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Purpose: Do environmental patterns influence on typhoon characteristics? g
YNU

B Large-scale environmental conditions favorable for cyclogenesis

* High SST exceed 26°C and supportive largescale flow patterns (Gray 1968, 1998).
» Large-scale flow patterns in the lower troposphere over the WNP were classified by Ritchie & Holland (1999)

1. Monsoon shear line (S-pattern) S

2. Monsoon gyre (G-pattern) [llustrated five large-scale flow patterns
3. Easterly wave (E-pattern) !

4. Confluence region (C-pattern)

5. Rossby wave energy dispersion

from a preexisting typhoon (P-pattern)

B Working hypothesis

Differences in large-scale flow patterns
contributing to cyclogenesis could be considered
key to the characteristics of resulting typhoons.

B Study objective

Fudeyasu & Yoshida (2018)
To statistically investigate the characteristics of typhoons stratified by five large-scale flow patterns.
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Methodology: Typhoon Genesis Score (TGS) to objectively detect the five flow patterns ‘/

Yoshida & Ishikawa (2013), Fudeyasu et al. (2023) YNU
B Typhoon Genesis Score TGS B JMA-TGS
Yoshida & Ishik 7013 - Results of TGS - TGS implemented by the Japan Meteorological Agency
oshida & Ishikawa ) 40N = o Fudeyasu et al. (2023)
Fundamental equations Of TGS % ole DISTURBA}‘{Z:Z‘;S;HS‘IE)I;‘?:g);f‘/‘;zﬁl?ﬁ‘l?’?‘cngzifitgAfYtSlsssa?z(‘:Zl:zﬂomﬂﬂUTC
au . (:// ‘/ 100°E _ 12:)'E iE 160°'E 180°E 200°E
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Max[scrsy] ;_/ BRI b2 &; 12
10 D7 el AN =2 %
Ju ME= sl /@&j’
— exp(Acgr dist 05—+ NN ANZ=2Z2 5
Type C SCRCR - (ax)ave p( CR ) o J.l %‘%2 _12
Max[SCTCR] —"00 SI-Cf- Gy*E“'fPt; X A \ w%ﬁ% 4 Ezg
ov . n u S u s V0 (e B
(a)aveexp(AEW dist) 120°E 140°E 160°E 180°E ol = NN ﬁ ' e .
N2 SCR.,, = CR GY EW PIC s N d z :
Max|[scrgw] e : d o DW [

Wind, Streamfunc and Vorticity at 850hPa
DISTURBANCE POSITION at 2021/08/16/18UTC and GSM ANALYSIS at 2021/08/13/18UTC
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SCRGY — exp(—M) x (')7 - qstd,)

Max[scrgy]

x107[-6] [1/s]
40°N

4 *t‘\cr.\%
Oa & Ishikawa (2013) g =—="" = _—————7 (e

SCRppe = ——wms
Max([scrprc] The pattern with highest

20°N

score is identified as the
genesis flow pattern

Analyzing environmental wind data at the
time of typhoon genesis to produce five

SRRV R

scores for each typhoon. 205 | s R —— :
Classified over 800 genesis cases into five flow oo LWL ;
. . . . . SL CR GY EW PT - 4 [] & )& 0 () A
patterns and statistically analyzed their characteristics. OE TBE MOE  I60E  100E s E
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Results: Relationship between the five flow patterns and typhoon characteristics ‘f///
YNU

Fudeyasu & Yoshida (2018, 2020), Fudeyasu et al. (2019, 2020, 2023), Yoshida & Fudeyasu (2020)

B Summary _ - Tends to moves northward * Environmental conditions in the
48 - More likely to make Northeast Pacific
*Monsoon-related types landfall in Japan and Korea *Smaller in size

*Most frequent *Low vertical shear for key * Westward movement
*Influenced significantly by monsoon genesis factor * More likely to make landfall in the

*High TCHP as a key genesis factor Philippines and Vietham
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Detecting such genesis environments at the genesis time can be very
important in reducing typhoon damage. Understanding the likely
landfall countries of typhoons stratified by genesis environments and 4
early forecasting by TGS can be invaluable to each country.
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What is the mission of the TRC?

