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Executive Summary

The Manikganji Tornado in 1989 killed approximately 1,300 people and became the
world’s deadliest tornado. However, disaster risk reduction measures against severe local
storms, including tornadoes have not been prioritized in Bangladesh in comparison with
the ones for river floods and storm surges caused by severe monsoon and cyclones. Ono
and Schmidlin (2011) proposed a relatively inexpensive and convenient a household
tornado (storm) shelter using local materials. It was expected that this shelter would
reduce tornado disaster risk. However, the shelter was not properly used by the owners.

The goal of the current research is to propose a strategy to reduce wind-related disaster
risks caused by severe local storms, including tornadoes and downbursts in Bangladesh.
This is not a simple survey to investigate feasibility of tornado shelters for Bangladesh,
but a unique multidisciplinary research developing a long-term strategy to reduce local
severe storm-related disaster risks, including tornadoes and downbursts.

The current research contains three main themes. They are 1) Tornado Shelter, 2)
Education, and 3) Early Warning System. Each of the three themes were discussed at
the International Forum on Tornado Disaster Risk Reduction for Bangladesh held in
2009 supported by Global COE Program of Tokyo Polytechnic University. In addition, ,
we conducted a field survey on the assessment of tornado damage investigation. By
chance, we were fortunate enough to encounter an actual tornado, and take photos.
Preciously speaking, it was a waterspout. The tornado was witnessed at Hakaluki Haor
in Sylhet district at 16:00 (local time) on July 24, 2022, and we took photos and a video
image for approximately 10 minutes from its occurrence to disappearance.. This
waterspout did not cause any human casualties or economic damage. However, if a
waterspout make a landfall, it could cause extensive damage, and we reaffirmed the
importance of continuing efforts to reduce disaster risks, caused by severe local storms
accompanied by strong wind.

In order to reduce those disaster risks, it is essential for various stakeholders to work
together. Therefore, a second international workshop was conducted to bring together
stakeholders at all levels to come up with a better strategy . In this workshop, the results
of the current research project were shared among the stakeholders, and a common
understanding of the issues that need to be addressed in the future was captured.

For developing a wind-related disaster reduction efforts in a sustainable manner in the
future, it is essential to examine medium- to long-term countermeasure plans, i.e., the
formulation of a medium- to a long-term plan. Therefore, based on the results of this
project, we developed a roadmap. This clarifies the relationship between each area, and

we plan to continue our study based on this roadmap.



1. Background

The tornado that occurred in Manikganji Tornado in 1989 killed approximately 1,300
people and became the world’s deadliest tornado. However, disaster risk reduction
measures against severe local storms, including tornadoes have not been prioritized in
Bangladesh in comparison with the ones for river floods and storm surges caused by
severe monsoon and cyclones. This is because the scale the tornadic event is small and it
is difficult to predict them well in advance (Mallick and Rahman, 2013). On the other
hand, the mortality rates for tornadoes and downbursts have been extremely high. As
Bangladesh does not have any safety measures for tornadoes and downbursts, it is a
matter of time to see a tornado causing more than one thousand deaths at any time.
Despite these situations, most of the current measures and efforts focus on post-recovery
measures (Government of the People’s Republic of Bangladesh et al., 2009).

In order to discuss disaster risk reduction on severe local storms, including tornadoes
in Bangladesh, an International Forum was held in 2009 supported by GCOE Program
of Tokyo Polytechnic University. This forum was the first attempt to discuss the matter
with agencies from the Government of Bangladesh, World Meteorological Organization,
and international experts. In this forum, discussions were held from five aspects to
consider concrete measures, including 1. Governance and Policy Making, 2. Public
Awareness and Education/Finance and Community Planning, 3. Meteorology and
Climatology, 4. Early Warning System in Japan and Bangladesh, and 5. Wind
Engineering, Household and Community Storm Shelter, and Risk and Vulnerability.

Ono and Schmidlin (2011) !proposed a relatively inexpensive and convenient a
household tornado (storm) shelter using local materials. It was expected that this shelter
would reduce tornado disaster risk. However, the shelter was not properly used by the
owners.

In order to save lives from tornadoes, it is important for local people to take adequate
actions. Early warning for tornadoes needs to be provided properly to local people so that
they can have enough lead time for evacuation. To develop the system, there is a need to
improve communication technologies in addition to build better observation and
forecasting capacity.

Only developing the tornado early warning system itself is not enough to save lives,
and neither did the tornado shelters. It must be accompanied with increased awareness
of tornado risks for local people. Few efforts have been conducted in a comprehensive
manner with a specific strategy.

In addition to disseminate warnings for response, it is important to obtain knowledge

about tornado and the usage of shelters in normal time. Regarding the construction and

1'Y. Ono and T.W. Schmidlin, 2011, Design and adoption of household tornado shelters
for Bangladesh, Natural Hazards, 56, 321-330.
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utilization method of the tornado shelter, it is effective in adapting to local culture and
practices. However, no concrete review has been conducted on how to utilize the tornado
shelter which has been introduced on a trial basis.

Having said this, countermeasures against tornado disasters cover wide range of fields.
A key is that these technological developments and research do not make significant
progress independently. It requires a unified manner based on strategic plan. A medium
to long-term planning 1is indispensable for developing sustainable tornado
countermeasures. It is an urgent task to create a master plan and roadmap that can be

the basic policy for tornado disaster risk reduction in Bangladesh.

2. Objectives

Bangladesh has the world’s highest tornado disaster risks, with more than 100 annual
tornado fatalities. The goal of the research is to propose a strategy to reduce wind-related
disaster risks caused by severe local storms, including tornadoes and downbursts in
Bangladesh. The comprehensive strategy will be applied by covering various academic
disciplines such as meteorology, wind engineering and geography and practical
perspectives such as meteorological services and operations, public awareness and
education, and other disaster risk reduction measures.

There is academic uniqueness on this research project. No previous research has been
conducted on fact-finding surveys on the tornado shelters. There is no research which
focuses on tornado shelter which was introduced on a trial basis as a concrete measure
against tornado disasters in Bangladesh.

This is not a simple survey to investigate feasibility of tornado shelters for Bangladesh,
but a unique multidisciplinary research developing a long-term strategy to reduce local
severe storm-related disaster risks, including tornadoes and downbursts. A wide range
of renowned researchers such as wind engineering, meteorology, and geography
participate in this research from Japan and Bangladesh in collaborate with governmental
agencies, including Bangladesh Meteorological Organization, Ministry of Disaster
Management and Relief, and NGOs.



