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Outline of Electric Power Outage and Recovery in Typhoon No.15 Disaster
and Their Comparison among Other Recent Disasters

BeR Ba*!
Nobuoto NOJIMA

Typhoon No.15 brought extremely strong winds to the Tokyo metropolitan area early on September 9, 2019. The most serious damage
was electric power outage which continued longer than two weeks in Chiba Prefecture. First, this paper briefly summarizes the outline
of damage caused by Typhoon 15. Next, physical damage to electric power supply facilities and electric power outage and recovery
process are compiled on the basis of published documents and information by related organizations. Emphasis is placed on the issue
of public information on the prospect for recovery of electricity which significantly underestimated the duration of outage. Several

earthquakes, typhoons and flood disasters are compared in terms of damage and recovery of electric power supply services.

Keywords : Typhoon No.15, outline of damage, electric power outage, recovery process, comparison of disasters
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BHMBROWE & IR
Damage to Power Supply Facilities and Power Outages due to Typhoon No. 15 (2019)

KH R gk EL2, HE ==, Julln A
Shigeru NAGATA, Shingo SUZUKI, Satomi SUDO, Yoshihisa MARUYAMA

In Typhoon No. 15 that landed in the Kanto region in September 2019, strong winds and heavy rain caused damage such as breakage
and collapse of two steel towers and 1996 power poles in the jurisdiction of TEPCO. The impact of the typhoon has led to a total of
935,000 blackouts in Chiba, Shizuoka, Yamanashi, Kanagawa, Ibaraki, Gunma, Tochigi, Tokyo and Saitama prefectures. The
restoration of the power outage took about two weeks, except in some areas where restoration was difficult, affecting other lifelines
such as telecommunications and water supply. In this report, the results of surveys on damage to power transmission and distribution
facilities and power outages caused by Typhoon No.15 were compiled using public data from the Ministry of Economy, Trade and

Industry, power pole damage data and power outage history data from TEPCO Power Grid Co., Ltd.

Keywords : Typhoon No.15, power supply facility, physical damage, power outage
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Functional Damage to Water Supply Systems in Chiba Prefecture due to Power Outage

FLIL EAK
Yoshihisa MARUYAMA

A powerful typhoon Faxai, the 15th typhoon in 2019, made landfall in Tokyo’s neighboring Chiba Prefecture around 5:00 a.m. on
September 9. It caused severe structural damage especially in the southwestern part of Chiba Prefecture. It also triggered extensive
and continued power outage in Chiba Prefecture. This study investigated the functional damage to water supply systems in Chiba
Prefecture because of the power outage. In Japan, it is anticipated that extensive power outages may occur after the Tokyo Inland and
the Nankai Trough earthquakes in the near future. This study will be helpful to establish a resilient water supply system against future

earthquakes.

Keywords : Typhoon No. 15 in 2019, water supply system, power outage, Chiba Prefecture
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Physical Damage to and Functional Impacts on Telecommunications Facilities from
Typhoon No. 15

FER] ¥ ORI 2, I RS
Gaku SHOJI, Shigeru NAGATA, Taiga MINAKAWA

This study examined physical damage to and functional impacts on telecommunications facilities in Chiba Prefecture, Japan, that
were exposed to Typhoon No. 15, which made landfall in September 2019. We aimed to assess damage to the facilities managed by
Nippon Telegraph and Telephone East (NTT EAST) and to confirm the extent of affected telecommunication services supplied by
those facilities as well as determine the functional disruption to telecommunication buildings by the related electric-power failures.
We also set out to show quantitively, in time series, the physical impact on telecommunication poles and cables due to the associated
strong winds, the slope and road failures during the passage of the typhoon, and the number of failed lines between the
telecommunication buildings and the supplied units, as reported by users. Regarding damage to mobile-phone communication
facilities managed by SoftBank, we focused on the characteristics of disruption to mobile-phone communication across the served
communication areas in Chiba Prefecture and analysed the data in time series. Finally, we gathered information on responses made
and damage countermeasures introduced immediately after the event by both NTT EAST and SoftBank, particularly from an
engineering perspective, and started discussions in preparation for anticipated communication-infrastructure damage by a future

typhoon disaster.

Keywords : Typhoon No. 15, physical damage, functional impact, telecommunications facility, mobile-phone communication facility,

strong wind, slope and road failures, power failure
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Impact of Stoppage of Power and Water on Performance of Hospitals

B B, A BT,
Masakatsu MIYAJIMA, Yuko SERIKAWA

A questionnaire survey for hospitals affected by Typhoon Faxai (2019) in Japan was done and impact of damage to lifeline on medical
functions was studied. The questionnaire survey sheets were mailed to 349 hospitals then responses were obtained from 87 hospitals
in Chiba Prefecture. Therefore, the questionnaire collection rate was 24.9%. The results of this survey indicate that the stoppage
of power mostly affected to the medical function in the lifeline function damage. However, an alternative electricity reduced the effect

of power outrage on performance of hospitals. The capacity of the alternative electricity should be reviewed.

Keywords : stoppage of power, stoppage of water, performance of hospital
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FGA T T4 MEIC X BEE K EOERE

A Survey on Daily Living Disruption Caused by Lifeline Suspension

Ve FHg™!
Shosuke SATO

The web questionnaire survey was conducted to survivors affected by Typhoon Faxai (2019) in order to clarify situation of daily living
disruption and the characteristics. The results are summarized as follows. 1) “Washing clothes” is the highest degree of daily living
disruption of all daily living activities. 48.2% of survivors (answerers) could not response with alternatives during period of electricity
outage. 2) Daily living disruption degrees of “washing clothes”, “telecommunication” and “bathing activity” in old age is higher than
young age. The old affected people seem to be not able to move to outside of electric outage area and to not have portable battery for

telecommunication tool. 3) However, elderly people could get creative with what they had and alternative water, heat and light source

to do “cooking.”

Keywords : daily living disruption, lifeline suspension, alternative way, disaster survivor's life
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Impacts on Business Activities

PRy FemE™!, B 2 BREEL*?, Ll "3
Yoshio KAJITANI, Nozomu KURODA, Atsushi SENOO, Hirokazu TATANO

This report summarized the impacts of Typhoon Faxai (2019) on business activities in Chiba prefecture, Japan. The typhoon induced
a long-term power outage (around two weeks at maximum) in the Bousou Peninsula in Chiba. In addition, other typhoon and heavy
rains also hit the same region in the following month. Our post-disaster business survey clarifies the sizes of damages in an industrial
sector, including inventory losses due to the power outage. As a result, it is shown that 77% of damage costs stem from facility
damages and 6% from inventory losses due to the outage in our samples. These estimates should be refined by analyzing business

interruption losses which would be 50% additional costs at maximum up to the end of 2019 fiscal year.

Keywords : industrial sector, economic impacts, typhoon, power outage, strong winds
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Collapse / Damage of Utility Poles and
Social Acceptance of Undergrounding and Utility Pole Removal Project

KEE HiH*!
Tetsuharu OBA

The purpose of this study is to examine the changes in the social acceptance of Chiba prefecture citizens and the pre- and post-
differences after grasping the collapse / damage situation of utility poles caused by Typhoon No.15 in 2019. For this purpose, this
study conducted a literature survey and a web questionnaire survey. As a result, it was confirmed that utility pole damage was severe
on the east side of this Typhoon passing through Tokyo Bay, and that the overhead line was severely damaged, while the underground
line was hardly damaged. In addition, the proportion of Chiba residents who think it is necessary to promote the maintenance of utility
poles is increasing by about 20% before and after the disaster, and about 60% of respondents are considering to promote the
undergrounding and utility pole removal project as the most effective countermeasure in order to prevent the recurrence of large-scale

power outages.

Keywords : collapse / damage of utility poles, social acceptance, undergrounding and utility pole removal project

1.8.1 [XL&IC

2019 429 H 9 H ORI S BISH T CRIBHT 21818 LS FonEa m 15 51E, ROEARIC L 2 FREGEEOH
K, KARLERICLD2BRAKEOWEORL LT, BT A 7 T4 NG KRERWENS KLY, TERZ TSR
IEENRAET DL, ERRMEERERRILEZ L0 L2 SIFiBEIcs Ly, B, KEBEERESEL
ZEBO 1 5L LT, FHTHRAE LIZEHEOHRR CEBECHEGOHE & 2 OEIBOENBEHINATND D,

#9 3,500 TAS OEIENHIL L TW DD ETIE, BHEK 7 TADOR—ATEENENZHS TRy 2, WEIE
fbDHERRIL, BCKFEESEMO T U7 4 H & i L b K& BTV D, U4, HFHIRERAT Y T BEE
BIZR LT, EICE 2B LAERIIK SN ->2oH2 00, WEMEERHEL TV ETIE, K2 X2 MEFED
RHEAE &b, i ROBERAICKT D8R L FELEERD, 2R E®mD TS RLERD D,

BT 2SR EICONTL, ZAET, FE Y0R70 63, F - #5 B Elii 4§ 2 2kl
B YR EEBLT, TORENRAONTE, LOALAERRL, 60 I1E, Slilkz sz, BEAbIox
T 2R OFSHZ AL L ERY OFECHIET 5 Z LT E o TV D, FRETIEIRW I EZ RS L7 RikoH

H

k1 R PR PR e Ye#d% - i+ Assoc. Prof., Graduate School of Management,
(%) Kyoto University, Ph.D.(Eng.).



BRI LT, REBUSECEREIEE - BE5IC K 28GR, S OICIIBIEE0E ~ DAL L OEV S, BB
BIZH T 22 RERICED L 5 e BE RITL TWDHD0, HERIHE TED L IIZZHFEBRNE(LL THDHDOMNIT
DONTHE, BALIZERTW RN,

Z ZCARRTIE, BRITEEE 15 SEXIgI, THERNTRA LEBREEIEE - BEOHFERI A T — 2 L30kiIc
%6w(§ﬁ%ﬁ%ﬁbkif HRIWEEZZ T - TERRZXRIZ, Web 77— MNEZBE LT, HEEL
X D SRR LB ETR COBAEERMICH LN T 22BN E T 5,

182 AR 15 5ICXHBEREIE - BEOHEKRR
()FEAEIEE - BEOF RN
RFEEEDOBIVC VT U AT =% 77— 2020 4 1 HICE 0 £ ED“RE 15 B OEER xRS
AR D RREERE LY £ & M KU, R 18I T L HIC, WEE/ENTE 1,996 KOEENITE - I - 3
REOBEFEWELZ T TR, %@5%%%%ﬁ%ﬁﬁﬁ:$¢bfw o IHHDOEEEDRIKN L LTIE, #IK -
YOI, FRORY), MR ORI L5 “REFENRZ L, HICEITHEA - BYOBETH DL Z L¥br Db, £
%1&2&%#&5:,Wﬁﬁ&%$ﬁf®WE%ﬁ%m@¢ét BRISBOPENFERTHH—H T, HFROp
L, BHENRERE MR L TRV A2 ZELSINWTYH, M EEER 1 B0 LIFIEHELZZ T TRV LB )
MR De ZDXIRFRIE, 2018 4 9 AT THRRRWEL SO LIZAR 21 SI2B8 W TH, RO
RERLTND,

# 1.8.1 EAEHEEDRK

S
Ty B BHE = Z=)I gl F a%F
y mA BE XM 5 F (BE)(%§)$$JI TTETR 1= +
B 9 0 94 9 1,750 15 3 59 2 55| 1,996
IR - BYof)iE 9 0 57 8 1,311 6 3 37 2 44| 1,477
BHEE p—
OER ke 0 0 9 0 263 3 0 6 0 0 281
brupdo) - 0 0 28 1 176 6 0 16 0 11 238
HL  RRIFEEEQROE N LD v AT —F 0 77— T &
# 1.8.2 BRI OHE LRI
207048 e
XY 207048 BER T T =70
GF1E - EIE%) | (W% - BB | (B - ERD) EUES) (815 - 1ERZ) (E815%)
1,996 5,529#% 4315 0& 1& Om
(8% BREEH SEA1SIC L 2WRERHERE) SEA1SHSRIZEESEE (THR30£128130) ki
207048 e
XY 87048 LER T i+ fese =70
1,34374 4,914%%M 36245 38& 0& 544m

Hi i [ 228 (2019) B AL 2L A R

Q) TEER N O E R
BAEDHER D b 2V THERADHEERIUZOWT, TOFEMEZ X 1.8.1 (R F, K 1.82 1R &9 REH-D
B - BIENSHITRAELTRBY, $1S, B 2EE L-GR 15 5-oEEIEM (%25, B, T K, AE,



FHEHIEL) I2BWT, RERWENEF L TNDEZENI NN D,

- -

0 5 10 20 30 40
O — —

0 5 10 20 30 40
FA O — —

FA DI

X 1.8.1 BIEOHERDL (£« HUR, A #IR)
it HEUE )T — 7 )y RERIC K 2827 —Z 2 B 4EG - KR

B 1.8.2 BEEOHIEE - B/ O 0T, A et
il [E208E, NPOEANBRORNES ) Ry U —7 L0 7t

183 BRI BICKIBMABRREBFEA-TERROEERLICHT HZBEHNEIL
(HWeb 7 > 7 — N A OREZ

Ry A <=0 T 4 7 OTFTERNICEET BT =X —IZREE21T 5 BT, Web 77— ML E
i L7z, FRAIARIE, 202043 A 4 HOUK)S 3 H 8 H(H)D 5 HM T, 20 mll E 80 A 0B k&2 %5z, N0
HERREL & HUsRrME 2 B 3 2, 11 UKy THRID A1 2175 2 & T, %072 2,500 thOBEIEZH TV S, HENEIT,
DIENJEME, 2)58E « @fEREE LK OEEEEE - BIEOWERD, 3)EELITH T 2 REMHD 3 DTRE MRS
nTnsg,

