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Key Lessons

The occurrence of an earthquake during landfall of Typhoon Hagibis is a rare opportunity
to observe the impact of simultaneous multi-hazards on structures.

Current US building codes do not include load combinations of wind and earthquake forces
occurring simultaneously; however, this event might warrant revisiting the current load
combinations to consider combining a design level wind event with a lesser earthquake or
vice versa.

These simultaneous events also highlight the importance of instrumentation in buildings to
capture valuable data that can be used for identifying structural characteristics,
understanding the structural response, and updating analytical models.

The combination of extreme rainfall-induced runoff, along with storm surge and wave
action at river estuaries warrants consideration in modeling of effects of major tropical
cyclones.

The number of households without power were 34,000 as of the morning of 10/16/2019,
down from a peak of 520,000, indicating a fast response time and quick recovery for an
event of this size. These and other indicators of community resilience are critical to
improve future performance. A coordinated effort from the extreme events community is
needed to develop tools and methods for systematic documentation and quantification
measures related to resilience and recovery time.
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Introduction

On the evening of October 12, 2019, the southern coast of Japan experienced the consequences of
Typhoon Hagibis and a Mw 5.3 earthquake, almost simultaneously. Typhoon Hagibis made landfall
on the Izu Peninsula of southeastern Honshu just after 6 pm local time on 12 October. Upon
crossing the coast, the system had 10-minute sustained winds of 150 km/h (90 mph) and
one-minute sustained winds of 155 km/h (100 mph), equivalent to a Category 2 hurricane (NII,
2019).

Around 20 minutes later, at approximately 6:22 pm local time, a magnitude 5.3 earthquake, with a
depth of 59.5 km, struck 55 km south east of Katsuura, the nearest city to the epicenter on land
(USGS, 2019). Although this earthquake had only moderate intensity, simultaneous occurrence of
wind storms and earthquakes in the same local (Fig. 1) is a unique occurrence and opportunity to
explore structural performance under simultaneous multi-hazards.

Current US building codes do not have any load combinations that consider wind and earthquake
forces occurring simultaneously, primarily because of the low probability that both would be
design-level events. However, this current event poses whether current load combinations should
consider a combination of a design-level wind event with a moderate earthquake or vice versa.

56 km/h Wind Radii

Sendai
pry

93 km/h Wind Radii

Hiroshima .
B8 e Epicenter

Fukuoka
8

o
Matsuyama
)
A
Kumamoto
REAR

Map data ©2019 Google, SK telecom | 100 km e

Figure 1. Visualization of typhoon track relative to earthquake epicenter (star). Red (inner) circle
shows radius of Typhoon (Class 5) winds and green/yellow (outer) circle shows radius of Tropical
Storm (Class 3) winds. (Source: Digital Typhoon, 2019).
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Typhoon Characteristics

On Saturday 12 October, 2019, Typhoon Hagibis made landfall on Japan’s main island, Honshu,
bringing torrential rains, Category 2 strength winds and storm surge flooding (Fig. 2). Hagibis had
previously been a super typhoon — having estimated maximum wind of at least 150 mph. Highest
sustained winds were measured at 78 mph at Haneda in the Tokyo Prefecture. In the earlier life of
the storm track on 6 October, 2019, Hagibis intensified rapidly in just 24 hours from tropical storm
strength (60 mph) to 160 mph (Category 5). This was the 19" named storm for 2019 in the Western
Pacific tropical cyclone zone.

To date, there are at least 77 fatalities attributed to Hagibis, with 10 still missing and many more
injured (NHK, 2019). 40,000 homes were still without electricity on Monday (10/15/2019) afternoon,
local time (Evening Standard, 2019). Much of the transportation system in Tokyo was affected by the
storm and associated flooding. The typhoon also led to other widespread transport disruptions over
the weekend, with flights, bullet trains and other transport canceled across Honshu, Japan's main
island (CNN, 2019a). On Tuesday (10/16/2019), Prime Minister Abe said at a session of the Upper
House Budget Committee that his government was planning to designate Hagibis a “severe natural
disaster.” This makes municipalities in affected regions eligible for increased state subsidies for
reconstruction work.

In addition to hurricane force winds, Hagibis brought storm surge and waves to the South and East
shores of Honshu Island. Because Japan has a history of typhoons and tsunamis, many shorelines
and river estuaries are protected by breakwaters and concrete walls or earthen levees. These
appear to have been effective at limiting damage to coastal ports and harbor facilities (Fig. 3);
however, the storm also brought extremely high rainfall (Fig. 4). The combination of elevated sea
level and wave runup, plus extreme riverine flow due to the heavy rainfall may have contributed to
some river channels being overtopped. Extensive flood damage resulted in a number of river
valleys, impacting homes (Figs. 5 and 6). According to the Fire and Disaster Management Agency of
Japan, 9,962 houses had been flooded across the country (CNN, 2019a). The heavy rain also
caused 146 landslides across the country.