3. Schedule

No. Ttem 1st Jul | Oct Jan | Apr Jul | 30t Sep
1. | Needs assessment of tornado
shelters
1.1 | Research review P R
1.2 | Making an interview and a
| questionnaire sheet —
1.3 | Interview and questionnaire
 survey to local people D
2 Understanding the situations
 for effective public awareness
and education
2.1 | Research review P >
2.2 | Making a questionnaire sheet |
2.3 | Questionnaire survey to
school teachers —
3. | Interviews with Bangladesh
Meteorological Department
staff members for developing e—>
a tornado early warning
system
4. | Assessment of tornado
damage investigation g
5. | Developing a roadmap for
' medium to long-term —
measures
International workshop >
Final report < >




4. Activities

4.1 Needs Assessment of Tornado Shelters

It is common practice to take shelter in a solid building as a measure to protect oneself
from wind related disaster, as typified by tornadoes. Especially in the U.S., where huge
tornadoes occur every year, there are shelters for evacuation in case of a tornado. These
shelters are mainly for personal use, with one shelter per household. However,
considering the economic situation in Bangladesh, which is considered one of the poorest
countries, especially in rural areas where the poverty level is high, it is considered
difficult for each household to procure and maintain a shelter for individual households
like those introduced in the United States.

Against this background, Ono and Schmidlin (2011) proposed a mini-shelter room that
can be installed relatively easily in rural areas of Bangladesh and is designed to protect
against wind gust damage. The mini-shelter rooms were installed on a trial basis in two
communities in the Tangail district, where tornado damage had occurred in the past, and
where there was a high interest in installing mini-shelter rooms.

Since the two shelters installed on a trial basis have not been monitored for post-
installation use and maintenance, it is unclear how local people have utilized and
maintained the mini-shelter rooms. It is important to verify the effectiveness of these
mini-shelter rooms in reducing the damage caused by wind related disaster so that they

can be deployed horizontally in vulnerable areas and implemented in society.

()Methodology

In order to monitor the use and maintenance of mini-shelter rooms for the purpose of
mitigating damage from wind storms, this study conducted interviews mainly with two
households in a local community where mini-shelter rooms were installed on a trial basis.
In addition, interviews were also conducted with local people of another household in the
same community in order to understand not only the utilization and maintenance status
of the mini-shelter rooms, but also the community's understanding and perception of the
mini-shelter rooms. These interviews were conducted in May 2022, and responses were
obtained from a total of six local people (two local people with MSRs installed and six
neighbors of the local people).

The questions prepared in advance for the interview survey were categorized into six
main types: 1) General Information, 2) Reasons not to use MSR, 3) Suggestions for
Improvement of MSR, and 4) Ideal Shelter. 5) Evacuation or protection of yourself and 6)
Education and/or Awareness, 1) General Information, which included questions to
determine the demographics of the respondents, such as age and gender. 2) Reasons not
to use MSR, which included questions to determine the respondents' ability to use MSR.

2) "Reasons not to use MSR" questions were designed to find out the reasons why mini-



shelter rooms are not utilized, based on the results of the pre-test conducted prior to this
interview survey, which showed that mini-shelter rooms are not utilized appropriately.
3) "Suggestions for Improvement of MSR" questions were designed to find out the reasons
why mini-shelter rooms are not utilized. Suggestions for Improvement of MSR" was a set
of questions to identify what is needed to implement mini-shelter rooms in the future. 4)
Ideal Shelter" was a set of questions to explore the needs of local people in order to define
the requirements for an ideal shelter. 5) Evacuation" was a set of questions to explore the
needs of local people in order to define the requirements for an ideal shelter. 5)
Evacuation or protection of yourself was designed to identify actions to be taken
regarding evacuation and protection of oneself. 6) Education and/or Awareness questions
were designed to identify the knowledge and educational opportunities that local people

have at this point in time. The questionnaire was developed as follows.

RESEARCH TO DEVELOP A STRATEGY TO REDUCE WIND-RELATED
DISASTER RISKS CAUSED BY SEVERE LOCAL STORMS IN BANGLADESH
Implemented by: BDPC and Supported by: Tohoku University

C t 1: Needs A t of Tornado Shelters

p

Questionnaire i

1. General Information
a) Location: District:
b) Name:
c) Age:
d) Gender:
e) Cellphone:
f) Number of Family Member:
g) Structural types of house:

2. Reasons not to use MSR
a) When was it buiit?
i) Were you pleased that it was built in your house?
LI if yes, why were you pleased?

ii) Did you think that it will be useful for you?
[] if yes, what were in your mind?

b) Did you ever use the shelter?
(1 if yes, for what purpose (keeping crockeries, blankets and quilts, suitcase,
valuable items, deeds, money etc.)
(1 for how long?

¢} When did you fill it up?

d) Why did you fill it up?

[ What went wrong? why?

) What problems or inconveniences?
(supplementary answer-based questions related to size, depth, construction materials,
entrance, cover, location in room etc.)

Figure. 1 Interview sheet (1/3)



3. Suggestions for Improvement of MSR
If similar types of shelters are constructed, what are your suggestions for improvement?
a) For Construction

i) Size

i) Materials for construction

iii) Location in the room

iv) any other

b) For maintenance
i) What is needed?
ii) At what intervals?

¢) For normal time use
(Please remember that MSR is used for taking shelter in time of tornado in shortest possible
notice time. So, it should not be filled up with materials in normal times)

i) Do you think it should be used in normal time?

O If so, what it should be used for?

4, Ideal Shelter
a) Any suggestions or idea for ideal shelter in your village
(Please give some idea of shelters used in other countries e.g. USA, Japan etc.)

5. Evacuation or protection of yourself
a) Did you get any early warning/ information about the tornado that hit your village in
19967 - no
1 if yes, from whom and how long before the tornado hit?
O if no, did you apprehend anything from the cloud or blowing of wind or rain
etc.?
b) Did you feel that your house was not safe for your protection?
[ if yes, did you want to be evacuated to any safe place?
[ is there any safe place, close to your house, for evacuation?
O if yes, what is that place, how far from your house and why did you think that
it was safe?

¢) What did you do to protect yourself from the Tornado?
O laid down / went under the wooden bed / ran out of house etc. etc.

