
109 年 9 月	 氣象預報與分析	 第 244 期

1 
 

 
 

 

 

 

 

1987

Taiwan Area Mesoscale Experiment TAMEX

(Low-Level Jet LLJ 1 km (barrier jet)

6 2 12

1

 

 

 
1.  

    2017 6

1 6 4

80

210

1446

2 7,115

2 7 8 14 21

71

6 1

6 2

12

12 641

100

6 2 6 3

(

2017)  

1987

TAMEX

1 

km (barrier 

jet)

(Chen and Li,1995; Li et al., 1997; Li 

1



109 年 9 月	 氣象預報與分析	 第 244 期

2 
 

and Chen, 1998) Li et al. (1997)

 

Ke et al.(2019)

y

3

4 30

 

( 2015)  

(2005)

(Conditional Instability of Second Kind, 

CISK) 8  

10-5 s-1 16  10-5 s-1

(Mesoscale Convective Systems, 

MCSs)  LLJ

MCSs

LLJ  

Lin et al.(2010) 

2005

6 12 15 2006 6 8 11

2



109 年 9 月	 氣象預報與分析	 第 244 期

3 
 

1

2

700 hPa

3 MCS

4

5

6

MCS

MCS

MCS

2006

2005

2006

 

Chen et al.(1994)

LLJ

Chen et al.(2006) 500 hPa

LLJ

Chen et 

al.(2013) 1984 6 3

450 mm 250 

mm Chen et al.(2013)

(LFC)

Li and Chen(1998) TAMEX

(barrier jet)

(~14 m s-1) 4 x 10-3 s-1 

10 x 10-3 s-1

Li et al.(1997) TAMEX

 

 

2.  

2.1 WRF  

Weather Re-

search and Forecast model, WRF

NCAR NCEP

Department of Defense’s Air 

Force Weather Agency

(Naval Research Laboratory)

(Center for Analysis 

and Prediction of Storms)

(Federal Aviation Administration)

( UCAR )  

WRF

V3.9.1

 (

)

3



109 年 9 月	 氣象預報與分析	 第 244 期

4 
 

(TF)

(HVC)

Arakawa C-grid 2 3

Runge-Kutta scheme

2 6 scheme;

( ARW User's 

Guide V3.9)  

(three-dimensional variational data assimila-

tion, 3DVAR)

(four-dimensional variational data assimila-

tion , 4DVAR)

(WPS)

FNL

(geogrid.exe, ungrib.exe, 

metgrid.exe)

(real.exe) WRF

( 1)

 

2.2  

2017 6 1 0600 

UTC 6 2 0600 UTC 24

( 2)

(D01)10 (D02)

2 60s

51 1

1  

2.3  

    

(National Center for Atmospheric Research, 

NCAR) (Research Data 

Archive, RDA)

(National Center for Envi-

ronmental Prediction, NCEP)

(Global Forecast System, GFS)

(FNL)

(GDAS)

(GTS)

2017 6 1

0600 UTC 6 2 0600 UTC 6

5

0.25 x 0.25

1000 hPa 10 hPa 26

u v

( UCAR ) 

2.4  

2017 6 2

(LLJ)

(NCDR)

NCEP CFSR 850 

hPa 500 hPa

200 hPa 1000-500 hPa

(NCU)C-POL

VAD(velocity azimuth display VAD)

 

4



109 年 9 月	 氣象預報與分析	 第 244 期

5 
 

WRF 3.9.1 NCEP FNL

 ( ) 

 

3.  

3.1  

6 1 0000 UTC 6 1

1200 UTC 6 2 0000 UTC 6 2  

1200 UTC

6 1 0000 

UTC 1200 UTC

0000 UTC

1200 UTC

(

15 kt) ( 5 kt) 925 hPa

( 25 kt)

30 kt 40 

kt( ) 850 hPa

30 kt 40 kt 700 hPa

25 kt 35 kt

500 hPa

( 50 kt)

( 40 kt) ( 50 

kt) 200 hPa 30

 

6 2 0000 UTC 1200 UTC

0000 UTC

1200 UTC

925 hPa

(

40 kt) ( 35 kt)

5 kt 850 

hPa

50 kt 25 kt 700 hPa

50 kt 45 kt

500 hPa

50 kt 25 kt 200 hPa

25

 

6 1 1200 UTC

500 hPa

;

5



109 年 9 月	 氣象預報與分析	 第 244 期

6 
 

LLJ

200 hPa 

6 2 0000 UTC

500 

hPa

6 1 

1800 UTC 6 2 0000 UTC  

NOGAPS 925 hPa

( 5 15)

(

10~15)

