Summary: Reason's Swiss Cheese Model of
disaster causation
The Swiss Cheese Model of disaster causation is also
known as the cumulative act effect model (Figure 2.19) and is
widely used in risk management and analysis, especially
by the aviation industry. This industry in particular is
very conscious of safety so there are many barriers put in
place to minimise accidents — the idea of layered security
or duplicate back-up systems. In the model the layers
of cheese represent these safety systems and the holes
the weaknesses in each line of defence. J. Reason, the
developer of the model, argued that an accident occurs
when all the holes line up in a single trajectory.

S0, in natural hazards science, a disaster is thought to
occur as a result of a series of coincidental events and
processes. It highlights the fact that a particular disaster
can be linked to a single hazard event, but then there is a

Review questions

1 Explain how a natural hazard can become a
disaster.

2 What is the difference between high- and low-
resilience communities? Support your answer with
examples.

3 How does the PAR Model help us to understand
more about vulnerability hazard impact?

4 Explain how the social and economic impacts of
tectonic hazards might affect people, the economy
and the environment in different parts of the world.

5 Explain how unsustainable development rebalances
the risk equation. Give examples of places and
regions where you think this js happening.

6 Examine the most important root causes in the
PAR Model.

7 Summarise the places globally where there are
the highest degrees of vulnerability and state why,
grouping into socfal,_ec‘:onomic and political. ]
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Hazards

Losses

Figure 2.19 Reason’s Swiss Cheese Model
applied to hazards and disasters

cascade of other events (possibly through the ‘holes’) that
provide a context for the hazard. Generally the hazard
becomes a disaster when several holes line up (a trajectory
of accident opportunity), which creates the conditions for
loss of life, property and livelihood.

Further research

Research data from the International Disaster Database
to investigate patterns and trends, and to look for links

between magnitude of events, deaths and econotnic damage:
www.emdat.be

Use International Red Cross World Disasters Reports to
compare hazard impacts (loss of life, numbers affected and
80 on) between hazard types and regions: www.ifrc.org/
en/publications-and-reports/ world-disasters-report/
world-disasters-report

Find out more about the role of UNISDR and what it
does: www.unisdr.org

Research the most significant earthquakes in the last 30
days using the USGS website. If possible use GIS to show
their distribution and then add a layer to show vulnerability
in terms of wealth: http:// earthquake.usgs.gov

Munich Re is a Swiss re-insurer. R esearch its connection to
natural hazards online.

Reescarch different tectonic hazard evenits in areas of varying

development and explain the ways 1n which the context of
each disaster is different.

Management of tectonic h_azards
and disasters |

: = 2
How successful is the management of tectonic hazards and disasters
i hould:
By the end of this chapter you s : | %3
@ understand the complex trends in disasters over ime and how somle disaster
become mega-events and have impacts over a very wide geographical area

d the
@ recognise the hazard models and frameworks that can be used to understan
prediction, impact and management of hazards

[ itigation and
@ know how tectenic hazard impacts can be managed through a range of mitigatio
adaptation strategies which have varying successes.

It is worth remembering that seismic tectoni_c Sa‘nd -
volcanic processes cannot be prevented, and it sh u?;h ) y
that they ever will be. Yet we have found 1out t adan
risks seem to be increasing for many people, eschhiSy
those in the middle income a_nd Poorest groups. s
increase in hazard vulnerability is mostly due ;0 hum
factors racher than physical factors, as the tren s 1dn .
tectonic hazards reveal a pattern that does J_rloltdm -m:rie
significant increase in the lgsi_: 50 years. Thl.S idea is

but complex and needs additional explanation.

3.1 Understanding tectonic
and other disaster trends
since 1960

In comparison with other natural hazards, few tectonic
hazards manifest themselves into disasters. Figure 3.1, for
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example, shows that in the period 2004-2014 tecton?c 1
hazards had a low occurrence compared to hydrologica

i ds, and also wmuch lower
and meteorological hazards, an
numbers of victims compared to the other th-rec hazards
(climatological, hydrological and meteorological).

A look at the overall patterns

The overall longer-term natural hazard trends, since
about 1960, show a number of key points:

¢ The total (aggregate) number of recorded hazards has
i er the last 50 years. ‘

® ?}i?zieis:r of reported gisasters seems to be falh.ng,
having peaked in the early 2000s (but that appears to
be an anomaly to the longer-term tre‘nd).

& Number of deaths is also lower than in the recent
past, but there are spikes with mega-events.
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Figure 3.1 Natural hazards,
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& The total number of people affected is increasing
for some hazard and disaster types, especially
meteorological and hydrological (Figure 3.2).

The economic costs associated with both hazards
and disasters of all types have increased significantly

But trends relating to tectonic (geophysical) hazards only
show a different overall trend, one which 1s much more
stable in terms of the number of events (Figure 3.3).
However, somewhat hidden within that overall pattern
is one that shows that the number of people affected and

@

since 1960. number of deaths does vary considerably year on year.
3 ;;5 140 - - 500 3% ) _
= § 120- ] 23 E% Spatial yafaatmn of tectonic disasters
§§ 100 - 200 5 E /\nothel.: important aspect of disaster geography 1s
‘.g_‘-‘ ™ 300 £ | § the spatial variation of tectonic impacts. It is wrong
- 2 to assume that the locations of hazard impacts always
-E o . =200« | 100 ; translate into simple distributions. Data from the Centre
. L1002 |5 'g for Research on the Epidemiology of Disasters (CRED)
z and the International Red Cross shows that the number
01§7519|80 LSS of disasters reveals a complex pattern when eicher
i viewed by world region or by level of development.

