ 1͖510LSTŷ�ʩðǌ¾ÐäƞƏX»�Ŭ̓˒͖h 1520LSTŷƁÐµ

ǉ�h˵ 54dBZ͖��˲wƁĘ�˵ 5 ms-1͖�Ʊðǌ¾ 1540LSTŷ͖ʆ�}Ȗ¿�Ŭ

ðǌ�R͖¾�RȔ˳Ȯ͖̭ƽ�̯ƽǕ�ƸÉt�ðǌ̯͋x�µǉɆºÉđÉÐ͖

��ʟǌ�R͖ƁÐÂț˭Ď�˵ 8 ms-1͖ɾ�R
8ÉĘ�ÉđðǌȔɆº͖�Ē̓

ĘðǌȔŷ̖͖AġĘ̚ƽɿĒɭ 30c̒Ā�͖ˮĵØƱÐ̈Ȕ̚ƽ� 

¾ǏŤ̤Ƶ͖1647LST ŷ�}Ȗ¿
ĥˣǫˢŤÇ͖
ĥƄ	ǂ˲w͖ðǌŭ

1508LSTŷ̫̕ÐäƞƏX»�ȴ͖ŪȔðǌ¾�}Ȗ¿Íºʨ�ŬʺȒ��ÍJ˶͖

��ğ̱żˮĵȔ_ƿÍǌAġ�}̂Ƃ�̡̈́ɻÙ͖ʃƱƊmƙ¦�Ƶʐ� 
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Ɗȥȳ�gȊ IBM_VDRASÐ�}¿�Ȕ�ɟƼˊÇ͖ʰɂȒø�ĵǲ�ǏŤ̤Ƶ

ŷ͖Ʊ�ğ̱żmƙ¾ʬǴǛ(Q1)x�ʬƽƼ~(Q2)ȔÂțc9͖ɘƐ̓Ȫ Q1 ¥°ý

ɘƤ͖¾ĵǲƈƁÐtǴ͌ĎɎ¾ 5km(575mb) Ā�͖ÐòɎ¾ 3~4 %& /ℎ)͖Q2¾ĵǲ

ƈ¥Ȁ̩ýɘƤ͖čùƁÐ�|͌ĎɎ¾ 1.75km(824mb)͖ ÐòɎ¾ 4 %& /ℎ)͖ �ùƁÐ

�|͌ĎɎ¾ 5.25km(540mb)Ā�͖Ðò¾ 3~4 %& /ℎ)� 

6-2. ƉSøƆ 

¾Ɗȥȳ
͖K̉ðÐ�}¿�ðǌbcƎ͖ØƐɿîcƎɆºÉthťm

IBM_VDRAS ƦŘɆº͔}�ǩ̀c͕͖ �ɿîȒø̤ƵŷȆÈx�ðǌɾȔȭwbŽ

×ȔcƎ͘ƱÍ¾ Q1�Q2Ȕ̀c��±ʶgȊ
�Ńƥ͖cƎaùǺʆðǌȔ̀c͘

¨l ȔȥȳbƸˠ͖¾ɾ�RȔ̀c͖�î 1520LSTʃ 1540LST� IBM_VDRASȔ

�ɟƼˊÇb˞˚cƎ͖ðɾ�RȔǸȂƪiɿƄŽ×ȔcƎʆ�ʯ� 
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̙ʠ�

ʠƖ 1͖IBM_VDRAS�|ì͊ 

 

 

 

ʠƖ 2͖IBM_VDRASWȯƦŘɘƐ storm trackerǝĎ RMSE 

 

 

 

ʠƖ 3͖IBM_VDRASWȯƦŘɘƐ stormt rackerƽƼǕ�Ƹ RMSE 
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ʠƖ 4 �}̂Ƃ�eṲ̀ƵƽƼˇ| 

�

	 �
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̙½�

 