Q)L DFER

2,500 D EEE BIEA S 1.8.3 17T, MR TIXEMED 64.2%, HFERBITIL 50 A 274%T, TNFNDREMEIC
BWT, @BVERLEREZRL TS,

1-57



# 183 [EEEHEREM
EME OUNER  ®Ektb (%) S OIRE Bt (%)
ESZN 2,500 - ZFK 2,500 -
PRI Bt 1,604 64.2 tHHBAKR 1A 372 14.9
Eogs 896 35.8 2A 843 33.7
FHAI 201 122 4.9 3A 653 26.1
30f% 318 12.7 4 A 436 17.4
401 592 23.7 5A 139 5.6
501 684 274 6 A E 57 2.3
6 0% 510 20.4 tWHEFUNE I3 00HBMBXKE 418 16.7
70K 274 11.0 300~50073M 497 19.9
BZERl =8 965 38.6 501~7008H 367 14.7
NEE 89 3.6 701~1, 000AHM 395 15.8
BE% 195 7.8 1, 001~1, 5005M 182 7.3
I (REEFEH) 289 11.6 1, 501~2, 0005BM 40 1.6
=kt 18 0.7 2, 001 ABME 19 0.8
JS— 1« PIUINA = 350 14.0 DHBE » BZELTE 582 23.3
R 518 20.7 fFERERES HX (P 1,637 65.5
ZDH 76 3.0 BR (HEED 312 12.5
BiEMZEE  FEDH - HRD 360 14.4 55 (F& 75 3.0
Smithis 360 14.4 52 (HEEB) 403 16.1
R BSAMithIs 360 14.4 B1E 27 1.1
EQfE iz, 360 14.4 ZDit 46 1.8
EbE] 50 20 BESFHEI 55XKE 372 14.9
Emithis 150 6.0 5—1 0FXKH 330 13.2
WE b1 200 8.0 10—1 58X 352 14.1
RAihis 150 6.0 15—208&FX% 319 12.8
ESEie] 50 2.0 20—2 55K 296 11.8
TR 100 4.0 25FMUE 831 33.2
E2Hhig 360 14.4

Hidh

X 1.8.3 HiutsgEIfF X 4>

FE#E IR https://www.pref.chiba.lg.jp/kouhou/kids/chi-bakun/sorakara/shichouson.html

wrah” Lo
Al S i
BE /it /SR



https://www.pref.chiba.lg.jp/kouhou/kids/chi-bakun/sorakara/shichouson.html

{EEE, WIS, BHEEOEORREZ 7 o RER LT 1.8.4, 1.8.5 127”7, [ DK 48%H3
EEME, K 3B%NBEEEOHELZIT TWDL I ENbND, £, BEEEDK 13%DIEFWEBICEWT, &
FHREOWENRL LN D,

20 40 60 80 100%

o

SRR

LA IRV L s VS VAN Al n = 2,500

=EHE -

=8 B0 5L prsE P
BIEEEH0 517 77 594
EirisEH D 60 38 98
BIEEEEHFBIZEHD 212 10 222
L - DH5N 413 1,173| 1,586
5t 1,202 1,298| 2,500

X 1.8.4 BEMHE, BEMREE, BEEREORERR

400 400
n=1,202 n =816
350 336 350

n 5 7 8 4 8 2
o - - - 2 oz
{gé‘ X WO PR AR R ®®,\o &@%", 55 e\gﬁ P R PP AP R ‘3@\0@\&&&@@
Ko NE: K NEES
[1&=E ] [EfEFEE]

n =312

100

65
35 40
l 17
|
*@ *$> £

<& <& <& g 0
O oS 2
o o &
N N
[EHEEE]

B 1.8.5 (=REME, WEES, BAREOEIRBIFO5Am

1-59



BRILICEZ2RNER E LT, BIEER R AN EEZE X TODRRER, RN THZIE B2 D3RR A X 1.8.6 1T
AT, RBAEBZ TV HRRK E LT, “BER DT 7L 2,500 D95 623%% HH TN D, HEWT,
RNVTHNEBZ TODLRIIRRE LTIE, “EH - S35 OMRETRIL A 24.8%, IRWNT, “BEIRSEOSHUL S 21.4% &
VTN D,

0 10 20 30 40 50 60 70%

kT o AR 14,

WEE 116 62.3

wm - tzomt [ bk 150
aemorews el s o
preeokt | 155
srzonit [k > .

zom |95 "BEEY "RTED
' n =2,500

1.8.6 HEEGILIZHER xR (b AR, WROTHZD)

[FIZEFE OB LIS T H2BAEZ K 1.8.7 1R T, “BE - AL BIZEH>TWD7 42.5%, “D LET->T
WA 397%E VTR Y, HEE D SEMAMEEIELRNLTRALTNDIIERNI PR ZD,

n =2,500

BE-RNBEBICKLHOTND DL TNSD
oAVt al=v Ryl arS EvSISVAN ALY [ Ytatay s N AN C ISYANAY;

1.8.7 MEEAA L ORI

R LA D TEBEAEALIZ B9 2 I OBl = 0 F 1 & iR 22 1.8.8 1277, K 27%DEIEH N IEE(LIC
BT A@IcHE LTy, #ilAEoNRE LTIE, TLERRELEL, RWT, A ¥—%v bk, HEOIEL 7o
S>TW5A,



AR ARV aEEE s valsyANA

600 550
n =623
500
400
300
198
200 162
100 63 38 I I 6 2% -
0 . | | - —
NN 7 & < & Z ¥
= P B
A A G S R )
57
IN

X 1.8.8 #e S LUK D MEFEAEALIZ B 2 M Ol 2 O A (FIXITEERIR )

PR AR F 1T 2 MEE AL HEE D L BNE & 2L E B W &2 X 1.8.9 1R T, #KEHTIZ MR D THEE DY 9.2%,
AEIN 19.9%, ORI 20.8% T, HEUL < DIEIEFE DN DRSO TREMREZE L TN D, —HT, #EERIE
RO TILEE DN 25.7%, BN 31.2%, “RRMEN 16.1% T, D70 D3 B 2 5k Délﬁl/i%‘ﬂ) 2ENF
MLUTWD, BRZ, “Md THEL16.5 KA > FOBIN, “COMET 113 K4 hOEMTHD,

ZtESN ] #HE
0% 20% 40% 60% 80% 100% +6 3
+5 9
+4 36
+2 402
+1 601
0 1,265
-2 8
n = 2,500 -3 3
-4 0
=i HH TINE N = DOOUE 5 X
BE55EEERRNN DORE R E . 1
miECRE i 2,500

1.8.9 WEHHIRIZ I 2 M LI e e O MM & LG



e KRR T % BB A HERE DM BNEIZ OW T, EEBRED Y ORIEH LR LI LRV ORIEFEM/ TOl
A 1.8.10, [X1.8.11 12, BHHEELH Y OEIEE LR LSS RVOEIEEM TORRZX 1.8.12, X 1.8.13 |2
RY,

0% 20% 40% 60% 80% 100%

n=1,202
BiRHTIHE INE ERulul/it=
B EE5EEEZEN HXOXORE A8
=BHTARE
X 1.8.10 {EEMHEDH Y DEIZEFE O LT
0% 20% 40% 60% 80% 100%

AT . 22.8

n=1,292
BiRHTHE E mODINE
B EE5EEEZE0 mXHXDRE nRE
=iRHTARE
X 1.8.11 {EEHLER L0520 ORI O EE
0% 20% 40% 60% 80% 100%

n =320
RHTIHNE IE OOHE
EBBEESREN =OPRE L=
RHTRE
X 1.8.12 BHARED V ORIZH O EM
0% 20% 40% 60% 80% 100%

n=2,180
BiRHTHE NE OO
B EE5EEEZEN mXHXORE nRE
=HEHTRE

X 1.8.13 FAFHEEEZ L/ 052\ O[RIEH OB

1-62



F7, HREMSH Y OEEE LR L/ L0 ORZEEM TOREK AKX 1.8.14, X 1.8.1512, THERANO MR
ZEBLT, TEN - HEGORZSE & BRI ORZEEM TOLEAZX 1.8.16, X 1.8.17 777,

0% 20% 40% 60% 80% 100%

AN . 19.9

2
=
R
g I
o

n =623
B HHTINE P7E=3 = XOXDIUE
B ES55EEERE0N 1 XOXORE = RE
BHHTARE
X 1.8.14 TE#HEMD V DEIZEF O LT
0% 20% 40% 60% 80% 100%

n=1877
miHH TN INE Ehegelt:3
B E55EBEXE0) mXDXORE nRE
BiHHTAE
X 1.8.15 1F @B L/ D 72\ 0 ORIEE O MLEME
0% 20% 40% 60% 80% 100%

n =360
BHTYUE E "OPINE
BESLEEERRN =XOORE nRE
" RHTARE

X 1.8.16 T - il i OREIEH OMENE

0% 20% 40% 60% 80% 100%

g

AN 15.3

n =360
= BH TINE M= OOME
| Y ats15Yak SV A4 mXDXORE nRE
" BHTARE

X 1.8.17 FHelsk o [r12Z5 O p Bk

1-63



MEFACICHIFF T 20 R 2K 1.8.18 IZR T, WIFFT 2B &3 “B5RMED M@ E7(60.0%), “F7A4 774> (£ -
135) OREME(58.1%), “ICHWLEDM 17(44.0%), “mBUZHK - E8m L (37.4%)DIEICRHENTW D,

0% 20% 40% 60% 80% 100%

REJERL « ZBQL

fasétEmm@

RBRZEDE L

S350V (D« @IEH) DREM
it DIE M

BEMECELE

DR
n=1,824

RIS HOOVEHFTD =EBLEEERR =HIVHFLESL = EARFLEN)

< 1.8.18 MEEAEALICHIFFT D205

HEE AR & O T R EER A X 1.8.19 1R, BT 2EIG1E, “KERHEK(52.9%)DEIGnRE L, R
T, “HBTE - BIEBEB{TEOZEK(38.5%), “HETIK(36.7%), “HMASEED L AR (36.5%), “IEIIHRE
H7(34.9%)DEIE DR E W,

0% 20% 40% 60% 80% 100%

2En'20\El I s s s s,
fenRL eSO Es s A
H178 - BhEaTE020\EE IIIIIEGEE ez e e
ENEGIOEMVEI - DR PE R
SEBEUARER IS0 s ——
EESlbEl  DEVAR e
GESIE DA
&yeithoals IS s s s .
BFE IS 76 m22zammm
AHEROIBMEE GHERS BOnEs IS A .
EFRESROER IETEs e o e
ZUV\ETA - REOSE I s s o .
puspiiaml DR |
BhHosEEHAT e IS e A 7.
Briaduioers I 7.
WSO oEE DS I s —_—

n=1,824

={E59D = OVEET D = EB5EES AR = HFIOEST LS =BT LR

X 1.8.19 MEFALIESE 2B & EK



1.84 BBHYIZ

ABFTEE, BRICHER 15 512 K D ERBEEOHEFERIN AR Lz LT, THERROEERIIKT D205
ML PERFTER OZBEMEDEAZA O T 52 L2 BRIC, SCHRIHEZR L TNT Web 7 7 — Ml 4 FE0i L7,
ZORER, FROE Z @i LB R 15 5 OER B CEREEOENKRE , £, LEROPESERTHL—
7T, HIFRBITIZIEREEL T NN 2R Lo, Fo, TERRIE, EEHEREOHELZ Db
LR U TWAEIAD, KRB T2ENIEEMMLTWA Z L, 61T, # 6 Bl E S KHFEED BHIED

R ADNRRIGRE LT, BEHEEEZEZTNDLZ L2 LN L,

TFHERDAROMBIACRIT 1%FRE CERR 29 FEK) T, REPEHIC LBV TH2RN O, Web 77— MR#ET
oMM L TERROMGSOZEMEOE I 28400, TERNOBEEREHELHEEL LY ) = 20k s
Blo T ZENRDBND, 7035, AR TIE Web 7 > — MBS ROEBEEF KON v ZEFHIEE-> TV D

W, FHERF O EOE R 5050 &l U CHESSZ AMEDRI R ER ZH NI T 2 2 ENE%OETH D,

Eiris

W NT =7V » FMEASHECEDR REALHE 7 L — T OF 2K, b0, HEREEERKRERER
BB O ARSI, SFITAEE R 15 ST fE S BAEE - IR T 2 7 — 2 SEE R Iz 57

— X% TRMAEE E L, £72, NPOIENERORWES W IRy MV — 27 FEREOH LF—RIZIX, Web

T U — FEZEOEMERICOWTHIMERT RAA AZTHEE Lz, ZZIECHEZELE T, 51T, Web

T — MBI WAV < OIS, REILE L B ET,

235 3K

1) BEFERE BRoxLX—7 [BR & 8] ~RIHEENOZEXDEO LY ) =2 %, 2020-01-23
https://www.enecho.meti.go.jp/about/special/johoteikyo/typhoon.html

2) ELREE EHEAEOHEF hitps://www.mlit.go.jp/road/road/traffic/chicyuka/chi_13_03.html

3) BIAIE, MEIEE, AIEFEE, AR K A LRI o A RO & A, TORFEHESETSE
#HEIHHE(CD-ROM), Vo.45, 2012.6.

4) PIzIE, E A A 5 R http://www.hrr.mlit.go.jp/road/mudenchu/enquete/index.html

5) RRFEEL BHLVY VDU RAU—X T 7 —T R 15 5OEEE RTINS TR 5 REERE R £ &9,
2020.1.https://www.meti.go.jp/shingikai/enecho/denryoku_gas/denryoku gas/resilience_wg/pdf/20200110_report 01.pdf

6) [E 24 http://www.mlit.go.jp/road/road/traffic/chicyuka/chi_13_02.html

7) RRWFEEEE PEEMIEERE R - WRATARS e BRI EES FRFEERE 15 52k
JTLOBBELUCEREOEEEERNEAERNY —F 7 70— 7 - WA E, 20201
https://www.meti.go.jp/shingikai/sankoshin/hoan_shohi/denryoku anzen/tettou/pdf/20200121 report 01.pdf

8) NPOEANBRORLWHE S W XEA Y T —7  BHEOLRWEL SV, FEHH, 2010.

9) /NEE T, MR RE . MEEEAE S, PHP HFSERT, 2015.