Figure 3.2 Natural disaster trends (all types), 1975-2011

1000
Key
_— Climatological events
(extreme temperatures,
600 drought, wildfire)

B Hydrological events
(flood, mass movement)

Number of loss events

400
% Meteorological events
200 (tropical storm, extra-
tropical storm, convective
0 SEEREERSRERE NEERY HEEd storm, local storm)
1980 1985 1990 1995 2000 2005 2010 2015 i
- Re -
eophysical events Figure 3.3 Number of hazard loss

Year (earthquake, tsunami,
volcanic activity)
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Table 3.1 Total number of reported disasters grouped by type and level of economic development, 2004-13

R SR

378 585
14 2 57 129 225

384 146 347 134 1011

Table 3.2 Total number of reported disasters grouped by type and global region, 2004-13
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How good are disaster siatisties?

There is neither a universally agreed definition of

, disaster nor a universally agreed numerical threshold
for disaster designation. Reporting disaster impacts,
especially deaths, is therefore controversial for a number

of reasons:

1 1t depends on whether direct (primary) deaths or
indirect (secondary) deaths from subsequent hazards
or associated diseases are counted.

5 Location is significant because local or regional events

in remote places are often under-recorded.

Declaration of disaster deaths and casualties may be

subject to political bias. The 2004 Asian tsunami was

almost completely ignored in Myanmar but perhaps
initially overstated in parts of Thailand, where
foreign tourists were killed, and then played down to
protect the Thai tourist industry.

4 Statistics on major disasters are difficult to collect,
particularly in remote rural areas of low human
development countries (LHDs), for example the
earthquake in Kashmir in 2005, or in densely
populated squatter settlements, for example the
Caracas landslides in 2003-2004.

5 Time-trend analysis (interpreting historical data to

produce trends) is difficult. Much depends on the

intervals selected and whether the means of data
collection have remained constant. Trends (deaths,
numbers affected, economic impacts) can be upset by

a cluster of mega-disasters, as happened in the 2004

Asian tsunami or the 2011 Haiti earthquake, or even

in the 2015 Kathmandu earthquake.

[£V]

Tectonic mega-disasters

Tectonic mega-disasters have several key characteristics:

. They are usually large-scale disasters on either an
aerial/spatial scale or in terms of their economic and/
or human impact.

@ Because of their scale, they pose serious problems for
effective management to minimise the impact of the
disaster (both in the short and longer term).

The scale of their impact may mean that
communities, but usually government as well, often
require international support in the immediate
aftermath as well as during longer-term recovery.

This may be at a regional level (for example the Asian

tsunami of 2004) or globally (for example Japan

2011). These events can affect more than one country

either directly or indirectly.

Time from Hours :Dayé - Weeks _‘.'I\."Ionths__"'_"Years
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Figure 3.4 Diagrammatic representation of the likely range of
impacts following a large VEI 6 (or above) eruption

Figure 3.4 illustrates how a large volcano, for
example, can have significant impacts in both time

and space.

Tectonic mega-events and disasters are often classified as
high-impact, low-probability (HILP) events. So, one-
off high-profile crises such as the 2010 Haiti earthquake
and the 2011 Japanese earthquake and tsunami were

all mega-disasters requiring rapid responses at a global
level. But known hazards such as earthquakes and
volcanoes (as well as floods and hurricanes), which,
owing to the Jow likelihood of occurrence or the high
cost of mitigating action, often remain ill- or under-
prepared for in many parts of the world. These events
are impossible to predict but very likely to occur over
long time scales.

The globalisation of production and supply chains
has increased manufacturing efficiencies, but it has
also reduced resilience in the case of some events.
High-value manufacturing is often most at risk
because of its just-in-time (JIT) business model. The
consequences of HILP events spread rapidly across
both economic and geographic boundaries, creating
other impacts (economists might call these negative
externalities) that are difficult to plan for. The
Japanese earthquake in 2011, for example, led to

a five per cent reduction in the country’s GDP.
There were much wider knock-on impacts for
global transnational corporations (TINCs) however,
such as Toyota and Sony, which were forced to halt
production.

