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List of TAHOPE Pls
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convective systemes.

e First time to document detailed
mesoscale structures of MCSs 1n
Taiwan.

* Study confined to the vicinity of
Taiwan, less mvestigation of
oceanic convection.

Kuo and Chen (1990)
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The effects of orography and the characteristics of upstream monsoonal flow on rainfall
distributions in southern Taiwan.

The roles of Meiyu front and its mesoscale circulations in the development, maintenance and
regeneration of heavy rain producing convection systems in southern Taiwan.

The effect of boundary layer processes, such as, surface moisture distributions, land-sea
contrasts and mountain-valley circulations on modulation of the precipitation pattern.

The microphysical processes of heavy rain producing convective systems influenced by
complex terrain.

Improving QPE/QPF skill by better understanding of multi-scale precipitation processes and
the assimilation of high-resolution observations into numerical models and nowcasting

systems. Jou, Lee and Johnson (2011)
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TCM-90 (1990) & ITOP (2010)
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Tropical Cyclone Motion (TCM).

Understanding tropical cyclone motion
and improving forecast accuracy.

Surface Radiosonde and Doppler radar,
Aircraft Dropsonde, Ship
Sounding...... etc.
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Impact of Typhoons on the Ocean in the Pacific
(ITOP).

Increase understanding of the interaction
between the ocean and tropical cyclones over
the tropical western North Pacific.

Better understand the surface wave field under
the forcing of typhoons.

Aircraft Dropsonde, Ship, Buoy...... etc.



110E
35N

DOTSTAR (2003~Now)

135E

30N

25N

ZOR |

—1 35N
-

30N

25N

20N

! 15
120E 125E 1RE 135E

Wu et al. (2005, BAMS)

To evaluate how the dropsonde data
influence track prediction, and to study
the optimum observation strategies for
improving typhoon forecasts.

To validate the remote sensing data
around typhoons and to help explore the
typhoon dynamics and theories.

To improve the adaptive observation
strategy and data assimilation, which are
at the forefront of typhoon forecast.

promote the international status of Taiwan
in the tropical cyclone research field and
to play the leading role of typhoon
research in the northwestern Pacific and
East Asia region.
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(TAHOPE/PRECIP/TPARC-II)

» Most of severe rainfall events in the vicinity of
Taiwan are resulted from Mei-yu frontal
systems and landfalling typhoons.

» The integrated observations near Taiwan are
critical for improving quantitative precipitation
forecast in numerical models.

» The joint field experiments may collect highly
demanding observations for NWP through
advanced data assimilation technique.



Introduction of TAHOPE

* Taiwan-Area Heavy rain Observation and Prediction
Experiment (TAHOPE) is an international joint project of
Taiwan, U.S.A. (PRECIP 2020), and Japan (T-PARC II) that will
conduct observations for severe weather (Mei-yu and
typhoon) in the vicinity of Taiwan.

 The main themes of the project range from large-scale
monsoonal influence, typhoons, mesoscale convective
systems as well as cloud microphysics processes, under the
special topography of Taiwan island with steep mountain.

 Through the joint network of intense observations, real-time
or near real-time data assimilation analysis and prediction
will be conducted using the advanced atmospheric models to
improve weather prediction.



Introduction of TAHOPE

* Taiwan operational observation facilities (radars and
radiosondes), atmospheric measurements (C-Pol radar, wind
profile, dropsonde and aerosonde) of NARLabs to perform

joint observation experiment during mid-May to end of
September 2020

* Evaluation of data impact on assimilation and prediction from
own domestic satellite (FORMOSAT-7) GPS RO and
reflectometry measurements will be carried out, in particular.



Scientific goals of TAHOPE

To understand the essential synoptic forcings of the associated Mei-yu convective
systems and typhoons in the vicinity of Taiwan complex terrain through
international collaborative experimentation.

To realize the multiple-scale interactions among large-scale flow environments,
mesoscale systems and microscale cloud convections responsible for heavy rainfall
in Mei-yu convective systems and typhoons.

To identify and verify the characteristics of cloud-microphysical processes in
extreme precipitation associated with the Mei-yu convective systems and
typhoons over the Pacific ocean and the Central Mountain Range.