TRC: The first research organization in Japan dedicated to typhoon research
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Mission 1 The TRC aims to minimize typhoon damages, especially eliminating the loss of life, through various typhoon research and
technological development.

Mission 2 The TRC is focusing on utilization of the typhoon energy. By effectively utilizing the wind power of typhoons, we are trying to
develop and promote sustainable energy resources. This is exactly about transforming typhoons to positives.
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Overview of TRC Labs & Researchers :‘iﬁ

By sharing each other's expertise, we enhance our understanding of typhoons and work towards realizing our missions.

Total of 66 members from 10 universities,
7 research Institutes, 6 companies, 2 overseas
organizations

Director:Prof. Hironori Fudeyasu

Support team

. Dl : . 8 .. i
Vice Directors: Prof. Kazuyoshi Tsuboki-Prof Masaki Reader: Masayoshi Okumura

Satoh, Prof. Nobuhito Mori, As. Prof. Taiga Mitsuyuki

e ST S
mu&gp——-&-
7 P 1 R O I T R

International
Advisor

Typhoon
Observation
Research Lab

Social
Implementation
Promotion Lab

Typhoon
Prediction
Research Lab

Typhoon Power
Generation System
Development Lab

""""""

Regional disaster
prevention Lab

Leader :YNU Prof. Kerry A.Emanuel(MI

L : :
eader Leader :Tolyo Leader :YNU Leader:YNU ST CIPOUIN Prof. Yuging Wang(UH)
Nagoya U./¥YNU U. Prof. Msaki Assoc. Prof Prof. Seiji Prof. Hironori Assoc. Prof. ¢ h hich
i ) ) ’ ) ) i : Prof. Chun-Chieh Wu(NTU
el TSl,JbOkI Satoh Taiga Mitsuyuki Manabe Fudeyasu Ryuji Yoshida <y ( |
Kazuhisa
J J J J J J
Meteorology Naval architecture Economics Education Statistics
®Nogoya U OYNU Electronics engineering Law OYNU OYNU
@®U Ryukyus ®U Tokyo ' OYNU Psycho|ogy ®Kyoto U @JAMSTEC
@JAMSTEC ®Kyoto U @JAMSTEC @Chiba U ONII
@®Hokkaido U @Tohoku U ONEDO OYNU ONIED % Fujitsu Lab
@ JAXA OMRI I @Hokkaido U %Deloitte Tohmatsu ~ @MPAT
* KHI @®U Ryukyus * TMRI * Aioi Nissay Dowo
@JAMSTEC *KHI @ * TMRI
@®Keio U

a *MS&AD
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Collaboration between the TRC and the Japan Meteorological Agency (JMA)

On November 1, 2023

Yokohama National Universityy, home to the TRC,\
established a comprehensive agreement on cooperation
and collaboration in typhoon-related research and
development with the JIMA.

This collaboration is centered around utilizing typhoon
research for disaster prevention activities and human
resource development. Notably, this is the first time that
the JMA's main office has partnered with a university in

such a collaboration. /

BLIxES

@) 58T

Japan Meteorological Agency

“Nov. 1. 2023
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The Mainichi Shimbun 2023/11/17
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The First International Workshop of the TRC (IWTRC) ~
YNU

TRC organized the INTRC at Yokohama National University on November 8-9, 2023.

Objectives of the IWTRC

1.To share the latest developments and challenges in typhoon research.
2.To encourage students and young researchers.

3.To introduce TRC globally and explore international collaborations.

Workshop participation with great success
Total participants:125

International Attendees: 42 from 12 countries
International Students: 14

H{AY WX Highlights: Engaging discussions, valuable
RC 2023 - networking, successful presentations.