Event Briefing
Building Resilience through Reconnaissance

Typhoon Hagibis + Earthquake | Released October 17, 2019 3




J %y

pan from the South (Source: AccuWeather, 2019).

Figure 2: Typhoon Hagibis as it approached Ja

Figure 3: Wave striking breakwater in Kiho, Japan (Source: Toru Hanai/Associated Press; New York
Times, 2019).
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Figure 4: 24-hour rainfall accumulation starting from 11:00 pm Friday, Oct. 11, 2019, local time
(Source: Weatherwatch, 2019).

Figure 5: Flooding due to levee failure along the Chikuma River in Nagano, Central Japan (left,
Source: Aljazeera, 2019), areas flooded by the Abukuma River following Typhoon Hagibis in
Tamagawa town, Fukushima prefecture (right, Source: The Atlantic, 2019).
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Figure 6: Floodwater flow through a break in the riverbank of the Akiyama River in Sano, Tochigi
(left, The Atlantic, 2019), flood-damaged homes in Nagano (right, CNN, 2019a).

Earthquake Characteristics

On Oct. 12, 2019, at approximately 6:22 pm local time, a magnitude 5.3 earthquake, with a depth of
59.5 km, struck 55 km south east of Katsuura, the nearest city to the epicenter on land (USGS,
2019). Epicenter of the earthquake (Fig. 7) was located in the Pacific Ocean, with coordinates of
(34.686°N, 140.569°E). The exact faulting mechanism is unclear; however, based on the epicenter
location, it is possible that this earthquake occurred in the boundary between the Philippines and
Eurasia plates (Panayotopoulos et al., 2019).

At the time of writing this briefing, the level of shaking is not available from accelerometer data or the
USGS ShakeMap; however, considering the magnitude of the earthquake and the nearest distance
to city centers (Mw 5.3 and 55 km), the level of shaking is expected to be smaller than 0.05¢g
according to current GMPEs (Ground Motion Prediction Equations). The USGS “Did you feel it?”
responses indicate that the earthquake was felt in Yokohama, Tokyo and the surrounding area (Fig.
6). Buildings in Tokyo were also reported to shake and rattle during the earthquake (CBS News,
2019). Taller buildings experienced simultaneous shaking due to the combined wind and earthquake
effects. This type of shaking highlights the importance of instrumentation in buildings to capture
valuable data that can be used for identifying structural characteristics, understanding the structural
response, and updating analytical models.
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USGS Community Internet Intensity Map
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Figure 7: Epicenter location and “Did you feel it?” responses for M, 5.3 earthquake SE of Honshu
Island, Japan (Source: USGS, 2019).

Damage to Structures

Typhoon Hagibis is considered to be the most devastating typhoon to hit the Kanto region of Japan
since typhoon Ida in 1958 (Wikipedia, 2019). Considerable damage to residential construction
resulted from the high winds, while flooding caused by combined heavy rainfall and coastal storm
surge resulted in extensive flooding damage.

Buildings

There was significant wind damage to structures, both to the nonstructural components, such as
fagades and glazing, and to the structural components, including complete collapse (Figs. 8 and 9).

Infrastructure

Infrastructure damage due to the typhoon included trains and railway structures (Fig. 10) as well as
power distribution systems, resulting in more than 270,000 households losing power. Levee failures
(Fig. 5) were also reported.
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Figure 9: Significantly damaged/collapsed buildings; image on the right may have been due to a
tornado spawned by the typhoon (Source: CNN, 2019b; ABS-CBN, 2019).
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Figure 10: Damage to a railway bridge and high-speed trains (Source: Forbes, 2019).

Impacts to Community Resilience

Typhoon Hagibis is one of the costliest natural disasters to have hit Japan, with insured losses of
more than $9 billion (CNN, 2019a). Some industries have been hit particularly hard, including
farming, transportation, and power. As in the case of other storms, the consequences are expected
to continue to unfold over time. An estimated 5,500 people remain housed in shelters, according to
Japan's Cabinet Office (CNN, 2019a). More than 230,000 people had been evacuated before the
storm, demonstrating the importance of disaster preparedness. The number of households without
power was 34,000 as of the morning of Tuesday Oct. 16, 2019, down from a peak of 520,000,
according to the Japan Industry Minister. This suggests a fast response time and quick recovery for
an event of this size. The Industry Minister indicated that areas severely flooded could remain
without electricity for more than a week. More than 133,000 households were also without water,
according to the Cabinet Office. These numbers are particularly important for quantifying resilience
and recovery time and for making appropriate decisions to reduce such disruptions in future events.
Therefore, a coordinated effort form the extreme events community is needed to develop tools and
methods for systematic documentation and quantification of measures related to resilience and
recovery time.