½ 2-1͖GCIBMȪĭ½͖ɞʊʚɣǫì̦¿Ě͖͏ʊìĥ�ʮĚǫǌ͋Ɇº͖͏ʊȴ

ĥưŬĚǫ¿ĚɆº͖ɏʊ GǫʚɠƖ͖©®ʊ Iǫ̑L͖͐ʖʊ Bǫ¿Ě˽Ȍ͐� 
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½ 3-1͖2019/07/22 (a)1230-(j)1700LSTƼˊ÷ƁÐ̱˵�ĵµǉ½� 
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½ 3-2͖2019/07/22 (a)1200-(e)1700LSTƼˊ÷òŷɓȱ̭̈½� 
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½ 3-3͖IBM_VDRASƦŘɆº�ʭǚːŨc9½͖ưŬĚǫ̱˵ːŨ͖¼Ěǫ�Ð

storm-tracker͖ʏĚǫ CWB÷ú�ʂwʭǚȸ͎͘ʊʚɣcfvʠ�Ə��¿�̢Ų

û�̮ûûʀ͘ɽŸʊ̤vʠ�ǩ¿Ě͌Ď͖°-ǫXö͘ʖʊŬƘ�ÄǫÐ�}̂

Ƃ�͖ǫğɭgȊ IBM_VDRAScƎȔ�ʩ�Ä� 
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½ 3-4͖IBM_VDRAS�|ȶ�ʳæ͖Ɗ½øȀȔǫ˯ɭȶ�͖͎Ƙǫ 16c̒�|ȶ

�͖ʖƘvʠcƎÇ͖ɞƘǫ 5c̒Ȥ̼Æŷ̖͖͏ʊɄ̽ǫ�|̱˵ːŨ͖ʖÞǫ

TEAM-R͖ɞÞǫ RCTP͖ɏÞǫ�cû̱˵(RCMD/RCWF)� 
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½ 3-5͖IBM_VDRAS�|ȶ�ʳæ͖Ɗ½øȀȔǫcŤȶ�͖͎Ƙǫ 16c̒�|ȶ

�͖ʖƘvʠcƎÇ͖ɞƘǫ 5c̒Ȥ̼Æŷ̖͖2CYCLE RUNvʠcƎÇǫɜ˳V

m�|ȶ�ȔɘƐ͖3CYCLE RUNvʠcƎÇǫɜ˳�m�|ȶ�ȔɘƐ� 

�  
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� 4-14� IBM_VDRAS������ 1400LST storm tracker�(a)��(b)���
��

1500LST storm tracker�(c)��(d)���
��1658LST storm tracker�(e)��(f)��

�
���20�4
1�	��0�4�i3�� storm tracker v�x�� 
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½ 4-3͖�òŷɓȱ̭͖̈(a)ǫ 2019/07/22 1500LST-1800LSṰ̈èʭcƎɘƐ͖(b)

ǫ N_3r_2cƦŘ 1502-1810LSTṶ̏̈ɘƐ͖(c)ǫ N_2r_2cN_3r_2cƦŘ 1502-1810LST

Ṷ̏̈ɘƐ� 
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½ 5-1͖2019/07/22(a)850hPa�(b)500hPaƌ�ɝʭÑƼcƎ½ 
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½ 5-2͖2019/07/22(a)300hPa�(b)200hPaƌ�ɝʭÑƼcƎ½ 
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½ 5-3͖2019/07/22 0800LSTƍƨŉȴũǝ½� 
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½ 5-4͖2019/07/22Ð�}̂Ƃ�(a)1100LST (b)1210LST (c)1300LST(d)1400LSTǚȸ̈́

Ç͖͐Ȕ̀ʊǫƽƼǕ�Ƹ͖͏ʊɌìɣǫɩĄ˽Ȍ͖͏ʊɔìɣǫ 500Xö¿Ěɀ

͌ɣ͖46690ǫǒƽǚȸ͖46694ǫẠ̊ǚȸ� 
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½ 5-5͖2019/07/22 �ǩ}̀(a)1100LST�(b)1200LST�(c)1300LST�(d)1400LSTǚȸ

èʭcƎˢŤÇ͖ʖʊìɣǫǚȸèʭcƎġhȔ̈́Ç͖͏ʊɌìɣǫɩĄ˽Ȍ͖͏

ʊɔìɣǫ 500Xö¿Ěɀ͌ɣ� 
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½ 5-6͖2019/07/22(a)1210LST�(c)1330LST�(e)1340LSTʞŴʊʿĘ|½x�

