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The Taiwan Area Mesoscale Experiment
(TAMEX, May-June 1987)

Taiwan-USA

Study of heavy rainfall
» Melyu front
» Mesoscale convective Y S
systems
» Orographic effects
» Local circulations

46780
® (Lutao)

{Tung-Kang}
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Doppler radars, soundings, [ 50°E 219E 22°F Z30F
Surface Stations, NOAA P'3 f Ground-Based Rawinsonde Sites £ Ground-Based Doppler- Rodars
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TAMEX Radar observations along
“Meiyu” front (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)

HEIGHT AGL (km)

(Trier et al. 1997)

Shallow front 3 |

d JOhnson Copyright 2006 Geology.com



TAMEX Radar observations of
convection along “Meiyu” front (Trier
etal. 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
BJ h convection along
.~ Mei-Yu front

(Li, Chen and Lee 1997)

[Copyright 2006 Geology.com
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Scientific Objectives

» Terrain effect on the flow and
MCSs

» MCS dynamics, microphysics,
and predictability

» Mesoscale data assimilation/
QPF

» Convective initiation/diurnal
cycle/boundary layer processe

Participants
» Field phase US-Taiwan

Large—scale Sounding Network for TIMREX

23N

el

20N

57992 I 57’93 I | 9’6?2

CHINA

Sozg

— 46741

A Ls

Dropsonde
missions

sssld

P

Sonde types
Valsala RS80 (4)
Valsala RS92 (4)
GRAW (2)

Meisel (4)

Shang (8)

120

0 0.5 1.0 1

elevation {(km)



990 hPa wind, T, at 06Z on 5 June 2008

Observations of

shallow fronts
(Davis et al. 2012)

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

» T contrast reinforced by
cool downdrafts over land

» Analogous to coastal fronts

at higher latitudes




Extreme rainfall

14-16 June 2008
(Xu et al. 2012)

convective cells

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

Cold pool reinforced by
continuous precipitation _ AL
Cold pool trapped by | ' = e
terrain ship(99810)

Virtual extension Of island Red: unstable air Blue: cold pool Wind barbs: winds from soundings

boundary: between the cold pool and upstream flows
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Courtesy: Richard Johnson

Diurnal Cycle of Convection during TIMREX
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4-5 June 2008 Heavy Rainfall

TiMREX/SoWMEX

(Lai, Davis, and Jou 2011, MWR) |

Heavy rain over
southern Taiwan
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MCYV center ..
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downshear of vortex
center, aided by moist
southwesterly flow
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Investigating Extreme Rainfall




(Courtesy Michael Bell)

Prediction of Rainfall Extremes
Campaign In the Pacific (PRECIP) 2020 2022

Lead Pls: Michael M. Bell
and Kristen L. Rasmussen

Mei-Yu Typhoc

2022 C

» PRECIP has been proposed for 25 May — 10 August 2820
2022 to observe Meiyu front, MCSs, diurnal convection, and

typhoons near Taiwan
» Part of an international effort to study extreme rainfall
+ Taiwan TAHOPE (Taiwan-Area Heavy rain Observation and
Prediction)
« Japan T-PARCII (Tropical cyclones-Pacific Asian Research
Campaign for Improvement of Intensity estimations/forecasts)
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General Scientific Findings from TAMEX
and SOWMEX/TiIMREX

» Moist, unstable conditions and weak CIN over Taiwan
during onset of summer monsoon: convection is
readily initiated by Meiyu front, cold pools, orography,
flow blocking, SST gradients

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

» MCS organization leading to extreme rainfall: many

aspects similar to that observed elsewhere in the

tropics and in the midlatitudes
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Rainfall

\

Aerosol . QPE/QP

Terrain
effect

-
Rainfall

~ SW monsoon/

Track/Movement
Rainband/Structure
Rapid Intensification



Table 1.1 Atmospheric scale definitions. (Adapted after Thunis and Bornstein 1996.)

