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BEDEBREKKEEICKDREEDIN

ZIMRIRE (RAHEZE) (8 EM)

] 2018.9.3~5 EHIEERE21S | A -REf-EEE 9,363 780 535 10,678
2 | 2019.106~13 f;%;g%ﬂz;;’% EEADD 5181 645 - 582
3 1991.9.26~28 ER3EAR195 2H 5,225 269 185 5,680
4 2019.9.5~10 gig;_:‘f%@é%% BIsRThI 4398 | 258 - 4656
5 2004.9.4~8 TR6EAE18S | 28 3,564 259 51 | 3874
6 2014.28 ER26F2HEE | EERDD 2,984 241 = 3,224
7 1999.9.21~25 TRIESE18S | A LO-EMSE | 2847 212 88 | 3,147
8 2018.9.28~10.1 FER30FEER245 | RR-HR/|-5mE 2,946 115 - 3,061
9 2018.6.28~7.8 ER30FE7 AR [l LS EEE 1,673 283 - 1,956
10 2015.8.24~26 FR27E6R155 | 28 1,561 81 - 1,642

(DEFBZHAN(2020F38KIRE)
FRAEMATUBAAZTL, EHLTV S, BIEEZEHUELSEHROEI —HULBEN I EN B S,

B C-3 T EUKSKIC X B KRR DA

(Hh : HADEERME - 7727 F 7 v 7 2020)
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DI EENEIC B 2 BEHEAUE D ATSlflicowC @z e 7V v 7 L2 DTH B,
A RSE (REL A 7 —v A4 7 av) offfRIcBLD & 28 E ICZ N ZENDED,
stormfury FED A LTHIEICOWTH: AL, U T TREEDHEXD@EY 2% LD TH 5,

All answers are a personal opinion but not an official opinion of your organization or country.

Q1: Were there any TC-control trials in the past for research and/or operational purposes in

your country? If any documents are available, please let me know them.

Q2: Are there any plans or discussion to perform TC-control in the future. If possible, could

you let me an appropriate person who I should contact to inquire about the research plan?

Q3: Do you think that a TC-control contributes human well-being. On the other hand, are

there any concerns for TC-control?

Q4: If Japan conducts a project of TC-control, are you interested in collaboration with us?

(1) Taiwan
Chun-Chieh Wu, Dean, College of Science, Chair Professor, Department of Atmospheric

Sciences, National Taiwan University

Al: No.

A2: There is no plan I know on this work in Taiwan.

A3: TC-control can have positive contribution if the technique can be successful and is used
for the good-will purpose (such as reducing the induced damage) (But it can become harmful

if it was used for ill-will purpose, such as diver the track

or intensify the storms to attack other regions...)
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A4: Sure, my pleasure to collaborate with you on potential research opportunity.

(2) US

Michael M. Bell, Colorado State University

Al. The Stormfury research project was conducted from the 1960's to early 1980's.
Modification by cloud seeding to stimulate an outer eyewall and weakening of the inner
eyewall was attempted in four hurricanes on eight different days. On four of these days, the
winds decreased somewhat, and the lack of response on the other days was interpreted to be
the result of faulty execution of the seeding or the wrong cases. Later flights in late 70's and
early 80's provided new observations in unmodified hurricanes that indicated the hypothesis
was flawed because the rainbands contained too much natural ice and too little supercooled
water. Additionally, it was determined that eyewall replacement cycles happen naturally so it
was difficult to determine whether the secondary eyewall formation was caused by human

intervention or not.

An additional factor we are now aware of is that eyewall replacement can reduce the peak
intensity but expands the area of damaging winds. While this may have better impacts for the

landfall location, it may be worse for areas farther from the center.

The Stormfury project is described in more detail in this BAMS article: Willoughby, H. E., D.
P. Jorgensen, R. A. Black, and S. L. Rosenthal, 1985: Project STORMFURY, A Scientific
Chronicle, 1962-1983, Bull. Amer. Meteor. Soc., 66, 505-514.

A2.1am not aware of any plans. [ have read about some ideas to put surfactants on the ocean
to reduce surface fluxes or pumps to bring up cool water ahead of the storm but to my
knowledge these are just ideas with no funding. I am not aware of any aircraft-based research

plans at the current time.