To explore upstream TC track sensitivity and forecast bias through assimilation of
satellite and aircraft observations and identify possible dominant factors in TC
structure and intensity changes including effects of ocean and boundary-layer
fluxes.

To investigate the predictability of heavy precipitation and violent wind associated
with the Mei-yu convective systems and typhoons, and highlight the contributions
from radar, satellite and aircraft observations with advanced data assimilation
systems.
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TAHOPE + PRECIP + T-PARCII plan
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S-Pol. S-band/K_-band Dual
wavelength, Dual Polarization

Transmit H & V Rain Drop Shapes by Size

Polarized Waves n

8mm | 7.4mm 5.8mm

5.3mm
. 3-52:'__[:"' 2 t?; mm
Drop size distribution
QPE and integrated rainfall
Clutter Mitigation
Hydrometeor Identification
Near surface humidity

Total cloud liquid water content
Path-integrated humidity and vertical
profiles

Drop medium volume diameter

Full polarimetric variables

Dual-Polarization Radar



Vivekanandan et al. (1999) showed

that at Ka-band, A, =

“EStimating LWC from 7 are difficult.
[Z=3D°; 1wc=5p3

“*Large drizzle/rain drops dominate 7.

**Small cloud drops can dominate LWC
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< Vivekanandan et al. (1999) showed at
Ka-band AL =1.36 x LWC (-10° C)

% Attenuation is directly related to LWC.
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From Prof. Wei-Yu Chang at NCU (A20 Forum at CWB)



NOAA airborne assets

Upto 5 lbs | Unto 225k

.z UAS

13x12 Foldable Propeller

« P-3
 UAS (Coyote)

* In-situ
—Wind, press., temp., moisture
—Mlicrophysics (cloud, precipitation) oy
—Electric field Eyewall Wind Speedq
—Chemistry W:"mca'?effm.r"?u.'a5 i
* Expendables o
—Dropsondes 2

—AXBT, AXCP, buoy

Haight {mj
E

* Remote Sensors
—Lower fuselage radar (LF)
—Tail Doppler Radar (TA) o
—SFMR dropsopde”~—7> |
—Scanning Radar Altimeter Wind Speed (kt
—Scatterometer/ profiler

—Doppler Wind Lidar

E




Typhoon Fanapi (2010)’s Eyewall Reformation
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Vertical Cross Section of VHT

Oceanic VHT within
Hurricane Ophelia (2005)

Inland VHT within
Typhoon Fanapi (2010)
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Houze et al. (2009)

—> From this cross section, the VHT of Fanapi (2010) in land has weaker maximum updraft,
narrower diameter, and shallower depth, compared with the VHT over open ocean.

Liou et al. (2016), Yang et al. (2018)

Liou, Y.-C, T.-C. C. Wang*, and P.-Y. Huang, 2016: The Inland Eyewall Reintensification of Typhoon Fanapi
(2010) Documented from an Observational Perspective Using Multiple-Doppler Radar and Surface
Measurements. Mon. Wea. Rev., 144, 241-261.

Yang, M.-).*, Y.-C. Wu, and Y.-C. Liou, 2018: The study of inland eyewall reconstruction of Typhoon Fanapi

(2010) using numerical experiments and vorticity budget analyses. J. Geophys. Res. Atmos., 123, 9604-9623.
https://doi.org/10.1029/2018)D028281.



Multicell characteristics in a sgaull line as a
manifestation of vertically-trapped gravity waves
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See the paper of

Yang and Houze (1995)
for the trapping
Mechanism of

gravity waves.

FIGURE 9.41 model of the

gravity-wave structure of a simulated multicel-

Schematic

lular MCS at a mature stage of development.
Updrafts > 1 m s are heavily shaded. Down-
drafts < —1m s~ ! are lightly shaded. Bold line
1s the cold pool outline defined by the —1 K
potential temperature perturbation. Cloud
outline is for the 0.5 g kg ' contour of nonpre-
cipitating hydrometeor mixing ratio. L and H
indicate centers of low and high perturbation
pressure. From Yang and Houze (1995). Repub-
lished with permission of the American Meteoro-
logical Society.

Houze (2014): Cloud Dyanmics



{2/

Okinawa

100 km o

('s-PolKa %)‘ i f': ' !