10) NPO I EANBRO 72 WS Y XIEFR v MU — 7 [fRE] : MEHILOR~, ML DHR, 2018.



https://www.enecho.meti.go.jp/about/special/johoteikyo/typhoon.html
https://www.mlit.go.jp/road/road/traffic/chicyuka/chi_13_03.html
http://www.hrr.mlit.go.jp/road/mudenchu/enquete/index.html
https://www.meti.go.jp/shingikai/enecho/denryoku_gas/denryoku_gas/resilience_wg/pdf/20200110_report_01.pdf
http://www.mlit.go.jp/road/road/traffic/chicyuka/chi_13_02.html
https://www.meti.go.jp/shingikai/sankoshin/hoan_shohi/denryoku_anzen/tettou/pdf/20200121_report_01.pdf

2-1

B 15 5 DOFE - FIEIZBIT DB DR

mtf*;@

Contribution of large-scale environments on genesis and development of Typhoon 1915

el aAER - R FREC? - KT OAES MGH TR - Fil B - HHOFE R0 - K YT

Hironori FUDEYASU, Yoshinori OIKAWA, Hisaki EITO, Udai SHIMADA, Akiyoshi WADA, Ryuji YOSHIDA,
Yoshiaki MIYAMOTO

This study examined the contribution of large-scale environments on genesis and development of Typhoon Faxai (2019), using the
best track, Early stage Dvorak analysis result, Japan Meteorological Agency-Typhoon genesis score and typhoon intensity
forecast scheme based on statistical hurricane intensity prediction scheme. The environments for its genesis stage was associated with
the easterly wave pattern with upper-cold low. Higher sea surface temperature and upper-ocean heat content contributed significantly
into rapid intensification of Faxai during its development stage. The environment of small vertical shear contributed to less decaying

process during its mature stage, resulting in intense Faxai while making landfall on Japan.

Keywords : the contribution of large-scale environments, EDA, JMA-TGS, TIFS
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REWICHEL, ZORERERORE SIIMRER 1.5 LYV RKEWZETHDH, EDA T, 20T 1.0 D 3
FMb% 5 DOFRMFT/HEEL . T#=0.0, 0.5, 1.0, 1L.5IZHIZ L TWD, 3 FIFRMDEGEILT £=0.0, 4 Ffh%
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52MZ L7z, & 5IZ Yoshida and Ishikawa (2013) I, Ritchie and Holland (1999) D#EaHE % Ml LT, BVHHER
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HZENTED, IMA-TCS IFMENRD TGS & X7V | EDA THRANIMH S Lz S ONrE & FEIZER LT, ]8T
BERET NVOFERNO BRRBEREGZWEY TV Z A L TRHT 5,

ARFFETIX, TI916DFARI M & B O BREES OfFNTIZTIFS OAER A VN 5, TIFSIZ DWW T OFEMIT 2. 3T %
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7o, TOREO 30kt Bl EAEA 150nm & A A RTFEE LD /S (FEO),

AARICE TEET L2 7 B 18 BRI HULAJEIL 955 hPa (2 LT, T1915 ICBW TR KD ICEIEL-, T LT,
8 H 12 FFE T L IR WHIM ORI & e o7 (FrE®) . BENEE & RFHK 20 kn & % & L, BEI M S LR~
R L7z, 8 H I8 KT AICHMRNE ZEE @il L, TS ZE Y 203 5 20 B Z A THERIC L
7oo BREBRIZESHHICR D b0, WHEMICR LN BROHEZLITBE LT eh o7 (FFHO), BEYEE b REH
40 km & B CAERE LT REEEICHRIT T 10 B 03 BRZIZBJEUTIR AR RE & e o 72,

2.1.4 T1915 RAHDIRES

B 2.1.2 1%, BVFHRAUTE EDA024 28BSk 4172 8 A 29 H 12 KFD JMA-TGS (2 X % 850hPa DB D& XA a7
% 7”7, EDA024 IZXOMRETRL, RAETZIAATHETH D, RAIBWEESZ— DA THE 0.04 DOHHFHE
SNTWT, oA 7 ZEeTHLH, DF D, T1915 OFARES X, BIKAIR/SZ — 2 3720 100% O HURE
oz — LW ST, WEEEEIO F T 7 Ol A kA TR LT D,

Fudeyasu and Yoshida (2018)'¥ (X TGS &2 35 FEDBEFHIOFFHENT > & | AR ¥ — v Tl f
JEDFHE A TR TN D, (WEEREE) S Z — 2 TRAELTZB R MO 2 — 2 LT, OFAEMEN L LY bk
R THDZ L, QFERFOKEY A XD/ SNT &, @REFLTORITEET D, LWV RBEERFSOZ L 2R
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A I E = L F— (CAPE : convective available potential energy) D sl C, ARG NESRIFIC/2D &R L
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Analysis of Strong Winds and Gusts associated with Typhoon Faxai (2019) using Surface
Observatoins

ESET
Wataru MASHIKO

This study examined the characteristics of strong winds and gusts associated with Typhoon Faxai (2019) during its approach to and landfall
over the Kanto region using the surface observations. Faxai possesses an axisymmetric structure on the mature stage, such as the overall
rainfall distribution, developed eyewall, and eye, in spite of the passage over the Kanto region in midlatitude. Extreme maximum winds
and gusts were observed in the inner-core region, especially around the developed eyewall region. The typhoon with such a structure as

Faxai, which passes over the Kanto region, is quite rare, and is only Typhoon Danas (2001) since 1994.

Keywords : strong winds, gusts, surface observation
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Table 2.2.1 List of the typhoons that passed over the red rectangular region in Fig 2.2.5 since 1994. The central pressure,

translation speed, and maximum from JMA’s best track data are also described.

e =% (hPa) |BEIEE (m/s) [BABE (k)
20194195 961 12.8 74
20194155 960 7 20
201745215 955 22.1 75
2016495 a77 11.5 3
2015465 996 26.6 ET
201445185 966 22.2 65
2010495 1004 8 -_
20054115 975 0.8 65
20044235 989 12.7 ET
20044225 965 19.5 70
200246215 959 15.8 71
20024575 975 20.5 B0
20014155 970 7 T
20015115 982 11.8 15
19984 55 966 16.3 55
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Fig. 2.2.1 Distributions of (a) maximum 10-min mean wind and (b) maximum 3-s mean wind observed by Automated
Meteorological Data Acquisition System (AMeDAS) during the passage of Typhoon Faxai (2019). Spatial distribution of (¢)
the maximum 10-min mean wind and (d) the maximum 3-s mean wind relative to the typhoon center. Note that the top of the

sheet is the direction of the typhoon motion and numeral is the translation speed.
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Fig. 2.2.2 Rainfall intensity estimated by radar reflectivity at 04:30 JST on Sep. 9, 2019. Barbed arrows denote surface winds.
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Fig. 2.2.3 (a) Time series of 3-s wind speed and wind direction, and pressure at Chiba observatory. (b) Time series of 3-s wind

speed and wind direction at Kisarazu weather station.



(b) T1919

Typhoon Motion

*

(a) T1919 Maximum WS

36N —MW

138°E 139°E 190°E 141E

(e) T1821

Typhoon Motion

um WS10m

2016/66/0 14:00 meokasES S

224  (a) K¥22.1 (a) ZRL, HL 2019 FEMEE 19 5, (b) K22.1 (¢) (ZF L, HL 2019 FBEHFE 19 5,
(¢) P4222ICFL, {HL, 2019 4 10 H 12 H 21:00JST, (d) [X2.2.1 (a) IZF L, {HL 2018 FEHAHF 21 77,
(e) X221 (¢) ICFAIL, AL 2018 FHEE 21 5, () [K2.221Z[F L, HL, 2018 4F9 A 4 H 14:00JST,

Fig. 2.2.4 (a), (b) As in Fig 2.2.1 (a) and (c), but for Typhoon Hagibis (2019). (c) As in Fig 2.2.2, but at 21:00 JST on Oct. 12,
2019. (d), (e) As in (a) and (b), but for Typhoon Jebi (2018). (f) As in (c), but at 14:00 JST on Sep. 4, 2018.



1994-2019 (35.2-36.0, 139.4-140.0)
S
R / //
Ry
o
i
y
7

AN

E
N

136°E 137E 138°E 139°E 140°E 141°E 142°E 143°E

225 R[BITFRABNBNT v I T —FEH L1012 1994 035 2019 4 F TIZH P OFRME 288 L7z 5RO (—
B, BV IRRJE, B ERREN L0 EET),

Fig. 2.2.5 Tracks of the typhoons that pass over the red rectangular region from 1994 to 2019 according to JMA’s best track data.
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Fig. 2.2.6 Spatial distribution of the observed maximum 10-min mean wind relative to the typhoon center as . Note that the top

of the sheet is the direction of the typhoon motion.
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Fig. 2.2.7 (a) Surface winds (barbed arrows) and temperature (contours) at 17:30 JST on Oct. 9, 2004. Solid line indicates the
track of Typhoon Maon (2004). (b) Rainfall intensity estimated by radar reflectivity at 17:30 JST on Oct. 9, 2004. Barbed

arrows denote surface winds.
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Fig. 2.2.8 (a) Surface winds (barbed arrows) and temperature (colored dots) at 11:20 JST on Sep. 11, 2001. (b) Rainfall intensity
estimated by radar reflectivity at 11:20 JST on Sep. 11, 2001.
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Doppler radar analysis of structural changes of Typhoon Faxai at landfall

W F SR
Udai SHIMADA

Environmental conditions of Typhoon Faxai (2019) during intensification and evolutions of the structure before and after landfall
were examined. Faxai intensified over the area with a sea surface temperature of 30 °C under very weak (less than ~5 m/s) vertical
wind shear. These conditions are, in general, favorable for intensification. It is noteworthy, however, that Faxai intensified in spite of
the fact that Faxai was surrounded by dry air and underneath a synoptic scale, upper-level high, which suppressed upper-level
divergence. Faxai reached its maturity with a very compact structure and then made landfall in the Kanto district without little
weakening. The storm experienced eyewall replacement cycles twice when it moved near the [zu islands and just after it moved off
Ibaraki. After the storm moved to Tokyo bay, the eyewall contracted rapidly, but a rainband extending from the eyewall developed
over the Boso peninsula. The earth-relative wind field was asymmetric due to its forward speed (7m/s), leading to an
increase in wind speed over the Boso peninsula, which was located on the right side of the track. Furthermore, the storm-
relative wind field showed that the location of a local wind maximum changed from the front side to the south-east
side of the storm after it moved to Tokyo Bay. Consequently, it is estimated that the south of the Boso peninsula at
2-km altitude had been exposed by wind speed greater than 50 m/s for up to 2 hours. It is known that the highest
gust wind speed observed at the surface is comparable to 2-km wind speed in the coastal region. Thus, it is suggested
that gust winds over 40 m/s, which were frequently observed at Tateyama, could have happened everywhere along
the western coast of the Boso Peninsula. Finally, a dry boundary layer model suggests that some rainbands can be

explained by the effects of storm motion and land-sea roughness contrast around Tokyo Bay.

Keywords : landfalling tropical cyclones, Doppler radar analysis
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(a) Geopotential Height at 200 hPa level (b) Vertical Wind Shear (200 - 850 hPa)
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(c) Relative Humidity at 500 hPa level
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Numerical Analysis of Turbulence and Gust in an Urban District with an Ultra-High-
Resolution CFD Model

ViR P!
Tetsuya TAKEMI

This study examined the characteristics of severe winds and gusts over an urban district during the passage of Typhoon Faxai (2019)
by using an ultra-high-resolution computational fluid dynamics (CFD) model. A building-resolving large-eddy-simulation modeling
for turbulent motions was employed in the CFD model. As a case, business districts in Tokyo were chosen for the numerical analysis.
The large eddy simulations realistically reproduced turbulent winds within the urban districts. It was found that the peak gusts becom
stronger in areas consisting of buildings with variable heights and open spaces/major streets. Urban districts are highly susceptible to

wind-induced damages.

Keywords : severe winds, gust, turbulence, large-eddy simulation, computational fluid dynamics
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Comparison of Re-analysis Winds based on Storm Damage to Greenhouses due to Typhoon Faxai (2019)

xR, BRI (22, K ST, ek BT
Satoshi IIZUKA, Hitoshi YOKOYAMA, Shingo SHIMIZU, Shin-ichi SUZUKI

This study compared the characteristics of re-analysis winds associated with Typhoon Faxai (2019) during its approach
to and landfall over the Chiba Prefecture. Winds estimated from X-Band doppler radar deployed over the metropolitan
Tokyo are assimilated into the cloud resolving model. This assimilated 10-m surface winds are compared with those
obtained from both the Meso Scale Model (MSM) and the Local Forecast Model (LFM) of the Japan Meteorological Agency.
The comparison shows that the assimilated winds well reproduce the 10-m surface wind speed and direction observed at
the many AMeDAS stations over the Chiba and Ibaraki prefectures. The regional characteristics of the greenhouse
damage observed over the Chiba and Ibaraki prefectures are also explained by the wind speed of the assimilated re-

analysis winds.

Keywords : Typhoon Faxai, 10-m surface winds, data-assimilation, greenhouse damage
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Spatial Distribution of Gusts and CG Lightning Associated with Typhoon 1915

IR SCER
Fumiaki KOBAYASHI

Based on the detected gusts accompanied with the Typhoon T1915, the meteorological features of gusts were revealed. Almost
of the gusts were accompanied with convective radar echoes. Most of the gusts occurred within 50 km from the center of the
typhoon and concentrated within between East to West direction. These results implied that the gusts were influenced by both the
force of gradient wind and the downdraft from cumulonimbus. The number of lightning strikes (CG) around T1915 exceeded 400
times and CG concentrated in the center of the typhoon inner core. CG lightning discharge was observed over the sea, and no CG

was observed over the land after the landing of T1915.