Thunis and
Bornstein Atmospheric Phenomena
(1996)

Horizontal Lifeti Stull Pielke Orlanski
Scale HeHme 1 1988) | (2002) (1975)

1 month General circulation, long waves

10000 km

0O =~=00B3<Wwy

Macro-3 | Macro-f | Synoptic cyclones

2000 km
hurricanes, tropical storms

short cyclone waves,

mesoscale convective complexes

— 8 O =00 o X

Atian Mesocyclones, mesohighs,

supercells, squall lines,
inertia-gravity waves,

cloud clusters, low-level jets
thunderstorm groups,
mountain waves, sea breezes

Thunderstorms, cumulonimbi,
clear-air turbulence,
heat island, macrobursts

Cumulus, tornadoes,
microbursts, hydraulic jumps
30 min

Plumes, wakes, waterspouts,

Micro-£3 dust devils

I min

Micro-vy Turbulence, sound waves

Micro-6

Source:
“Mesoscale Dynamics”
Textbook by Lin (2007)

Orlanski (1975; BAMS)



Strong Deep '
Vertical Convective Tropical

Forcing Cores Cyclones
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TAHOPE/PRECIP 2022
S-Pol Radar Antenna Assembly




TAHOPE /PRECIP 2022
S-Pol Radar Observation




TAHOPE/PRECIP 2022
Sounding Release on Pengjiayu Island




Over 286,000 RHI scans in 2022
S-Pol operated from 5/25 — 8/10 (78 days)

Over 176,000 RHIs

SEA-POL operated from 6/10 — 8/22 (74 days)

TEAM-R operated from 5/15 —7/31 (78 days)
3 MPDs operated from 5/28 — 8/10 (75 days)

Over 100,000 RHIs

TR R P W 7S dey - SG/B/HEZ 66:31:3




List of IOPs & SOPs during TAHOPE 2022

(5/25 to 8/10 : 11 IOPs totally)

Period

Description

SOP1 5/25 00Z — 5/26 00Z Mei-Yu front and MCS

IOP1 5/26 00Z — 5/28 00Z Mei-Yu front and MCS (Backbuilding MCS on 5/26)

I0P2 5/31 00Z - 5/31 12Z Afternoon thunderstorm (Thunderstorms with seep echo top
of 16-km over Yilan)

I0P3 6/06 06Z — 6/12 127 Quasi-stationary Mei-Yu front on Taiwan (Backbuilding
MCS over Miaoli; a squall line approaching northern Taiwan
on 6/10)

I0P4 6/15 00Z — 6/16 00Z Prefrontal southwesterly in a weakening Mei-Yu front (Dry
air intrusion at low level over northern Taiwan)

SOP2 6/23 00Z — 6/24 00Z Afternoon thunderstorm

SOP3 6/24 00Z — 6/25 00Z Afternoon thunderstorm (Hail case at Taipei Basin)

IOP5 6/25 00Z — 6/25 15Z Afternoon thunderstorm (Intense thunderstorms over Taipei,
Taoyuan, and Miaoli)

SOP4 6/29 00Z — 6/30 00Z Afternoon thunderstorm

IOP6 7/01 00Z — 7/04 00Z Rainfall associated with TC Chaba and TC Aere (Heavy

rainfall on eastern and southern Taiwan)




List of IOPs & SOPs during TAHOPE 2022

(5/25 to 8/10 in Year 2022: 11 IOPs totally)

IOP7 7/05 00Z —7/05 04Z Typhoon Aere approaching Kyushu with dropsondes
observation (Heavy rainfall over Kyushu and Honshu)

SOP5 7/05 00Z —7/06 00Z Afternoon thunderstorm at Taipei Basin

SOP6 7/06 00Z —7/07 00Z Afternoon thunderstorm at Taipei Basin

IOP8 7/13 06Z —7/16 06Z Rainfall associated with TD 90W (Heavy rainfall on eastern
and southern Taiwan)

SOP7 7/19 00Z —7/20 00Z Afternoon thunderstorm at Taipei Basin

SOPS8 7/20 00Z —7/21 00Z Afternoon thunderstorm at Taipei Basin

IOP9 7/29 00Z —7/29 12Z Moisture transport by low pressure and afternoon
thunderstorm (Heavy rainfall in the evening; thunderstorms
and lightning over northern Taiwan)

IOP10 8/01 00Z —8/03 18Z Moisture transport by low pressure (Heavy rainfall in Taipei
Basin, central and southern Taiwan)

IOP11 8/04 00Z — 8/04 12Z Afternoon thunderstorm (Thunderstorms in Taipei Basin)

s

IOP (intensive observation periods) 2 A 5| ZL[F K R A LA B FEHAZBEE -
SOP (special observation periods) & A 5| Z\ K X R » 122 F 2B B EBR A 2B E(BIFEEZ K)o




|IOP1 weather feature: Backbuilding MCS along a Mei-Yu front

ASAS RCTP BMF
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3-hourly Pengjiayu soundings at 03, 06, 09 and 12 Z on May 26

CWB-46695 radiosonde for PRECIP -- preliminary data - g
Lat: 25.628 Lon: 122.080 0300 UTC 202 CWB-46695 radiosonde for PRECIP -- preliminary data
x " 4 * % o Lat: 25.628 Lon: 122.080 0600 UTC 2022/5/26