6 2 0600 

UTC 15 NOGAPS 

300 hPa

(DIV ) 6 1 0600 UTC

1200 UTC 6 2 0000 UTC 0600 UTC

6 2 1200 UTC (

) (

)

 

850 hPa

6 1 1800 UTC

6 2 1200 UTC

345 

K (

)

 

850 hPa 6 1 1800 

UTC 6 2 0600 UTC

(vapor flux 250~350 (g kg-1)(m s-1) ) 700 

hPa

80-90 % -1 s-1

500 hPa 6

2 0000 UTC

1200 UTC

500 hPa

6 1 1200 UTC 

6 2 1200 UTC 50 60 mm

200 hPa 3~7 10-5 

s-1 6 2 0600 UTC (7 10-5 s-1

)  

1000-500 hPa

(60~90 gpm)

850-300 hPa

(moist flux) (225~275 (g 

kg-1)(m s-1) )6 1  1800 UTC

6 2 1200 UTC (125~200

(g kg-1)(m s-1) );

 

6 1 1200 UTC 1800 UTC

1000 500 hPa

6 1 1200 UTC 1800 

UTC

 

6 1 0000 UTC

1200 UTC

6



109 年 9 月	 氣象預報與分析	 第 244 期

7 
 

(

500 hPa 10 kt )

925-850 hPa

( < 4 C) 6 2 0000 UTC

6 1 1200 UTC

(50 kt) 700-850 hPa

(LFC) 692 hPa

869 hPa LCL

(CCL) 948 911 hPa

(Showalter index)

(<1°C)  SWEAT index

(> 400)

(LI) 

(-3~-5) 6 2 1200 UTC

 

(NCU)C-POL

VAD ( 3)

1900 2130 UTC

(40 m s-1)

 

925 hPa 6

1 1800 UTC 6 2 0000 UTC

850 hPa

500 hPa 200  

hPa 1000-500 hPa

6 2  

;

;

(700 500 hPa)

;6 1

1200 UTC 6 2 0000 UTC

925

850 hPa ( )

LFC

; NCU C-POL

( ) ( )

 

3.2  

6 2 0330 LST

overshooting ( -81.2 C

) 15

1330 LST  

6 1 2300 

LST 6 2 0330 LST

1330LST

6 2

 

0200 LST

1300 1400 LST

6

2 0200 1400 LST

7



109 年 9 月	 氣象預報與分析	 第 244 期

8 
 

0500 1300 LST

 

(2003) TAMEX

1 h

6

1 0100 LST ( )

( ) ( )

5 kt

10~15 kt ( )

6 1 0300 LST

(5 kt )

12 LST

10 kt 5 kt

0100 LST

0300 LST

1200 

LST

 

4.  

WRF

 6 2 0330

0530 LST

6 2

0530 1030 LST

6 2 1030 1330 LST

6 2 1330 LST

 

:( )6 1 2300 LST 6 2 0330 

LST ( )6 2 0330 0530 LST

(

)6 2 0530 6 2 1030 LST

( )6 2 1030 

LST

 

-

A(26 N,120 E) A'(24 N,122 E) 

( 5) B(24 N,120 E)

B'(25.2 N,122 E) 

( 6)  

A-A' B-B'

8



109 年 9 月	 氣象預報與分析	 第 244 期

9 
 

A-A' ( 6 7)

(0200~0530 LST)

6~8m s-1

A-A' 

 

(

7)

(0530 LST)

200 hPa

; A-A'

(

)

14km

 

A-A' ( 8)

( )

 

Ertel's (JAMES R. 

HOLTON 2004) : 

8(a)~(f)

(

7(a)~(f))

( )

 

1

WRF 1 ( 9) 6

1 2300 LST 20 m s-1

139 km

25 m s-1

25 m s-1

6 2

0200 LST

30 m s-1 1

(barrier jet)

 

5.  

6 2

12

1

9



109 年 9 月	 氣象預報與分析	 第 244 期

10 
 

 

6.  

2015 2008 

-2012 

 

2005 

 

2010 

 

2002

TAMEX IOP-2

30 4 351-376  

Ching-Yin Ke, Kao-Shen Chung, Tai-Chi 

Chen Wang & Yu-Chieng Liou, "Analy-

sis of heavy rainfall and barrier-jet evo-

lution during Mei-Yu season using mul-

tiple Doppler radar retrievals: a case 

study on 11 June 2012", 1-12, 2019  

Chen, Y. L. and Li, J. 1995a. "Characteristics 

of surface pressure and wind patterns 

over the island of Taiwan during 

TAMEX. " Mon. Wea. Rev. 123, 691

716.,1995  

Chen,Y.L.and Li,J.1995b. "Large-scale condi-

tions for the development of heavy pre-

cipitation during TAMEX IOP 3. Mon. 