3 Management of tectonic hazards and disaste:




Two examples of significant tectonic events

in recent years are the Iceland Eyjafiallajokull
eruption in 2010 and the Japanese tsunami mega-
disaster of 2011. They both had significant, but

- Eyjafjallajokull, Iceland
Context

In March 2010 Iceland's Eyjafjallajokull volcano erupted
into life for the first time in over 190 years. By 15 April
2010 the ash plume generated from the eruption had
begun to affect much of Europe, spreading as far as
northern Italy. The ash cloud grounded flights in most of
Europe for several days. More than 100,000 airjourneys
were cancelled, leading to the worst disruptions in air
travel since the 9/11 terrorist attack in 2001,

: [ Tohoku tsunami,
Context

A magnitude 9.0 earthquake in March 2011 produced a great
tsunami that wreaked destruction along the Tohoku (eastern)
coast of Japan, including to the Fukushima nuclear power
station. It was the largest earthguake recarded in Japan and the
combined impacts of the earthquake and tsunami left 15,749
dead and 3962 missing; 63 per cent of the dead were aged

60 and aver. The event eroded public trust in the Japanese
government and its nuclear energy policies.

The 2010 Eyjafjallajokull volcano and 2011
Japanese Tohoku tsunami

different, impacts at a global scale. Table 3.3 considers

the effects on the global supply chain (Eyjafjallajékull)
as well as the wider concerns about nuclear power
(Tohoku),

Table 3.3 Context and impacts of two recent high-profile tectonic events

Japan

However, this was a relatively small eruption ‘in the wrong | This was a very large magnitude event causing widespread
place’, with no direct deaths. It was high profile due to the | deaths and large-scale destruction along the coast to

impact on the air movements (passenger and freight). properties, infrastructure and communities. It was particularly
high profile because of the nuclear impact.

Evaluating the 2010 volcano’s effect on the global
supply chain

Imports and exports in and out of Europe were greatly
affected by the air travel shutdown in 2010, Although
airfreight accounts for a tiny amount of world trade by

value. For example, airfreight accounts for approximately
0.5 per cent of UK trade by weight but & much bigger
25 per cent of trade by value.

Example 1: Car manufacturing disruption

The disruption to airfreight by the eruption highlighted
how important airfreight is in supplying high-value key
components to many manufacturers. The Nissan plant in
Japan, for example, had to stop production of the Cube,
Murano SUV and Rogue crossover models because they
ran out of a critical sensor produced in Ireland. Airfreight
is only used for a small quantity of high-value but vital
electronic components where there are few alternative
suppliers.

Example 2: Impacts on the transport of perishable goods

There were impacts on the producers of flowers, fruit and
vegetables in African countries such as Kenya, Zambia
and Ghana, with delays in transportation meaning large
quantities of fast-perishing produce rotted, leading to
losses for producers. The World Bank estimated that, in
total, African countries may have lost US$65 million due to
the effect of the airspace shutdown on perishable exports,

Evaluating the earthquake and tsunami’s impact on costs and
attitudes to nuclear energy

The tsunami hit the Fukushima Daiichi nuclear power plant on
the east coast of the island of Honshu, about 200 km northeast
of Tokyo, and disabled the power supply. This affected the
weight, it accounts for a much higher proportion of trade by cooling of three reactors, causing high radioactive releases,
Contaminated water leaked from the plant into the Pacific Ocean
and into fishing grounds.

The effects of the accident on energy security were not
restricted to Japan.

Example 1: LNG price rises

The worldwide availability and affordability of liquefied natural
gas (LNG) were affected by Japan's increased demand. This
had the biggest impact in the Asian market, where they had the
quickest rate of increasing energy consumption.

Example 2: Public acceptability of nuclear power and rising costs

The accident itself resulted in the loss of public acceptability
p of nuclear power and led countries, such as Germany and

ltaly to immediately shutdown some of their nuclear reactors
or abandon plans to build new ones. The accident has also
contributed to the escalating capital costs associated with the
construction of new nuclear reactors because of the additional
safely measures required.
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Figure 3.5 The characteristics of a hazard hotspot

Multiple-hazard zones

Multiple-hazard zones are places 'Whel'(.i a numzclr ?fl
physical hazards combine to create an increased ley E

of risk for the country and its popula}t101.1. This 1s often
made worse if the country’s population is vulnerable
(wealth/GDP, population density, and 50 on) or su;ff:rs .
repeated events, often on an annual_ basis, so that t (ére‘i:
never any time for an extended period of recovery. Suc

places are often seen as disaster hotspots.

Hazards in multiple-hazard zones are, in fact,.part of
a wider picture of more complex geoguphy h-nked
to vulnerability over both space and time. Th1.s often
makes their impact greater and more challenging to

Costa Rica

%

Table 3.4 The countries most exposed 1o multiple hazards (Source:
International Red Cross World Disasters Report www.ifrc.org/
GIobaI/Documents/Secretariat/201410/WDR%202014.pdf)

‘Taiwan 731 3.4 4
Costa Rica 36.8 41.1 4
Vanuatu 28.8 20.5 3
Philippines 22.3 36.4 5
Guatemala 24:3 40.8 5
Ecuador 139 23.9 5
Chile 12.9 54.0 4
Japan 10.5 15.3 4

manage. The magnitude of the hazard event Foge.thcr
with the human geography of the area in which it

occurs are important factors, but haz?rds _generally f{?)rm
part of a much more complex web of socio-economic-
environmental issues that makes the impact‘greater and
harder to manage. Table 3.4 lists the countries that are
most exposed to multiple hazards globally. Figure 3.6 is a
olobal summary of the multiple-hazard pattern.