Keywords : gust, typhoon induced tornado, downburst, Cloud-to-Ground discharge
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Fig. 2.6.1 Positions of maximum instantaneous wind speed (more than 30 m/s) relative to the center of T1915

2.6.3 MEPERZBAT—2ICLLER 15 BDHEFH

BT (2% L C b DM BRI R L@+ » b U —2 (POTEKA) IX, #9300 # AT OBRLS TR S h Tk b,
¥ km FIRRIZIS1T 2 22 FRAEDBLANZ FIREIZ L TV 2 9, SR OBIAEO ¢, KUEMEITHIEOMEY O
WEERZLALZTT, BHSOESIC L2 EIE EEERE) ORZITAEHERTHI LN TE S, AA1S
FRIEICAE D RIEERITIE, AV ~~A 7 B A —LORKEILICHES LB N EEHNRALNT, K262 1T,
HEEEREORIESAEZRLTEY, BROFLMENDT 74— LA LRy RICE D HEK CHERBIRIBN Thi-



ZENDND, HUKIBIZH - 7B T 960 hPa B23FEEKS I, S BITIEFEOHS & 5 VIR E AL [F EHHE
DRI T HREMEAS 1~2 hPa FREEH 22 > Tz, HJA 15 5D POTEKA 12 X % Fe/NRJEMEIE, HOEFIES T A 8
A 23:09 (2@l S 7z 956.4 hPa Tho7-, Fio, TEMIC EELERATOREE, 9 H 9 H 04:33 [ZFHEFNT
962.5 hPa MBI S, KGTIZ L 2%k (LFEF 960 hPa) LHEARITH o729,

X262 9A89HB4BDOLAIO— (h5— SHD LPOTEKA THAIShI=EEREERE AR °

Fig. 2.6.2 Radar echo (color) and the value of sea surface pressure (circle) on 04JST, 9 September
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Fig. 2.6.3 Time sequence of pressure at 3 different points
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Fig. 2.6.4 Positions of CG lightning from 00JST, 8 to 12JST, 9 September
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Fig. 2.6.6 Three dimensional echo structure é)_tg?erved by X-band phased-array weather radar
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3D characteristics of lightning activity associated with Typhoon Faxai (2019)

B mvE -, 2R 5LE™2, Paul R. Krehbiel *3
Namiko SAKURAI Hironori FUDEYASU, and Paul R. KREHBIEL

3D characteristics of lightning activity associated with Typhoon T1915 were examined using Tokyo Lightning Mapping Array
(Tokyo LMA) and JMA C-band Doppler radar. Lightning were observed in the eyewall and outer-rainband in the typhoon, and F
the number of lightning in the eyewall were more observed than that in the outer-rainband. Most of lightning in the eyewall were
observed when the typhoon center was located over the sea. On the other hand, lightning in the outer-rainband were observed when
the typhoon center was approaching to Kanto region and passing over Tokyo bay or Kanto region. There were developed convective
cells in the eyewall which had 10 km echo top height and lightning location sources were observed over the developed convective

cells and surrounding upper stratiform layer. Leader was propagated from the core of eyewall to outside into the stratiform region.

Keywords : lightning, Lightning Mapping Array, typhoon
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Intensity and Structural Changes in Typhoon 1915 before the landfall
in a numerical simulation

WA EIF R GAES?, FIH ERS
Yoshiaki MIYAMOTO, Hironori FUDEYASU, and Akiyoshi WADA

This study investigates change in intensity and structure of Typhoon 1915 simulated in a numerical simulation. Typhoon 1915 made
landfall with the strongest intensity out of tropical cyclones (TCs) that made landfall at Kanto area. We focus on the physical reason
why the cyclone can sustain such a strong intensity until it approaches the land. Analyses of a numerical simulation revealed that the
structure of the simulated TC is axisymmetric, which is favorable to intensify. This feature has not been popular in mid-latitudes
where the baroclinicity is high. By conducting a vorticity budget analysis, it is shown that the symmetric vortex structure is due to

high stretching and tilting terms.

Keywords : Typhoon, Intensity and structure change
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F PR OB AU (Tropical Cyclone: TC) D% < A3, [EIHA#lE 0 IZKFR (i FR) Y72 BS0E 2 £
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IORENTWD (Nolan et al. 2007%; Shimada et al. 20179), ->FE Vi, RMW X v AT, @il Frao7y (B
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High waves generated in Tokyo Bay by Typhoon Faxai (1915)

EE PERE
Nadao KOHNO

This study examined the characteristics of high waves generated by Typhoon Faxai (1915) which led to severe damages in the coast
of Yokohama City, especially Kanazawa district and Honmoku piers. The maximum significant wave heights were about 3m, which
is large for inland-bay waves, and the wave periods were also large as 7 seconds. Numerical wave simulation was conducted and the
results turned out that long swells propagated from the south of Tokyo Bay, which might enhance the damage at the coast of Yokohama.
Calculated wave spectrum indicates that wave energy is distributed in wide range, which means multiple waves simultaneously exist.
Such wave condition makes sea surface complicated and sudden high wave may occur. Those situations would have led to the damages

in the coast of Yokohama, although the conditions are circumstantial.

Keywords : ocean waves, wave spectrum, numerical simulation
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Wind-related disasters occurred by Typhoon 1915

I AR, B R, AT AN
Eriko TOMOKIYO, Minoru NODA, Hisato IWASHITA

This study reports that distribution of strong winds and damage due to Typhoon FAXAI Strong winds were recorded throughout
the Kanto region as the typhoon approached. The typhoon had a small strong wind radius. There were about 150 human casualties
and more than 75,000 damaged houses in Japan. The damage was particularly severe in the southern Boso Peninsula, Chiba Prefecture.

According to aerial surveys of Uchibo, rooftop damage was severe in densely populated areas. In particular, the roof damage ratio
along the coast south of Kyonan Town was very high. However, there were cases where the damage rate was lower in some areas
where there were mountains on the windward side. This may be due to the wind reduction effect of the windward mountainous terrain.

The extreme weather changes by Typhoon FAXAI could be observed by approximately 60 POTEKA weather stations around Izu
islands, Sagami bay and Tokyo bay. The multiple results of wind direction indicated that the typhoon had certainly passed over Tokyo
Bay. In spite of the observation height of 1.5 m above ground surface, the maximum value of peak wind speed of 40.1 m/s was
observed at some point in Kimitsu city. The extreme drop of wind speed at some observation point in Chiba city indicated that the

typhoon might have landed near this point.

Keywords : Human casualty, Residential damage, Aerial survey, Wind direction, Wind speed, POTEKA, Extreme weather change
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Wind-induced damage to structure of photovoltaic system due to Typhoon 1915
AR TR
Koji TAKAMORI

During Typhoon 1915, some structures of photovoltaic (PV) system were damaged due to high winds. Most of the causes of damage
were inadequate structural design and poor construction. However, it was considered that hidden causes were lack of technical and
construction management data of PV structures until recently. It was also considered that there were no review systems to confirm

structural safety.

Keywords: photovoltaic system, wind damage, design code
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Wind Disasters of Transmission and Distribution Facilities
Caused by Typhoon Faxai (2019)

B 2T KA EHER*2, PR AR
Minoru NODA, Kichiiro KIMURA, Saburo KEIKAKU

%L_

The typhoon FAXAI caused enormous damage to power transmission and distribution facilities, including the collapse of two
transmission towers and the collapse of nearly 2,000 distribution poles, and a long-term power outage over a wide area, mainly in
Chiba Prefecture. In this section, in order to clarify the actual situation of the damage, field surveys, numerical analysis, and data
surveys were conducted for the transmission tower damage, the process of transmission tower damage occurrence, and the
damage to distribution equipment. In conclusion, it is considered that the transmission tower was able to withstand the static wind
load corresponding to the average wind speed of 40 m / s according to the design standard, and the distribution equipment was
hardly damaged by fallen trees or flying objects, and could not withstand the wind load. It can be said that there were almost no
cases of breakage and collapse. Therefore, the direct causes of a series of transmission and distribution damages are: 1) the
expected strong wind blowing over a wide area for a long time; 2) the speed increase effect due to the surrounding terrain near the

transmission tower; It is concluded that the impact of fallen trees and flying debris on the equipment occurred at the same time.