#° '~ YOKOHAMA NATIONAL UNIVERSITY

o 7 nd . . . AL
e - We plan to have 2"? IWTRC this year, so | hope you can join us. -l___gf\—xEH OONJSHOT



The Story of Dr. Chunyi Xiang from China Meteorological Administration (CMA) ~

YNU
Dr. Xiang spent a full year in Japan, researching typhoons as a member of TRC

Xiang’s research was accepted by the Scientific
Online Letters on the Atmosphere, Jan. 2024.

TRC saminar 2023 117"

SOLA, 2024, Vol. 20, 55—61, doi:10.2151/s0la.2024-008 55

Shallow Coastal Water Responses During the Near Landfall Intensification

of Tropical Cyclones in the South China Sea

A v EF
IMS Visiting Associate Professor
Dr. Xiang continues her association with

TRC, keeping her connection with TRC.

Chunyi Xiang"’, Hironori Fudeyasu™’, Udai Shimada™*, and Ryuji Yoshida™”

'National Meteorological Center, Beijing, China
ZTyphoon Science and Technology Research Center, Yokohama National University, Yokohama, Japan
*Graduate School of Education, Yokohama National University, Yokohama. Japan
*Meteorological Research Institute, Tsukuba, Japan
*Graduate School of Environment and Information Sciences. Yokohama National University, Yokohama. Japan

(Manuscript received 5 October 2023, accepted 9 January 2024)

Abstract Shallow coastal seawater response during the passage of near-landfall intensification (NLI) tropical cy-
clones (TCs) and non-NLI TCs was examined using oceanic and atmospheric reanalysis data and observations. The sea
surface temperature ahead of the NLI-TC ftrack is maintained or even increases when NL
The magnitude of the wind stress, which play an important role in the NLI process. is rel:
on the right side of the tracks. Coastal mixed layer warming can be explained by Ekman t
stress due to surface wind forcing. The successive deepening of the coastal ocean bound
warming in the subsurface seawater temperature by an average of 0.3°C, could maintain
degree. This shallow coastal water response could partly explain the NLI progress in tl
indicating the importance of coastal ocean dynamics and air-sea interactions.

cially the Near-lar
Wang and Wu 2
e in TC intensity ¢/

= == e
Dr. Xiang presented her research at Japanese
conferences and discussed with the Japanese

3
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The TRC gathers experts from dive
fields to research and develop

typhoon-related technologies.|

) -
Since our research focuses orJ :

typhoons, it's essential for
communication and collaboration
| globally for the study.
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The future realized the T /R hoonshot project

yphoon as

atural SourceiofEng
7, An'energy-riellge
TN Ve 3 A -

S N . ’-,‘

#Typhoons have been feared and unwanted.
Our vision is to shift this paradigm:
the more typhoons we get,
the richer we become.

duntry Japan

phoons will become even
more intense in the future
with climate change

2050

TYEHOONSHOT project

Effort to artificially control
typhoons

Effort to use typhoon energy

A populated area faces extensive damage.
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National Project “Moonshot Goal 8”

& MOONSHOT  (2022-) @

Realization of a society safe from the threat of extreme winds and rains by controlling and
modifying the weather by 2050. Change the timing, range and intensity of
typhoons and extreme rains.

The goal of the TRC: Typhoon Control Research Resulting reduction

Typhoon Control: Reducing Intensity using human intervention, not truly controlling the typhoon. in damage will have
wide-ranginglia

benefits. :
This project aims to develop principles and fundamental techniques to artificially reduce the intensity I
of typhoons using numerical simulations. We work to reduce the intensity of strong typhoons to a @*ﬁﬁm

level that can be managed by our current infrastructure. We do not aim to completely eliminate
typhoons.