Disaster hotspot: A country or area that is extremely disaster
prone for a number of reasons, as shown in Figure 3.5.

Philippines

Indonesia

Figure 3.6

» Most populous urban areas: 1985
o Fastest-growing areas: 1985-2005

+ Areas with active and high-risk volcanoes

..+ Coasts subject to tsunamis

Zones of earthquake hazard (> Zones regularly experiencing | ggpal

: nes
tropical storms and cyclo summary of

the multiple-
hazard pattern

<> Zones regularly experiencing
extra-tropical (winter) storms
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There may also be variation in disaster risk within
smaller geographical areas. Large urban areas are often
zones of multiple-hazard risk (Figure 3.7). Cities are
centres of economic development (economiic cores)

as they represent a natural focus for investment and
development. They are also frequently centres of
growing population as a result of the rapid urbanisation
occurring in most developing countries. Many cities
have huge areas of unplanned, poor-quality housing
where growing numbers of the urban poor live, often
located on marginal, potentially dangerous sites such as
river banks and steep slopes.

Analysis of the global distribution of these rapidly
growing mega-cities shows that many of them
are located in hazard-prone areas. With such
high densities of people, up to 25,000 per km?2,
hazard management in large urban areas is both

Ecncentrated political,
economic and other
resources —
implications for global
financial markets

Ecofogical

imbalance as rapid ‘
urbanisation destroys
ecosystems, e.qg. |
deforestation
increases flash ﬂoodsj
S —
’Ependency on
infrastructure and
services is a proble ‘

‘ High population | j
densities, particularly

in old parts of citjes,

leads to rapid

estruction and

high loss of life ‘

"

in a disaster

-

R

Inappropriate
construction,
which leads to
many deaths, e.g.
| in earthquakes

S=ss

| Rapid growth and —I

‘ inadequate planning;
poor people settle

\llegally in hazardous
areas J

Figure 3.7 Why same mega-cities have low hazard resilience

expensive and complex, making disasters inevitable,
both socially (high concentration of vulnerable
people) and economically (for example, loss of
infrastructure).

Comparing the Philippines

There is a tendency to assume that all hazards
occur in both places, and that the hazards may
have the same root causes. In the Philippines,

the main risk is typhoons with typically five or six
storms a year as it lies on a major storm track.
Annual deaths far exceed the long-term average for

T ‘Californian coast

Vd_lcanoes. | Rarely in northern California (Mount Shsta,
: Lassen Peak), which is part of the Cascades
subduction zone — not really on the coast.

classic multiple-hazard geography

Table.3.5 Hazard similarities and differences (Source: International Red Cross World Disasters Report
www.ifrc.org/Global/ Documents/Secretariat/201410/WDR%202014.pdf)

and California —

California (the last time more than 100 people died in a
Californian natural disaster was the 1933 Long Beach
earthquake). The Philippines has to spend arcund two
per cent of its annual GDP cleaning up after typhoons.
Table 3.5 summarises the hazard similarities and
differences.

__| Philippines T
Vlery commoen; Pinatubo, Mount Mayon. Frequent and
violent; andesitic magma, ash, lahars, pyroclastic flows.

| Frequent, within the conservative plate margin
that includes the San Andreas and Hayward
faults; usually shallow.

Earthquakes

Subduction zone; frequent but vary in depth from
shallow to deep.

Frt?quent; associated with earthquakes, heavy
rain, coastal erosion and wildfires.

' Landslides

Frequent; linked to typhoons and deforestation; often
deadly.

Cyclones Never occur here.

Very frequent and usually deadly.

Floo;l_. | Rarely; can be associated with El Nifio cycles.

A frequent result of typhoons.

Drought | Very common, e.g. 2008-11 and 201215,

Rare, but El Nifio does cause these, e.g. 1999 and
2010.

|

@ Tectonic Processes and Hazards

National DP plans and management: early warning;
evacuation; stockpiles; agency coordination; public

awareness; training

Disaster preparedness (DP) and
mitigation: coastal retreat;
local coping strategies;
adaptation funds; legal

protection for migrants; Adaptation
international protocols; to climate
reducticn of emissions change

Mainstream risk

assessiment: strengthen
livelihoods (human, social,
political, financial and physical
assets); sustainable agriculture
and resource use; cross-sector
partnerships; social services;
diversified economies; good
governance with minimal
corruption

——— Development

Disaster
mitigation

Disaster
preparedness

Coordination: quick;
appropriate relief; local
participation in assessment;
strengthen local disaster
response; relief as platform
for recovery

Disaster —
response

Assessment of risks during
rehabilitation: local partners
Disaster — and procurement; livelihoods
recovery rebuilt, not reconstruction
only; risk-reduction advocacy
for future

Hazard-proof infrastructure: crops and jobs; building
codes; retrofits; land-use regulations; insurance; micro-
finance; public awareness; right to safety; targets

Figure 3.8 The risk disk - a model to help better understand disaster management

3.2 Managing tectonic
hazards

Prediction and forecasting
frameworks

The ‘risk disc’ (Figure 3.8) is one model that attempts to
explain the reasons for the decline in deaths in terms of
disaster preparedness, disaster mitigation (hazard proofing),
disaster response and disaster recovery. The next section of
this book will examine these different areas, together with
the associated models that help to explain their purpose.