Wea. Rev.123,2978 3002,1995  

Chen Y. -L., X. A. Chen, and Y.-X. Zhang: " A 

diagnostic study of the low-level jet 

(LLJ) during TAMEX IOP5". Mon. Wea. 

Rea., 122, 2257-2284, 1994  

Chen G. T. J., C. -C. Wang, and L.-F. Lin: "A 

diagnostic study of a retreating Mei-Yu 

front and the accompanying low-level jet 

formation and intensification. ",Mon. 

Wea. Rev., 134, 874-896. , 2006  

Chen, C.-Y., Y.-L. Chen, C.-S. Chen, P.-L. 

Lin, and C.-L. Liu: "Revisit of a Heavy 

Rainfall Event over Northern Taiwan on 

3 June 1984. ",Ocean. Sci. accept. , 2013 

Li J., and Y. -L. Chen: "Barrier Jets during 

TAMEX. ", Mon. Wea. Rev., 126, 

959-971, 1998  

Li J.,Y.-L. Chen, and W.-C. Lee: "Analysis of 

Heavy Rainfall Event during TAMEX. ", 

Mon. Wea. Rev., 125, 1060-1082. , 1997 

JAMES R. HOLTON,“AN 
INTRODUCTIONTO DYNAMIC 
METEOROLOG Fourth Edition,”, Vol. 
553, No. 4.3, P.97, 2004. 

https://den.ncdr.nat.gov.tw/1132/1188/ 0601

2017  

https://www.mmm.ucar.edu/weather-research

-and-forecasting-model (2019.07.31)  

http://www2.mmm.ucar.edu/wrf/users/docs/u

ser_guide_V3.9/ARWUsersGuideV3.9.p

df (2019.07.31)  

https://rda.ucar.edu/datasets/ds083.3/(2019.0

7.31)  

https://watch.ncdr.nat.gov.tw/watch_cfsr(201

9.07.31)  

10



109 年 9 月	 氣象預報與分析	 第 244 期

11 
 

http://140.137.32.24/web1/xl11.html(2019.09

.03)  

http://radar.atm.ncu.edu.tw/web/#radar  

https://watch.ncdr.nat.gov.tw/watch_home.as

px(2019.07.31)  

7.  

1 WRF  

2  

 
3  C-POL radar VAD(velocity 

azimuth display)  

 
4 WRF A-A'

B-B'  

 
5 (a)~(f) WRF

A-A'
( dBz)

w
 m s-1 0.5 m s-1  

 
6 5 B-B'  

11



109 年 9 月	 氣象預報與分析	 第 244 期

12 
 

 
7 (a)~(f) WRF

A-A'
w
 m s-1

0.5 m s-1  

 
8 (a)~(f) WRF

A-A'
( PVU)

w  
m s-1 0.5 m s-1  

 

 

 
 

 
9 WRF 1 km

uv uv
30 m s-1  

1 WRF  

 
 

 
 
 

 
 
 
 
 

12



109 年 9 月	 氣象預報與分析	 第 244 期

13 
 

Study on the severe weather caused by the low-level jet in 
front of the Meiyu front in northwestern Taiwan 

 
Li-Zhen Su and Jou-Ping Hou 

Department of Environmental Information and Engineering, CCIT, National Defense University 
 

Abstract 

During the Meiyu front, strong winds often occur in the offshore area of northwestern Taiwan. 
The increase of the southwest airflow as the front approaches is likely to be affected by the terrain 
effect. It converges with the environmental wind field and causes severe precipitation. In 1987, 
some studies conducted by Taiwan mesoscale experiment (Taiwan Area Mesoscale Experiment 
,TAMEX) found that low-level jet (Low-Level Jet ,LLJ , about 1 km high) under certain conditions, 
known as barrier jet, strongly affected the heavy rainfall in northern Taiwan.On the morning of June 
2, according to the results of the study in the meiyu frontal contact north Taiwan, in just 12 hours 
later to keelung and north coast down to the super heavy rain of reason, may be related to frontal 
subject in northern Taiwan snowy mountains, in the height of about 1 km high barrier jet enhance-
ment, frontal subject during the maritime mobile, because of the barrier flow increase, lead to tem-
perature gradient and enhancement of the vertical velocity;Under the action of the conservation of 
the governing vortex, the cyclonic vorticity increases, resulting in the cyclonic circulation around 
the anomalous area of the positive vortex, which indicates the cause of the strong water in this 
case.Based on the observation data and model simulation results, this study analyzed the main 
causes and physical mechanisms of the severe precipitation in northwest Taiwan, and then specu-
lated on the dynamic and thermodynamic processes of such weather phenomena over time. 
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