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Characteristics of Severe Winds due to Typhoon Jebi (2018)

AHRES PR
Hirohiko ISHIKAWA, Tetsuya TAKEMI

SUMMARY

This study examined the characterigtics of severe winds induced by Typhoon Jebi (2018) during its approach to and
landfdl over the Kinki region. Surface observation data obtained not only from Japan Meteorol ogica Agency but dso
from loca governments were used to show the regiona characterigtics of winds. Some of the damages occurred in a
businessdigtrict of Osaka City were demonstrated. Strong windsin an urban digtrict of Osaka City were quantitatively
estimated by merging amesoscae meteorologica and alarge-eddy smulation modd.

key words: severe winds, meteorological modd, large-eddy smulation
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Fig. 1.1.3 Damages to street trees
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Fig. 1.1.6 The best track and the simulated tracks of the typhoon

1-6

X 1.

Osaka

—— Mean (Obs)
—-- Instantaneous {Obs)
— Init: 12UTC 31 Aug
—— Init: 18UTC 31 Aug
Init: 00UTC 01 Sep
Init; 06UTC 01 Sep
Init: 12UTC Q1 Sep
—— Init: 18UTC 01 Sep
Init; 0OUTC 02 Sep
—— Init: 06UTC 02 Sep
— Init; 12UTC.02 Sep

i
Z520

09/03 09/03 09/03 09/04 09/04 09/04 09/04 09/04

15:00 18:00 21:00 00:00 03:00 06:00 09:00 12:00

1.7

TIME [UTC]

KRB Ga TOBIIEGE (55 : TR

B AR 1 O BKBHEEE) & WRF FHREIZ X
ZJEGEE (FEHR 0 10 m B ARG ; SRR ¢ 326 m SR

)

Fig.1.1.7 The wind speeds observed at the Osaka observation
site and simulated by the WRF model. The black solid
(dotted) line indicates the observed mean (instantaneous)
wind, while the colored solid (dotted) lines indicate the

simulated winds at the height of 10 m (326 m).
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Fig. 1.1.9 The maximum instantaneous wind speeds at the 10-m
height in a business district of Osaka City
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Estimation of Wind Velocity by Phased Alley Radar and Airport Doppler Radars

e i)™ EREEIT RHTR
Koji SASSA, Shinsuke SATOH, Udai SHIMADA

SUMMARY

Wind field around typhoon, ‘Jebi’, was evaluated by using the data obtained by Kobe phased alley radar
(PAWR), Itami and Kansai Doppler radars for airport weather (DRAW), and JMA Osaka radar. Wind
velocity fields were obtained from echo tracking of PAWR data and dual analysis with DRAWSs data and
JMA radar data. The results showed that Ekman spiral was formed and conversion flow toward the
typhoon eye was observed in the lower layer less than 1 km AGL. Rotational flow pattern was observed in
the higher layer more than 2 km AGL. But maximum wind was found to appear in the lower layer.

Maximum velocity was estimated to be more than 80 m/s at 1km AGL.

key words: phased alley radar, Doppler radar for airport weather, dual analysis
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Dramatic changes in the inner-core structure of Typhoon Jebi (2018) at landfall
and relationship between a mesovortex and strong wind gusts

WS, /ML, JRKIEE™
Udai SHIMADA, Ryo OYAMA, and Shingo SHIMIZU

SUMMARY

Typhoon Jebi (2018) caused record-breaking stramgy gusts and heavy rainfall along its track. $ekffucture
became compact after landfall, with the radius akimum wind (RMW) at ~50 km and radar reflectivity
increasing inside the RMW at altitudes from 1 tarb Because of increasing forward speed and amtiveection
inside the RMW, the maximum wind speed did notetesz significantly even after landfall. InsideRiéW, a
mesovortex with a scale of 50 km formed in the dewear-left quadrant. The formation of the mesoxantes
likely attributed to dynamically forced updraft asisted with the storm vortex tilted by verticahalishear and
attributed to tilting of horizontal vorticity assated with the convergence of enhanced frictianfidw. The
mesovortex contributed to the heavy rainfall arehgt wind gusts. Also, the fast forward speed afenttzan 15 m
s™increased wind gusts on the right-hand side dfJedck.

key words: Typhoon Jebi (2018), landfalling tropical cyclones, mesovortices, wind gusts
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Fig.1.3.1 (a) maximum hourly rainfall and (b) maximum wind gust observed during the period from 3 to 5 September. The figures
are provided by Japan Meteorological Agency (http://www.data.jma.go.jp/obd/stats/data/mdrr/periodstat/index.html).
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Fig.1.3.2 (a),(c) Wind distribution at 2-km altitude retrieved from the GBVTD analysis. (b),(d) Precipitation. The black line indicates

the track of Typhoon Jebi used for the GBVTD analysis at 2-km altitude.
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Fig.1.3.3 Radius—height plots of time-averaged azimuthal-mean tangential wind (black contours) and azimuthal-mean radar
reflectivity (color scale). (a) During the period from 2200 to 2400 UTC 3 September and (b) during the period from 0300 to 0500