Figure. 2 Interview sheet (2/3)




6. Education and/or Awareness
a) Related to MSR:
[0 If the shelters are constructed, then what awareness is needed before, during and
immediately after the construction?
[0 What long-term follow-up measures are needed after the construction?
0 Who should do that follow up and at what intervals?

b) Related to Tornado:
O Did you have any knowledge or wisdom about protection against tornado?
O If yes, from whom? (Parents, schools etc.)
[0 Do you think that awareness/education is needed?
[0 If yes, what public awareness programme activities should be conducted in your
village? (through Masjids in weekly prayers, through schools etc.)

Figure. 3 Interview sheet (3/3)

(2)Results
After conducting the interviews, the correspondence between each question and the

results is as follows.



Table. 1 Answer list of questionnaire on mini shelter room

@.1_| General intormation
B tocauon — ' ~
Distect Tangall Tangail - B . - Tanga Tangail Tangail Tangail
Uoaila [Kalihan [Kalinai _ elihati Kalihari N [elihan - alihati
union Balle Balls Bat — ~ 12 — _[Bana — — Balla ’ —
Village [Rampur [Rampur [Rampur Rampur [Rampur [Rempur B
B Name Jiobeda Khatun Sulekha ~ [Avesha _ [Nurul Islam [Wazed All [Emdadul Mia
usa Yes Yes No No INo No
¢ 150 70 49 40) 8 [ 3
o [Gender [Fomale Fernate Femate Mate M efe. Mole
e [Colighone - N/A 01742139344 01765 037685 01733 376693 [01818 302054 01623 944089
! [Number of Famty Member — — ) § 51— 5 4 § 7
A [Structuest tyoes of house [Kutcha previous house wes "Kuicha™ aow shifted In "Pucka” hause _[Semi-Pucka [Kutcha [Sem-Pucka [Sem-Pucka
Reasons not to vse MSR '
B When was it built? 2012 2012 yes [ves [ves Yes
i |#eve youtessed that it was buit in your house? [ves ves
{ yos, why were you pleased? | thought there will be no change in my joom [ hought we cen use Hn rormel ume
i JOud you think that st will be useful for you? Ves Yes
YVt yes, what wess i your mind? [We can use the mim sheber raom as storage room [We can keep housenold things there
b 0 you ever use the sheiter?. ves _ _ — ] N0 Ves Yos INo o
:.:; ”I“; f;;:;'"’:; z;;ﬁ:;ﬁ:;‘;:z::;‘r}m 29 Ikecping biankets and qufts, stes! pots and pans v/a Ksering blankers and quilis [Keeping blankers and quits hv/a n/a
for how iong? B " 5-6 days [ri/a
N hen o ou tilt on? round one yeer ago o crars 6 1t . wo shit i newe hous [ roc e [No. it was not filad up. the ald housa was [No. 11 was ot filled up, the old house was
[demolished and a new hause was butlt [domalishad and & new house was bullt
the wooden door troken and was unsate for family members they 10ld us that the wonden door was brokea and -
4 Why did you fill i up? [N/A Yes. | heard that the wooden siucture decayed IN/A [N/A

(my devghier's husband was injured for thet broken door)

Junsede for family members

What wort wiong? why?

The wooden frame was no1 durable

[t didn't woik, ! coutdn't keep anything due to sweating, small
size etc

Awpat aroviems or inconverences?

[Alweys sweoling the wall of MSR

[sweating problem due 1o underground

fo mprovement o SR

/¢t siomlar types of shelters aee coastructed, what 8@ your
suggestions for mprovement?

& For Consteuctron
. definitely size should be lerge. it should be kept all fomily N Size should be large (shauld be included 5-6 family
g [ize Size should be large [Size should ta large, fitfor all family mambars iSize should be large Size should be large 3o that neighbors can use It
membars members}
i [Matenals for construction should be swong particles and dureble shoutd be uss hard meterials shoutd be strong siget [snould ba use strong materials Ishould be use good quality meterials should be use strong and good quality materlals

There should be ane pucka room for pecple of 3-4 housesate

it would be better # it was built an the floos with the well, not

i Jocanon o the room beside aut room beside room or in courtyard [Pucka separate raom would be better anywhet
Jctose distance on them underground
v lonv other /A /A N/A /A IN/A /A
B For pormal ume use |"
R — nothing - nothing |an( No ides INothing [Nothing
i WArwhat mtenate? N/A /s /A /e /A n/s
e | 00 you think it shovid be used 1o pormal trme? ves Yos Tres [vo iNo No
[/ 50 what it snould be used tor? can kept our household moterials shauld be used for ke eping same household things [car kept our blanke s or unused matertals /e IN/& re/n

Sheler

s IAny:Wth or idea for idesl shelter in your village

Strong and durable things should be used for ideat shelier

Strong Pucke house needed in our village

strong pucke building/room

sirong shelter should be made by Governmentin
every area

[Pucka room or building

(ninatives should be teken to make an ideal shelter
room in every house

Evacvation or protectian of yoursell

[Did you get any early warniag/ iolormation about the tormado

B No No No No INo N
hat ut your witsge in 19967 °
7, irom vehom and how long before the formad #it? 7R s /2 /A [N/& Nia
0, ol you agrehend anythung from the clour o7 blowirg of
ol i black cloud and strong wind oiock cloud orack cloud black cioud end rain efter tomada Iblack cloud and swrong wind biack cloud
wind o caun ote.?
B Did you fes! that your hoose wes not sate for pour protection? _|Yes o ves [ves [Fes ves
¥ ves, cbd you want (0 be evacuated (o any safe place? ves n/a es Yos ves Yes
s there any safe olace, close to your house, for evacuation? |Na — _ i I3 [No No [Ves o
£ yes, what is that place, how 1ay lrom your house and why o ) B
res ° 4 79 N /A n/a /s Imy brothor's house, very neat tram my house /A
ou think ihat it was safo?
B What ot you do 10 orotect yourself trom the Tormsdo? 1 down aid down io1d down eid down went under the bamboo-made bed aid down
ned/or Awareness __ _ _
B Rolsted lo MSR: _ _ _ ] _ -
i a B [committee should be formed before construction of -
1 the sheltors ave constructed, then what swaceness is aseded overyons should know the uses of the shelter during Ensuring loce! knowladge and participation o locat
No ides No 10ea shetter and commitige members should spread  |No idea
ootore, during sad unmedtately after the construction? lornado and other disasters peosle betare and during construciion
Jowereness dunng and etter consmucton
[¥hat Torg-tecm follow-up messores are reeded sfter fhe
No /s ves Yos /A raining programme for Iocal peopie
construction?
designoted should follow itup in ever et woluntears’ group should be followed It - - - B} -
ko should oo that follow up and at what intervals? N/A s ome designated person should follow itupin svery  jone team or wluntears’ group ©I vy make a team far follaw-up 1n every month
six montns up in every montn
B Retsted 1o Tornado -
010 you have any kaowledge or wisdom about protection -
Na N No o INo No
s gainst tormado?
i yes. irom whom? /e s /s 7% WA W
(Do you think that awarepsss/edvcation s needed? Yes [ves Yes [ves [Fes Yes

