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Impact of geohazards

• Weather events cause the most 
damage

• Earthquakes cause the most 
deaths

• The 2011 earthquake and 
tsunami in Japan is one of the 
worst recent disasters

Tarou Kankou Hotel still standing after 
the March 2011 earthquake and tsunami 
(A Tidd 2011, public domain)

Although this presentation covers geohazards, the magnitude of weather and climate 
disasters must be acknowledged. These are the most costly disasters, particularly in 
Australia. The US National Centers for Environmental Information calculated that 
climate and weather events cost an average of US$80.2 billion in damage per year 
from 2010 – 2019. Over the decade of 2008-2017, Australia’s disaster damage bill 
was $US27 billion in total.

Climate- and weather-related disasters have increased in number and as a percentage 
of disasters. In 2020, 99% of people affected by disasters were affected by weather-
related disasters.

Earthquakes are infrequent, but caused the death of 350,000 people in 2008-2017. 
This represents almost half of all disaster related fatalities. 

Japan’s earthquake and tsunami in March 2011 was one of the worst disasters. The 
economic cost was an estimated US$360 billion. The human cost included the death 
of 20,000 people and displacement of 500,000. Tsunamis caused by earthquakes 
have the most widespread effects of any hazard, with the potential to affect distant 
continents.
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The fact that volcanic eruptions cause few fatalities is due to modern predictive 
technologies and effective warning systems. 

For more information see:

Amadeo K (2020). Natural disasters’ economic impact. The Balance
https://www.thebalance.com/cost-of-natural-disasters-3306214

IFRC (2020). World Disasters Report 2020: executive summary. 
https://media.ifrc.org/ifrc/wp-
content/uploads/2020/11/IFRC_wdr2020/IFRC_WDR_ExecutiveSummary_EN_Web.p
df

Kurt D (2020). The financial effects of a natural disaster. Investopedia
https://www.investopedia.com/financial-edge/0311/the-financial-effects-of-a-
natural-disaster.aspx

Wade M (2018). Two billion people hit by natural disasters in the past decade: Red 
Cross. Sydney Morning Herald https://www.smh.com.au/environment/weather/two-
billion-people-hit-by-natural-disasters-in-the-past-decade-red-cross-20181030-
p50cy3.html 
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Building Codes

Building codes are the standards required for construction in a particular area. These 
change over time, so newer buildings may be safer than old ones.

Ground shaking in an earthquake does not generally kill people. Building collapse is a 
major cause of injury and death. Adequate building standards protect people from a 
range of disasters (including weather hazards) and are a vital feature of disaster 
mitigation.
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Building for volcanic eruptions

• Location most 
important

• Volcanic ash –
heavier than snow

• Earthquake proof
• Corrosion proof

Buildings at Clark Air Base damaged by ash fall from 
Mt Pinatubo eruption
(W Scott, USGS, 1991, public domain)

The location for buildings is the most important decision in volcanic regions. 
Structures should be near evacuation routes and away from valleys that could funnel 
pyroclastic flow and lahars down the slopes. No building can withstand lahar, 
pyroclastic flow or lava. A safer location is vital. Key infrastructure should be as far 
away as possible. 

The most common volcanic hazard (for buildings) is ash fall. The design principles are 
similar to those for heavy snowfall (pitched roof with no solar, chimney or roof tank). 
However, volcanic ash is much heavier than snow, so extra reinforcement is required. 
Ash can build up in gutters and drains, so these should be avoided.

Although the greatest hazard is a volcanic eruption, buildings must be able to 
withstand seismic activity that is common around volcanoes. Reinforcement as for 
earthquakes is advisable.

Volcanoes release acidic and corrosive ash and gases. Over time, these may corrode 
metal roofs and outdoor electronics. 
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Information from: 

Blankenbehler B (2015). How to design buildings to withstand volcanic eruptions. 
http://www.architecturerevived.com/how-to-design-buildings-for-volcano-eruptions/

USGS Volcanic Ashfall Impacts Working Group (n.d.). Buildings. 
https://volcanoes.usgs.gov/volcanic_ash/design_construction.html
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Earthquake-proof buildings

• Australian building codes 
changed after the 1968 
and 1989 earthquakes

• Limit masonry (bricks)
• Reinforcement

Collapse of unreinforced masonry buildings after 
1990 earthquake in Northern Iran (NOAA/NGDC, M 
Mehrain, Dames and Moor, public domain)

A magnitude 6.8 earthquake in October 1968 destroyed the town of Meckering, 
120km east of Perth and damaged many Perth buildings. This prompted development 
of Australia’s first earthquake code published in 1979. When a 5.6 magnitude 
earthquake hit Newcastle in December 1989, 50 000 buildings were damaged (35 000 
homes), 13 people killed and 160 people injured. This prompted further changes to 
building codes – particularly limitations on unreinforced masonry (brick) structures.  
Both the Meckering and Newcastle earthquakes occurred on holiday periods where 
few people were around. Had they happened in a peak time, there would have been 
a greater death toll.