Keywords: transmission tower collapse, terrain effect, computational fluid analysis, structural analysis, flying debris
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4 0.4~0.5 0.0000 0.0000| 0.0167 H.2000 MEM8583 00.0833 M0.0833| 0.0167 I 0.0667 4 0.4~0.5 INOR2s75 INGE2750 D 1625 M 0.0938 | 0.0188| 0.0188  0.0000  0.0000  0.0000
5 0.5~0.6 0.0000 0.0000 0.0000| 0.0167 M0.1000 M@2167 | 0.0417 | 0.0083 ] 0.0333 5 0.5~0.6 I 0.0438 M 0.0688 MM@2313 IlD.1638 M 0.0750| 0.0125| 0.0125 0.0000  0.0000
6 0.6~0.7 0.0000 0.0000 0.0000 0.0000 Mo.1167 .0917 | 0.0250 | 0.0167 6 0.6~0.7 0.0000 0.0000 0.0000 HH@.1938 M 0.1063 M 0.0688| 0.0125| 0.0125| 0.0125
7 0.7~0.8 0.0000 0.0000 0.0000 0.0000 0.0000 H0.1000 M@l 2083 MB.1750 0.0000 7 0.7~0.8  0.0000 0.0000 0.0000 0.0000 ME@I23131 0.0375| 0.0125| 0.0125| 0.0125
8 0.8~0.9 0.0000 0.0000 0.0000 0.0000 0.0000 Mo.1000 M®.1750 10.0583 0.0000 8 0.8~0.9 0.0000 0.0000 0.0000 0.0000 1 0.0438 M 0.1000  0.0625 0.0000  0.0000
9 0.9~1.0 0.0000 0.0000 0.0000 0.0000 O. X .0833 M0.1000 | 0.0167 9 0.9~1.0  0.0000 0.0000 0.0000 0.0000 0.0000 MM@2188 1 0.0375| 0.0188| 0.0188
10 1.0~  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 Hb.1333 INGHGH NOMES3 10 1.0~ 0.0000 0.0000  0.0000 0.0000 0.0000 I 0.0438 INGNSE25 INGMEE: INGMSES
78-SSES N/C Om/s 10m/s 20m/s 30m/s 40m/s 50m/s 60 m/s 70 m/s 80 m/s 79-SSES N/C 0m/s 10m/s 20m/s 30m/s 40m/s 50m/s 60m/s 70m/s 80m/s
0 0.0~0.1 917 ENES33 MEE417 M@2500 | 0.0417 0.0000 0.0000 0.0000 0.0000 0 0.0~0.1 | 0.0188| 0.01881 0.02501 0.03750 0.03751 0.03131 0.0250| 0.0188| 0.0188
1 0.1~0.2 NN 7 W@12333 MB.1750 H0.0833 Ml 2083 M0.1000 | 0.0250 0.0000 0.0000 1 0.1~0.2 [l 2125 INSNG0c3 INGNSH 13 INGNSH:0 INGMSED INGRMS: IN0Rs75 0. 1575 M. 1875
2 0.2~0.3 k500 MERs33 Ml583 M. 1667 | 0.0333 WMD.1417 00.0750 | 0.0333 | 0.0333 2 0.2~0.3 NGNS 25 IE.2063 [MD. 1688 M 0.1000 | 0.0125 | 0.0250 HD.1875 NEI203s MNGNEO38
3 0.3~0.4 | 0.0167 Mo.1000 Ml 2083 @833 Mb.1333 | 0.0417 M0.0833 1 0.0667 I 0.0667 3 0.3~0.4 [Mo.1250 M0.1063 M 0.0750 | 0.0188| 0.0125 0.0000 0.0000 ~ 0.0000  0.0000
4 0.4~0.5 0.0000 0.0000 | 0.0167 Hb.1500 MEN8417 Ho.0833 1 0.0667 H0.0833 M0.0833 4 0.4~0.5 INBEBs75 MMERs63 Mo.1250 M 0.0750 | 0.0125| 0.0125 0.0000 0.0000  0.0000
5 0.5~0.6 0.0000 0.0000 0.0000 I 0.0667 M0.0917 M0.1083 I 0.0500 1 0.0667 I 0.0667 5 0.5~0.6 I 0.0438 M 0.1063 IE@R750 M 0.1188 M 0.0750| 0.0125 0.0000 0.0000  0.0000
6 0.6~0.7 0.0000 0.0000 0.0000 0.0000 Hb.1333 M@M0s3 M0.0833| 0.0167| 0.0167 6 0.6~0.7 0.0000 0.0000 0.0000 HE@®56301 0.0375| 0.0063| 0.0125 0.0000 0.0000
7 0.7~0.8  0.0000 0.0000 0.0000 0.0000| 0.0167 1 0.0667 M0.1000 I 0.0333 1 0.0333 7 0.7~0.8  0.0000 0.0000 0.0000| 0.0188 MMo.1500 M 0.0688| 0.0125| 0.0125| 0.0125
8 0.8~0.9 0.0000 0.0000 0.0000 0.0000 0.0000 Mo.1167 M@M000 H0.0833 M0.0833 8 0.8~0.9  0.0000 0.0000 0.0000 0.0000 HMB.2000 1 0.0375| 0.0063 0.0000 0.0000
9 0.9~1.0 0.0000 0.0000 0.0000 0.0000 0.0000 I 0.0333 I 0.0500 0 0.0667 [l 0.0667 9 0.9~1.0 0.0000 0.0000 0.0000 0.0000| 0.0125 M 0.1000  0.0688| 0.0125| 0.0125
10 1.0~ | 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 Hb.1667 NENSSEED MENSEED 10 1.0~ 0.0000 0.0000 0.0000 0.0000 0.0000 625 HNGMGDO
78-SSE N/C Om/s 10m/s 20m/s 30m/s 40m/s 50m/s 60m/s 70m/s 80 m/s 79-SSE N/C Om/s 10m/s 20m/s 30m/s 40m/s 50m/s 60m/s 70m/s 80 m/s
0 0.0~0.1 917 MENSH33 583 MEk667 M0.1250 | 0.0167 0.0000 0.0000 0.0000 0 0.0~0.1 | 0.0188| 0.0188 1 0.0438 W 0.0875 HD.1813 2250 @ 2250 G 2188 [ 2188
1 0.1~0.2 N7 WiD667 MD.1583 M0.1000 MD.1417 Mb.1500 1 0.0500 | 0.0167 | 0.0167 1 0.1~0.2 I 2125 NGNS 25 INGNSDs0 INGNER 5 NGNS 55 G750 NG 750 ING625 IED625
2 0.2~0.3 2500 M@I2500 Mlk667 M. 1667 M0.0917 00.0917 Mb.1333 00.0833 H0.0833 2 0.2~0.3 [NNGNE125 [G.2000 MlD.1500  0.0000 0.0000 0.0000 0.0000| 0.0188| 0.0188
3 0.3~0.4 | 0.0167 H0.1000 H.2000 H@i2500 Mb.1417 1 0.0667 I 0.0667 H0.0833 M0.0833 3 0.3~0.4 M0.1250 [ 0.0938  0.0625] 0.0250 0.0000 0.0000 0.0000 0.0000  0.0000
4 0.4~0.5 0.0000 0.0000| 0.0167 H8.1917 H@2583 00.0750 | 0.0333 1 0.0667 1 0.0667 4 0.4~0.5 [EEs75 IER500 M0.11250 0.0563| 0.0125  0.0000 0.0000  0.0000  0.0000
5 0.5~0.6 0.0000 0.0000 0.0000 | 0.0250 M0.0917 Mb.1500 M0.0833 I 0.0333 | 0.0333 5 0.5~0.6 I 0.0438 IM0.1250 IM@R625 M 0.0813| 0.0125 0.0000 0.0000 0.0000  0.0000
6 0.6~0.7 0.0000 0.0000 0.0000 0.0000 Hb.1417 H@2333 00.0750 | 0.0167 | 0.0167 6 0.6~0.7  0.0000 0.0000 I 0.0438 ME@I2313 M 0.0750 1 0.0250 0.0000 0.0000  0.0000
7 0.7~0.8 0.0000 0.0000 0.0000 0.0000 | 0.0083 l0.0667 Mb.1417 1 0.0667 I 0.0667 7 0.7~0.8  0.0000 0.0000 0.0000 M0.1063 M 0.0875 0.0000 0.0000 0.0000  0.0000
8 0.8~0.9 0.0000 0.0000 0.0000 0.0000 0.0000 Mo.1167 H@.1833 00.0583 1 0.0583 8 0.8~0.9  0.0000 0.0000 0.0000 0.0000 M@ 2125 M 0.0750 | 0.0250 0.0000  0.0000
9 0.9~1.0 0.0000 0.0000 0.0000 0.0000 0.0000 I 0.0333 I 0.0667 Wb.1250 MD.1250 9 0.9~1.0  0.0000 0.0000 0.0000 0.0000 M 0.1000 | 0.0375 0.0000 0.0000 0.0000
10 1.0~ | 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 HB.1667 HEEEShO MEMESDO 10 1.0~ 0.0000  0.0000 0.0000 0.0000 0.0000 HNGNEE25 [ 0.5000
78-SSEE N/C Om/s 10m/s 20m/s 30m/s 40m/s 50m/s 60m/s 70 m/s 80 m/s 79-SSEE N/C Om/s 10m/s 20m/s 30m/s 40m/s 50m/s 60m/s 70m/s 80m/s
0 0.0~0.1 HBRo17 MNEH33 MBNS5s3 MEs33 Ml 2167 M0.0833 | 0.0083 0.0000 0.0000 0 0.0~0.1 | 0.01881 0.01881 0.02500 0.03750 0.03751 0.0313| 0.0188| 0.0188| 0.0188
1 0.1~0.2 SN 7 I@I2750 M8.1917 M0.1250 1 0.0667 MD.1667 M.1417 1 0.0500 1 0.0500 1 0.1~0.2 I 2125 IENS063 INGNSS 13 NGNSE 00 INGNSS 13 MNGDs63 M 0.0938 1 0.03131 0.0313
2 0.2~0.3 [Wl2500 M@I2417 #2333 b.1583 M0.1000 | 0.0333 Mo.1000 Mo.1000 Mo.1000 2 0.2~0.3 [GNE125 E.2063 . 1688 I 0.1125 [M0.1313 L 2125 INGNSRs0 INGNSS 13 INGNEh 13
3 0.3~0.4 | 0.0167 M0.1000 [H.2000 8. 2167 WD.1500 M0.0833 | 0.0333 M0.1000 M0.1000 3 .0938  0.06251 0.0250  0.0000  0.0000| 0.0125M0.1188 I 0.1188
4 0.4~0.5 0.0000 0.0000| 0.0167 [H.2000 M@l2250 Mo.1167 1 0.0667 | 0.0333 | 0.0333 4 0.4~0.5 IMBIR625 MB.1938 M 0.0938 M 0.06251 0.0250 0.0000 0.0000  0.0000  0.0000
5 0.5~0.6 0.0000 0.0000 0.0000| 0.0167 M0.0917 M0.1000 1 0.0667 0.0000 0.0000 5 0.5~0.6 W 0.0688 IlD.1813 ME@R500 1 0.0563| 0.0063| 0.0125 0.0000 0.0000  0.0000
6 0.6~0.7 0.0000 0.0000 0.0000 0.0000 Mb.1333 .1167 M0.1000 M0.1000 6 0.6~0.7 0.0000 0.0000  0.0688 MM0.1375 W 0.0688| 0.0125 0.0000 0.0000  0.0000
7 0.7~0.8 0.0000 0.0000 0.0000 0.0000 | 0.0167 10.0667 00.0750 1 0.0417 | 0.0417 7 0.7~0.8  0.0000 0.0000 0.0000 ME@ 2188 M 0.0500| 0.0188| 0.0125 0.0000  0.0000
8 0.8~0.9 0.0000 0.0000 0.0000 [ | .1583 lo.1083 M0.1083 8 0.8~0.9 0.0000 0.0000 0.0000 0.0000 MM0.1250 B 0.0563| 0.0125| 0.0125| 0.0125
9 0.9~1.0 0.0000 0.0000 0.0000 0.0000 0.0000 I 0.0333 10.0583 I 0.0333 | 0.0333 9 0.9~1.0  0.0000 0.0000 0.0000 0.0000 HM.18131 0.0375| 0.0063 0.0000  0.0000
10 1.0~ | 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 HB.1750 HOES:3 HOME:3 10 1.0~ 0.0000  0.0000 0.0000 0.0000 I 0.0438 NGNEE>> INOMGES INOMETS INOMETS
78-SE N/C Om/s 10m/s 20m/s 30m/s 40m/s 50m/s 60m/s 70m/s 80 m/s 79-SE N/C Om/s 10m/s 20m/s 30m/s 40m/s 50m/s 60m/s 70m/s 80m/s
0 0.0~0.1 HBRo17 NGNEH33 MONSYs0 MERs33 MB.2000 10.0667 | 0.0083 0.0000 0.0000 0 0.0~0.1 | 0.0188| 0.01881 0.025001 0.03750 0.03751 0.03751 0.03131 0.03131 0.0313
1.0.1~0.2 [N 7 HOIE333 ME750 WD.1417 .1833 M0.1250 | 0.0500 1 0.0500 10.1~0.2 [ 2125 IGI2s75 NGNS 25 NGNSH s NONSH o INGR2s13 MM0.1438 1 0.0438 1 0.0438
2 0.2~0.3 @500 @583 Mll2417 IENE500 M8.1917 | 0.0417 Mo.1167 Mo.1167 Mo.1167 2 0.2~0.3 [HNGE25 G 2250 . 1938 [D. 1563 0. 1438 HD.1813 INGNERS0 NG 25 NGNS 25
3 0.3~0.4 | 0.0167 | 0.0250 Mo.1083 Il 2083 @083 Mb.1333 Il 0.0500 H0.0833 M0.0833 3 0.3~0.4 IM0.1250 M 0.0938 W 0.0688 | 0.0188| 0.0188 0.0000 0.0000 MH0.1125 M0.1125
4 0.4~0.5 0.0000 0.0000 0.0000 | 0.0167 HB.1750 MENE333 Mo.1167 1 0.0500 I 0.0500 4 0.4~0.5 750 @500 M0.1188 M 0.0875| 0.0125| 0.0125  0.0000  0.0000  0.0000
5 0.5~0.6 0.0000 0.0000 0.0000 0.0000 | 0.0417 Mo.1167 M@2417 B0.0750 00.0750 5 0.5~0.6 I 0.0563 M 0.1250 @625 M 0.1063 M 0.0750| 0.0188| 0.0125 0.0000  0.0000
6 0.6~0.7 0.0000 0.0000 0.0000 0.0000 0.0000 Mo.1250 MD.1333  0.0667 00.0750 6 0.6~0.7  0.0000 0.0000| 0.0188 M@ 2313 M 0.08130 0.0563| 0.0125| 0.0063| 0.0063
7 0.7~0.8 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 Mo.1167 HllRo17 ME833 7 0.7~0.8  0.0000 0.0000 0.0000 0.0438 MM0.15001 0.0375| 0.0063| 0.0063| 0.0063
8 0.8~0.9 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 H0.0917 H0.0917 H0.0917 8 0.8~0.9  0.0000 0.0000 0.0000 0.0000 Hlb.1625 M 0.0875 W 0.0688| 0.0125| 0.0125
9 0.9~1.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 H0.0750 00.0750 9 0.9~1.0  0.0000 0.0000 0.0000 0.0000 0.0000 Mo0.11881 0.0250| 0.0125| 0.0125
10 1.0~ | 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 Mo.1000 M0.1000 10 1.0~  0.0000 0.0000 0.0000 0.0000 0.0000 Hlb.168s HNGNEH:0 NNGNGE: NNOMGEES
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IR KN 1579 RIZOW T FEHIRR DT 41, 397 RIZOWTTHRGHESCHER~D A X B a—F|ITL -
THERE S, F% Y 20 RIZHOWTCIHBIGRA S vz, IBMARAEOX G & 7o 7 b OiE, FORPCEIR T8 L 7= Bk
MOBEN TR VRN EETE RS b DR ETH D, FHFNDIHEE S 72 1579 KOWFRIT, FEFRFOXH - 5
HIZED2b00 1182 K, WEEHRICED DN 8 A, BUGHEEENLDOMEICL D DN 308 K TH-T,

BMFAEICLY 20 KD 5 6 18 ROBHIZOWTIFKRMBFE SN, %D 2RO I H 1 Rix, BT 25 REO
BARBFRANM) & 72 o 723, BAEOEIGE N EAR & SHAITd 5 Z &R D . HIBOFRKNR K TH 5 &
W CTE RSO THSL, O 1 KT, Rk THHE=— T X LEHEOEEEN 200m B TV TR &
W 20IZREEL SN D TH D,

# 3.1 IZEHEOBERNNIREZ RT, 1996 KD 955 FIR « @MOEEIZLD D0 1477 K (74%) . HERDIC
EDH00 283 A (14%), HEEOFEBIZ L DL 0N 236 K (12%) L7->Tnbd, TETZY FTIZONTIE, 1750
KD D HER - @EOBEBEIZL D00 1311 K (75%) . RERWIZE D 600265 K (15%) . HEEOREIZ LD
DB 174 A (10%) E72>TW5D,

#F 3.1 BE 15 50BN X A EFEOBRIERILANGR D
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HEEH 9 0 94 9] 1,750 15 3 59 2 55| 1, 996
R B - @t o 9 0 57 8| 1,311 6 3 37 2 441, 477
EAEIREE
PEH kW 0 0 9 0 265 3 0 6 0 0| 283
s D 58S 0 0 28 1 174 6 0 16 0 11| 236

JEGH DY E O EARE SN DIREEIZOWT, THET U 7 OWRMHE (MEER G 200m LIA) THrE - FlEEL
7o FEFE 14 RO B FHERE ORE DRSS, B R CERBE IR S 2 EEICHEE N 70 < L BIRSOHRERMIC L 5 2 ki
ETHoTE LTWD, Flo, MOEELEEZ TV EE X LD BRI EOBHEOIEEIZEAL T,

TG EITIL S KATHHERIZ 017% TH Y, —J7, TEREETIE 375 ATHERIL 0.11% TH Y . h/FEHBD
FERIAEICELS ol

LLEOFRAEL Y | 1996 ADOEHIL, BIR - Y OBESCHKRY), HAEORBIZ LD 2 KEKETH DL LT 2,
LLTW5S,

IR, RERZRET DICh o> TRF S NTMOFHICONWTE LD D,
LIBEOMGRIZ LV | RLHEICES AP HEYNCE SN T\ Z ERfR I T\ 5, B EMICITAR

:iéi%ﬁﬁ%sﬁ@%f%%b BTG U TR CF-CEHER 21T > T D,

PR OBRAREROMEIX, FEOFEMRICEPT D L5 2 iikidie < HREERBEVEL, [F—Hilkic4E
FLTHESNT, TOHMTHRENZSBAELZZLICEDE LTV,

BELILERED OB 61 K& L. 205 BLEMHMNT 2658 L7z 31 AL, WIS IEEET ORI RHE D $k
FhIREE 2 BIEl 2 BIBR AN o 72 2 &1 K 2 aEVERR T & Il L, $rancE &7 12 X 2R E(R T IXAE U T
>k Lz,
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1% Tdh D, FFEATOVTIE, FERKICZ Ao, EEERKICBONTL, 207 U — MEOHA - gk )3 FEgs
EAT~NEA SN TV D, SEIOEWEICEIT 285207 U — ME, 8FE, AMEOAREIIE 32 DL I ICR>T D,
= o7 ) — MEOBIEAKNZ VA, HEBENOREOZTNENOABITH T HHETIE, 2227 ) — MR
0.033%. #KAEDY 0.029%., AHEDY 0305% & 72> THY , AEOBIEDOEIGEN 227 U — MEDOEIGDIB XL 10 f5 &
o TWW5B,

PN FEE S 72 33 AD 12m-350kgf D=7 U — MEOHHED H ., HERE (MBSO Sm £ THIPH) T 15
AR, BEDE B OB DR, HIEH2 S 5~Tm O T 16 AX) TEL TV D,
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SR
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N 35
ARt (0. 305%) 1. 8% 11, 475 0. 2%
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FIZHE > TWDRETH 5, THFERIT 190mm O b DR —KIITH 5 9,

TR O HTHE Tl ZRZE BRI O SR OB O 1L, & O R D SR 5 BRI L 251 IRMEH,
JEGHE DY+ A — R R O RUERTEIZK L TEBEOBZNR RN E D ZReb DO TRIFIUIZR L2200, L LT,
BAVITAR D AERFEORAMEYE L LCiE, B 74 (1932 4) ICE SN EXR TIEMHE DM T, B
[ZOWTC TEHERGE 40m/FD ) & B TV DFEHE R S TE D | SEE 9 F (1997 /) OERERMOHMEAE (&
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T REIC DT > TREREICFET D720, BERREHIZ OV T, SRFHEEIC 325 i O 28R SIZ >\ T T
BEtEA TV, MEOHREOBIEICED D NERHL LD EEZ bD, £z, EERMICEL X, EWEZOL
DIZEHHEL VD LV ITBAOEESREDOEBICL DL OBEEA L ThH TRIFALOEFICEAESND
M%<, MHICERFHEETHLT 2R L W EZZ b D, BHEHRRTERR ETORMGHED, BH
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Wind induced damage to agricultural plastic greenhouses by Typhoon Faxai (2019)

ARl e
Hideki MORIYAMA

Typhoon 1915 (Faxai) caused 47 billion-yen in damage to agricultural green houses and other facilities (Ministry of
Agriculture, Forestry and Fisheries, 2019). A typhoon danger semicircle has passed through areas where there had been few
reports of strong wind damage related to agricultural green houses. As a result, damage to agricultural houses increased,
which had not always been fully prepared to strong winds. The main affected areas were the Kanto-region, Shizuoka
prefecture and Fukushima prefecture, except for Gunma prefecture (Ministry of Agriculture, Forestry and Fisheries, 2019).
In Chiba Prefecture, a large amount of damage was concentrated, such as a 490 ha pipe house with a cost of 20.3 billion yen

and a 28 ha glass room with a cost of 2.3 billion yen (Chiba Agriculture, Forestry and Fisheries Department, 2019).