1 ves, what public awareness programme actwties shoukd be
conducted in your viliage?

through Masjlds in weakly prayers

through schools

through schoels

through Masjlds in weekly prayers and also miking
ihe area

through Masjids in weeky prayers

[through Masiids in weekly prayers







4.2 The Experience of Tornado and Indigenous Knowledges
The frequency and size of tornadoes in Bangladesh are smaller and less frequent than
those in the United States. For this reason, there is not much interest among the local
people in improving research on tornadoes and their countermeasures in Bangladesh. In
other words, when a wind gust disaster occurs in Bangladesh, the lack of experience and
social jaywalking will likely result in greater damage. However, to the best of the author's
knowledge, there are no studies that have examined the evacuation behavior of local

people in past wind gust disasters such as tornadoes.

(1)Methodology

In order to share the wisdom of local people that can contribute to the study of damage
mitigation measures based on past experiences of tornado damage, this study conducted
a questionnaire survey among local people of the past affected districts. The
questionnaire survey was conducted in May 2022, targeting 18 people (male: 9, female:
9) from Manikganj, Tangail, and Feni districts that were affected by past tornadoes.

The questions prepared in advance for the survey were categorized into five main types:
1) General Information, 2) Experience in Tornado Disaster, 3) Other's Information, 4)
Indigenous Knowledge, and 5) Suggestion. 1) General Information: Questions were
prepared to identify respondents' demographics, such as age and gender. 2) Experience
in Tornado Disaster: Questions were prepared to identify respondents' past experiences
with tornado damage. 3) Other's Information: Questions were designed to identify not
only their own experiences but also how other community members, such as neighbors,
protected themselves. 4) Indigenous Knowledge included questions to identify wisdom
and lessons learned from people close to them (e.g., parents, elders, etc.). 5) Suggestion
questions were designed to identify advice and suggestions on how to protect oneself in
the event of a future tornado or other wind gust disaster. The questionnaire was

developed as follows.

11



RESEARCH TO DEVELOP A STRATEGY TO REDUCE WIND-RELATED
DISASTER RISKS CAUSED BY SEVERE LOCAL STORMS IN BANGLADESH
Implemented by: BDPC and Supported by: Tohoku University

Component 2: Indigenous Knowledge on Coping Mechanism and Survival
Techniques in Tornado Disasters in Manikganj District

Questionnaire

1. General Information
a) Location: District:
b) Name:
c) Age:
d) Gender:
e) Cellphone:
f) Number of Family Member:
g) Structural types of house:

2. Experience in Tornado Disaster

a) Have you experienced any tornado?

b) How many tornados have you experienced?

c) Do you remember the date(s) of the occurrence(s)?

d) Which was the worst one?

e) Did you get any warning information or sign of occurrence of any of the tornados you
just mentioned? Please explain (e.g. cloud, wind blowing, rain etc.)

f) If you got the sign, did you take any preparation?

g) What did you do?

h) Where did you take shelter? specify the location

i) How did you position your body?

i) Did you help other(s) to take shelter? (e.g. children or elderly etc.)

3. Other’s Information
Do you know how others saved themselves in this or other tornados?

Figure. 5 Questionnaire sheet (1/2)
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4. Indigenous Knowledge
Have you got any wisdom/knowledge from your parents and/or senior members of the
family about survival technique and coping mechanisms in case of tornado?

5. Suggestion
Do you have any advice/suggestion about:
a) What should be done to survive in case of any tornado?
b) What should be the ideal shelter to save life from tornado?
¢} How the survival techniques and coping mechanisms should be promoted to people?
(through family, school, mosque etc.)

Figure. 6 Questionnaire sheet (2/2)

(2)Results

The survey was conducted, and the correspondence between each question and the

results is shown below.
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Table. 2 Answer list of questionnaire on indigenous knowledge (1/3)