Hsin-Chugg F5 o 7 Sy (SEA-POL
| B ey l? ©

o & o)
i " oo

ke
fe,

E ? b- ;o i

® Taiwan aircraft will release dropsondes in the Mei-Yu system and around the targeted typhoon.

® U.S. S-PolKa radar will be deployed near the central west coast of Taiwan (Hsinchu), and U.S.
SEA-POL radar will be deployed over Yonguni (Japan).

® U.S. P3 aircraft departing from Okinawa will take flight measurements (dropsondes and radar)
in the vicinity of Taiwan and offshore (penetrating the targeted typhoon)



Highest density of observation
network from station, radar to satellite

CWB surface network o -
® climate site 2019/06
® auto-weather site FORMOSAT-7
raingauge site — |/ COSMIC-2A
agriculture site 6 spacecraft
(24 degree)

Himawari-8 AMVs derived from
Himawari-8 imagery with new algorithm
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Observation experiment Group

Taiwan radar sites (all radars scan from 0.5 to 19.5 degree in elevation).
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CWB (4, S-band)

RCWEF, RCHL, RCKT, RCCG
Air Force (3, C-band)
RCCK, RCMK, RCGI

Rain radar (6, C-band)
RCNT, RCTC, RCYU, RCLY, RCYIl, RCMD

Other (3, C-band)
NCU, RCTP, NARL

Additional radar site (1, NCAR S-Polka)
Hsinchu

Additional radar site (1, NTU X-band)
Yilan

Additional radar site (1, CSU SEA-POL)
Yonaguni



Field Campaignh Timeline S

! May ‘ Jun | Jul ‘ Aug | Sep |
05/15 09/30
05/25 EOP 38/10

07/01  J|OP os/10 PRECIP
M

2020 Field Campaign Schedule

» Experiment facilities
Taiwan facilities: C-pol (NARL), Team-R (NCU), X-pol (NTU), Wind profiler
(NARL), Radiometer (NARL), Dropsonde and Operational stations (CWB)
U.S. facilities: S-PolKa & SEA-POL radars, and P3 aircraft

Japan facilities: radar, profiler, and aircraft (T-PARCII)

Previous Taiwan-US-Japan joint meetings: 2017/10 at ICMCS (Taipei, Taiwan),
2018/06 at AOGS (Hawaii, USA), 2019/03 after ICMCS (Okinawa, Japan).

YV VYV



2019 Dry run in Taiwan

Time period: first 2 weeks in June (6/3 — 6/14)
EOP/IOP decision procedure check
Network testing & data communication

Calibration & QC for instruments (soundings, distrometers,
wind profilers, radiometers, etc)

Data Catalog & Experiment website prototype
Experiment Logo
Others?







¥ — & B AT B (2019/08~2020/07) :

% — F B [ (2019/08~2020/07) 644 %5 ¥R B A& LAHE @9 &= MCS & 4.8 £ » (2020/05~2020/06) LA & W8 2,
3}3(2019/08-5’0149/09) TR ER dNEREEAMR ) £F — -fFr- G RE R, & T8 T B HA [51(2019/08~2019/09)
P R AR R ERIEERAN B i FER o £ —FHd F(5/15-6/30)83 i Bp & EOP
(Extensive Operatlon Period)iff » 2828 SEEHSE (5~ J;pi S HEB s RABR e ) i — R ae
(B R A9 fe /2 S-Polka F i ey A& V5 R A/ 2 F 35 7% F (00 & 12UTC ) f 42 IOP (Intenstive
Operational Period)#f] (3% % 3 k> BRe9IOPH 3 X » £ 9 X ) Q& fF 6 FHEEEH (00 -
06~12 & 18UTC) - B H RS T: R FEH 5/15-6/30 > 4 48 X (FA3 3 & IOP > -EE;)’L{ 3K
# 9 X 5 non-IOP » & 39 ;T:) c By s B R S BB s RABAIEEE T3 IOP B B 3853 A 2 ko 3
sz 90 & (2*5 35*9 ;1:;) R iah»{fr non-IOP &8 2k ~IOP &8 4 k » {3 je 114 A(2*%9+4*9) e
10%% 8% » F 255 @R 2 - K E LT 697 B 2 #1453 TAHOPE 3 & ##0 £ 28 4% 40% 498 % (90 “H-i‘:r:
) 5o 60% & E B B M KFE R FH AKX RABAEBEERN BT RAEN3S BmEE)
HEBROAR 2% Ed TAHOPE St EMa £ SKAF F 3 T KX K AMES FEE A £33t T 4