A3. I think that the idea of TC-control could have a positive impact on society, but is very
difficult in practice. The scale of the TC is so large and so energetic it is difficult to come up
with ideas that will have significant effect without major cost. Unfortunately I have not heard

of an idea yet that I believe can meet this goal, but would like to remain optimistic.

One concern with TC-control is unintended consequences. A lawsuit was threatened after an

earlier attempt in the 1940's to seed a hurricane that changed direction after modification and
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made landfall in a different location. During Stormfury this led to difficulties in selecting
storms that met the right criteria due to potential issues if the storm were to change direction
after seeding. I believe all subsequent attempts were made in storms that were close enough
to fly but had very little chance of impacting land while also having appropriate rainband

structure. That is evidently part of the reason that only 8 attempts were made over many years.

A4. T am always interested in collaboration in novel and exciting science with you and other
Japanese colleagues. I think much care and thought would need to be taken before any
attempts were made in real storms. However, I think that one key difference between now and
Stormfury is that numerical modeling has improved significantly. One could conduct
numerical experiments to test relevant hypotheses in a way that could not be done in the 60's
and 70's. Collecting additional data from aircraft to validate those simulations and hypotheses
without actually modifying the storms could be very beneficial. I am not sure whether we can
come up with a practical TC-control solution, but do appreciate the idea of tackling a grand

challenge like this.

(3) UK

Professor Ralf Toumi, Co-Director Grantham Institute- Climate Change and Environment,
Department of Physics, Imperial College, London

A1,2 In the UK weather modification (cloud seeding - never TC related as far as I know) was
abandoned in the late 1970s due to lack of evidence. There is no UK activity [ am aware of in
this space.

A3. TC can be source of rainfall. I remember that in the Philippines, for example, TC lack has
been blamed for poor agricultural yields.

A4.Twould be delighted to join your efforts.

(4) France
Keunok LEE, CNRS researcher, Laboratoire de I'Atmospheére et des Cyclone (LACy),
Université de la Réunion, FRANCE.

Al. Any TC-control trials have not been made in France. French TC-scientists are aware of
the importance of understanding and predicting future TCs which will approach to French
territory. However so far, most TC-related studies employ measurement data from

spaceborne or ground-based stations and largely rely on high resolution simulations.

A2. No plan nor any formal project regarding TC-control has been discussed or planned at
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the current state. I found this TC-control study very interesting. I feel a need for a deep
preliminary study using idealized numerical experiments before trying TC-control
experiments using aircraft. A series of idealized numerical experiments will help to understand
the impact of seeding and to find out the best timing (and duration) and location for seeding.
Also, we can adapt to TCs with various intensity scales and environmental conditions (e.g.
current and future climate).

A3. I think so. We have already been facing current TCs which are mortal. Since scientists
have been reporting even stronger TCs may happen in future (in 50 to 100 years) and those
TCs are out of control at this moment, our anxiety has been increasing across the world,
especially poor countries. If we can understand the mechanism behind controlling the TC
intensity and if we can obtain the accurate methodology to control it, it would contribute to
protecting our life.

Regarding other concerns for TC-control, we might consider how to commercialize the use of
aircraft and seeding procedure if the purpose of the project is to diminish disaster. This part
would be related to the development of instrumentation. Another concern is by-product. Is
there any impact on the global and/or local scale water budget? What would be the influence
on the ocean mixed layer?

A4. Sure. [ am more than interested in collaboration with you. Besides the idealized numerical
experiments (mentioned in Q2), I can bring some resources of modelling and instrument (for
instance, in situ microphysics probes, mobile radars with French national collaboration), as

well as human resources.

(5) Korea
[ 12 ES KMA (BUFHEBE o ERETFZEE)

Al: There is no TC-control project in Korea, as far as [ know.

A2: There is, currently, no plan to carry out TC-control experiments. We are just working on
researches of weather modification researches (e.g. cloud seeding) for drought damage
reduction in KMA. My department are of control of weather modification researches in KMA.
You can get in touch with me to inquire on our research plan.