Getting closer to earthquake forecasting

and prediction?

Farthquake forecasting and prediction is an active topic
of geological research.

Earthquake risk can be forecast since it is based on

a statistical likelihood of an event happening at a
particular location. These forecasts are based on

data and evidence gathered through global seismic
monitoring networks, as well as from historical records.
Long-term forecasts (years to decades) are currently
much more reliable than short- to medium-term
forecasts (days to months). Forecasting is very important
as it can encourage governments to enforce better

building regulations in areas of high stress, or create
improved evacuation procedures in areas of highest risk.

Currently it is not possible to make accurate predictions
of when and where earthquakes will happen. For

this to be possible, it would be necessary to identify

a ‘diagnostic precursor’ — a characteristic pattern of
seismic activity or some other physical, chemical or
biological change — which would indicate a high
probability of an earthquake happening in a small
window of space and time. So far, the search for
diagnostic precursors has been unsuccessful.

Some geophysicists are trying to improve prediction
based on calculating the underground movement of
magma. Their models try to predict where the plates are
running together with the most stresses, often a tell-

tale sign of where an earthquake might hit. They map
underground patterns of activity in the Earth’s mantle
across underground grid points. The models then predict
where stress points will occur by simulating different
rocky mantle flows. The calculations can ascertain where,
as a result of these flows, the plates are likely to run
together, and automatically detect these stressed zones.

Such models are still in their infancy and need considerable
refinement as the link between earthquakes and
underground mantle flows is complex and hard to model.
Other scientists are working on predicting earthquakes
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Hazard

Physical factors that affect
response
= Geographical accessibility

(population density)

Emergency

Human factors that affect response
= Number of people involved in incident

of location/region = Degree of community preparedness
| Type of hazard - scale, u Technological resources, quality of engineering
impact, magnitude, = Scientific understanding and expertise
frequency w Education and training
= Topography of region = Economic wealth, level of a country/region’s
(e..g. mountainous) development
E Cl!mate (e.g. monsoon u Infrastructure b
rain causes access m Social and political framework, government
problems) competence and resources

Disaster-free
period

"7 Reconstruction

Figure 3.9 The range of
factors affecting the response
to hazards

based on ani 1 : i issi isi
on animal behaviours, changes in radon emissions and decisions, the relative importance of the physical risk

clectromagnetic variation, but with very limited success.

However, for predictions to be useful — that is, to enable
evacuation of affected areas — they must be highly accurate,
both spatially and temporally. And that is the issue.

At present the science makes this impossible and most
geoscientists do not believe that there is a realistic prospect
of accurate prediction in the foreseeable future. They
suggest that the main focus of research instead should be
based on improving the forecasting of earthquakes.

Understanding the hazard
management cycle

Figure 3.9 shows how the choice of response depends
on a complex and interlinked range of physical

and human factors. As people, communities and
organisations have limited resources and time to make

from natural hazards, compared with other priorities
(such as providing jobs, education, health services and
defence) will be a major factor in influencing how
resources are devoted to reducing hazard impacts.

Park’s Model and ievels of development

Park’s Disaster Response Curve (1991) (Figure 3.10) can
be used as a framework to help better understand the time
dimensions of resilience: from a hazard striking to when a
place, community or country returns to normal operation.

Each stage on the x-axis shows the different stages
of time during which either relief, rehabilitation or
reconstruction is started. The words on the y-axis

describe quality of life, stability and infrastructure.

The model can be used to help plan and understand risk and
resilience, as well as to better prepare for future events, for
example through modification of the responses to the event,

Stage 2
Strategies to modi Improvement
Improvement Stage | Hazarcousiavent vulnerability to pref\.yent O TR 1
_______________________________________________________________ further disasters normality?
Normality [ et e e il f i T T T T T T et e
Deterioration | Modifyingthe \  Relie f and rehabilitation period =~~~ T e
cause and may include outside help
avent (national or international) Stage 5
_ Nature of recovery

Quality of e of related to:

life, |evei of vulnerability @ the need to reduce

ec$n_om\c ‘ strategies gﬁinerag\ity

activity, socia @ the need to restore

stability, = Stage 3 Modify the loss normali.ty as soon

communications Search, rescue {e.g. aid and as possible

and service an i s

> e ter;!pora.ry housing Permanent rebuilding
and services) of physical and social .
: infrastructure Figure 3.10 Park’s
Pre-disaster Relief Rehabilitation Reconstruction Model - the Disaster

(hours to days) (days to weeks)

@ Tectonic Processes and Hazards

(weeks to years) Response Curve

nderstanding the stages in the Disaster Response Curve

Table 3.6 U

putting medical teams on standby, and so on.

Quality of life is normal before a disaster sirikes; people do their best to prevent and prepare for such events
happening, for example by educating the public on how to act when disaster strikes, preparing supplies,

The hazard event has occurred — immediate relief is the priority with medical attention, rescue services and
emergency care provided. This period of time can last from hours to a number of days. The quality of life has

seemingly stopped decreasing and is beginning to move up slowly.