Keywords: agricultural plastic greenhouse, wind damage, typhoon Faxai
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Wind-induced damage to trees due to Typhoon Faxai (2019)

K R EAKIEET RE !
Satoru SUZUKI, Toshiaki SHIGENAGA, Tsutomu HATTORI

Many of the poles were damaged by fallen trees, resulting in power outages. Sambusugi distributed from eastern to midwestern Chiba
Prefecture is susceptible to decay due to non-red blight rot. In order to clarify the relationship between the fallen trees and the non-
red-wilt rot, we investigated the damages of fallen trees in Nakatsuda, Yamatake-shi, Toda, Itokawa, Kimitsu-shi and Kanaya, Futtsu-

shi.

Keywords : wind damage to trees, Sambusugi, typhoon Faxai
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Questionnaire survey for building environment after Typhoon Faxai (2019)

KRB, AE ARF2, AR SR, KIS Y,

Y OSERERS, K EF O, g MEET, pRAG RS
Tsubasa OKAZE, Eriko TOMOKIYO, Hideki KIKUMOTO, Yoshihide TOMINAGA
Yingli XUAN, Kunio MIZUTANI, Tadayoshi NAKASHIMA, Kazuyoshi NISHIJIMA

This paper reports the results of a post-disaster survey in Chiba Prefecture after Typhoon No. 15 (Faxai) on Sept. 9, 2019. In addition
to damage surveys of houses caused by strong winds, questionnaire surveys on the living environment were also conducted, which
inquired about the presence or absence of electricity or water, the behaviors of residents during the period of electricity outage or
water outage, and the change of the living environment after the disaster. Electricity outage occurred in more than 90% of the houses
included in the survey. It was found that more residents stayed at their houses during the period of electricity outage. For fire safety
precaution after recovery from electricity outage, a local government informed their residents to shut off the circuit breaker, and
therefore, in such areas, more houses took the above measurement in comparison with those did nothing. It can be considered that the
information provided by the local government had a certain effect. As the damage of roof becomes severe, the number of houses
responding to “water leakage” increases, which is the reason to cause the change of the living environment with “fusty smell”, “damp”,
and “leakage of rainwater”. When the damage ratios of the roof were 10% and 25%, the response rate to “water leakage” were 30%
and 50%, respectively. In many cases, the level of damage to the living environment, such as water leakage inside walls, cannot be
estimated from the external appearance. These kinds of damage make the survey feel more difficult in comparison with the structural

damage of the building by visual check.

Keywords : Questionnaire survey, Building Environment, Electricity Outage, Water Outage, Leak
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Detection of damage to houses’ roofs using remote sensing imagery

Bl o * SLUEA*2, R 3
Wen LIU, Yoshihisa Maruyama, Katsuki ISHII

This study reports on the damage detection of houses’ roofs using satellite optical images, aerial photographs and UAV photos. The
extraction of blue sheets covering on damaged roofs was conducted using the different remote sensing data respectively. The damage
ratio of roofs in Kyonan district, Minamiboso and Tateyama cities in Chiba Prefecture was calculated in a 100 m mesh unit using the
pre- and post-event satellite optical images. Those ratio in a building unit was obtained using the post-event aerial photos. In addition,
the details of the damaged roofs were observed from the post-event UAV mosaic images. Finally, the results obtained using the satellite
optical images and aerial photos were compared with the maximum instantaneous wind speeds. According to the comparisons, the

percentage of the roofs with the damage ratio over 20% increased as the maximum instantaneous wind speed went larger.

Keywords : Pleiades satellite images, aerial photographs, UAV images, damage ratio of roofs, maximum instantaneous wind speeds
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GRIELC DR E IR

House damage by strong wind

AARAKI-*1, PG — gk
Eriko TOMOKIYO, Kazuyoshi NISHIJIMA

This study reports structural characteristics of damaged houses and cause of roof damage due to Typhoon Faxai. The field survey was
conducted in three areas in Kyonan, Minamiboso and Tateyama, Chiba Prefecture. It was found that residential damage in these areas
was about 60%. Damage to houses equipped with roof tile was remarkable. Although rate of damaged houses decreased as the building
age became younger, some houses built after 2010 were suffered damage. However, younger houses had slight damage to roof and
the cause was often wind-born debris. Flying debris are born because older houses suffered damage due to strong winds during typhoon.

Then relatively younger houses are often damaged due to wind-borne debris from surrounding older ones.

Keywords : field survey, building age, roof damage, wind-borne debris
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Rehabilitation situation and repair practice using fire insurance

[

N

PRMG—ER, w0, AR AR
Kazuyoshi NISHIJIMA, Toru TAKAHASHI, Eriko TOMOKIYO

This study reports situations on rehabilitation of damaged houses and repair practice using fire insurance or mutual. The study takes
its basis in field survey and questionnaire survey respectively. The field survey was conducted in three severely affected areas by
Typhoon Faxai; namely, coastal areas in Kyonan, Minamiboso and Tateyama in Chiba prefecture. The questionnaire survey was
conducted through post mailing, website and settlement of questionnaire booth in the abovementioned three areas and Katsuura in
Chiba prefecture. The surveys revealed, among others; (1) 80% of damaged houses are waiting for rehabilitation without knowing
when it starts at the time of two months after the impact, and 30% of damaged houses are still waiting for rehabilitation at the time of
six months after the impact; (2) repair of only damaged part of roof is common practice, which does not lead to the improvement of
wind-resistant performance of roof as a whole, and the reasons include not only budget limitation but also presumably disbelief toward
up-to-date roofing materials and constructions (even up-to-date roofing would fail due to future strong wind) and the fact that

windborne debris from surrounding exposures cannot be avoided by wind-resistance improvement of own houses.

Keywords : field survey, questionnaire survey, fire insurance, rehabilitation
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Analysis of roof damage on residential houses with aerial photo image

A BPphmk ™!, PElG— gk
Yuya KONO, Kazuyoshi NISHIJIMA

This study reports the result of the analysis of roof damage on residential houses by using aerial photo image. The analysis focuses on
the damage ratio of roof by utilizing blue sheet as proxy of roof damage. The focused areas are south part of Chiba prefecture including
Kyonan, Minamiboso and Tateyama. The analysis revealed, among others; (1) highly damaged areas are observed at coastal area of
Kyonan, western coastal area of Minamiboso, and southern coastal area of Tateyama, where roof damage ratios reach 30-40%; (2) a
higher roof damage ratio (12%) is observed in areas close to coastline (below 200 meters to coastline) as compared to more distant
areas (7%); (3) higher damage ratio is observed by the field survey compared to the damage ratio estimated by aerial photo image and

satellite image.

Keywords: aerial photographs, remote sensing, geographic information system, roof damage
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3-2-5
Damage and chemical releases from industrial facilities affected by Typhoon 15 (2019)

Ana Maria CRUZ™!, Hiroshi ISHIMARU *?, Shin-ichi AOKI*>

This study reports on the analysis of impacts of Typhoon 15 on industrial installations in Chiba and Ibaraki Prefecture based on field
visits and interviews in Tokyo and Ichihara City, and review of News articles. The interviews revealed that the onsite gust wind speed
near the Chiba Police Headquarters reached to 53 m/s, and exceeded 42 m/s at Sodegaura and Anegasaki districts. Despite the record
wind speeds, the typhoon caused relatively minor damage to industrial installations. Damage reported included the collapse of a
cooling water tower, and damage to scaffoldings, step ladders and equipment insulation. A minor hazardous materials release was

reported with no injuries or offsite consequences.

Keywords: hazardous material releases, industrial installations, wind damage

This section provides an analysis of the impact of typhoon 15 in 2019 on industrial installations located in Chiba and Ibaraki
prefectures. The results here presented are based on the review of News articles, government webpages, and two sets of
interviews in Tokyo and Ichihara City. These were carried out in December 2019 and in February 2020, respectively. Typhoon
15 caused relatively minor damage to installations including falling of scaffoldings and insulation damage, and only one minor
hazardous material release was reported. The interviews revealed that onsite gust wind speeds in at least three locations exceeded

42m/s. This will be discussed further in the next sections.
1 Damage and hazardous materials releases
Based on the interviews and data collected, the following cases were identified:

1. A cooling tower collapsed at the Japan Atomic Energy Agency Oarai, Research and Development Institute (North
District site) in Ibaraki Prefecture. The accident occurred at 7:40 am on September 9, 2019 at the secondary cooling
tower of the material testing reactor (JMTR). According to the interviews the cooling tower collapsed due to
deterioration and rotting of the internal wood structure of the cooling tower, lack of adequate inspection and structural
integrity check, and the strong wind. Figure 1 shows the cooling tower before (a) and after typhoon 15 (b), and a map

showing the location of the facility (c).

*1 Prof., Disaster Prevention Research Institute, Kyoto University,
Ph.D. (Eng.)

*9 Prof., Department of Management of Industry and Technology,
Osaka University
Ph.D. (Eng.)

*3 Prof., Department of Civil Engineering, Osaka University
Ph.D. (Eng.)
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Figure 1. Cooling tower at JMTR before typhoon 15 (left); and (b) Collapsed cooling tower at JMTR
after typhoon 15 (right).

2. A stripping tower of a gas converter collapsed outside of the No. 1 steel mill at the oil complex in Kimitsu City at
Nippon Steel Co., Ltd. Kimitsu Steel Works in Chiba Prefecture on September 9, 2019. The collapse of the stripping
tower resulted in damage to the dust collecting pipes and gas pipes of the converter. However, no gas leak and no injuries
were reported. Furthermore, there was confirmation that there was no risk of fire by the local fire department (FDMA
2019).

3. Apipe below a storage tank containing hydrochloric acid (concentration: 17%) was damaged by a steel step ladder that
fell due to high winds during the typhoon at JFE Chemical East Japan, Chiba Works at 4:30 am on September 9, 2019.
The damage caused leakage of hydrochloric acid. The released hydrochloric acid mixed with rainwater and flowed out
from a drain to the sea. The concentration of the hydrochloric acid and rain water solution was measured and confirmed
to be less than 1% in the drain.

4. A steel ladder on a flare stack fell due to the strong wind at an industrial installation “Y” (due to confidentiality issues,
we cannot reveal the name of the installation) in Ichihara City. There was no gas release or major damage due to the
ladder collapse. Damage to scaffoldings and insulation in several areas of the plants was also reported. Furthermore, a
small truck was lifted and turned over by the wind, and a temporary warehouse at the plant in Sodegaura District was

damaged. No injuries were report.
2 Analysis and discussion

Figure 2 shows a map indicating the path of Typhoon 15 and the location of the affected installations. Three installations were
within approximately 10 km from the center of the typhoon on the front right quadrant which experiences the highest wind
speeds (Simpson and Riehl 1981). An anemometer located near the Chiba Prefecture Police Headquarters measured a maximum
wind speed of 53 m/s. Measurements at “Y””’s two plants, one in Anegasaki District and the other one in Sodegaura District both
recorded maximum wind speeds of 42.6 m/s. According to company officials the plant follows the Building Standards Law
(38m/s - 10 min average wind speed at 10m based on the Provisions of the Revised Building Code). However, they did not
confirm if they apply a safety factor, and if so, what the equivalent return period is above the 50-year return period. The 10 min
average wind speeds recorded by the company were 18m/s at the plant in Anegasaki District, and 23m/s at the plant in Sodegaura

District. Company officials expressed their concern for the high wind speeds experienced, which registered record wind speeds
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for these locations.

Due to the limited number of visits and interviews carried out so far (as companies are not eager to allow visits), it is not clear
how wide spread minor damage occurred. Further visits and interviews are needed to ascertain the extent of impacts, even if
minor. The preliminary results of this analysis indicate that industrial installations performed well. However, past experience
from hurricanes in the Gulf of Mexico show that even minor damage to non-critical items and appurtenances (step ladders, hand
rails, purge pipes and valves, insulation and scaffoldings) can result in flying debris that can cause further damage, and in

extended shutdown periods for inspection before start-up (Cruz et al. 2001; Cruz and Krausman 2009).
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Figure 2. Path of Typhoon 15 showing the location of affected installations.