A3: I'm not sure because there are positive effects of TCs, and also many side effects of
weather control. If TC would be not adjusted as expected, it would make it serious and impact
on other regions, causing conflicts between countries.

A4: We need some discussion in KMA. We have priorities in Korea due to limited human

resources and fund.
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(6) Bangladesh - India

Professor Nasreen Akter, Department of Physics, Bangladesh University of Engineering and
Technology

Al. To my knowledge, there is no such activity going on in Bangladesh.

A2. TC-control is a new idea and may be very expensive to afford for a developing country
like Bangladesh. Hence, there is no possibility to plan or discuss about such research by
ourselves in the future.

A3. TC is one of the most devastating weather phenomena in the globe. During the landfall
of TCs the coastal areas of Bangladesh experience massive destructions due to its geographical
location, low-lying topography, high population density, socio-economic condition. It is to be
noted that death tolls from the cyclone Bhola (May 1970), BoB_02 (April 1991) and Nargis
(April 2008) exceeded 224,000, 138,000 and 130,000, respectively. In the last year, when TC
preparedness and awareness were high because of improved forecasting and modern
communication system, cyclone Amphan (2020) even caused the estimated damages of
approximately 14 billion US dollars in India and 260,000 houses were destroyed in Bangladesh
with a total dead of 116. Therefore, research on TC-controls and its applications will be acted
as a blessing for Bangladesh and neighboring coastal areas.

A4. It would be a great opportunity for my country if Japan is considered me as a collaborator.

(7) Canada
G.W.K. Moore, Vice-Principal Research, Professor of Physics, University of Toronto

Mississauga

Al.1am not aware of any such trials here in Canada.

A2.1do not believe that any such trials are planned.

A3. Of course, TC-control would be of benefit, especially to the Maritimes of Canada that do
experience TCs (that are undergoing a transition to extra-tropical cyclones). The concern that
I have is similar to that for any weather modification/geoengineering trials. The possibility
of unanticipated consequences or merely the shifting of risk from one region to another.

A4. Twould be happy to collaborate.

(8) China
&5 124 CAMS (BURFHEEE o #d%)

Al. No, I do not know any TC-control trials in China.

A2. No, I do not know any such plans.
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A3. I do not know much about TC-control. As TCs are so powerful, I doubt how efficient a
TC-control would be.

A4. No. Personally I do not have much interests in conducting TC-control.

Summary table
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(Q1: Were there any TC-control trials in the past for research and/or operational purposes in your country? If any documents are available, please let me know them.

Q2: Are there any plans or discussion to perform TC-control in the future. If possible, could you let me an appropriate person who | should contact to inquire about the research
plan?

(33-1: Do you think that a TC-control contributes human well-being.

(23-2:0n the other hand, are there any concerns for TC-control?

(Q4: If Japan conducts a project of TC-control, are you interested in collaboration with us?
All answers are a personal opinion but not an official opinion of your organization or country.
Regions respondent affiliation Q1 Q2 Q3-1 Q3-2 Q4
Taiwan Prof. Chun-Chieh Wu [National Taiwan none |none |positive contribution harmful if it was used for ill purpose Yes
University
us Prof. Michael M. Bell [Colerado State nene |none [positive impact on society unintended consequences Yes
University
UK Prof. Ralf Toumi Imperial College, ncne |none [scurce of rainfall TC lack has been blamed for poor agricultural Yes
London yields.
France Dr. Keunok LEE CNRS none [none |contribute to protecting our life Impact on the global and/or local scale water Yes
budget? What would be the influence on the ocean
Korea ancnymous KMA ncne |none If TC would be not adjusted as expected, it would [Yes
make it serious and impact on other regions,
causing conflicts between countries.
Bangladesh |Prof. Nasreen Akter [Bangladesh University |none |none |research on TC-controls and its Yes
of Engineering and applications will be acted as a blessing
Technology for Bangladesh and neighboring ¢coastal
areas.
Canada Prof. G.W.K. Moore  |University of Toronte  |none |none [TC-control would be of benefit unanticipated consequences or merely the shifting [Yes
of risk frem cone region to another.
China anonymous CAMS none [none I doubt how efficient a TC-control would be. No
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