StEER Response Strategy

At present, StEER has not deemed it necessary to form a Virtual Assessment Structural Team
(VAST) or Field Assessment Structural Team (FAST) in response to this event. Rather, StEER’s
present response takes the form of this Event Briefing, which shares with the community StEER’s
impressions of the event and implications for natural hazard research and practice. Information
provided herein was gathered from various websites, including USGS. Therefore, this briefing does
not include insights from detailed field investigations. StEER will continue to monitor this event and
should the damage to structures warrant the formation of a VAST or FAST, StEER will notify the
community through its standard channels.

Event Briefing
Building Resilience through Reconnaissance

Typhoon Hagibis + Earthquake | Released October 17, 2019 9




References

ABS-CBN 2019
https://news.abs-cbn.com/overseas/10/13/19/2-dead-as-typhoon-hagibis-batters-japan-with-u
nprecedented-rain

AccuWeather 2019
https://www.accuweather.com/en/weather-news/following-explosive-intensification-hagibis-be
comes-3rd-super-typhoon-of-the-year/596581

Aljazeera 2019
https://www.aljazeera.com/indepth/inpictures/pictures-deadly-typhoon-hagibis-hammers-japa
n-191013083957861.html

CBS News 2019 https://www.youtube.com/watch?v=w0QSZR2ZhNc&app=desktop

CNN 2019a
https://www.cnn.com/2019/10/15/asial/japan-typhoon-hagibis-aftermath-intl-hnk/index.html
CNN 2019b
https://www.cnn.com/2019/10/13/asia/typhoon-hagibis-japan-rugby-intl-hnk/index.html .
Digital Typhoon: Typhoon 201919 (HAGIBIS) — Detailed Track Information” Kitamoto
Asanobu. http://agora.ex.nii.ac.jp/digital-typhoon/summary/wnp/I/201919.html.en. Accessed
17 October 2019.

Evening Standard 2019
https://www.standard.co.uk/news/world/typhoon-hagibis-live-major-cleanup-operation-under
way-in-japan-after-worst-storm-in-decades-claims-a4260596.html

Forbes 2019
https://www.forbes.com/sites/ericmack/2019/10/13/images-of-typhoon-hagibis-overwhelming-
japan-are-stunning/#2aadaef03d73

National Institute of Informatics (NII), 2019, “Digital Typhoon: Typhoon 201919 (HAGIBIS) -
Detailed Track Information” Kitamoto Asanobu.
http://agora.ex.nii.ac.jp/digital-typhoon/summary/wnp/I/201919.html.en. Accessed 17 October
2019.

NBC News 2019
https://www.nbcnews.com/news/world/typhoon-leaves-many-33-dead-japan-continues-rescu
e-efforts-n1065541

New York Times 2019
https://www.nytimes.com/2019/10/11/world/asia/typhoon-hagibis-japan.html

NHK World-Japan, https://www3.nhk.or.jp/nhkworld/en/news/special/01/1919/. Accessed 17
October 2019.

Panayotopoulos, Y., Hirata, N., Sato, H., Kato, A., Imanishi, K., Kuwahara, Y., Cho, I.,
Takeda, T., and Asano, Y., 2014. Investigating the role of the Itoigawa-Shizuoka tectonic line
towards the evolution of the Northern Fossa Magna rift basin. Tectonophysics, 615, pp.12-26.
The Atlantic 2019
https://www.theatlantic.com/photo/2019/10/scenes-aftermath-of-typhoon-hagibis/600040/
USGS 2019 https://earthquake.usgs.gov/earthquakes/eventpage/us70005tn2/executive
Weatherwatch 2019

Event Briefing
Building Resilience through Reconnaissance

StEE Typhoon Hagibis + Earthquake | Released October 17, 2019 10



https://www.weatherwatch.co.nz/content/typhoon-hagibis-aiming-japan-rugby-world-cup-be-a

ffected-maps
e Wikipedia 2019 https://en.wikipedia.org/wiki/Typhoon_Hagibis_(2019)

This material is based upon work supported by the National Science Foundation under
Grant No. CMMI 1841667. Any opinions, findings, and conclusions or
recommendations expressed in this material are those of StEER and do not
necessarily reflect the views of the National Science Foundation.

Event Briefing
Building Resilience through Reconnaissance

%/
;@ StEER  Typhoon Hagibis + Earthquake | Released October 17, 2019

X

11

=