0. Que. 0 ose e o 4]
Q.1 Geneval Information
a Location
District Manikgan] Manikganj Manikganj Manikganj Manikganj Manikganj
Upazila j Saturia Saturia Saturia Saturia Saturia B Saturia
Union Saturia Saturia Saturia Saturia Saturia Saturia
Village Naogaon Saturia Saturia Saturia Saturia Saturia
iy Name Sufia Begum Shanti Bosak Padma Bosak Jomir Uddin Md. tabal Hossain Khosru Goutom Kormokar
¢ dee 95 65 50| 56) 58 40)
o Gender Female Famale Female Male Male ] - Male
e Celfphone 01827 704416 01721 319231 01739 126294 01726 597108 01712 290549 01726 949749 B j
f Number of Family Member 7 13] 5 4 5 4
4 Structural types of house Semi-Pucka Pucka Kutcha Pucka Semi-Pucka
Q2 Experience in Tornado Disaster
£l Have you experienced any tornado? Yes - ves Yes Yes Yes Yes
b How many tornados have you experienced? ) B 1 ) 1 i L 1 1
I3 Do you remember the date(s) of the occurrence(s)? 26-Apr-89| 26-Apr-89 26-Apr-89 26-Apr-89| 2G-Apr-89 26-Apr-89
d Which was the worst one” N/A N/A N/A N/A N/A N/A
Did you get any warning information or sign of occurrence |Black darkness descended with a foud  [Black darkness descended with a loud . Darkness descends, followed by heavy
e ) ) . . heavy rain and black cloud black cloud No
of any of the tornados you just mentioned? noise noise and the sky color was red like fire. rain
- J came inside home after seeing the - B -
f If you got the sign, did you take any preparation? dark et & I told everyone to come inside home No No No No
larkness
. was sitting at home with my grand- B ran into my neighbour's house with my L B ) 3
4 What did you do? ran inside my house was sitting in my shop 1 was returning from Dhaka was standing at the courtyard
daughter baby on the lap
In my own house but the tin-shed of the
) B house was blown away. Then | threw my . , 3
h Where did you take shelter? specify the location In my home neighbour’s house in my own shop in a shop my own house
2 years old grand-daughter under the
bamboo platform and | fainted.
j o laid down under the bed with holding m
7 How did you position your body? faid down laid down 8 my sat down sat down was standing
one-year old baby
; Did you help other(s) to take shelter? yes. my grand-daughter. yes, my 4 years old child yes, my children No No No
Q.3 Other's information - ) j
Do you know how others saved themselves in this or other ~ Many were taken sheiter in their nearest many were taken shelter in Pucke )
Many were in the pucka building o Ne ) many were in Pucka building No
tornados” building building
Many were under the bed of wooden
many were under hed or platform
platform
04 - K rowled — =
[Have you got any wisdamj’know/eiige from your parents ) - -
andsor senior members of the family about survival No yes, moving to a safe place or shelter No No No No
technique and coping mechanisms in case of tornado?
Q4 Suggestion
Do you have any advice/suggestion about:
i i Make strong and sturdy wood or bamboo -
o One should stay in Pucka buiiding . g ) v ' should stay at home under bed or strong
a What should be done to survive in case of any tornado? without rushing Should be in the underground If the sky became bad, stay at home. platform for protecting ourseives from table shouid go underground sheiter
I
tornado
) take shelter under bed, table or strong - p}otect head from movihg things of
structure tornado
Strong and sturdy one or two stored strong and sturdy one or two storied Strong Pucka building or underground
b What should be the ideal shelter to save Jife from tornado? |Strong and sturdy building Strong one storied building Strong and sturdy one stored building r _g urdy o " . g uray W ' 4 uilding or undergrou
building buiiding shelter
Hovs the survival techniques and coping mechanisms B - ) B )
< - arvvartechnals ping mechant through family and mosque through family through family and school through mosque {through family through school and mosque
| should be promoted to people?
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Table, 3 Answer list of questionnaire on indigenous knowledge (2/3)

o estio ose who
Q.1 General Information
a Location
District Tangail Tangail Tangail Tangail Tangail Tangail
Upazila Kalihati Kalihati Kalihati Kalihati Kalihati Kalihati
Union Balla Balla Balla Balla Balla Balla
Village Rampur Rampur Rampur Rampur Rampur Rampur
b Name Abul Hossain Kalpana Begum Parul Akter Farida Rehana Lutfor Rahman
¢ 4ge — 52) 43 45 50 62 j 48
d Gender Male Female Female Female Female Male
e Cellphone 01724 738023 01762 365491 01640 826 805 1814708371{01732 944487 01754 229682
! Number of Family Member 5 2| 5 4 3 3
g Structural types of house Semi-Pucka Kutcha Semi-Packa Kutcha Semi-Pucka Semi-Pucka
Qz Experience in Tornado Disaster
a Have you experienced any tornado? Yes Yes Yes Yes Yes Yes
b How many tornados have you experienced? 1 1 1] 1 1 1
c Do you remember the date(s) of the occurrence(s)? 13-May-99| 13-May-96| 13-May-96| 1996 1996 13-May-96|
d Which was the worst one? N/A N/A N/A N/A N/A N/A
Did you get any warning information or sign of occurrence
e | ) No No heavy rain and black cloud Black cloud Black cloud Black cloud
of any of the tornados you just mentioned?
! /7 you got the sign, did you take any preparation? No No No No No No
g What did you do? | was standing at my home sitting in a chair ran into the house from courtyard sitting inside house ran to house from outside | was in the market
h Where did you take shelter? specify the lacation In my own house neighbour’s house my house my house my own house in a shop in the market
i How did you position your body? Standing up laid down | was stand up sitting down Stood in front of door sat down
es, 1.5 years old daughter of m
Vi Didd you help other(s) to take shelter? No Y . v g y No No No No
neighbour
Q.3 Other's Information
Do you know how others saved themselves in this or other
> " No No No No No No
tornados?
Q4 Indigenous Knowledge
Have you got any wisdam/knowledge from your parents
and/or senjor members of the family about survival No No No No No No
technique and coping mechanisms in case of tornado?
0.4 Suggestion
Do you have any advice/suggestion about:
a What should be done to survive in case of any tornado? Need a government shelter should go under bed or strong something |laid down under bed or table No idea No idea should go near pucka building
Siren should be ringing to inform people
about sudden tornado
b What should be the ideal shelter to save life from tornado? [Should be strong and pucka Pucka building Pucka house No idea No idea Strong pucka building
How the survival techniques and coping mechanisms
c i ! g 7 coning i through mosque through family and school through family through family through family and school through tamily, school and mosque
showld be promoted to people?
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Table. 4 Answer list of questionnaire on indigenous knowledge (3/3)

o Questio o 0 have 4 6
Q.1 General Information - } - j ] l . ] ] j j ]
a Location - - B -
District ] Feni Feni Feni Feni Feni Feni
) ) Upazila Chagalnaiya Chagalnaiya [Chagalnaiya Chagalnaiya [Chagalnaiya Chagainaiya
Union Pathannagar Pathannagar Pathannagar |Pathannagar Pathannagar Pathannagar
Village Gondhabapur Pathannagar Sonapur Pathannagér Pathannagar Pathannagar
b Name Rahima Begum Fatima Khatun Abul Tateb Mazumder Abul Taher Majumder Abul Kashem Majumder ~ |toynul Abedin
c Age ] 63 j 53 ' 54 68| L 78 _ 5§
dJ Gender Female _[Female Male Male Male Male ]
e Cellphone 01826-495344 01840-041389 01820-926306 01867-329787 01813-375656 1815660031
7 Number of Family Member 5 8| 4 6 11 4
£ Structural types of house - Pucka Kutcha Kutcha Pucka Pucka Pucka
Q2 Experience in Tornado Disaster
a Have you experienced any'tarnado,’ Yes Yes Yes Yes Yes Yes
s How many tornados have you experienced? 1 1 1i 2 1 1
c Do you remember the date(s) of the occurrence(s)? 1981|140 years ago Apr-81|1962, 12 April 1981 Apr-81 Apr-81
d Which was the worst one? N/A N/A N/A 12-Apr-81|N/A N/A
Did you get any warning information or sTgn of occurrence
e | Black darkness and rain Black cloud Black cloud No No No
of any of the tornados you just mentioned?
f If you got the sign, did you take any preparation? No No No No No No
r:4 What did you do? I was preparing to cook food nothing ::aw:;r:zldmg the window of Madrasha he was in a barber shop | was in a meeting in the market | was standing in the Cow-house
h Where did you take shelter? specify the location in my own house courtyard In Madrasa (religious school) in the barber shop ina shop in the market [Cow-house
I How did you position your body? sat down sat down Standing in front of window sat down sat down was standing
; Did you help other(s) to take shelter? yes. my sister-in-law, father in law, aunt No no, there were no opportunity to help No there was no chance to help others as it No
in law and nephew others was occurred suddenly
Q.3 Other’s Information
Do you know how others saved themselves in this or other No No No No No Ho
tornados?
Q4 Indlgenous Knowledge } j ) j B B j ) j ) l
Have you gotany wisdom//}now/edge from your parents ) }
) b no, only heard the name of cyclone from
and/or senior members of the family about survival No \hem o No No No
technique and coping mechanisms in case of tornado?
Q4 Suggestion
Do you have any advice/suggestion about: -
. . . should go to safe place like pucka R
a What should be done to survive in case of any tornado? Should be in a strong house No idea Should be under the bed in Pucka house building laid down laid down by cover the head by hand
Should lie down if possible, go to underground hale sucvival techniquos should bo promoted
to make people awars
Every house should have a tunnel-like . ’
b What should be the ideal shelter tn szve life fram tornado? |strong Pucka house No idea Should be strong Strong and durable structure where family members can take| Strong buildings should be built as ideal