Groups (for example, the government) try to return the state of things hack to normal, by providing food, water
and shelter to those who are without these basic needs.

In the longer term rehabilitation moves into the reconstruction period during which infrastructure, crops and
property are invested in. During this time organisations may use preparation and prevention to improve from
the mistakes of this disaster to respond better to the next one.

3.3 Hazard management:
a variety of approaches

In theory, the best response to tectonic hazards is to avoid
all danger. In reality, however, this is impossible because
of the conflicting development pressures on land. Hazard
management is, therefore, always a series of imperfect
solutions. The Swiss Cheese Model (page 28) suggests
that hazard and disaster risk can be reduced by:

1 reducing the number of holes in each layer (that 1s,
the number of systemic weaknesses), o,

2 reducing the size of the holes in each layer (that is,
the ‘gaps’ in the systen, or the scale of the system
weaknesses).

A better understanding of the complexity of tectonic
risk through systematic analysis is important. The Swiss
Cheese Model, for example, provides a framework for
tectonic hazard management which links a number of
areas. These include where possible:

o modifying the hazard event

e modifying vulnerability and resilience (at an
individual, community and country scale)

# modifying the loss (a component of resilience).

It is important to develop a number of frameworks when
taking an overview of hazard events and their ability

to develop into disasters so that descriptive accounts
of suffering and damage are avoided. Figure 3.11, for
example, provides a framework for response analysis.

Modifying the hazard event

During the 1970s and 1980s there was a general feeling
that the technological capability and engineering skills to
control earthquakes would soon be developed, for example
by lubricating the fault plates. But it is now realised that
seismic activity cannot be controlled, so efforts instead
focus on science and civil engineering solutions to reduce
the hazard by either micro or macro protection techniques:

® Micro: strengthening individual buildings and
structures against hazardous stress.

® Macro: large-scale protective measures designed to
protect whole communities.

Earthquakes

Micro approaches are generally used in the case of
tectonic hazards. For earthquakes, most energy

has been focused on public buildings and facilities,
especially those expected to remain operational during
a disaster: hospitals, police stations and pipelines.
Schools and factories were also strengthened so that
people could shelter in them. More recently there has
been a shift towards improving the planning

| |

Modify the loss Modify vulnerability
Aid vital for poor @ Prediction and

pecple warning
*Insurance more & Community
useful for people preparedness

|

Modify the event

@ Further environmental control

® Hazard avoidance by land use zoning

® Hazard-resistant design {e.g. build-
ing design to resist earthquakes)

® Engineering defences useful for

Meodify the cause

@ Environmental control

® Hazard prevention

@ Only really possible for
small-scale hazards,
¢.g. landslides

® Retro fitting of homes is possible for

in richer @ Education to change
communities and behaviour and prevent coastal tsunami risk
countries hazards realising into

disasters protection

Figure 3.11
A framework for
response analysis
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Figure 3.12 Mangroves may provide an important coastal buffer
both against rising sea levels and tsunamis

frameworks for private houses. Some authorities
nsist on the strengthening (or demolition) of existing
hazardous buildings through a retrofit programme.

Tsunamis

No technologies can prevent tectonic disturbance but
some regions and communities have put engineering
solutions in place, for example tsunami walls that work
for a given amplitude or threshold of wave. Research
shows that replanting of coasts (Figure 3.12) may be

a way of affording better protection and therefore
modification of the event. In the great Asian tsunami
of 2004, for example, science has indicated that fewer
people might have died if coasts had been protected by
mangroves or other types of dense coastal forest.

Yet there is still considerable debate as to the
effectiveness of these so-called buffer zones. Mangroves
are known to be effective at dissipating energy erm
waves whipped up by the wind. Modelling studies also
suggest that shore vegetation can reduce the flow speed
and height of an oncoming tsunami, but there is limited
tield evidence to back this claim up.

Volcanoes

In some instances it may be possible to modify a
volcanic event once the eruption and lava flows

have started, either by diverting or chilling the flows.
The 1973 volcanic eruption on the island of Heimaey;,
off the southwest coast of Iceland, threatened to destr:ay
a whole community (Figure”3.13). Seventy homes and
farms were buried under tephra and 300 buildings were
burned by fires or buried under lava flows.

The lava flow was heading towards the fishing port

and harbour — the economic lifeline of the island. Loss of
the harbour would have resulted in financial ruin for the
community. The Icelanders sprayed seawater on to the
lava to slow its movement by chilling. More than 30 km
of pipe pumped 6 million cubic metres of water on to the

Hows, The effort saved the port and the residents returned
to rebuild their town.
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Figure 3.13 The classic 1973 volcanic eruption ‘timeline’ on
the Icelandic island of Heimaey

Modifying vulnerability and resilience

Modification of the hazard event, as shown in

Figure 3.11, can involve a number of approaches and
adaptations including:

® prediction, forecasting and warnings

& improvements in community preparedness

& working with groups and individuals to change
behaviours (to reduce the disaster risk), for example
better land-use planning. ,

With the advent of better technology, prediction
forecastmg and warning are becoming increasingly
tmportant parts of disaster preparation and management.
For example, a tsunami warning system (TWS) is used to
detect tsunamis in advance and issue warnings to prevent
loss of life and damage to movable possessions. It is made
up of two components: a network of sensors to detect
tsunamis and a communications infrastructure to quickly
issue alerts to allow evacuation of the coastal areas.