UTC 4 September. Contours were drawn only in areas where there were observations averaged over at least 1 h in total.
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Fig.1.3.4 Time evolutions of 30-min running mean maximum wind speed at altitudes from 1 km to 5 km.
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Fig.1.3.5 (a) Distribution of storm-relative winds at 2-km altitude (small black arrows), storm-relative surface wind gusts (small red
arrows), and composite radar reflectivity at 2-km altitude (color scale) at 0400 UTC 4 September. Storm-relative winds observed at
each weather station during the period from 0330 to 0430 UTC are plotted at 3-min intervals at their locations relative to the storm
center position at 0400 UTC. (b) Distribution of storm-relative winds at 6-km altitude (small black arrows) and composite radar
reflectivity at 6-km altitude (color scale) at 0400 UTC 4 September. The red circle indicates the location of a mesovortex. The brown
line is the storm track. The bold black arrow shows the 850—200-hPa shear vector.
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Fig.1.3.6 Lightning locations of cloud-to-ground discharges (+) and cloud-to-cloud discharges (-) observed from 0300 to 0500 UTC 4

September. The blue square indicates observation sites.
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FIEOI R EEZ T, (b) A VIRTHE D BRIl I 5, B RO tilting T Z- 18 U7 N OBE .

Fig.1.3.7 (a) Distribution of the relative vertical vorticity (color scale) and storm-relative winds (small black arrows) at 2-km altitude
at 0400 UTC 4 September. The black circle indicates a mesovortex and the green arrow represent a coordinate system shown in (b).
(b) Schematic diagram of an increase in vorticity through the tilting term of the vorticity budget equation in the area of the rainfall

system accompanying the mesovortex. The brown line is the storm track.
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SLP <960 hPa 6 > 303.5 hPa
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138 (a9 A 4 H 0400 UTC (28T %, HE 2km OBEBOBENABRAIZREAZ hv (BEED), b i RkBREE (R
KED), KOMgEEEIESUE (07 —) O, i ERRBHRE (R EIERUE) (3, 0330 UTC >5 0430 UTC % TOE]
HlfiEZ 0400 UTC B D B LUTARRT T DALEIZ 3 20 (14)) BEIFORL TV, )@ &FIL, 722l 77—
it IR DA AR

Fig.1.3.8 (a) Distribution of storm-relative winds at 2-km altitude (small black arrows), storm-relative surface wind gusts (small red
arrows), and sea level pressure (SLP) (color scale) at 0400 UTC 4 September. Storm-relative winds (SLP) observed at each weather
station during the period from 0330 to 0430 UTC are plotted at 3-min (1-min) intervals at their locations relative to the storm center

position at 0400 UTC. (b) As in (a), but for potential temperature at the surface (color scale). The brown line is the storm track.
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(kgﬁ) --0300-0330 —-0330-0400 -+-0400-0430
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Vertical shear
% z=10 km
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-4 -2 0 2 4 6 8 (km)
139 @& lkm 725 10km £ COEHMICEHIT 2 BRGEOMREERHOR. SHBICBIT 2 FEE R LTS, BER
FNIhE Y 7 —%7~T.
Fig.1.3.9 Strom centers from 1 to 10 km at 1-km intervals for each time period. The origin of the plot is the storm center at 2-km
altitude. The bold black arrow shows the 850—200-hPa shear vector.

134° 135° 136°
1.3.10 9 F 4 H 0400 UTC (261 2 BIROBENAHIZ2 RGBSR (AMV) (KR LR&HE TOEDY 8 75
DL (N R 13, 104pm) BEEREE (07 —). ARANIER LZEOKRE )i, BRENISHE S 7 —%277R~7
Fig.1.3.10 Distribution of storm-relative atmospheric motion vectors (small arrows) and infrared brightness temperatures (at 10.4 um)
from the Himawari-8 geostationary satellite at 0400 UTC 4 September. The white arrow indicates the rough flow at ~14 km over the
storm. The bold black arrow shows the 850—200-hPa shear vector. The brown line is the storm track.
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(a) Gust wind speeds (b) Storm-relative gust wind speeds
0430 UTC 04 Sep 0430 UTC 04 Sep

135.0°
e E——— PSS E————
1 25 30 35 40 45 50 (dBZ) 1 25 30 35 40 45 50 (dBZ)
— — R T S —
0 10 20 30 40 50 (ms™?) 0 10 20 30 40 50(ms™)

13.11 (29 H 4 H 0430 UTC (Z331F %, M1 B RBHEE (7 Z—) KOVREE 2km BORTREE (B Ofh. #i b
KBFHIEIE, 0400 UTC 7> 0500 UTC F COBHAIfEA 0430 UTC WD AU LRITHRR T HALEIC 3 /3 & IZFR L
TWD. (b)(@&FL, 72720, BROBENI AR FRRBHAE (07 —) Zad. BRENISNE S 7 — 2757
Fig.1.3.11 (a) Distribution of surface wind gusts (small color arrows), and composite radar reflectivity at 2-km altitude (gray scale) at
0430 UTC 4 September. Surface wind gusts observed at each weather station during the period from 0400 to 0500 UTC are plotted at
3-min intervals at their locations relative to the storm center position at 0430 UTC. (b) As in (a), but for storm-relative surface wind

gusts (small color arrows).The bold black arrow shows the 850-200-hPa shear vector.
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Fig.1.3.12 Time evolutions of surface observations at Kansai International Airport. (a) Equivalent potential temperature (6,) (orange
line) and SLP (black line). (b) 3-s mean maximum gust wind speed observed within each 1 minute (black line) and distance between

the storm-scale center and the weather station (blue line).
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Fig.1.3.13 As in Fig. 1.3.12, but for Kope Airport.
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Fig.1.3.14 Schematic diagram of a possible mechanism for the mesovortex formation. The image is projected onto the vertical plane

along the forward motion direction.
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R 21 BITHEIRRESEETDERM S
Spatial Distribution of Gusts and CG Lightning Associated with Typhoon 1821