shelter in time of tornado

sheltar

How the survival techniques and coping mechanisms

should be promoted to people”

through mosque

through mosqué and school

Miking in the area and through schoni

through miking in the mosque

through mosque

through miking in the area, mosque etc
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4.3 Understanding the Situations for Effective Public Awareness and Education

In order to mitigate the damage caused by tornadoes, it is desirable to train students
in advance so that they can learn and practice appropriate judgment and actions when
faced with a tornado attack, based on a thorough understanding of the nature of
tornadoes. It is especially important for countries such as Bangladesh, where it is difficult
to mitigate damage through infrastructure development due to economic reasons, to
provide such awareness-raising activities in schools as part of their educational activities.
In this study, a questionnaire survey on tornado disaster prevention education was
conducted among school teachers in order to understand the actual situation of tornado
disaster prevention education in schools and to identify issues that need to be solved and
the needs of schools in order to improve tornado disaster prevention education in

Bangladesh. This section describes the results and discussion of the survey.

(1)Methodology
A questionnaire survey of 16 school teachers was conducted in Kalihati district,
Tangail district, a city in central Bangladesh, where a severe tornado that killed more
than 700 people occurred on May 12, 1996. Severe local storms caused by cumulonimbus
clouds, such as tornadoes, hailstorms, and thunderstorms, are relatively common in
Bangladesh. Table 1 shows basic information about the respondents to this survey. The

details of the questionnaire items are shown in the Appendix at the end of this section.

Table. 5:Basic information of the respondents (N=16)

Gender Male:8 Female:8
Age 20-29:1 30-39:8 40-49:4 50-59:8
Teaching Career <5:0 5-9:5 10-14:4 15-19:2 20-24:1 25-29:2 >30:1

Unknown:1

Level of school Primary:8 Secondary:8

Type of school Public:8 Private:6 Madrasha (Islamic religious school):2
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Questionnaire form for the interview survey of current situations of tornado

preparedness in school

Sex : OMale UFemale

Age : ( )

Academic background : ( )
Years of your teaching career : ( )

Level of school which you are working : ( ) ex. primary level ete

Kinds of school which you are working : ( )} ex. public, private, mardlasa
etc

District and upzila of school which you work : ( )

#Tornado preparedness means knowledge and skill for reducing damages by tornado.

Q1 Do you have sufficient knowledge about tornado?
Overy sufficient [sufficient (insufficient [Clvery insufficient (Ino idea
Q2 Do you have sufficient knowledge about tornado preparedness?
Overy sufficient Osufficient Oinsufficient Overy insufficient [no idea
Q3 Which month does tornado occur most frequently in Bangladesh?
( )
Q4 Which district does tornado occur most frequently in Bangladesh?
( )
Q5 Which time do tornado occur most frequently in Bangladesh?
[J0-3h [J4-7h O8-11h J12-15h O16-19h [020-23h
Q6 Choose correct items in the followings:
[OJAtornado has a spatial range of 1000km and continues during a few days.
[OAtornado is often associated with a funnel cloud.
[OA tornado occurs in a tropical sea around the equator, and then lands the coast of
Bangladesh during a few days.
OA tornado is formed under a cumulonimbus cloud.
Q7 Select teacher’s appropriate instruction to students for reducing damages when a
tornado attacks your school in the followings.
[OWhen students are in a playground of your school, the teacher should instruct
students to evacuate into the robust buildings.
OWhen students are in a playground and there is no robust building around them,
the teacher should instruct students to keep standing up to pay their attention all over

Figure. 8 Questionnaire form (1/4)
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the place.
DOWhen students are in a classroom, the teacher should instruct them to open a
window shutter and stay near the window to pay their attention outside.
OWhen students are in a small classroom, the teacher should instruct them to move
to larger rooms.
OThe teacher should instruct students to hide under a strong desk with protecting
their head.
Q8 Do you have the education class for tornado preparedness in your school?
OYes [ONo
Q2 For persons who answer “Yes” in Q8, why do you start the education class for tornado
preparedness in your school?
[IBecause you have the experience of serious damages of tornado in your area in the
past.
OBecause your living area has the possibility of occurrence of tornadoes although any
damage has not been occurred until now.
DOBecause teachers of your school begin the edueation class for tornado preparedness
voluntary.
0 Because the manager andfor the principal of your school call for starting the
education class for tornado preparedness.
O Because local government calls for starting the education class for tornado
preparedness.
[OBecause local people requests your school to start the education class for tornado
preparedness.
OOthers (Please write your answer),
Q10 For a person who answer “Yes” in Q8, which kinds of the education class for tornado
preparedness do you have in your school?
[OClass on mechanism and meteorological characteristics of tornado
[OClass on tornado damages occurred in the past
[OClass and drill on evacuation and suitable action for reducing the damages of
tornado

OOthers (Please write your answer)

Figure. 9 Questionnaire form (2/4)

20




Q11 For a person which answer “Yes” in Q8, what is needed for improvement of the
education class for tornado preparedness in your school?

