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International Field Campaigns on Taiwan
Investigating Extreme Rainfall
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The Taiwan Area Mesoscale Experiment 
(TAMEX, May-June 1987)

Taiwan-USA

Chi and Chen (1988)

00Z 28 May 1981

Doppler radars, soundings, 
surface stations, NOAA P-3 

aircraft 

(Trier et al. 1997)

Study of heavy rainfall
üMeiyu front
üMesoscale convective 

systems
üOrographic effects
üLocal circulations

Courtesy: Richard Johnson



TAMEX Radar observations along 
άMeiyuέ ŦǊƻƴǘ (Trier et al. 1990; Lin et 
al. 1990, 1992; Wang et al. 1990; 
Chen and Chou 1993; Chen and Li 
1995; Li et al. 1997; others)  

Shallow front
(Trier et al. 1997)

CP-4

Courtesy: Richard Johnson



TAMEX Radar observations of 
ŎƻƴǾŜŎǘƛƻƴ ŀƭƻƴƎ άMeiyuέ ŦǊƻƴǘ (Trier 
et al. 1990; Lin et al. 1990, 1992; 
Wang et al. 1990; Chen and Chou 
1993; Chen and Li 1995; Li et al. 1997; 
others)  

Back-building 
convection along 

Mei-Yu front
(Li, Chen and Lee 1997)

Courtesy: Richard Johnson
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15 May ς30 June     
2008

Scientific Objectives

üTerrain effect on the flow and 
MCSs

üMCS dynamics, microphysics, 
and predictability

üMesoscale data assimilation/ 
QPF

üConvective initiation/diurnal 
cycle/boundary layer processes

Participants

üField phase: US-Taiwan
üPost-field phase activities/ 

workshops: Korea, Japan, 
Viet Nam, PRC

NCAR S-Pol

Dropsonde 
missions

Courtesy: Richard Johnson



(Davis et al. 2012)

990 hPawind, Tv at 06Z on 5 June 2008

Observations of 
shallow fronts
(Davis et al. 2012)

ü Despite shallowness and 
weak T gradient, impact on 
convection is significant

ü T contrast reinforced by 
cool downdrafts over land

ü Analogous to coastal fronts 
at higher latitudes

Courtesy: Richard Johnson



(Xu et al. 2012)

Extreme rainfall   
14-16 June 2008

(Xu et al. 2012)

ü Convective cell triggering 
by low-level jet impinging 
on shallow cold pool

ü Cold pool reinforced by 
continuous precipitation

ü Cold pool trapped by 
terrain

ü Virtual extension of island 
barrier to the southwest



üMorning rainfall offshore, after-
noon maxima on coastal plain

üDominant rainfall on at higher 
elevations over CMR in afternoon

Diurnal Cycle of Convection during TiMREX

(Ruppertet al. 2013)

Courtesy: Richard Johnson



4-5 June 2008 Heavy Rainfall
TiMREX/ SoWMEX

(Lai, Davis, and Jou2011, MWR) 

MesoscaleConvective Vortex (MCV) during TiMREX

Heavy rain over 
southern Taiwan 

downshearof vortex 
center, aided by moist 

southwesterly flow

* > 250 mm 

MCV center

2257 UTC 4 Jun 2008

Courtesy: Richard Johnson
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Prediction of Rainfall Extremes 
Campaign In the Pacific (PRECIP) 2020 2022

Å PRECIP has been proposed for 25 May ï10 August 2020

2022 to observe Meiyu front, MCSs, diurnal convection, and 

typhoons near Taiwan

Å Part of an international effort to study extreme rainfall
Å Taiwan TAHOPE (Taiwan-Area Heavy rain Observation and 

Prediction)

Å Japan T-PARCII (Tropical cyclones-Pacific Asian Research 

Campaign for Improvement of Intensity estimations/forecasts)

Å NOAA IFEX-WP (Intensity Forecast Experiment ïWestern 

Pacific)

Lead PIs: Michael M. Bell 

and Kristen L. Rasmussen

(Courtesy Michael Bell)

2022



General Scientific Findings from TAMEX
and SoWMEX/TiMREX
ü Moist, unstable conditions and weak CIN over Taiwan 

during onset of summer monsoon: convection is 
readily initiated by Meiyufront, cold pools, orography, 
flow blocking, SST gradients

ü Extreme rainfall is often a result of a complex interplay 
among above processes

ü MCS organization leading to extreme rainfall: many 
aspects similar to that observed elsewhere in the 
tropics and in the midlatitudes

Courtesy: Richard Johnson
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CƻŎǳǎ ƻƴΧ

Microphysics

Aerosol

SW monsoon

MCS

Terrain

effect

QPE / QPF

Rainfall

Field 

Experiment
TyphoonMei -Yu

Track/Movement

Rainband/Structure 

Rapid Intensification

Rainfall Wind
Rainfall

Thunderstorm

Rainfall



Source: 
άMesoscale Dynamicsέ
Textbook by Lin (2007)

Orlanski(1975; BAMS)



ÅPrimary objective is to simplify 

complexity of multi-scale interactions 

by identifying key ingredients and 

processes in the two limiting cases of 

high intensity and long duration 

events in a moisture -rich 

environment 

PI: Ming-Jen Yang
Taiwan

PI: Kazuhisa Tsuboki
Japan

PI: Michael Bell
USA 

Figure from

Michael Bell



NCAR S-Pol NCU TEAM-R NCAR MPD

CSU Sea-Pol

NAGOYA NU-POL

TAHPOPE/

PRECIP/

T-PARCII 

2022

Slide from

Michael Bell



TAHOPE/PRECIP 2022

S-Pol Radar Antenna Assembly 

Video from Dr. Wen-Chau Lee at NCAR



TAHOPE/PRECIP 2022

S-Pol Radar Observation 

Video from Hsinchu County Government



TAHOPE/PRECIP 2022

Sounding Release on PengjiayuIsland 

Video from Prof. Jou-Ping Hou at 

National Defense University



Over 286,000 RHI scans in 2022

Å S-Pol operated from 5/25 ς8/10 (78 days)

Å Over 176,000 RHIs

Å SEA-POL operated from 6/10 ς8/22 (74 days)

Å Over 100,000 RHIs

Å TEAM-R operated from 5/15 ς7/31 (78 days)

Å 3 MPDs operated from 5/28 ς8/10 (75 days)

Å 1,341 soundings from TAHOPE/PRECIP/T-PARCII

Å 11 Intensive Observing Periods (IOPs) & 8 
Special Observation Periods (SOPs)

RHOHV

ZDR

Z

PID



List of IOPs & SOPs during TAHOPE 2022
(5/25 to 8/10 : 11 IOPs totally)



List of IOPs & SOPs during TAHOPE 2022
(5/25 to 8/10 in Year 2022: 11 IOPs totally)



IOP1 weather feature: BackbuildingMCS along a Mei-Yu front

An MCS with backbuilding
structureon 26 May for IOP 1 

Surface weather map on 00 UTC 26 May:
A May-Yu front is approaching from 
southeastern China to Taiwan



3-hourly Pengjiayusoundings at 03, 06, 09 and 12 Z on May 26

Pengjiayusurface wind turned to 
northerly at 09 UTC, indicating the
passage of the Mei-Yu front.  



CWB radar composite at 1250, 1520, 1700 and 1900 LST on May 26

Radar composites highlight the movement of
a NE-SW rainbandover the western Taiwan, 
with new cells forming on the upstream side of 
this rainband, a signature of back-building MCS.