/IR S
Fumiaki KOBAYASHI

EAR ™
Miyuki TAKAGI

SH
Norie KANAI

SUMMARY

Based on the detected gusts accompanied with thieody T1821, the meteorological features of gustew
revealed. Almost of the gusts were accompanied auitivective radar echoes. Most of the gusts oatwithin
150 km from the center of the typhoon and condeatraithin between NE to SE direction. These resuiplied
that the gusts were influenced by both the forcgratlient wind and the downdraft from cumulonimbtise
number of lightning strikes (CG) around T1821 egeee8000 times. However, no CG lightning dischavge
observed within extreme wind region over the s&was observed only over the land after the lanolifgL821.

key words: gust, typhoon induced tornado, downburst, Cloud-to-Ground discharge
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Fig.1.4.1 The path of T1821 (JMA)
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Fig. 1.4.2 The position of gusts (arrows), theaeoit T1821
(star), radar echo (color), and the value of séacgi
pressure.
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Table 1.4.1 Parameters of 4 typhoons in 2004

Pressure | Radius of Maximum
(hPa) strong wind wind
(storm wind) (mis)
(km)
T0406 sune 965 560 (150) 35
T0416 aug. 950 600 (260) 40
TO0418 sep 945 560 (310) 40
T0422 oc. 940 410 (150) 45
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Fig. 1.4.8 Frequency of CG lightning from 03JST, 4
September to 06 JST, 5 September 2018
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2018 FFERE 21 BHFICH T HE LR EE XRAIN ZAULV =M
Rainfall of Typhoon Jebi Using XRAIN

HbgE—*" gL NN *P
Eiichi NAKAKITA, Kosei YAMAGUCHI, and Yukari OSAKADA

SUMMARY

Rainfall distribution of typhoon Jebi was investigated using XRAIN. Strong rain at the eye-wall and

orographic rainfall were occurred. More than 300 mm as a total amount of rainfall at 4th September was

also occurred.

key words. XRAIN, Accumulated rainfall
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Environmental Factors affecting 2018 Western North Pacific Tropical Cyclone Activity

iz B
Satoshi [IZUKA

SUMMARY

Tropical cyclone (TC) activity over the western North Pacific in 2018 is documented. Among 29 TCs in 2018, the
number of typhoons ranked on violent typhoon intensity with a maximum wind speed more than 105 knot were seven,
which is the largest over the past 40 years since 1979. All of the violent typhoons, including Typhoon 1821 and 1824 making
landfall on Japan, were generated over the southeastern quadrant of the western North Pacific, as a TC has enough time to
intensify after its formation over the warm tropical ocean. The increase in TC formation frequency over the southeastern
quadrant seems to be related to the eastward extension of monsoonal westerlies associated with El Nino. Additionally, the
comparison among intense landfalling typhoons implies that the track of Typhoon 1821 was favorable for keeping its

intensity owing to a passage over the North Pacific subtropical gyre with large ocean thermal energy.
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1 9313 | 1993 | 09 | 03 | 15 930 95 925 95 JE VR o VR e R e I
1 9119 | 1991 | 09 | 27 | 16 940 95 925 100 F Ry R AR T
3 9918 | 1999 | 09 | 24 | 04 940 85 930 90 WK

3 9019 | 1990 | 09 | 19 | 20 948 85 890 120 FrEk LR B ik

3 1821 [ 2018 | 09 | 04 | 11 950 85 915 105 il by L P

6 9426 | 1994 | 09 | 29 | 19 950 80 925 100 IR L1 U A 72 T
6 0416 | 2004 | 08 | 30 | 09 950 80 910 110 JEE U I VR ER R B 7
6 0422 | 2004 | 10 [ 09 | 16 950 80 920 100 ] WL L
6 0613 | 2006 | 09 | 17 | 18 950 80 919 110 FR Ry B iR T
6 1115 [ 2011 [ 09 | 21 | 14 950 80 940 85 B[] SR Ve A

6 1721 [ 2017 | 10 | 23 | 03 950 80 915 100 e [] V) 1 T

6 1515 [ 2015 | 08 | 25 | 06 955 80 930 100 e o] U e A v

6 0705 | 2007 | 08 [ 02 | 17 960 80 925 105 B VR A

6 1824 | 2018 | 09 | 30 | 20 960 80 915 105 FEpR L B A T

# 1.6.1 1979 FFELUE T HARIC LR DB KR 80 / » R EL EDH R,

Table 1.6.1 List of tropical cyclones making landfall on the Japanese main islands with maximum wind speed more than 80

knot since 1979.
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Fig.1.6.1 Tracks of five tropical cyclones making landfall

on the Japanese main islands in 2018.
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Fig.1.6.2 Number of tropical cyclones with a peak
maximum wind speed more than 34 knot (black), 64 knot
(yellow), 85 knot (red), and 105 knot (purple).
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Fig.1.6.3 Map of correlation coefficient of sea surface
temperature anomaly in December with annual tropical
cyclone frequency with a peak maximum wind speed more
than 85 knot. Only regions above 99.9% confidence level

are shaded.
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Fig. 1.6.4 Tropical cyclone formation locations in 2018.
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Fig. 1.6.5 Upper panel: Time-latitude section of 850-hPa
zonal winds (m/s) averaged over the longitude from 130°
to 150°E. Lower Panel: Time-longitude section of 850-hPa
zonal winds averaged for the latitude from 5° to 15°N.
Tropical cyclone formation locations are denoted by circles.
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Fig. 1.6.6 850-hPa anomalous wind (m/s) and vorticity (10