Masonry buildings are most vulnerable in earthquakes, as the brick construction is 
rigid and mortar can crumble under seismic forces. This leads to building collapse. 
Australian earthquake building codes limit the height/size of unreinforced masonry 
buildings. In high risk areas, all masonry structures must be reinforced.

Many historic buildings in Sydney and Melbourne are constructed with unreinforced 
masonry. A major earthquake in either of these cities is viewed as a low risk, but high 
impact disaster that would be extremely costly in terms of both damage and human 
casualties.
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Information from:

Scitable (2014). Earthquake engineering. 
https://www.nature.com/scitable/spotlight/earthquake-engineering-8967476/ 

Woodside J, McCue K (2017). Early history of seismic design and codes in Australia. 
https://aees.org.au/wp-content/uploads/2017/02/History-of-Seismic-Codes-in-
Australia-Rev.pdf
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Earthquake engineering

• Base isolation
• Damping
• Flexible construction
• Reinforcement
• Location
• Seismic cloaking?

Buildings at Niigata collapsed due to liquefaction 
(1964, public domain) 

There are a number of engineering solutions that can be used to protect public 
buildings from collapse, in addition to reinforcement.

Base isolation places the building on lead-rubber bearings, rollers or even a cushion 
of air (proposed by Japanese engineers). These technologies allow the foundation to 
move without moving the building itself, isolating the building from the earth shaking.

Damping involves the use of shock absorbers to slow down the movement of a 
building by transforming it into heat energy dissipated in hydraulic fluid. A specialised 
form of damping is a tuned mass damper – a pendulum that counteracts building 
resonance. The largest mass damper is the 660 tonne mass damper in Taipei 101 – a 
508 m high skyscraper.

Flexible materials allow a structure to bend and deform without breaking. This is 
demonstrated in many YouTube videos of Tokyo skyscrapers swaying in the 2011 
Sendai (Tohoku) earthquake. Japan leads the world in earthquake engineering, as it 
lies in an area of intense seismic activity.

Reinforcement is needed for all buildings in earthquake zones. Steel-reinforced 
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concrete is more able to bend than pure concrete. Structural steel building 
components allow the highest amount of bending among conventional building 
materials. Diagonal trusses incorporated into skyscrapers help to support it against 
both horizontal and vertical forces.

Location is also very important – primarily in terms of the rock or sediments on which 
a building is constructed. A poor choice can lead to collapse of a building due to 
liquefaction of the local soils/sediments, as shown in the photo. The lower part of 
Niigata is built on unconsolidated sediments from river deposit, which were very 
vulnerable to liquefaction.

Seismic cloaking has been proposed as a way to protect existing infrastructure. This 
involves boring tilted holes around a structure. The holes dampen and absorb 
earthquake waves. Forests have also been shown to be capable of dispersing seismic 
energy. The practicality of both options is limited.

Information from:

Harris W (n.d.). 10 technologies that help buildings resist earthquakes. 
https://science.howstuffworks.com/innovation/science-questions/10-technologies-
that-help-buildings-resist-earthquakes.htm 

Millar M (2019). New technology aims to make infrastructure invisible to 
earthquakes. https://www.ll.mit.edu/news/new-technology-aims-make-
infrastructure-invisible-earthquakes
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Early Warning Systems

Early warning systems allow citizens and government agencies to take action before a 
geohazard strikes. Orderly evacuation of a city can take two days. This is only possible 
in the event of a volcanic eruption warning. Earthquake and tsunami warnings are on 
much shorter timescales.
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Volcanic Eruption

• Monitoring
• Alert levels based 

on activity
• Residents may be 

evacuated if 
necessary

JMA volcanic alert levels (from H Yamasato, J Funasaki, Y Takagi (2013). 
The Japan Meteorological Agency’s volcanic disaster mitigation initiatives. Technical 
Note of the National Research Institute for Earth Science and Disaster Prevention
380: 101 – 107. http://vivaweb2.bosai.go.jp/v-hazard/pdf/03E.pdf) 

A great advantage in giving early warning of volcanic eruptions is that the location is 
known and unmoving. Thus, scientists can set up monitoring networks to track 
activity using seismic data, shape changes, gas emissions, etc.

Based on the results of monitoring, government agencies issue alerts. The highest 
level of alert, representing an imminent eruption, will trigger evacuation.
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Earthquake

• No effective prediction
• Warnings issued when P-

waves detected
• Responses include

– Slowing trains
– Stop lift and open doors
– Turn off natural gas
– Suspend surgeries
– Take cover

Example of early warning from ShakeAlert
(from ER Burkett et al. 2014, public domain) 

Although earthquake prediction remains unreliable, warnings can be issued about the 
arrival of S-waves and surface waves. These warnings arrive a minute or two before 
the shaking begins.

Warning allows responses such as slowing down trains, stopping lifts at the nearest 
floor and opening doors, opening turnstyles at public transport, turning off natural 
gas, pausing surgeries, re-routing airplanes due to land and people taking cover or 
leaving buildings.