Adaptation and preparedness is essential to ensure an
effective response to disaster. It usually involves the
planning and testing of hazard reduction systems on
timescales that may operate from seconds (for example,
‘.csunami warnings) to years (for example, improvements
in land-use planning and zoning).

Or?e. of the complexities with adaptation and Increasing
resilience is the fact that there are a range of interest

groups that have some role to play in modification of
vulnerability (Figure 3.14).
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Figure 3.14 Interest groups that have roles to play in modification
of vulnerability

Governance, for example, is important but it has
limitations in terms of the affordability of prediction
and prevention measures, especially in the management
of mega-disasters immediately after the event. This
means that other factors such as poverty may hamper
any top-down efforts to reduce impact and adapt.

Volcanoes: a hazard vulnerability success story?
Volcanologists have an advantage over seismologists in
that volcanoes usually do not erupt without warning.
The warning signs typically take the form of numerous
small earthquakes and a swelling of the ground surface,
which reflect the passage of magma to the surface.

But it is difficult to predict exactly when activity will
take place, especially the timing of a major eruption.
Technology in the form of a network of sensors is now
being used to help predict eruptions and allow more
sophisticated modelling to be undertaken. Monitoring
may give time for the area under threat to be evacuated.

Looking at data on deaths, the volcanic hazard threat seems
to have been successfully mitigated: only two eruptions
since 1980 have caused more than 1000 deaths. Eruptions
still affect large numbers of people but prediction and
evacuation have reduced the death toll enormously.

An exception to this is was the Mount Ontake eruption
in Japan on 27 September 2014, It is a popular area with
hikers and walkers, who became the victims. There was
no warning and the VEI 3 eruption killed 56 people,

the first deaths in Japan from eruptions since 1991
(Mount Unzen). It was the highest death toll from an
eruption in Japan since 1902.

Science to reduce earthquake vuinerability
Following the 1995 Kobe earthquake in Japan, the
National Research Institute for Earth Science and

Disaster Prevention (NIED) deployed 1000 strong-
motion accelerometers throughout the country. This is

the Kyoshin Network, or K-NET. The average distance
between stations is 25 km. During an earthquake, primary
and secondary wave velocities are measured at each site and
logged. Data is then sent to the local municipality (via the
internet). The municipality can use the information for
local emergency management and response.

Figure 3.15 shows how the UN World Food
Programme uses a range of strategies and players

to modify loss and vulnerability. Importantly, new
technology and communication, for example social
media such as Facebook and Twitter, are used to help
people adapt and improve their resilience.

So, adaptation is really about modifying resilience, which
is a measure of how well an individual, community or
country might absorb and recover from a hazard. This
approach to disaster reduction is seen as very important
nowadays, especially in the world’s poorer communities
where the disaster focus had traditionally been on seeing
people as vulnerable victims and therefore recipients of
external support (2 ‘top-down’ model).

Now attention is focusing on supporting affected
communities to prepare and manage themselves, and
strengthening this local capability before, during and
after a hazard event.

Modifying the loss

Mitigation is about modification of the loss burden.
Insurance to cover the cost of earthquake damage,

for example, is an important part of wider earthquake
protection. Seismologists work with computer risk analysts

to help the insurance industry calculate premiums and risks.

Computer simulations are used to estimate the probability
of damage from different earthquake events, based on:

¢ seismicity: the raw information about how frequently
earthquakes affect a particular location

@ seismic hazard: the probability that a certain strength
of shaking will occur

& seismic risk: the probability that a certain amount of

risk will occur.
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Figure 3.15 Response to hazards - the stages
over time
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within 48 hours

Flguqm 3.16 shows that, since 1980, Japan’s earthquakes
(1995, 2004 and 2011) have been costly, with a tétal C(;‘
of over $280 billion. Other tectonic events are also shost
to be expensive. Since 2000, the UNISDR estimatflzs t}\lN k
total c(.:onomic cost of all disasters to be appro:e(inmtele
$1.3 trillion. Even in developed economies such as thg
USA and Japan, insured losses for tectonic events tend
to be .rc]atively low, at approximately 25 to 30 pér cent
meaning many people are unprotected. ,

Most insurance policies provide cover for property loss
caused by a volcanic blast, airborne shock waves, ash Aust
or lav_a flow. Fire or explosion resulting from volcani,c
eruption is also usually covered, however some may not
cover shock waves or tremors caused by volcanic eruption

Dgsaster aid and internal governmental aid
Disaster aid is the result of humanitarian concern following
severe loss. This aid is all about protecting life, health 1
subsistence and a person’s physical security. Ta,ble 37 ’
compares disaster aid and internal governmental aic'l.