5 sy averaged over the period from August 15 to
September 30 in 2018.
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Fig. 1.6.7 Sea surface temperature anomalies in December

2018.
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Fig. 1.5.8 Number of tropical cyclones with a peak
maximum wind speed more than 34 knot (black), 64 knot
(yellow), 85 knot (red), and 105 knot (purple) generated

over the southeastern quadrant of the western North Pacific.
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Fig. 1.6.9 Time evolution of (a) maximum wind speed, (b)
underlying sea surface temperature, (c) translation speed,
and (d) vertical wind shear defined as the wind speed
difference between 850 hPa and 200 hPa for tropical
cyclones making landfall on the Japanese main islands in
2018.
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199028 105 65| 11 30|14
198210 125 60 | 08 | 02 | 00
198310 110 60 | 09 | 28 | 10
198305 120 55108 |17 | 07
199810 110 50 [ 10|17 | 16
#1.62 1979 FLIET DEZleEm]) ICETHREL

TZRICHARIC BRE L 72 R,
Tablel.6.2 List of tropical cyclones making landfall on the
Japanese main islands with their maximum wind speed

more than 80 knot since 1979.
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Fig. 1.6.10 Tracks of Typhoon 9019, 1821, 0416, and0613,
1824.
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Fig. 1.6.11 Time evolution of (a) maximum wind speed, (b)
underlying sea surface temperature, (c) translation speed,
and (d) vertical wind shear defined as the wind speed
difference between 850 hPa and 200 hPa for Typhoon 9019,
1821, 0416, 0613, and1824.
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Fig. 1.6.12 Tracks of Typhoon 9810, 8305, 8310, 8210,
9028, and1419.
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Fig. 1.6.13 Time evolution of (a) maximum wind speed, (b)
underlying sea surface temperature, (c) translation speed,
and (d) vertical wind shear defined as the wind speed
difference between 850 hPa and 200 hPa for Typhoon 9810,
8305, 8310, 8210, 9028, and 1419.
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Fig.1.6.14 Time series of hourly 10-minute averaged wind
speed of the AMeDAS at Ajiro, Shizuoka.
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Fig. 1.6.16 Histogram of hourly 10-minute averaged wind
speed of the AMeDAS at Ajiro, Shizuoka, during the period
from 1 January 1979 to 29 July 2018.
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Fig. 1.6.17 Significant wave height (m) of JMA analysis
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2018. 10-m surface winds are shown in green vector.
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FRE 30 FER 21 BICKSRAHETRE

B A AIEAR]* RREICH™ MINGE™ s2ihak™
Minoru NODA Eriko TOMOKIY O,Fumiaki NAGAO, Takashi TAKEUCHI, Tekuya TSUTSUMI

SUMMARY

T1821 landed in the southern part of Tokushima Prefecture at noon on September 4, re-landed in
Kobe City at 14:00 on the same day, then went to the Sea of Japan, and reached Oshima Peninsula
at the western part of Hokkaido at 03:00 on the next day. In the area of dangerous semicircular
side of the typhoon, strong wind was observed over a wide range, especially 568.1 m / s at Kansai
Island in Sennan City, Osaka Prefecture, and 47.4 m / s at Wakayama City. The maximum
instantaneous wind speed more than 50 m / s was recorded on the Kinki area.

T1821 damaged 50,298 residential houses including completely and partially destroyed of 215
cases. This typhoon killed 14 people and injured 968 people across the country.

In Tokushima prefecture, severe wind damage was induced by strong eastern wind when the
typhoon was approaching.

In Osaka Prefecture, 42,902 buildings were reported as being damaged by a large number of
residents. As a result of the aviation survey, it was estimated that more than 2,000 houses were
damaged in Wakayama City, where residential damage was reported as 0. Residential damage in
Hyogo prefecture by strong wind was reported as 8 totally destroyed, 44 partially destroyed, and
2,631 damaged in part, and most of the strong wind damage was the damage of roof coverings.
Typhoon 1821 went northward in the west of Hokkaido, and changed temperate low pressure
around Sakhalin. With the passage of Typhoon 1821, it caused damage of houses and poles around
Hokkaido.
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Yasuo OKUDA, Hitomitsu KIKITSU, Yusuke OKI, Kouji TAKAMORI, Eri GAVANSKI,
Tomomi YAGI,

PSS N D (=R oG MIPAN 17 3 R= o A A W] ) G

Kyohei NOGUCH], Kichiro KIMURA, Hiroki TAKAHASHI, Katsutoshi OHDO, Akihito YOSHIDA,
Takashi MARUIYAMA

SUMMARY

Building Research Institute and National Institute for Land and Infrastructure Management surveyed high wind damage to some
government office buildings and retail buildings in Japan immediately after Typhoon Maymay on September, 2018 based on the
requirement of the Ministry of Land, Infrastructure and Transport Housing Bureau. Damage to claddings of the buildings and the
damage mechanism were investigated. The continuity of government office building’s function after Typhoon Maymay were also
grasped.

Many metal roofing damage were observed at industrial buildings and large public buildings located along east side of Osaka
bay. The various failure patterns were observed but the common ones were fastener pull-out, fastener pull-over metal roofing and
rapture of metal clip for fixing metal roofing.