[OEducational materials Gf possible, please answer which kinds of material you need)

OEquipment Gf possible, please answer which kinds of material you need)

[OHuman resource

OTime

OCurriculum

OTraining for teachers

[OSupport of specialist such as meteorologist and weather forecaster

OFinancial support

[OOthers (Please write your answer)
Q12 For a person which answer “‘No” in @8, do you think that you should have the
education class for tornado preparedness in your school?

OYes [ONo
Q13 For a person who answer “Yes*” in Q12, why don't you have the education class for
tornado preparedness even though you think it necessary?

ONo time

[ONo human resource

[ONo educational materials

[ONo equipment

[ONoidea

OOthers (Please write your answer)
Q14 For a person who answer “No” in Q12, what is the reason why you don't think that
you should have the education class for tornado preparedness in your school?

OBecause there has not been damage of tornado in your area.

[Because a tornado damage is very rare.

[ Because you think that the education class for tornado preparedness should be

conducted at other place than school.

DOthers (Please write your answer)
Q15 Do you think that the early warning system for tornado is needed for tornado
disaster prevention in a school?

OYes ONo
Q16 For a person who answer “Yes” in @15, how should the early warning be reported
for school?

OTV ORadio OlInternet [Others (Please write your answer)

Figure. 10 Questionnaire form (3/4)
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Q17 For a persen who answer “No* in Q15, why do you think that the early warning is
not needed for a school?
[OBecause early warning system is not reliable.
[0 Because if you and your students learn the knowledge and skill for tornado
preparedness, the early warning system is not needed.
[OBecause the spending cost for early warning system is wasted as a tornado is very
rare.

(Others (please write your answer)

If you have any opinion for education for tornado preparedness in school, please answer

freely.

Figure. 11 Questionnaire form (4/4)
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(2)Results and Discussion

The responses to the items (Q1 and Q2) regarding the respondents' knowledge and
skills in tornadoes and tornado disaster prevention revealed that most of the respondents
felt that their knowledge and skills were inadequate. In terms of basic knowledge about
tornadoes and tornado preparedness (Q2-Q7), many respondents were accurate about
when tornadoes are most common in Bangladesh (March to May), but many were
inaccurate or "don't know" about where and when they are most likely to occur. In
addition, some respondents seemed to confuse tornadoes and cyclones. Tornadoes and
cyclones are different atmospheric phenomena, and the formation process and the
temporal and spatial scale of the phenomena are completely different. The authors have
developed a tornado damage database based on a survey of newspaper articles reporting
tornado damage. In this survey, the confusion between tornadoes and cyclones was often
observed in newspaper articles. In Bangladesh, it seems that the correct understanding
of the difference between tornadoes and cyclones is not well understood, and appropriate
treatment of tornadoes at the early stage of primary and secondary education is required.
Regarding item (Q7) asking about appropriate instructions for students when a tornado
strikes a school, most of the respondents selected appropriate instructions (evacuate to a
sturdy building when outdoors, or hide under a sturdy desk while protecting your head
with your hands).

The responses to the questions regarding tornadoes and tornado disaster prevention
education at schools (Q8-Q14) indicate that all respondents feel the need for tornado and
tornado disaster prevention education, but that it is not being implemented at their
schools. The most common reasons for the lack of tornado disaster prevention education
were the lack of teaching materials, equipment, and human resources. Lack of
government support and guides were also cited as reasons. It would be extremely difficult
for schools to start tornado disaster prevention education from scratch under the current
circumstances. It is one of the important issues for the future to appeal the importance
and necessity of tornado and tornado disaster prevention education at schools to the
government departments concerned with education and disaster prevention and to
encourage them to enhance the system to establish learning programs and human
resource development as part of the national education and disaster prevention policy.

All teachers answered that early warning is necessary for tornadoes (Q15~Q17). A
relatively large number of teachers mentioned the use of megaphones, bells, and sirens
as a method of early warning communication. This is a method used in Bangladesh to
call for evacuation in the event of a cyclone and is recognized as effective in encouraging
early evacuation and mitigating damage. Many of the teachers who responded to the
survey are thought to have responded based on this method of publicizing evacuation

when a cyclone strikes. However, unlike a cyclone, a tornado that occurs suddenly has a
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very short lead time (time to prepare for evacuation), so there is a large possibility that
people will not be able to evacuate in time if they use megaphones to call out to local
people to evacuate. (According to the author's interviews with tornado survivors, some of
them testified that they heard a roaring sound when the tornado hit.) ) For early
warnings for sudden events with a short lead time, such as tornadoes, it may be more
effective to use a method that can be reliably transmitted directly to each local people in
a short period of time, such as the use of smartphones. This may be due to the lack of
understanding of the difference between tornadoes and cyclones as phenomena. In order
to determine the most effective method for disseminating warnings to mitigate damage,
it is necessary to further examine the actual understanding of tornadoes among teachers
and local people and to consider the local information and communication environment

in more detail in the future.

(3)Conclusions

In this study, a questionnaire survey of teachers was first conducted to understand the
current status of tornado disaster prevention education at schools in order to improve it
in the future. Although the number of teachers was not large and limited, this type of
survey has never been conducted before, and we believe it is significant as a budding
study to understand the current status of tornado disaster prevention education in
schools. In the future, we would like to conduct more surveys of teachers in various
regions to understand the current status of tornado disaster prevention education in
schools in more detail, and based on the results, contribute to the development of a
framework for tornadoes and tornado disaster prevention education.

The survey revealed that many of the teachers who responded to the survey feel the
mmportance and necessity of tornado disaster prevention education at their schools, but
are currently unable to implement it due to a lack of resources such as necessary teaching
materials and human resources. It was also found that teachers' understanding of the
atmospheric phenomenon of tornadoes is not sufficient. It is important to develop human
resources for tornado disaster prevention education (e.g., by enhancing education at
teacher training schools) and to develop teaching materials and learning programs that
can be used effectively when such human resources are trained. We would like to
contribute to the construction and enhancement of a top-down national infrastructure for
tornado and tornado disaster prevention education while clarifying issues and needs
through a broad and detailed understanding of the actual situation in the field, and
appealing to relevant government departments with proposals and recommendations

based on the results of these surveys.
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4.4 Interviews with Bangladesh Meteorological Department Staff Members for Developing a
Tornado Early Warning System

Describes the current status of meteorological observations for severe local storms such

as tornadoes at the Bangladesh Meteorological Department and the future construction

of an Early Warning System.