(b)1230LST�(d)1400LST�(f)1410LSTƁÐ̱˵�ĵµǉ½� 
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½ 5-7͖2019/07/22 �ǩ}̀(a)1100LST�(b)1200LST�(c)1300LST�(d)1400LSTǚȸ

èʭcƎǝĎÇ͖͏ʊɌìɣǫɩĄ˽Ȍ͖͏ʊɔìɣǫ 500Xö¿Ěɀ͌ɣ� 
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½ 5-8͖IBM_VDRASÐ�}̂Ƃ�(a)1420LST�(c)1441LST�(e)1502LSTcƎÇƁÐ

̱˵�ĵµǉ½x�(b)1420LST�(d)1441LST�(f)1502LSTƦĔ¿ʠ�Ⱦ�ùȔŚw

ǝĎÇ͖ɏʊɣƵ Eǫğɭm̸cƎĸ˻Ȕ-ɰ� 
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½ 5-9͖IBM_VDRASÐ�}̂Ƃ�(a)1420LST�(c)1441LST�(e)1502LSTcƎÇˢ�

ˢŤ½͖ɏʊìɣǫƁÐ�ĵµǉ 35�45dBZȔɀkɣ͖ʖʊìɣǫŚwǝĎ̰Ď

ɣ͖ŚwǝĎ< 0ĎȔ�Äǫ_ƿ�Ä͖(b)1420LST�(d)1441LST�(f)1502LSTǫƦĔ

¿ʠ�Ⱦ�ùȔÂț˭ĎÇ͖ɒʊìɣǫˢŤÇǫ-5*10-4Ȕɀkɣ͖ɞʊìɣǫˢŤ

Çǫ 5*10-4Ȕɀkɣ� 



� 

 60 

 
½ 5-10͖IBM_VDRASÐ�}̂Ƃ� 1502LST�(a)CAPEÇ�(b)LFC͌Ď�(c)CIN

k͖(d)ȜðǧĎ�ÄƽĉĉÀÂțmɣ͖ʖ͐ǫ 1420LST�ɏʊǫ 1441LST�Ʃ͐ǫ

1502LST͖(e)�(f)ǫ IBM_VDRAS¾ 4.25X̆͌ȔȜðǧĎÇ� 
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½ 5-11͖IBM_VDRASÐ�}̂Ƃ� 1502LST(a)4.25X̆ť͋ƽƼˬ̈(g m-3 s-1)ˢŤ

Ç(b)0.75X̆ť͋ƽƼˬ̈ˢŤÇ(c)4.25X̆ƽĉƽƼˬ̈ˢŤÇ(d)0.75X̆ƽĉƽ

Ƽˬ̈ˢŤÇ(e)4.25X̆ÂțƽƼˬ̈ˢŤÇ(f)0.75X̆ÂțƽƼˬ̈ˢŤÇ͖͏ʊ

ʏĚǫÐäƞƏX»ǚȸȔ-ɰ� 
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½ 5-12͖IBM_VDRASÐ�}̂Ƃ� Em̸(a)1420LST�(b)1441LST�(c)1502LSTÂ

ț
ȲæĎ͔æɲǫ�ùȜȐ-ǝǙ�	ùȜȐ-ǝ �͕ 



� 

 63 

 

½ 5-13͖IBM_VDRASÐ�}̂Ƃ�(a)1523LST�(b)1544LST�(c)1605LST�(d) 

1626LSTcƎÇƁÐ̱˵�ĵµǉ½͖͏ʊʏĚǫÐäƞƏX»ǚȸȔ-ɰ� 
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½ 5-15͖ÐäƞƏX»ǚȸ 1500LST-165LSTȔ�c̒ɓʰ̭͔̈mmhr#$͕�ɪɓʰ

̚ƽ͔̈mm͕͖ ʖʊ barǫ�c̭̒̈̚ŏɂĵŷ̭̈ȔŦk͖Ʃʊɣǫ 1500LST̕

ÙʰɂȔɪɓʰ̭̈� 
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½ 5-18͖IBM_VDRASÐ�}̂Ƃ�(a)1520LST�(b)1530LST�(c)1540LSTcƎÇƁ