Typhoon 1821 Jebi caused violent wind in Kansai area and a lot of infrastructures were damaged. Especially,
the damage on Kansai International Airport was devastating including the collision of tanker with a bridge
linking the mainland to the airport. In this report, the other damages on expressways and road bridges in
Kansai area are introduced with photos.

A ship collided with the Kansai International Airport Access Bridge due to the strong wind of Typhoon 1821,
and caused a serious damage. A dragging anchor occurred and that made the ship drifting.

This paper shows the investigation about collapse of the scaffolds with soundproof panels on demolition site. From
the results, the scaffolds were set correctly in the recommendation. We need examine on newly measure to wind load
of the scaffolds with soundproof panels.

Many photovoltaic facilities were damaged by the strong wind of Typhoon 1821. The damage situations of the photovoltaic
facilities were related to wind direction at typhoon, because photovoltaic panels are installed inclined southward.

Many vehicle were rolled over due to strong wind. It should be noted that some damages had might be occurred by
the effect of high rise building,

key words: Typhoon Maymay, Government Office Building, Retail Building, Highway Bridge, Road Bridge, Ship Collision,
Dragging Anchor, Scaffolds, Soundproof panel, Wall Connector, Demolition Site, Vehicle Damage
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HLEETHoT LRSS, 7ok, BRYHOKREXZGEOBIIEL, FREE 27.3m/s (SSW), KB EGE
474m/s (SSW) ZcgkL T\ 5.

B4 2221 HEHAL A EAONEMOE
Figure2.2.2.1 Cladding damages of the Umeda Sky Building

(2)  FEBTNORBUERE L OHE

42222 X IR FHBROBRE/LTOHETHS. 7 Y U LBROETHBERVCTHE O DSRO 2 > 2 — T T
L, ara—A&iET L CW A TEDEE A2 A L. RS TI, MiiE TEABE Thh Qnizzd, Y
REDIRDUIHEE T E 72027228, Web FHIC JAUT~ v MROFRMAEZZE L TT b U LABIRO AT T A 2B S H 7
DT EThoTz. RRFESEO NPFIAT DE0Z20%, BT, RS OINEMIL, RT3 DMER e 4 e
HR"THZEHEETHD.

X 2222 FHEREALDT KU T AOHE
Figure 2.2.2.2 Damage of the atrium in Kyoto station
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2. 2.3 HEWMOINEIL B ORE
ARSI (B PEMG D)

B 21 512 K D EE OSRRE D2 MMM B OE Th o7, AFITIE, ZHHDOHED 5 HoMA
H72 BB DN THRE T 5.

(1) EREXMOHE
B 2231 1IEATFFEORIRSEMIHEE LI ETHITH 5. BIRSEMOFERL, B RS 22y B12ER

ROFFFEOHT, JLHE TORBEIIE)-T2) TH Y, HERRIZER Pl & WEE OBAEH ORI TH 5 LHEHISh
. Flz, B L2 T BRIRS SAHTALRDILNFEFHICASH L, A0 BEHAECfGE 2 MA Tz, R X ->T
EDHE LT a0 20E, #EE TH D LIRRFTIERIZ/R D U 27 bIEHATND.

2231 HFEHEEORIRSEMOME
Figure 2.2.3.1 Damage to roofing materials on apartment building
(e« AR ORI ORRE ML, Tk« BAR T & WA & OEZEROHBIN TN, A5 TR
22 LT HEEOHE)

B 21 32 < DIRBEEORIRIHE L G272, X 2232 1 HMUEETORRSEMOWERHITH S, KETE
DRSS OWEDL ATEBIRTH Y, FHIFEEN W EEE O LBROWEN I A2 Lo TV, K2232 4
IIE X OGBEBROKETH Y, B L (GEOLEAD o8 s X O ICHBEL 72 2 5.

X2232 (KEEFEEORIBOYES]

Figure 2.2.3.2 Examples of damages to roofing materials on low-rise houses

(k2 R COLBROWEE, Tl : @i COLBROWEE, £ : @l COSBEROWEE)

THRRAEOSBRBIBOKEL L b, M 2233 [IWRBHEOTHRBIROHE TH D, FIFEL 7-IiZERIE,
BHINTZT Tl <, BHES DREHICHE T LTV,

2-57



B 2233 R OYTHEROPE (St
Figure 2.2.3.3 Damage to folded-plate roof on logistics warehouse
(- e LTI T LI, A« SR L 7= il SRR 32 R A L Tu7e)
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SHTWD SO 720, R & OFECBET IR RV R SN TORN T & bEEZER O E S
ThoEEADND.

X 2234 HFERIOHES]
Figure 2.2.3.4 Examples of damages to eaves ceilings
(£ : MR O RIFOME, Tl ST VOHKIFOWE, £ EOEETS b TV ADFRIFOHE)
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2-58



2235 BEMOIEMOYER]
Figure 2.2.3.5 Examples of damages to building accessories

(2 BAEEOF TV OHE (R, PR EmSGORBROWE, £ Fy M7 2 AOHE)
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2. 2.5 FEEKAEEHONE
TCEBF A e L2 Z 0B EE, ERAVERSEEI bFEE G125 Uiz, [X22.5.1 130 GRERidbX) RO
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2251 FEPpHEORROHE
Figure 2.2.5.2 Damage to the Hirano Jinja shrine
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2.2.6 EEGER DN BRERGICIT 28¢5 F] (Damages on Expressways and Road Bridges)
IARFIC, GRERRE), BFOASE Gk
(1) Fan
HEBZ XU L T2 IAEEMICBOTYH, B 21 B LW EIZEREL QD b0 L Ebins. FHIBEE
ERRZes I, IEROLe s iR DN KT 5 LT, Z o h—)SEEE I B2 UBHT N L < HB1E L7z, ASEEEOH
FEIZOWTIIRIRE THE SLD 729, A CIIBERHIX O EiEhErs 3 L ONERE TR Lot Falc o W Tl
T5.