-02
LCL =995 hPa
LFC - 989 hPa

mean-layer parcel
G

LCL 965 hPa
LFC =965 hPa

unstable parcel
- 1235Jkg

CIN =84 Jikg

LCL - 802 hPa

LF

200

798 hPa
sous 808 hPa
urce = 846 hPa
PW - 61.51 mm
4.56 mm

300 250
300 250

0-6-km shear- 523 ki
km shear= 19.3 ki

Pengjiayu surface wind turned to
o i b northerly at 09 UTC, indicating the
OO passage of the Mei-Yu front.

Lat: 25.628 Lon: 122.080 1200 UTC 2022/5/26

mean-layer parcel
CAPE - 139 Jkg
CIN=0Jkg

Pa

150

le parcel
CAPE 309 Jig
CIN=64Jkg

562

300 250 200
200

300 250

P (hPa)

-20

dashed black line shows mean 500-m layer parcel dashed black line shows mean 500-m layer parcel



CWB radar comp05|te at 1250, 1520 17OO and 1900 LST on May 26

2022/05/26 12:50 _h : P[] R] 2022/05/26 15:20

Radar composites highlight the movement of

a NE-SW rainband over the western Taiwan,
with new cells forming on the upstream side of
this rainband, a signature of back-building MCS.

2022/05/26 17:00
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Notable period of 1-h radar-estimated rainfall and lightning at 1740 LST on May 26

202205261740 TST

- LT
2022/05/26 08:50 UTC = 2022,!'05{26 09:50 (1hr) r morrectﬂ i
. - . r
~ El

Hourly rainfall > 70 mm/h
and intense lightning over
central Taiwan.

2 21.0

118.0 118.0 rz20.0 121.0 122.0 r28.0




PRECIP/TAHOPE observations — IOP2

I/D Map: 2022-05-31 00:00:00Z - 2022-05-31 12:00:00Z
Domain = FULL, Gap Allowance = lhr

Scale Top: 20,

Scale Base: 0 Unzoom |  Dismiss |
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Strong convective instability indicated by 00 UTC
soundings at Hsinchu (left) and Yonaguni (right

CWB-46757 radiosonde for PRECIP -- preliminary data
Lat: 24.828 Lon: 121.014 0000 UTC 2022/05/31

CSU radiosonde -- preliminary data

surface parcel:
CAPE = 17945 Jkg
CIN =0.1 Jkg

LCL =950 hPa
LFC =950 hPa

A} % Y

mean-layer parcel
CAPE = 1233.3 Jkg
CIN=05Jkg

LCL =963 hPa

Lat: 24.467040°N Lon: 123.010890°E 2333 UTC 2022-05-30

LFC =960 hPa

most-unstable parcel
CAPE = 17945 Jkg
CIN =0.1 Jkg

200

LCL =850 hPa
LFC =950 hPa
source = 1005 hPa

PW = 61.03 mm

0--6-km shear= 24,7 kt
0--1-km shear= 22 kt

300 250

300 250

CAPE ~ 1800 J/kg

surface parcel

CAPE = 3888.4 J/kg

CIN =05 Jkg
LCL = 983 hPa
LFC =981 hPa

mean-layer parcel

CAPE = 3265.6 J/kg

CIN =0.1 J/kg
LCL = 964 hPa
LFC = 964 hPa

mast-unstable parcel
CAPE = 3888.4 J/kg

CIN =05 Jkg
LCL = 983 hPa
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PW = 63.35 mm
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S-Pol radar observations of deep convective cells
for the IOP2 afternoon thunderstorms

Reflectivity PPI
at 0431 UTC

Scale Top - Scale Top: 20
Scale Bas - Scale Base: 0

Unzoom Dismiss
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Intense rainfall for the IOP2 afternoon thunderstorms

12-h radar-estimated rainfall > 150 mm
over NE and eastern Taiwan for IOP2 event
— meets the CWB Heavy Rain Warming

: criteria
—> Heavy rain alert and flash flood alert
were issued by CWB at 0431 and 0531 UTC




Source: Jack Miao

horizontal wind
(vector) at Z=1.5 km,
and ZH (colored) at
Z=1.5 km
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121°20'E 121°30'E 121°40'E 121°50'E 121°20'E 121°30'E 121°40'E 121°650'E

e 1209-1231 LST: cells A and B merge to form cell A+B, while the mid-level
updrafts (2 m/s) do not merge => updraft structure

rear-end collision

due to the different propagation speeds



Source: Jack Miao

horizontal wind
(vector) at Z=1.5 km,
and ZH (colored) at
Z=1.5 km
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(d) 1636

e 1500-1636 LST: Convective cells were isolated and weaker; easterly
winds north of a mesoscale vortex over Yilan prevailed over the Snow