Spray water vapor by aircraft to decrease

Seeding of water (ice) from aircraft - _ typhoon intensity by increasing ice
to weaken the warm core ! = ‘ G# crystal number concentration and
Aircraft seeding altering cirrus clouds in the outflow layer
Upper clouds [ >
Seeding of artificial condensation nuclei and ice c#

crystal nuclei from aircraft to enhance convective
clouds in the outer rainband and suppress water

vapor inflow into eyewall clouds Seeding of ice crystal nucleus by aircraft

to change typhoon intensity by causing

" N center - - é

Sea

' - m %‘ heterogeneous nucleation
- o ‘| o) 2 m
% \ né_' = B = 2 5_. Deploy sailing vessels 2
3 ~ ui o) - to increase friction at sea The TRC has been selected as a project manager
\ . - @ Typhoon @ — team in the national project "Moonshot goal 8."
-\
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I
as
Z]



Development of Typhoon Power Generation Ships TPGS

An unmanned sailboat that taps into the powerful winds of typhoons for electricity generation.

Concept of TPGS

« TPGS is designed to be positioned behind the typhoon, capturing S ‘\\g
the wind using sails and sails along with the typhoon for w
extended periods.

« TPGS generates power by rotating screws underwater.

e TPGS stores this power on the boat, and then brings this stored
power back to the coast.

NN

AV JSevere wind zone \\\
e TPGS is unmanned, making it safer for operation in rough oceans. A \
« Another benefit is that it might help in reducing the typhoon intensity. . ‘ The direction of
« We can expect a reasonably large amount of power generation. Hunting \ the power

: : . . : . Zf)ﬂe generation system
« This project is a collaborative effort of experts in the fields of meteorology, nava

architecture and ocean engineering, electrical engineering, and others in TRC.

Estimated Power Generation by TPGS

Per TPGS for Power generation capacity: 0.138 [GW]

Annual power generation: 3.31x108 [kWh]
/
Given conditions: Power generation by twin turbines with a propeller diameter of 28m /The speed of the power generation
system when following the typhoon is assumed to be 9m/s / The power generation efficiency of the turbine is assumed to be
0.30 / 20 typhoons occur near Japan annually, and that the power generation system can follow each typhoon for 5 days

400Km




Collaborative Research between Companies and TRC

=
YNU

The TRC has formed collaborative research partnerships with big private companies.

. . )
1. NTT Space Environment and Energy Laboratories
Research into methods of typhoon forecasting using ocean-atmosphere observation data over maritime areas,
2. Fujitsu - Yokohama National University Research Laboratory
Meteorological studies about typhoon using Al and HPC technologies.
3. Mitsui Sumitomo Insurance Co., Inter Risk Research & Consulting, WEATHERMAP.inc
Developing Virtual Disaster Training Scenarios for Meteorological Warnings, Alerts, Typhoon Damage Estimation, and Local
Government Disaster Preparedness. p
1. NTT Space Environment and Energy Lab. 2. Fujitsu-YNU Research Lab. 5. MS&AD, InterRisk Research Institute,
- WEATHERMAP
RRRRUNERTREHREN BF
bRlw  NRESUPREN j FUJITSU MS&AD
iRt el NTT l ELEkRARH LSl - :
SEBSAN Gl OEEE T RE NURNCEGROUE weather map  MS&ADTII-URTLEH
H2oiol BIXIZBXER L | EHE-REA SERUY—F - SREEHFRHBIE
aEREECE ElmMrREZR x TN (BHEB-EREAUY—F - SK)
B LMCHmaAZ L EZE|OE]QEY Q| L it 4
SERHCR- AR DAL A
R LT PR Y- B
(:t“‘!:«'tb‘\ill'lx‘zﬂ'é}(‘l)lb\lfgf@# |
FRE2E < ARN205 Rw
$IR ERREMCHES 25
FeEEL Ryl
%%%mgﬁ@%% frﬁma&aggabr;NTTfmmmIz;vf ‘
E ZRECIMG  morwmmurnmsmes N T TAR

Each of these companies brings a unique set of expertise, combining their strengths with TRC to carry out research and address the current
challenges in typhoon disaster prevention. Together, they are providing innovative ideas and solutions to address these issues.