In the case of the facilities visited, no shut-down was performed prior to typhoon landfall, and the installations continued normal
operation during the typhoon. In the United States Gulf of Mexico, industrial installations systematically perform shutdown
operations, de-inventorying of storage tanks that are considered more hazardous and take other precautions before the arrival of
a major hurricane (Category 3 on the Saffir-Simpson Hurricane Scale) (Cruz and Krausmann 2009). In the future, the possibility
of stronger typhoons affecting coastal areas in Tokyo Bay, Nagoya and Osaka Bay should be considered, and in particular,
whether or not shut-down procedures should be carried out before the arrival of typhoon force winds. Furthermore, during the
interviews, company officials expressed their concern regarding the possibility of tornadoes which could generate winds
exceeding the design wind loads. In fact, just before the arrival of typhoon force winds during Typhoon 19 on October 12,2019,
a tornado was reported in Ichihara City (Takahashi 2019; Spectee 2019). Thus, the potential for tornadoes is a real possibility.

Finally, damage to the cooling tower at JMTR showed the need to prevent deterioration of equipment through appropriate
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inspection and maintenance.
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Comparative Study on Damage Characteristics due to Typhoons Faxai and Jebi
- study on damage to residence and facility of electric power distribution -

PANTERE ) QA T e /R & [ A A
Takashi MARUYAMA, Kazuyoshi NISHIJIMA, Eriko TOMOKIYO

The severe winds damage by Typhoon Faxai (2019) and Jebi (2018) were surveyed. Characteristics of damage to residence and facility of
electric power distribution were comparatively studied. The damage by typhoon Jebi was more extensive than that by typhoon Faxai. The
numbers of damage to residence, casualties and inundation by typhoon Jebi was larger than those by typhoon Faxai. On the other hand, the
number of totally and half destroyed houses by typhoon Faxai was larger than that by typhoon Jebi. The facility of electric power distribution
was extensively damaged in both typhoons and the blackout occurred a lot in the east side and the coastal area of the typhoon center trajectories.
The maximum blackout number of houses by typhoon Faxai was less than that by typhoon Jebi. On the other hand, as for the loss and the
collapse of the telephone pole and the days until the restoration of the blackout by typhoon Faxai, the damage was about 1.5 times in comparison

with typhoon Jebi.

Keywords : comparative study, damage characteristics, typhoon, residence, facility of electric power distribution
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High wave damage caused by 2019 Typhoon Faxai in Kanagawa, Chiba, and Ibaraki

EA #&E*, MdRezuanul ISLAM*2, Le Tuan ANH*2, B8 EXL*3, 4 54773, H)I Aig™3
Hiroshi TAKAGI, Md Rezuanul ISLAM, Le Tuan ANH, Atsuhei TAKAHASHI, Takayuki SUGIU, Fumitaka FURUKAWA

This report summarizes our reconnaissance survey after Typhoon No.15 (Faxai), which struck Tokyo Bay on September 9, 2019. In
Kanagawa, there was no major damage on the Sagami Bay side, but on the Tokyo Bay side, overtopping over an upright revetment
with a height of 3.3 m above the sea occurred. In Chiba, there was no conspicuous high wave damage, except a building in
Kujukurihama Beach that was obviously struck by wave run-up and splash. On the other hand, wind disasters were severe, and damage
occurred in various places, such as the scattering of building roofs and the collapse of power poles. Wave damage in Ibaraki was also
minor. In Ibaraki, the breakwaters should have been constructed against severe winter storms, and the embankments have been
substantially upgraded after the 2011 Earthquake and Tsunami. These structural resilience may have contributed to limiting typhoon
impacts. Compared with other 16 major typhoons that landed in the Kanto region, this typhoon was characterized as a strong small

typhoon that slowly moved through Tokyo Bay.

Keywords: 2019 Typhoon Faxai, field survey, Kanto, Kanagawa, Chiba, Ibaraki, Tokyo Bay, high wave impacts
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FIELD AND QUANTITATIVE INVESTIGATION OF WIND WAVE DAMAGE CAUSED
BY TYPHOON FAXAI 2019 IN FUKUURA, TOKYO BAY

e B BRI L @& nfTe
Naoto INAGAKI, Tomoya SHIBAYAMA and Tomoyuki TAKABATAKE

This report summarized the site reconnaissance and hindcast about Typhoon Faxai, which struck Tokyo Bay on September 9, 2019.
One of major damage to coastal structures was found at Fukuura (Yokohama City), which is located along the west coast of Tokyo
Bay. We confirmed the failure of upper part of the dyke and the trace of run-up by overtopping waves. Our numerical analysis
underestimated the maximum height of wind waves compared to observed values. This was because the observed meteorological
data utilized time-averaged sustained wind field, which could not capture the instantaneous strong wind field that Faxai could have.
In fact, west-ward gusted wind was observed along the west side of Tokyo Bay, which could cause further wind set-up. This report

attiributed the characteristics of the coastal damage at Fukuura to a disatster mechanism related to local-scale gusted wind.
Key Words : 201942 /15 5, FRGE, BIHGHE, WIRERTETIL, &K, B, ZEm
4121 BEROHE

201949 1T H8 4 L 72 Rl 15 75 Faxai (LARE, Faxai& PEFR) 18 HICIEHITIMNEEUCTEEL, ZOB N ZRkE D
D, YHFAREENDIRFIZT T EammE L, OB Lt 28K E2 L o7, SREIOBERIEEH OFE
195 Hagibis® X S IC K Z b 72O THETIT RS, [ZHWEREZHED DO Tholz. B-4.1.2.170 6 U 4 87
5l X IR REEAM/SEHEEF L T2 Z &R D. FaxaiD /8T A—Z IR T 5 &, MENEL, 20
INENWZ ER DD, BB ORKERIZI90kmTEH ¥, Hagibis? 650km=°20184 5 JE215JebiD370km & i L
TH/hIV, 512, FOREMEVIREEZ MR L2 DT, RERXERE THMEEROEBKIZ SN -7 &5 %
bid.

FRVEWC RV, RRBIXEE O EE =T 2. BHAE O AN #E L 72 BRI TSR KR Tl M X DK 2 4
U, BRSO T MM ORI ELZ L0 LY. 2oL ) RIEEND, SRIORFBERNTE U &mlkiE

1 BREKY KRFEEAEE TR &L  Master-course Student, School of Creative Sience and Engineering,

RS L 2 (1) Waseda University, B. Eng
k%9 HFEHAKS BEILANRHEEE - LH5 L Professor, Faculty of Science and Engineering
Waseda University, phD
*3 BRgHEKT BET SRR - AFSERLaRAD Assistant Professor, Faculty of Science and Engineering

Waseda University, Dr. Eng

4-5



DFFH & Faxai DRFVEZFEBL L, S OBR & RFTHY 72580 B\ 0> B 2 Mgt L 7.

138°30" 139°00" 139°30" 140°00" 140°30' 141°00'
36°30" ¥ 36°30'
09:00, Sep 9, 39m/s o

36°00" 36°00'

06:00, Sep 9, 41m/s

35°30" 35°30"

02:00, Se

35°00" fi7 35°00'

34°30" 34°30"

D
21:00, S&) 8, 44m/s

34°00" 34°00'
138°30' 139°00' 139°30' 140°00' 140°30' 141°00'

K-4.1.2.1 20194E B M55 Faxaid F.0REE, FLERTER X OURKEE. K, &, e3P OoKEE2E£L, TEN955, 960,
970hPa% v 912,

4122 HEEMEREEHBE TOHESIKR

B K o THMOFE O AP U, %7 Mg B & Byl 234 U 7o BRI T A IR XA R M X C O Bl
BEORREE L DD, R4 122I3@EHHMXOMEGE CTH 5. 12KE S OFHANR RIXILHERE O KN D O &
SITHRIE L7z, MR 5300miEn 72 3HALE T4mZ B 2 DIRKE S 2R L. 7o, FaUBCHE LZ#RD S b
JEAEI200m D FEFH I ITIREEIT L S e o 7228, FEKI00mIZ 7z » TE B EE Lz, B-4.1.2313 k8 L 72
RO AR LTS, K@ 1.49mD /37 Xy b EF0.5Im23 kT 5 K 5 ICEEE L7z,

Fiz, EUNCIEE S1mEEO/NEWE (B AbY, ZOREICHE ELZBIROERIEE S R o (B-
4.124) . FLOTEHIIR-4.1240FHEOEIZH VD, T.P. +10.7mOAE (CHAENB SR S, 203 R Tk
HEWVLEIZH DR CTH 72, ZOEBNCLY, @EOM EAImEBL-EME LN, B-4.1.2.50 F
BNIZE L O FETHINTH Y, THHE TH EAELZ L IFB 2T V.



.
REDHRENTE LTV

B-4.1.2.2 f@HHIXOMETE. RKE S OFHARERITICHE RO KGR b O/ SITHIE L7z, S HICH#RESRE LT H
WEEILOMNEEZR L. (Google Earth(Z N%)




®-4.1.2.5 L LOTEHOEMENOET

EH OB EE ST LV #ERTEOESIIHB3mTH D, RELTEEZ LN A9H2EOEINAR DK
0.8MTH-7-DT, WROITH EIFEIIRIETHH3.TmMEBEL TCWZEEZX NS, HBEMA~DBEKIEEL, 7T
B BB o T2 MER D E R DOPEEI D OIMA LT LR B,

4123. ERETOREEHE

ATET TR L7 f@il XIS 36 1 2 Ml 28, RBUERHRIC K 0 BB CE 20 &2 0D 272018, FIFETO
{&(&JE nﬁ%‘fl.

Ll

1 FHEETL

WIBRIIIR ST ORMAT 2 X VEESR %:E—T}I/(MSM) & AR IR HER £ 5 /L SWAN (Simulating WAves
Nearshore) LA DR =YY, @, KSR OHEBEFHEIZIZWRF (Weather Research and Forecast) 23 AU B 315 73,
INERBICHEAT S &, EEEROFREZHRTEARWEERH 5. BT IIMEEIC I £ 7 LEEN KR TH
D, WRFZFIH L TR Z1T-72 & 25, RROKREZIELHI TERholz. —J7, MSMOXGS; TIE
B2 @i 59 H RIS £ C, Bl L 12T 8T R 2R LD, Zhad vz,

SWANTIZIE DR ERLREIC OV THEA B EN PR Th 5. AFHRTIE, B DOFEEIZ- OV TldKomenE
TNERM L, SHRICIER AT 4 2 7 &7, HbMNVERERE 7130002 ThH 5. £7z, SWANDFFIZTH
DIFFNHIH DIRFE TITV, SMENSD SR DFEEEE L.

(2 KREBHEOHR

SR B A BB N D2 OB & el 5. 8 H 18D, Faxaid B AU 2 @i~ 5 9 H 6HE £ THRI12
IRpfi] 2 bt 2 & UTe. OB RISALE T 2 5 I B O PRBIAIEIINOWPHAS LV Hiff L729. B-4.1.2.6 a) T
FE— 7 REOBIIMEIZ RN Z <, WIROFEEORR TR ARHATHL2, IHD2RHHE ICHRE O — 7 2l % 7=
ZeNbnd. LaLeRs, FlETHEHISMmES OFRERENELTZEZ 2 b, AHEOETT L TIE2.m
DHEBEREORKE L 2> TND.



3.5 _
o HAlfE [
3.0 — fRITRER
o
2.5
"='20
E
& )
1.5 1
o ! °
i 06:20, Sep 9!
1.0 1 :
i (14
18:00, Sep 8 ‘....o' d
0.5 000008
0.0
a) HE-EE
3.5 =
o HAlE
3.0 — MBITRER
03:00, Sep 9
2514 ®
"=20
E
T 15
1.0 A [ ]
18:00, Sep 8 21:00, Sep 8
00:00, Sep 9 —
05{¢ o © ¢ e

b) m=m#mEEReRAmR
B-4.1.2.6 HEUEN2HE COARIEE O L. a) 5 W, b) FaUEE RELETD

B-4.1.2.6 b) IXHEWEERIC L 2BUAE L O TH D7, 8H D22H B9 H D3IRE FE TIL IR O F& 2 D[
ERZDITNDY, E—7 ROWREEITBRIEL Y /&< otz Bl BRONBEEZZET D L, IH D4
A2 SRR A R E3SmOENE L EZDND.

WTHOHAIZB N TS, AR E ORI FFAE R TIE2.5mAl#k & 72 o722y, BUHMEIC L 5 & 3.5mfEE o
WHRELTLLEBZBZLND. —FHT, WENE—7 LR LRI R —& L T\ 5.

4124, B

(1) 1EHHBX TOREDHKTF

ATEi CHWIZE T VAR ORI EH Lz, AREEORFFZMIIR-4.1.2.70 & 51272572, Faxai®d
REEEEZDE, FH2MR0DICHRKIEE 72D E W FERIIZYTHD. —HFT, BIfITHRHFLEZLD1C, Zo%E
ETVIIAREEORKMEZ /NS FHET 2R3 H 0, EERIZL D SOERE U miettix+alcd 5. 2
BCTEALIEL I, RiEmOBLHWENEL DT, YRFOWNLZEE L TH3.TmL EOENA T 2 0ERH
O, B ETHRBEREEZECSELHE L TUIBET/NESNVEFZD.



2 RBAOiGLIKREDHKRTF

MSM72> 545 55 O & SWANTHEL L2 IR OW T, EH MK THRIRNSKE < A2 59 H 20 B3I
FTTCoOREZRLE (B-4.1.288LX0K-4.1.2.9) . KE-4.1.2. 855139 H2MFE 2 TR HUR2ME M X 2 [/ 2> > T
RN Z e bnD. B-4.1.2.90 5139 A2 5203050 120 TERNOEE W EB N ST L&
DRI LFEETWD Z L2, MSMOEOH TR FEETH Y, £ O ARMIZ30m/sFEE TH
. T2 X 512, FaxallZBRWVENRMTH Y, [RIREEH O KEGHEIX40m/sFRE THh 5. HDLFR K E
OB L HETETWLIOICHELL T, EEaV/hNS<HEESNLDLTEH, MSMOE DS TIIHE 2 b
7RO R B 7 JRLAS 8 D 38

- B/Y
TR

— BRER

00:00, Sep 9

02:20, Sep 9, 2.70m

06:00, Sep 9|

0.0 18:00, Sep 8

F-4.1.2.7 fRAHHX TOR M & DR

30

02:00, Sep 9"- .,

35.7 1

35.6

35.5

35.4 4

35.3 1

»

0

35.0 +
139.5

13é.6 13‘9.7 139.8

13‘9.9 140.0 140.1

[s/w] paads puipm

35.7 1

L7 WTHERE & BA FCRA L.