Source: Jack Miao
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e 1209-1231 LST: cells A and B merge to form cell A+B, while the mid-level updrafts

(2 m/s) do not merge => updraft structure
* 1231-1300 LST: cells A+B and C merge to form cell A+B+C, with
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Jack Miao
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Source:
Jack Miao
Phase Diagram for Microphysical Processes
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|OP3: Passage of a quasi-stationary Mei-Yu front
with embedded MCSs and squall lines
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Water vapor time series on June 6 from MPDs at Yilan
(upper), Hsmchu (mlddle) and NCU (bottom) stations

Height (km, AGL)

N

O

W Low-level moisture is increasing
4 with time, particularly after

4 06 UTC, leading to precipitation
at Hsinchu and NCU at 08 UTC.
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Water Vapor (g/m?3)
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Radar composite |mages at 14 17, ZO and 23 LST on June 6 during I0P3

2022/06/06 14 00

Deep convective cells within
broader stratiform precipitation
over northern and central Taiwan
on June 6.




|IOP3: Leading-stratiform and parallel-stratiform MCSs on June 10

For IOP 3, Leading-stratiform (LS) and
parallel-statiform (PS) MCSs occurred
over the Taiwan Strait on 10 June.



dual doppler 2022/06/06 05:59:04 ~ 06:06:49 UTC
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dual doppler 2022/06/06 05:59:04 ~ 06:06:49 UTC

Source: @ Z =4.0 km
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dual doppler 2022/06/06 06:48:50 ~ 06:57:50 UTC

Source: @ Z =1.5km
Chiu-Lin Liao OL reflectivi ___dBz w

25.5N
Hydrometeor Size-sorting

Spatial variability in graupel-melted rain DSD
induces large low-level separation distance

Fig. 17c of Tam, Yang, and Lee
for an PECAN MCS in Oklahoma
(2022; JGR)




Source:
Shu-Chih Yang

Assimilating the S-Pol radar
data enhances the low-level
moisture transport!




Results of forecast (forecast from 0600 UTC)
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Special Observation on June 23: S-Pol radar observations

8POL DBZ F RHI: 85 deg - 06/23/2022 06:55:20
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Michael Bell
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Special Observation on June 24: Hailstone in central Taipei

On 24 June, an intense downburst
with hail particles in the center
of Taipei (near CWB).

The RHI cross sections from SPOL
radar showed intense convective

I v!‘l
y ‘\l i ‘",J



T | LRI

o
¥ \ hy

: |

A ZDR (dB)
o

Breakup

*




|OP6: TCs Aere and Chaba near Taiwan
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|OP6: TCs Aere and Chaba near Taiwan
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IOP 6: TCs Aere and Chaba near Taiwan
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STATION

|IOP 6: Unstable soundings at Hsinchu
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|IOP 10: Moisture transport from low pressure during 1-3 August

init: 2022-07-31 00:00:00
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|IOP 10: Moisture transport from low pressure during 1-3 August
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|IOP 10: Moisture transport from low pressure during 1-3 August
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|IOP 10: Moisture transport from low pressure during 1-3 August
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|IOP 10: Moisture transport from low pressure during 1-3 August
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S-Pol intense RHI scans on the thunderstorms




|IOP 10: Moisture transport from low pressure during 1-3 August

Current Time: 08/03/2022 09:54:21
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|IOP 10: Moisture transport from low pressure during 1-3 August




|IOP 10: Moisture transport from low pressure during 1-3 August
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Conclusions

 TAHOPE/PRECIP/T-PARCII 2022 field experiment were conducted successfully despite 2-year
delay and ongoing COVID-19 pandemic

e 1st deployment of NCAR MicroPulse DIAL (MPD) on Taiwan
e 1stland-based deployment of CSU SEA-POL on Yonaguni, Japan
e Istinternational field campaign on Mei-Yu fronts, MCSs, thunderstorms, and typhoons

Boundary-layer lifting in moisture-rich environment surrounding Taiwan is a critical factor
e Strength and position of frontal forcing are essential

Diurnal heating over complex terrain on Taiwan — very predictable in some cases, but
unpredictable in other cases

e QOver 200,000 radar RHIs are composited into comprehensive profiles of polarimetric radar
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