(2) VP HAAREEERHRASHE NP E A

B 21 B2 & B 70 B AEETE RS (NEXCOTE HA) BINOYFESFZ UL FIoRT.

HE 22602, RFIABEOBA 4 —F = (IC) &/FMEFUR IC I CRAE LSRRG EF 2~ T, 5
22628 X WEE 226312, mEBERNOEGEROBEFHZ 7. HE2.2.6.20%, T HBEEO TR IC £
TR —ATHY, PRATORGRIIBESMIRE Sz, T H 2.2.6.31%, P EEEGEOFEFEFR IC £
ICHRAELZFHITH Y, FPRSHECI T 5N TWASREDE T LoD TH D, TH 226400, HisathmdiE
oMYy 7 v ar (CD ERATIRFICHTRAE LR b7 v 7 OFEfEEEp 2~ £/, BIKCX 295E
LG SN TERY, BHE 22650, AMEEEKOKA JIC L IC BB 5, BIARIC X 2 A8k o545 27~

HH 2261 #EEEEOEE
Photo2.2.6.1 Damages on noise barriers

HH 2262 [FROW%T HH 2263 RO T
Phot2.2.€.2 Damage of a traffic si¢ Phot2.2.€.3 Damage of a traffic si
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TI2.264 ORI | HEL2265 BIAIC L AHEE
Photo2.2.6.4 Overturning of a vehicle Photo2.2.6.5 Fallen trees on the road

(3) BB R N OB E )

Perh EREE RSB NIC I W T O B 2L S K A [FRRO#EEDRH D, LUTIZEOFH R~

TH 2.2.6.6/2, B FEMERE L CORmEHROFH 2 RT. TE 2.2.6.7120%, EREHRRLRA DI 2 @iz
KROFFNZRT. HE 22681, EEHRE RIS DAMEZROF 2~ 7. GEARONAEEE RS RO
RUBINC SEREZE LTz, £, TEAMOLERNEEE 2 8 S BIRRIROBEMSE (FEETN) ([CHEZE LT
BY, BHMEE L CT0D. ZOEEERIC L 0@ TIROORHEN E b, ERIC X5 20184F 11 7 8 BffiF ot
FEFREBHZ AU, 20184F 12 A 10 HICHME — B TIC L A EEUH ARG L, 2019F0%k % HIiRITHEHT O -
BERAATY, WA TR Z R 2T ELDZ L THS.

HHE 2266 fEHR Lf@ﬁﬁ@*ﬁ;ﬁf:
Photo2.2.6.6 Overturning of vehicles on the bridge
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F2267 FIICEDEK TEL2268 ABREA~ORAEOHZE
Photo 2.2.6.7 Flooding due to high tides Photo 2.2.6.8 Collison of a ship with bridges

(4)  ZoOfho=F4

FHE22691T7T K00, FANRILOEARE (R 155m) TIE, REUC KV 3l CRyfaD o723 100m 2Lk
bl CTHE BICBIN-. 20k, AREMERTE 2R 2> T2, 2018 4F 10 H 25 HIZIEENE T LTCWA. Ml
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Figure 2.2.7.1 General view of the Kansai International Airport Access Bridge
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Figure General view of the Kansai International Airport Access Bridge (continued)
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Figure 2.2.7.3 General view of the Kansai International Airport Access Bridge (A1~P4)
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Figure 2.2.7.4 General cross-section of the Kansai International Airport Access Bridge (P2~P4)
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Figure2.2.7.5 Location of the ship during the collision accident (overall)

Figure 2.2.7.6 Location of the ship during the collision accident (at the time around collision)
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Figure 2.2.7.8 The damage of the Kansai International Airport Access Bridge

2-73



A s DEFEEfF T EZE L
7@t (P 2f43)

Afp Ofin & E AL A # %2 L2 &R (P
1 f43r)

2279 POV ERRZAEHSERE OB D
Figure 2.2.7.9 The damage on the Kansai International Airport Access Bridge
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Table2.2.7.1 Measured wind direction and speed
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Figure 2.2.7.10 Predicted wave height and direction around Osaka Bay
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Wind Speed Estimation through Damage from Various Objects and Field
Measurements

SR TN B SR ARERS
Yong Chul KIM, Hisato IWASHITA, Hiroshi Noda, Minoru NODA, Masahiro MATSUI

SUMMARY

Wind speed estimations were made through the damage from various objects and field measurements. For the wind
speed estimation from damage of various objects, Guidelines for the Japanese Enhanced Fujita Scale was used. The
maximum estimated wind speed was 55m/s by the damage of ground-based billboard, and the minimum was 30m/s by
the hollow concrete block wall. The average estimated wind speed was 40m/s.