02:30, Sep 9. . :

VR

139.6 139.7 139.8 139.9  140.0 140.1

30

[s/w] paads puim



30

0

35.7 4

35.6 1

35.51

35

X-4.1.2.8

3:00, Sep 9 .

L
¥

.0
139.5 139.6 139.7 139.8

3.0

[w] sH

139.9

139.9

140.0 140.1

[s/w] paads puim

RO ' — 7 RRIZH5 1T 2 M50 b (XENIAE R HIX)

139.8

3.0

X-4.1.2.9

2.5

2.0

1.5

1.0

0.5

0.0

PR D ©— 7 B2 BT 2 RGO 2L (XEN TR HX)

139.8 139.9

139.9

I
n
2

3.0

2.5

2.0

15

1.0

0.5

0.0

[w] sH



(3) HERMERLEZEE

AMEDASOBLRME A & JBF XK A VER U, B H9 72 3 & R SRR 72 BB 2 st L 72®. A I s =0 & A
EOBLFTOHRRNINLE T 5728, ZO2HNEEAT. B-4.1.2. 105 L OE-4. 1. 2. 11139 HOFED 59 H 6KFIZ 5
T, 1050 O R R & e KR U 2 B TRy T L, FERIGZ 16 E IR Lo b O Th 5. =IHslllpT
TOBLAFERZ 7R LT2K-10TIE, FHEGE a) & i RBRHEE b) 2ROV EUIR G N HRNTE 22 L3bhnd.
FUEUZ RN TEIE D D OJEDENIE B 2D I, FaxaiZd =06 2 8l Licth, = oMk & BT I7 m A o
TEIIC A -T2 TH 5. BB OBAFE R 2R L-R-4.1. 2. 11T, a) &b) HCHILRDOROEI A 23 K b
REWZ ERDNL., LHLAans, B-4.1.2.11 a) TIXHEALEOEIES.0 - 10.9m/sOFFRICH 528, K-4.1.2.11
b) TILIF 7 M DJEIE31.3 — 36.5m/sOFEFHDENBR SN TN\ D, DED, FHNDH DRI DOWT, 58V i KB ] EUE
ZOPEHEGE CITE 2 DTV e, ZAUTTROG B BRI Z L 2R LTV 5.

3.9-7.3m/s 7.1-14.0m/s
7.3-10.7 m/s 14.0-20.9 m/s
10.7 - 14.0 m/s 20.9-27.9m/s

14.0-17.4 m/s 27.9-34.8m/s
17.4-20.8 m/s 34.8-41.7 m/s
20.8 -m/s 41.7 - m/s

X-4.1.2.10 AMEDAS =JlifSllIFTIZ 31T % JARLY a) 105 W] F EOE & 2 DA, b) 1057 [ KB EUR & 2 o @ [m®

8.0-10.9 m/s
10.9-13.8 m/s
13.8-16.8 m/s

16.8-19.7 m/s
19.7 - 22.6 m/s
22.6-m/s

15.5-20.8 m/s
20.8-26.0 m/s
26.0 - 31.3 m/s

31.3-36.5m/s
36.5-41.8 m/s
41.8 - m/s

X-4.1.2.11  AMEDASE{EBHFTIC I 2 ALK a) 1053 B4 EGE & 2 O, b) 1053 R RB#R R & 2 ol @®

@ NFAR)YIEBRETIVEDLE

K THWZRET —F LIRBHER T T LTI, Faxaill X5 FRiBN O &l O f K& 3 8IRE L v b/ &<
ot THHAMSMIZE SN D KRG CIIRFTHIN BRI R RO EBE ZEETEX WD TH D, mALINT
NI ARNY w7 BERETNVEROZEOLZSWANIC A L, HREESIZBREIEEL Y bERicd 5 00, KiEhT
L0 BHREREZSG TS, EARLAFIH LB Tl KEGEL0 - Som/sOENE E TR Y, RN THWW



72RO L ITRGEERA B 72 5. FaxailZ IS/ N 0o 7272912, H 2 TORGE & R A AW TE D ) 3
W, 20D, KEZ LK RT—2 L0 b, NT AN v 7 BRETVE W RHT O T BHEERE D &>
Sl EZLND.

— 5T, BRICE D KEOMEITRELICLVZL LTS, KEHOEIERL, BERICE EE5R0E
U LA REFICHETHMAZER L T FHENGRTH, KRBT — ¥ FHWIRRERSLETHS.

4125 SHEOMEAEH

(1) B TERENARRIC L HBUREEO R

ATETCIE, BUISNZEIC K 2B L0 @0 TS BT @Ic22 2 Lo & LT, JHEThY Chi R 258 m )3 i
WL TREMEIC S W TE 2 2. AR OHERICH N T, SWANIZRE SN D A7 MLVEE, HOER, 56,
BEOENZENDOTREAZZ XL =L WHIBRNPOET MELIZSDTHS. LnLaRs, BEENSBKIZH
o TREY, ZoBRBMHAT—L1dz, ZOXIRBEDA D=L ELTRoTWD. LA, ALK 2K
ke L CGEBREOBANOHERSNIBHRTH D, MEBEOMAERL LOWHEMICS 2 582 LT
L7122, JRATHY 7RI COVOFIESRL 15 %2 W BIEMT N A TIE AW E B X T 5.

(2) BFN=RITEIC K DKEREERR

F280 CEILTEE OIS & Ve L ER B TWD Z e 2R Lc. Z0a, MEUc X 2=k Eifonk
IRE DB T MBS RS L2 vl REME N B 5. BRTIXZE OWNEIZEM THUNR RN ZE U T A HERH Y, T
DIRFTNIR A — VTl EA~DRKICEZEL TWDL EELNRD.

HitE
B O BLHERA ( HTE T2, B RSP R SE B S B T2 AR ZeBHE 3R A Martin ML, Thit Oo Kyawii FG (2 355
ERTD.

SE 3k

1) REIT: BRARANNT v 7T —4%, https://www.jma.go.jp/jma/jma-eng/jma-center/rsmc-hp- pub-eg/besttrack.html
2) T Y HXILEE : http://agora.ex.nii.ac. jp/digital-typhoon/

3) MG - (B 15 5] 10 A — FVBEIC @R fRE « @RI, 2019429 A 18 H(K), 2019

4) FESKFAGET — 2 N— R KGTEMETHT — %, http://database.rish.kyoto-u.ac.jp/arch/jmadata/

5) The SWAN Team: Swan User Manual, SWAN Cycle III version 41.10, Delft Univ. Tech., 127p, 2016

6) [E LR EE SR - SEESEERIRTEHE NOWPHAS, https:/www.mlit.go.jp/kowan/nowphas/

7)) BOREERE R o HAEROWINL - R, https:/www . kouwan.metro.tokyo.lg.jp/yakuwari/choui/

8) RGUT : MEDOKLET —#, http://www.data.jma.go.jp/obd/stats/etrn/index.php

9) A% L, Md Rezuanul ISLAM, Le Tuan ANH, @f&fE ¥, AT, &I : 201942 9 A BE 15 S X 20531 - T
B - RIRO @B E R LORE ORIRBS, AT AR B3 (FERYE) , Vol. 76 No.1, 2020



4.2 iR O T &R

4.2.1

201945 A5, 195D B IZ BT 5

A O IE TR RERE D FERE & TR EL

Local Stituation and Prediction for Vessel Drift Distance due to Typhoon
FAXAI and HAGIBIS

Tk RS B —E2 . R =S - )1 RER*4
Shogo TOKUNAGA, Kazuma KUROSAWA, Masashi WATANABE and
Taro ARIKAWA

Collision accidents caused by the anchoring of a ship during a typhoon cause severe damage to offshore structures and
coastal areas, but the differences in drifting distances and the relationship between the sizes of ships following the anchoring
have not been clarified. No specific berthing position has been proposed. In this study, we focused on the drift of a ship
during a typhoon, and reached a collision from the relationship between the size and the moving distance of the ship located
in Tokyo Bay at the time of Typhoon 15, 19 in 2019, and the wind field at the time of landing. We examined the berthing
position of the ship. As a result, it was found that the overall tendency was that the smaller the vessel, the longer the distance
traveled and the easier it was to fall into an anchor. In addition, using a numerical analysis, we reproduced the ship that
collided with the Hama Road in Minami-Honmaki, Yokohama City during Typhoon No. 15, and reproduced the drift direc-

tion and the collision point.

Key Words : drifting, typhoon, wind, STOC-ML, STOC-DM, Tokyo bay
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4.2.2
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Mechanism of Drifting Ship Collision and Its Mitigation

AL - T B AT
Tetsuya HIRAISHI, Ayumu IIBOSHI, Tetsuya OKUTANI

Typhoon No.15 in 2019 was generated in the vicinity area of South Torishima Island on September 5. It became a very strong typhoon
and passed across the Tokyo Bay from south to north. Yokohama Harbor located at the north part of the bay was heavily damaged by
large waves mainly due to the typhoon’s strong east winds. The damages were classified to the road bridge crush by a ship collision,
the seawall collapse by wave-overtopping and the combined damage of fishing pier. Especially the damage at the road bridge has

caused traffic interrupt in the harbor.

Keywords : mooring force, anchor, drifting ship, ship collision, typhoon 1915
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4.3.1
HERE S DZEEN & A T = K

Transportation process and mechanism of coastal boulders

e B JEE R, B BmETS, AL RARH
Masashi WATANABE, Satoko SEINO, Yumiko IWASAKI and Taro ARIKAWA

At Okinoshima, Chiba prefecture, several tones of coastal boulders were transported by storm surge and waves during Typhoon No.15
(Faxai). This report summarizes the distribution trend of these boulders and simulation results of the storm surge and waves during
this event. As a result of our simulation, the computed maximum wave height and velocity over the shoreline was respectively 7.9 m
and 7.1 m/s, thus this size of storm wave formed the boulders located at this area.

Keywords: coastal boulder, field survey, storm waves, numerical simulation
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Mechanism of flooding in Chiba Prefecture by the Typhoon 15, 19 and 21-related heavy
rain with respect to rain and watershed characteristics

AR Ie*, N %2
Norio TANAKA, Yoshino ONODERA

The flooding characteristics in Chiba Pref. by Typhoon 15, 19 and 21-related heavy rain are classified. Similar to the critical line in
landslide disaster which uses rainfall intensity and cumulative rainfall, this study tried to classify the three events in a simple method
because flooding in branches or creeks are sometimes decided by the rainfall intensity and that in main river are related to the
cumulative value. The indices can express well the differences of three disasters. The watershed characteristics, bed-slope change,
river confluence and meandering, also greatly affected the flooding locations. The threshold values should be further investigated for

roughly estimating the critical condition for what type of disaster may occur at each future flood event.

Keywords : rainfall intensity, cumulative rainfall, slope change, confluence, meandering
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Relationship between inundation and evacuation status in Ichikawa City
during Typhoons 15, 19 and 21 in 2019

JUREE iR
Junji YAGISAWA

In this study, the relationship between rainfall, river water level and evacuation status was investigated in Ichikawa City, Chiba
prefecture, where inundation was cause by Typhoon Nos. 15, 19 and 21 in 2019. For evacuation status information (total number of
evacuees, evacuation centers, evacuation information issued by Ichikawa City), data obtained from local government was used.

As a result, during the three typhoons, not only the rainfall and the peak river water level in this city, but also the announcement
status of flood warning information was almost the same. Nevertheless, it was found that the total number of evacuees was larger at

Typhoon No.19 than at other typhoons about 100 times.

Keywords : inundation, evacuation status, Ichikawa City
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Problem of Stranded Passengers at Narita International Airport
due to Typhoon Faxai (2019)

VIR ERIESY, RVE IEJE*2, S ORGSO RlsETY, Ko
Mikio TAKEBAYASHI, Masamitsu ONISHI, Tomoyuki TODOROKI, Satoru OISHI

This study reports and investigates the problem that passengers were stranded at Tokyo Narita International Airport (NAA) due to the
disruption of access transportation means due to Typhoon Faxai (2019). Although there was an institutional system to launch disaster
emergency management headquarter at NAA, it did not work in this case because the function of airport itself worked as usual and
the matter of access transportation was recognized as being out of their business scope. Lack of emergency management headquarter

caused various coordination problems among different stakeholders.

Keywords : stranded passengers, airport access transportation, emergency management
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Impact of Typhoon Faxai (2019) on Air Cargo at Tokyo Narita International Airport

VIR EREESY, RVE IEE*2, A e
Mikio TAKEBAYASHI, Masamitsu ONISHI, Terumitsu HIRATA

This study investigated the impact of Typhoon Faxai (2019) on air cargo logistics at Tokyo Narita International Airport. Although
serious damages on airport facilities due to the typhoon did not occur, the blackout caused dysfunction of air cargo logistic facilities
in and nearby the airport. The study revealed how major stakeholders of air cargo logistics, i.e., the airport authority company (NAA)
and forwarders made their operational decisions through interactions during the period of blackout. In addition, some challenges to

improve the coordination of stakeholders are described.

Keywords : typhoon disaster, freight logistics hub, blackout, coordination
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Impact of Typhoon Faxai (2019) on the transport for remote islands

Pk R, KT T
Mikio TAKEBAYASHI, Masamitsu ONISHI

In this part, we focus on the impact of Typhoon Faxai (2019) on the transport for the remote islands. Especially, we gather information
about the damage of transport infrastructures between islands and mainland. We surveyed Hachijo-jima Island which is the part of
Tokyo Pref. and found no serious damage due to Typhoon Faxai (2019). However, we also found that the typhoon strike is supposed

to give potential damages to the dikes because some dikes were broken when the next typhoon stroke.

Keywords : transport, remote island
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