For more information see:

Japan Meteorological Agency (n.d.). What is an Earthquake Early Warning? 
https://www.jma.go.jp/jma/en/Activities/eew1.html 
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Tsunami

• Pacific since 1949
• Indian Ocean after 

2004 tsunami
• Advisory, watch or 

warning after 
earthquake

• Evacuate coastal 
regions if wave 
detected Schematic diagram of Indian Ocean Tsunami Warning System 

(US Dept of State 2006, public domain) 

As with earthquakes, a tsunami cannot be predicted before it has been triggered. 
However, detection of a large earthquake in a coastal area is sufficient to trigger 
initial warning levels for people to prepare for evacuation of coastal areas. If surface 
and underwater sensors detect the actual tsunami, evacuation alerts are issued 
electronically and via loudspeakers in coastal areas.

Earthquake data alone may be sufficient to trigger evacuation in cases of extreme 
earthquakes in areas prone to tsunami (e.g. Japan’s March 2011 earthquake).

For more information see:

National Academies of Sciences, Engineering and Medicine (2011). Chapter 4: 
Tsunami detection and forecasting. Tsunami warning and preparedness: An 
assessment of the US Tsunami Program and the nation’s preparedness efforts. 
https://www.nap.edu/read/12628/chapter/7
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Education

Early warning systems are useless unless people know what to do in case of an 
emergency. Ask people who are not studying earth science what they would do in 
case of an earthquake to find out the general level of knowledge in your community.

Disaster warnings also need to trigger appropriate responses and cooperation from 
utilities and emergency services. Responses must be practised regularly to ensure 
that everyone knows their role.
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Disaster management education in Japan

• Schools
– Within HSIE and 

Science
– Extra-curricular

• Tested in 2011

Isikawa police officer escorts preschool children during a 
practice evacuation (M Manning 2014, public domain)

The Japanese Ministry of Education has developed a curriculum with an integrated 
approach to disaster preparedness. Students are taught with age-appropriate 
strategies such as storybooks, cartoons, games and internet material. This is 
integrated into school curriculum, mainly for Science and Social Sciences, and taught 
as separate courses. 

In addition to curriculum, children participate in safety inspections, lifesaving 
techniques and evacuation drills. The goal of this education is that children will be 
able to save themselves and contribute to saving others. Children are also agents of 
change and educate their families.

The 2011 earthquake and tsunami provided a tragic test of Japan’s emergency 
systems and education. An often cited example is that of the Kamaishi schools. There 
were heavy impacts and 1000 casualties in this coastal city, but all 3000 school 
children evacuated to higher ground and survived, taking appropriate actions, making 
flexible judgements and helping the vulnerable.

Information from:
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OECD Toolkit for Risk Governance (n.d.). Disaster risk reduction education in Japan. 
https://www.oecd.org/governance/toolkit-on-risk-
governance/goodpractices/page/disasterriskreductioneducationinjapan.htm
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Disaster management education in Japan

• Disaster Prevention Day
• Business continuity plans

Shizuoka Prefecture governor Heita Kawakatsu thanks participants in 
the Disaster Preparedness Day drills (UNARJ NCO Corps 2016, Creative Commons)

US Navy and Tokyo hospital medical personnel take 
part in a Disaster Preparedness Day drill 
(T Watanabe 2003, public domain)

Between World War II and the late 1950s, Japan was hit by a series of major 
typhoons, earthquakes and other disasters. Over 1000 lives were lost every year and 
5000 were killed in a 1959 typhoon. In response, Japan instituted a Disaster 
Prevention Day on 1 September, starting in 1960.

On Disaster Prevention Day, agencies involved in disaster response practice working 
together with a locally-chosen scenario. Citizens participate in emergency drills, 
learning lifesaving, first aid and other safety protocols. The strategy of education and 
investments in infrastructure has reduced the annual death toll to between 100 – 200 
(not counting 2011).

Business continuity plans are strongly encouraged for all companies in Japan. The 
national goal was for 100% of large companies and 50% of medium ones to have a 
plan by 2020. The plan details the response to disaster, how the company supports 
disaster relief, and how employees will survive if stuck at work in a disaster. 
Companies are encouraged to maintain a 3-day stockpile of food and water, as well as 
bedding and disaster toilets adequate for the entire workforce. This is vital in Tokyo 
with a dense population likely to be stranded after a major earthquake and disruption 
to public transport.
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Information from:

Ministry of Foreign Affairs of Japan (n.d.). Disasters and Disaster Prevention. 
https://www.mofa.go.jp/policy/disaster/21st/2.html

Sudo N, et al. (2019). A training program to enhance disaster preparedness of group 
companies in the Tokyo metropolitan area. In J Environ Res Public Health 16(23): 4871 
https://doi.org/10.3390/ijerph16234871
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Evaluation

• Which of the major ways of minimising disasters do 
you think is most effective?

• Do different strategies work more effectively for 
different geohazards?
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