Roofing system, including roof tiles and beams etc., and signboards on roofs were damaged by high winds. Pieces of
broken materials were scattered as windborne debris. The windborne debris were observed and captured as pictures and
movies with cameras built-in smartphones. These pictures and movies, reported in many websites on the Internet, were
analyzed with an image processing software. Flying speeds of those materials were estimated from 17 to 50 m/s. As flying
speed converges to surrounding wind speeds, maximum wind speeds were estimated more than 50 my/s.

The meteorological data observed by three kind of meteorological observation system, when Typhoon 1821 (JEBI)
passed through Osaka region, are investigated in this paper. Three kind of observation results are that data obtained by
compact meteorological observer (POTEKA) weather stations, Meteorological Agency observation data, and data
measured by using ultrasonic anemometer installed on the roof of a high-rise building.

By using POTEKA, the extreme weather changes by Typhoon 1821 which passed through Osaka bay and landed near
Kobe city, could be caught accurately. Sea level pressure dropped with the approach of typhoon intensely, and the lowest
atmospheric pressure of 954.1hPa was observed at the observation points where the typhoon center seemed to have passed
soon.

According to the results of the Meteorological Agency observation, most of the top ten wind speeds of the strong wind
caused by Typhoon 1821 were observed at the observation stations in or near the coastal area. Strong winds close to the
design wind speed were also observed in urban areas.

As for the observation results of the ultrasonic anemometer installed on the roof of the high-rise building, the
characteristics of the strong wind disturbance by Typhoon 1821 was investigated in detail. The observed turbulent
intensities are almost in good agreement to the value specified in Recommendations for Loads on Buildings (2015), but
regarding to the scales of turbulence, these are larger than the values of them.

key words.: Typhoon 1821, JEBI, POTEKA, Meteorological Agency observation , Ultrasonic Anemometer, Sea level
pressure, Wind direction, Wind speed, Extreme weather change, Windborne debris
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f Coastal Damages

HIE

Overview

o

B EAS GBI RHES
Nobuhito MORI, Tomoya SHIMURA, Tomohiro YASUDA

SUMMARY

Typhoon Jebi in 2018 caused severe damage along areas of Osaka Bay, Japan. After the storm, a
Japan Society of Civil Engineers (JSCE) coastal survey group surveyed the coastal impacts and recorded
watermarks inside Osaka Bay and along the Pacific. The maximum storm surge recorded by a tide gauge
was 3.29 m at the Osaka Tide Station, which is a historical high for Osaka Bay. Coastal flooding consisted
of both storm surge and wave run-up in almost all locations, with flooding exceeding 5 m and 12 m in
elevation from mean sea level in the inner parts of Osaka Bay and along the Pacific coast, respectively.
Coastal damage was severe in areas located outside of coastal barriers, such as ports and harbors, while
residential areas were mainly well protected and spared due to coastal protection systems. In addition,
some inland flooding occurred in the Kobe-Ashiya regions due to storm surge propagating up several small
rivers. This survey report summarizes the findings of the post-event survey and analyzes the relation

between maximum water level and resulting damage.
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Fig.3.1.1 Time series of TC Jebi location and intensity
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315 HERE—F~DaTFEE (Twitter £V 9/4()k) 14:23 BiLfE)

Fig. 3.1.5 Drifted container on Shio-Ashiya beach Fig. 3.1.8 Inundation at Rokko bridge (Twitter 9/4 14:23)

3.1.6  AREMFEERTIZIST 5 R K
Fig. 3.1.6 Trapped sands by wave overtopping at Ryofu-cho in (Twitter 12V 9/4(K) 14:26 Filf3)
Ashiya Fig. 3.1.9 Inundation at Harbor Land in Kobe (Twitter 9/4

14:26)

317 RETA T2 RTOEKGERD 3.1.10  F/INFRAZER DRI

(Twitter 0 9/4(K) 14:23 Bif3) (Twitter 2V 9/4(K) 14:43 BiLfE)
Fig. 3.1.7 Inundation at Rokko Island (Twitter 9/4 14:23) Fig. 3.1.10 Inundation at Minato Elementary School in Kobe
(Twitter 9/4 14:43)
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Fig.3.1. 12 Drifted container at Rokko Island
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Fig.3.1. 11 Inundation at Gokawa-cho along Miya river in
Ashiya
(Twitter, 9/4 14:44)
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Dynamical Downscaling of Typhoon Jebi for the storm surge

I ™
Yoshiyuki KAJIKAWA

SUMMARY

Dynamical downscaling experiments of Typhoon Jebi for the storm surge in September 4th 2018 was con-
ducted by using SCALE-RM with different computational domain and spatio-temporal resolution. The
results show that hourly boundary condition would be necessary to reproduce the reasonable wind cir-
culation change accompanied by the passing of Jebi. It is suggested the model reproducibility of strong
wind over Osaka Bay depends on the spatio-temporal resolution of the used model.

Maximum tidal level in each downscale experiment was also estimated based on the simplified estimate
equation. The 500m resolution experiment shows the most reasonable tidal level with several observa-
tion and estimation by JMA. The atmospheric pressure effect and the direct wind effect contribute the
tidal level change comparably in 500m resolution experiment. Of great interest is that the pressure effect
is comparable in 2.5 km and 500 m resolution experiments, however, the direct wind effect has significant
difference between two experiments. High spatio-temporal resolution would be necessary for the reason-

able estimation of tidal level in terms of direct wind effect; forecasting the storm surge.

key words. downscaling experiment, storm surge, pressure effect, wind effect
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Professor, Research Center for Urban Safety andligekobe University
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Time Series of windspeed
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Fig. 3.2.5 Time series of wind speed averaging Seearoff the
Kobe area.