A 4% - DOTSTAR 4% % 3% 123t 34T 5 RBATIER; » B RF 3445 ¥ 12 18 > *'&J*F 60 1A% &% - & &% 46
#ak xd A3 TAHOPE St EMAE 8 - A% P RASAH CEEMHdR F(S/15-630) R » %
¥ A 5 6 /NBpay DOTSTAR 3% % 3% M AT 858 © S-Polka 2 33T M - HHE G364 57130 > Fftd
KANFPH T AXRKABESFERM ) Lt EREHE -



B = B AT E (2020/08~2021/07) ¢

% =437 1(2020/08~2021/07) ey /m 38 WA LABE TR, & 40 % £ o 3% 42 BEJR 75 (2020/08~2020/09) 14 2
A P (8/1-9/30) A 4 AReR » BEREAZZHWMA 3 R > £F 12 R - Fe@&BAT T KX
2020 £ HE)R E(8/1-9/30)% 4 REAMAE > B ELHBWAI R L 12 R - RV -BHA B R~ &5 ~
WAER LHIE Y o A 2 RIE =R Jii*ﬁ'}m 120 R(2%5 35%12) 5 #¥essE A 4 R(4*12) &
W 48 R £ E 10{3—-0%;1@? % 186 4E 7 o E &% dy TAHOPE 3t £ #0 ¥ A 3 48%p44& % (90
WMIRE) > A 2%89&FRI A ?I*lfdﬂiﬂ-%“?iﬁ "AXARBAFEBRR, £ EREEO6 Ak
%) o WEBMKYAR £ nEd TAHOPE S £ A ZEHAFF P H T AKX RKABMASFEBRA , £33t
E 3 E & # - DOTSTAR 4% % 3 3hAT 4 RBATER > B R F 39458 1518 - 4831 60 1845 %% > 1%
;éia%%ﬂéf;a% B #H4 3F TAHOPE 3+ E A ¥ A 4% -

N

L



¥ = 4 B #0047 8 B (2021/08~2022/07) :

TAHOPE % = 4 31 41(2021/08~2022/07) 7 #hu % ¥ i L S 98 B R 95 & > i3 % it TAHOPE

/ PRECIP / TPARC-TI B [ 6 4 B B B 6052 4 B R 918 » ML (P R R SLERR M - & 3R
EREE X B ZEHAAZFERMER —% A7 HE R R A(Data Policy) - 3 B 3 #4558 0] 37 44
(4o Team-R % i % # + S-Polka § % 7 # ~ SEA-Pol i 7 # ~ P3 & & % ¢ & COSMIC-I 4k 7 3
FEAAME ) iz d TAHOPE 3+3F ¢ £ & ¥ Mk s TAHOPE % 5+ R K & » 47 & #(TAHOPE

Experiment Mesoscale Reanalysis) ©



TAHOPE Project Office 2019 progress log

1/24: Contact Water Resource Agency for possible support
1/28: Contact Director M.-T. Lin at MOST/Natural Sci. Division
2/1: First working meeting at NCU

2/21: Message from Prof. Michael Bell => A positive decision to
recommend PRECIP for funding; NSF has approved both S-PolKa and
SEA-POL for the requested period from 25 May - 10 August 2020.

2/28: Second working meeting at NTU => 2019 Dry Run

3/9: TAHOPE/PRECIP/TPARC-II planning meeting at U of Ryukyus
4/29 - 5/3: NCAR/EOL S-Polka radar site survey to Hsinchu

Late April or May: 2515 B A SR EZ T HE[E] 3355 1H 5 B4 (CWB,
WRA, 7K{r/5), etc) ZITAHOPE 2020585 H &z HH

6/3 —6/14: Dry run in Taiwan

Sept or Oct: Severe Weather & TAHOPE Planning Workshop at Taipei
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