YPHOON scienceano i
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TRC Consortium %
YNU

Typhoon Science and Technology Innovation and Social Implementation Consortium

TRC Consortium N

Through collaboration with The Nikkan Kogyo Shimbun 2023/2/11 .
e e e grcrmaroms 10 companies
academla—government partnershlps, *i;‘w%eeg%g?g%g%%gfgggﬁg
. . 7 BERF R 5% hoEn IR = . :
the TRC consortium engages in ) visiszenrn ;%%%3%5%%5%;%%%?% are participating as of Sep. 2023
activities to create and mplgmgnt RN e UEEECERBRITH -
products and services utilizing LR - REEHSERE MSSAD B FUTITSU
typhoon science and technology. LoTHMEmEE T  MIHBCEAR . ]
IRELENAEE 2 HEA IV ERY SR ANCE AR Kawasaki
. R : LS Lt LU PRI FUBANTESE
. SREBRIOFETHCT, EBIIE I%Ib#af;;f:b?‘f'li}r‘{'\ :l/ g‘b % 2 a2 %‘ﬁ 7 ;_ﬁ E%ig_ % L _3
Newsletter distribution = fLgEigaleliLa ke “ Vv
Started in February 2022 (monthly) Tt e <IRT éjﬁg)’;{s‘fgg FLEEoZ
=D % = =4
. tZR%acat87%8 :223T5/(A GQLOBAL DX @ GuyCarpenter
Study sessions R SEORERRLLET 8a0in < =

We can have discussions not
just with researchers, but also
with TRC members from
various backgrounds.

mmestatas LI
Jm) Bxssme ReGE LR

Mg S sorersu

“ e SoftBank
/ Established in Nov. 2022 MS&ADT5-UREH

Former Director-General of
the JMA (center) is now a
member of TRC.
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TRC QOutreach: Media Coverage and TV Appearances

TRC has established a specialized outreach team and are actively engaging in outreach efforts.

Within 2022 and 2023
35 TV and radio programs
57 newspaper articles 9 magazines

L =t g 72 1—E T 10

aEl FIEI?JWF—EZEJ !

X - BREBFRAHR 42—

|z.

7:2

iis 13 17 17,

A emmn-m-m# ‘
HaREEoRRCELOEERRAN B

The societal interest in TRC is high, resulting in a significant number of media
interviews and appearance requests. Coverage through media provides us with
invaluable opportunities to communicate with the general public.

R{THT "H, O
<o  BEAREDHICE > bt

BTy 7T
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TRC Outreach: Lectures, Symposium and Communication

" & . o —_ ()
, Jun to Nov 2022 and Jun to| = X(Twitter, approx.2300 % IRC
B3 " Sep 2023 held monthly, total | followers) = =~
(A . . AEMSEHHEEY Y —TRC
Jn_meriaROER participation of 1,600 Our outreach that we are initiating 1471 emsmzx#is
2022564230 (A) btk B . - . . . ; @TRCatYNU
"”Mﬁ = |nd|V|dua|S. IS not JUSt phyS|Ca|. We re aISO BT ERNTEAR, SN
https:/rc.ynu.ac.jp) (W 4 ) - : . . TRC] TF. WEETAZIASHICHD T, ARD
o : active on social media platforms, BEDCHALETOLL. RENCTZRRN B
Every month, different TRC where we share our initiatvesand =~
~ F=B members take turns to updates o
TRC Typhoon Academy teach |n Open SpaceS, . ‘,‘ I SLp&|0mwi\ndSEP192301/06(JSU .
“The most useful typhoon lesson allowing us to spread our
in the world” knowledge and expertlsej

More than 20 public lessons held in the
firstyear and a haIf since open‘lng'

X 1 4

‘We're hostlng numerous events"‘for school chlldren toj

Participation in Bousai Kokutai, the largest, with over 16,000 attendees  gnsure they have the knowledge for a safer future.

‘TRC held a symposium and set up a booth there. /
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