Time Series of wind direction
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Fig. 3.2.6 Same as Fig.3.2.5 but for wind direction
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Roof Damage ratio estimation on residential houses based on satellite images
taken before and after Typhoon Jebi (TY201821)

PR gk {iTEppak2 ATNGES ARAH -4 B
Kazuyoshi NISHIIMA, Yuya KONO, Tekashi TAKEUCHI, Eriko TOMOKIYO, Hiroshi NODA

SUMMARY

This study estimates the roof damage ratios of resdential houses affected by Typhoon Jebi as a function of
maximum wind speed. The procedure for the estimation is as follows Firgly, damages to roofs are identified by
comparing satellite images (geo-tiff data) taken before and after the typhoon, where blue sheets covered on roofs are
adopted as proxy to roof damage. Secondly, polygon data on residential houses are extracted from a GI S data set of
buildings according to given criteria. Thirdly, the locations of the identified roof damages are superposed over the
extracted polygon data on residentid houses. By doing 0, the residentiad houses with roof damages are identified.
Lastly, the number of residentia houses with roof damages and the tota number of resdentid houses in individua
grids, a which maximum wind speeds during the typhoon are caculated using the Weether Research Forecast
model, are counted to estimate the roof damage ratios. The results show that roof damage ratios are gpproximately
5.5%-7.5% for the range of the maximum wind speed between 22 m/sand 28 m/s.

key words. satelliteimage, blue sheet, wind vulnerability, wind field reanalysis
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Analysis of Effects on Residential Damage based on Field Survey

G AR F VTS 2 Taig — gk By m e

Eriko TOMOKIYO, Takashi TAKEUCHI, Kazuyoshi NISHIJMA, Hiroshi NODA

SUMMARY

Theauthorsinvestigated factors of damage to houses based on afield survey targeting a certain areaof 1zumisano
City, Osaka Prefecture, which experienced severe damage caused by Typhoon Jebi (T1821). It was found that
significant number of old wooden houses, especially, houses constructed before 1959, covered with Japanese
styleroof tiles suffered from damageto their roofs, as opposed to new houses constructed after 2000. New houses
constructed after 2010 had no damageto their roof. It could be said that the revision of the enforcement regulation
in 2007 and the recent development of guidelines on the wind-resistant design roofing have been successful.
However, the mgjority of the housing stock in the surveyed areain particular and areas affected by Typhoon Jebi
in general consists of houses built before the revision, which largely accounts for the significant damage to
houses. Damaged roof tiles scattered around as debris, causing damage to neighboring houses, independent of
their construction years. It is suggested that more efforts should be directed to upgrade and/or maintain the
roofing of existing houses in order to reduce wind-induced damage to the whole building portfolio in the near
future.

key words:. Field survey, House, Material, Roof, Wind debris
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2018 FE B A 21 BN KE R
Disaster Response to the 2018 Typhoon 21

kB!
Norio MAKI

SUMMARY

This report summarizes disaster response of electric company, Kansai International Airport, Train
company and a local government to 2018 Typhoon 21. One to two hours interview and document collection
on the internet is used as a dataset for the report. Damage level to electric supplying system almost reach
to the level of the 1995 Kobe earthquake. Airport recovery was earlier than expected because of the effort
of talented engineers. Establishment of common operational picture was the issue in the operation at the
Kansai International Airport response. JR west train company’s train stop operation recognized as a
common operation at the time of typhoon responding operation.
key words. Disaster Response, Kansai International Airport, Electricity, Train Operation
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A trial for quantification of economic resilience of Kansai International Airport.

KRS T
Shingo NAGAMATSU

SUMMARY

To know the level of economic resilience of Kansai International Airport (KIX), this study tried to develop

a quantification method by using international flight data.

key words: economic resilience, airport, business interruption
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The Mapping Project using GIS for Damage Records about Typhoon No.21
and the Damage Reports of 12 Cities of the South Osaka Area

Py 1T
Jdunko IKEUCHI

SUMMARY

In this study, damage records of typhoon No.21 in 2018 were mapped using GIS. This Web GIS were deve oped for
the purpose of making use for the next typhoon damage reduction. In addition, adamage investigation for 12 cities of
South Osaka area was carried out. As a result, it was revedled that most of damage was house buildings. It is
necessary to increase the staffsin theloca government after adisadter.

key words. mapping GIS typhoon No.21 in 2018, reports of damage, Osaka
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Economic Impact Analysis Based on a Questionnaire Survey: Survey Design and

Expected Results

Lo RIS Pk
Hirokazu TATANO, Yoshio KAJTANI, Mikio TAKEBAYASHI

SUMMARY

This article summarizes a series of questionnaire surveys to capture economic impact to the industry
caused by the Typhoon Jebi hit Japan especially at Osaka bay. Typhoon Jebi causes very strong wind in
the wider areas in not only Kinki areas but also other part of Japan. Strong wind caused power shutdown
in a wide areas and its effect spreads in Kinki and other areas. The typhoon also brought about storm
surge and caused inundation although most of areas were outside of the seawalls. More ten thousand
firms are listed as a candidate of the survey based on the survey of the distribution of strong winds and
storm surge inundation. The survey was conducted in February 2019 and now we are intensively making
a database from the answers. Contents of the survey are explained to provide a better idea for readers to
understand what can be obtained after this research.
key words: Questionnaire survey, economic impact, Typhoon Jebi
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