(1)Ground observation
The Bangladesh Meteorological Department conducts observations of ground
meteorological elements (wind speed, pressure, temperature, humidity, precipitation, soil
temperature, and solar radiation) at 61 regional meteorological stations and weather
stations, including the main station in Dhaka, eight times a day, every three hours. The
data is then sent to New Delhi, the center of South Asia, via the Global
Telecommunication System (GTS) of the World Meteorological Organization (WMO).
Some weather stations also conduct continuous observations using pen-written self-
recorders. This pen-written self-recorder can capture sudden changes in weather
elements when a severe local storm, such as a tornado, passes nearby. In addition,
Automatic Weather Stations (AWS) have been introduced in recent years. However, the
accuracy of AWSs cannot be guaranteed because the instruments are not sufficiently
verified on a regular basis. In addition, the maintenance status of conventional manual
instruments is sufficiently assured, but AWSs sometimes stop working or malfunction

the instrument.

(2)High-level observation by radiosonde

High-level observations using radiosondes are conducted at four locations: Dhaka,
Chittagong, Bogra, and Sylhet. In Dhaka, they are usually conducted once a day at 00
UTC daily, and once every two days at 00 UTC at the other locations. Temporary
observations are made when a cyclone is approaching or when heavy rains are expected.
The results of these observations are also sent to New Delhi. The results of these
observations are extremely important for evaluating atmospheric stability, which is a
major condition for the occurrence of severe local storms such as tornadoes. Wind-balloon-

only high-level wind observations are being conducted at about 10 other locations.

(3)Observation by meteorological satellites
The image was taken by the Japanese meteorological satellite Himawari. The
Himawari is located on the equator at 140 degrees east longitude, and the sky over
Bangladesh is the western edge of the satellite image, so the clouds are seen from a very
oblique angle. Also, the resolution of the satellite image is not high enough to observe

cumulonimbus clouds, which are the parent clouds of tornadoes.
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(4)Observation by meteorological radar

Compared to weather satellites, weather radar can observe the movement of
cumulonimbus clouds. However, its spatial resolution is not high enough to directly
observe tornadoes, but it can monitor the behavior of cumulonimbus clouds that may
cause tornadoes. In Bangladesh, five radars have been deployed with Japanese
assistance in Dhaka, Longpur Moulvibazar, Khepupara, and Cox's Bazar, covering

almost all of Bangladesh.

(5)Discussion

Thus, the current observation system of the Bangladesh Meteorological Department
makes it difficult to directly capture severe local storm phenomena such as tornadoes,
which are small in time and space. This is a fundamental physical problem in
meteorological observation, not only in Bangladesh.

Furthermore, in Bangladesh, the weather radar is operated every three hours for one
hour of observation and then suspended for two hours. This is to reduce wear and tear on
radar components and to operate for a longer period of time, as well as to conserve
electricity. This observation system can cope to some extent with the general observation
of weather phenomena such as cyclones and relatively large Spatio-temporal scale
phenomena such as typhoons. However, it is not suitable for observing severe local storms
such as instantaneous tornadoes, and continuous observation is definitely needed.

All five of these radars were provided by Japan. They work well for a few years after
being introduced in Japan, but when equipment malfunctions, repairs are difficult and
subsequent operations become almost impossible. The unstable voltage and inadequate
power supply in Bangladesh are the causes of the malfunctions. In addition, the fact that
there is almost no person who can respond to this contingency with sufficient knowledge
and skills in radar when it occurs requires adequate countermeasures to be developed
prior to introduction.

For forecasting meso-weather phenomena such as tornadoes, parameters such as wind
shear, which indicates the degree of atmospheric instability and dynamic instability, and
CAPE, which indicates thermal instability, are used. If we can fully understand the
physical meaning of these parameters and use them in our business, we will have a better
chance of forecasting outbreaks. However, it is difficult to achieve such accuracy in Japan,
as it is said that only 10% of tornadoes actually occur under a tornado warning. In this
process, we believe it is important for the newly established Department of Meteorology
at the University of Dhaka and the Meteorological Department to cooperate in conducting

steady research.
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6. Lesson Learn and Recommendation

This study had mainly three topics: 1) Tornado Shelter, 2) Education and 3) Early
Warning System. The comprehensive strategy was applied by covering various academic
disciplines such as meteorology, wind engineering and geography and practical
perspectives such as meteorological services and operations, public awareness and
education, and other disaster risk reduction measures. The followings are the lesson
learn and recommendation in each topic.

Regarding the tornado shelter, the interview survey showed that mini-shelter rooms
were rarely used. The reasons for this were that the use of the rooms during normal times
was not clear, and those maintenance methods had not been established. One solution
would be to evacuate a certain number of households together to a single shelter, rather
than a large shelter such as a cyclone shelter, as this would be more realistic.

Focusing on the education, the survey revealed that many of the teachers who
responded to the survey feel the importance and necessity of tornado disaster prevention
education at their schools but are currently unable to implement it due to a lack of
resources such as necessary teaching materials and human resources. It was also found
that teachers' understanding of the atmospheric phenomenon of tornadoes is not
sufficient. It is important to develop human resources for tornado disaster prevention
education (e.g., by enhancing education at teacher training schools) and to develop
teaching materials and learning programs that can be used effectively when such human
resources are trained.

For forecasting meso-weather phenomena such as tornadoes, parameters such as wind
shear, which indicates the degree of atmospheric instability and dynamic instability, and
CAPE, which indicates thermal instability, are used. If we can fully understand the
physical meaning of these parameters and use them in our business, we will have a better
chance of forecasting outbreaks. In this process, we believe it is important for the newly
established Department of Meteorology at the University of Dhaka and the
Meteorological Department to cooperate in conducting steady research.

A multidisciplinary approach is important for measures to reduce the risk of wind gust
disasters, involving not only academics but also diverse stakeholders, including
practitioners and local people. In this project, not only science and engineering
approaches such as observation and prediction of meteorological phenomena and early
warning, but also social science approaches such as early evacuation, awareness raising,
and disaster prevention education are required and need to be considered in a
comprehensive manner. Based on the results of this project, we have organized the issues
to be addressed in the future as a roadmap. This clarifies the relationship between each

area, and we plan to continue our study based on this roadmap.
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