Ð̱˵�ĵµǉ½͖ɏʊɣƵ Eǫğɭm̸cƎĸ˻Ȕ-ɰ͖͏ʊʏĚǫÐäƞƏX

»ǚȸȔ-ɰ� 
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½ 5-19͖IBM_VDRASÐ�}̂Ƃ� 1520LSTcƎÇ Em̸(a)ƽĉŚwǝĎ�(b)Â

ț˭Ď�(c)ƽĉˢ�ˢŤ͖(a)
ɞɣǫ 10�35�45dBZɀkɣ�͎ɣǫ̯ƽǕ�Ƹ 

0.1�0.5�1.2�3.0. gkg-1ɀkɣ͖(b)
͏ʊìɣǫˢŤÇǫ-1*10-3Ȕɀkɣ��
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½ 5-20͖I IBM_VDRASÐ�}̂Ƃ� 1530LSTcƎÇ Em̸(a)ƽĉŚwǝĎ�(b)Â

ț˭Ď�(c)ƽĉˢ�ˢŤ͖(a)
ɞɣǫ 10�35�45dBZɀkɣ�͎ɣǫ̯ƽǕ�Ƹ 

0.1�0.5�1.2�3.0. gkg-1ɀkɣ͖(b)
͏ʊìɣǫˢŤÇǫ-1*10-3Ȕɀkɣ��
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½ 5-21͖IBM_VDRASÐ�}̂Ƃ� 1540LSTcƎÇ Em̸(a)ƽĉŚwǝĎ�(b)Â

ț˭Ď�(c)ƽĉˢ�ˢŤ͖(a)
ɞɣǫ 10�35�45dBZɀkɣ�͎ɣǫ̯ƽǕ�Ƹ 

0.1�0.5�1.2�3.0. gkg-1ɀkɣ͖(b)
͏ʊìɣǫˢŤÇǫ-1*10-3Ȕɀkɣ��
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½ 5-22͖IBM_VDRASÐ�}̂Ƃ� 1500LST-1550LSTcƎÇ (a)Âț˭Ď�(b)̭ƽ

Ǖ�Ƹ�(c)̯ƽǕ�ƸŷČ½͖ƩʊɣǫƁÐk͖ʖʊɣǫĉÀk� 
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½ 5-23͖IBM_VDRASÐ�}̂Ƃ�(a)1647LST�(b)1708LST�(c)1729LST�(d) 

1750LSTcƎÇƁÐ̱˵�ĵµǉ½͖͏ʊʏĚǫÐäƞƏX»ǚȸȔ-ɰ� 
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½ 5-24͖IBM_VDRASÐ�}̂Ƃ� 1647LSTcƎÇ(a)ˢ�ˢŤ½͖ɏʊìɣǫƁÐ

�ĵµǉ 35�45dBzȔɀkɣ͖ʖʊìɣǫŚwǝĎ̰Ďɣ͖ŚwǝĎ< 0ĎȔ�Äǫ

_ƿ�Ä͖(b)ƦĔ¿ʠ�Ⱦ�ùȔÂț˭ĎÇ͖ɒʊìɣǫˢŤÇǫ-5*10-4Ȕɀk

ɣ͖ɞʊìɣǫˢŤÇǫ 5*10-4Ȕɀkɣ� 
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½ 5-25͖2019/07/22�ǩ}̀ 1700LST(a)ǚȸèʭcƎǝĎÇ�(b)ǚȸèʭcƎˢ�

ˢŤÇ͖ʖʊìɣǫǚȸèʭcƎġhȔ̈́Ç͖͏ʊɌìɣǫɩĄ˽Ȍ͖͏ʊɔìɣ

ǫ 500Xö¿Ěɀ͌ɣ� 
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½ 5-26͖IBM_VDRASÐ�}̂Ƃ�Ȓø�ĵǲ�ǏŤ̤Ƶ(a)Q1�(b)Q2Âțm̸ 