Disaster aid is often criticised, however: there may be
poor or corrupt distributions systems, and it doesn’t
encourage selt-help or a more bottom-up management of
the disaster at a local level. In the 2010 Haiti earthquak
the Nepalese disaster relief workers were implicatec(li in )
the introduction of cholera — see Chapter 2, page 22

A complex risk environment

Despite considerable efforts to Improve scientific
Pnderstanding and better risk-management approaches
in general governments and businesses remain ’
insufficiently prepared to confront many tectonic
haz_ards and effectively manage their economie, social
pohtl‘cal and humanitarian consequences. This ’is ofter;
true 1r1:§spective of a country’s level of development

In certain high-threshold events, governments are t}l1c‘
responders of last resort, but they may not have the
resources or technical expertise to deal with such events

- - . y
victims via governments, emerging and developing

NGOs and private donors. In countries where the disaste
th.e. Iorl1ger term aid is used mitigation is achieved b I’
for relief, rghabilitation and spreading the financial I)c/)ad
reconstruction. throughout the tax payers of
This type of aid is often the country. This may include
appropriate to middle- and a national disaster fund and
Llower—income countries. release of funds may require
a political declaration.

Bahamas

Pacific

5,7;7 Ocean

Figure 3.16 Major natural disasters - costs ($bn) and loss of life

Indan ¥
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To get the right balance between planning for specific
‘known’ events and creating generic responses for events
that are rare or unexpected, governments and agencies
must strengthen planning processes to anticipate and
manage shock events. This includes clarity of process in the
chains of command (especially where multi-jurisdictions
are involved), activating and connecting independent local
experts with policymakers, as well as building common
approaches in the management of complex risks.

Hyogo and Sendai approach to disaster
management

The World Conference on Disaster Reduction was
held in 2005 in Hyogo (Kobe), Japan, and established
a ‘Framework for Action’. Its aims were to promote

2 strategic and systematic approach to reducing
vulnerability and risks to hazards through building the
resilience of nations and communities to disasters.

‘Review questions

1 Summarise the main trends in tectonic natural
hazards in recent decades, including deaths,
numbers affected and economic costs.

2 What are the characteristics of a mega-disaster?

3 Outline the spatial variation in disasters by both
region and level of economic development.

4 Explain the differences in the modification of
hazard events for different tectonic hazards.

5 Compare the hazard management cycle to the
Disaster Response Curve. e
6 Why is there a complex risk environment?

7 Summarise the reasons why volcanoes pose
a much lower disaster risk than they have

historically. .

Key
Leading natural disasters,
by overall economic losses,
since 1980
@) Earthguake
- & Floods
& US, Cuba, Haiti, ; .
Dominican Republic, ® Hugrizane Synoptic themes:
Turks and Caicos Islands, @ Teunami

Players

NGOs and insurers have
a role to play in helping
to modify the loss.

Year
Cost, $bn (2011 dallars)
Number of deaths

This was replaced by the Sendai Framework in March

2015. It set out four priorities:

1 Understanding disaster risk.

2 Strengthening governance to manage disaster risk.

3 Investing in disaster-risk reduction for resilience and
enhancing disaster preparedness for effective response.

4 “Build back better’ in recovery, rehabilitation and

reconstruction.

Importantly the framework emphasised the need to tackle
disaster risk reduction and climate change adaptation
when setting Sustainable Development Goals, particularly
in light of an insufficient focus on risk reduction and
resilience in the original Millennium Development Goals
(MDGs). There is also a focus on emergency preparedness.
In the case of international disaster relief, the framework
recognises that distribution is complex, fragmented and
disorganised. This is because there are various separate
institutions, mechanisms and approaches defining where
the funding is directed and how it is spent.

Further research
R esearch and '-s.élétt a Crédﬁrdﬂ_i:h relevant -té tepﬁo’iﬁc
disasters and develop a case study from its findings:
http://cred.be/ pub];ications?ﬁ_eld_ﬁubﬁcaﬁon-_type“
Hd=66&field cred staff authors nid=All
Use this link to research and summarise the key: points
relating to the 2010 Haiti earthquake: www.gfdrr.org/
sites/default/files/publication/ Haiti August 2014
Summary.pdf i A
Reesearch th(-:_‘ni(}_St expensive ,‘_Eej&:t:éhic h_az'a‘rds in the last
30 years online. How do tectonic hazaids compare o
hydrological, meteorological and climatological hazards?
Research the differences between the Hyogo and Sendai

approaches to disaster management.
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Exam-style questions

AS questions

1 Define what is meant by the term disaster.

2 Study Figure 1. State the mode and range of
earthquake risk magnitude.
a Mode:
b Range:
Explain two reasons how a government might
influence a community’s resilience.
Explain why some earthquakes generate
secondary hazards.
Assess the factors that contribute to increased
impacts from some tectonic hazard events.

Incomplete record
before 1850

Key
Magnitude
E Greaterthan 6.7 B 6.3to 6.7 [ Less than 6.3

Growing earthguake risk

Table 1 Earthquake data

Great Kanto earthguake

[1]

(2]

(4]

[6]

[12]

A level questions

1

Assess the factors which influence the
effectiveness of responses used by

different groups of people to cope with
tectonic hazards.

Assess the physical and human factors which
cause some tectonic hazards to have a more
disastrous impact than others. [12]
Assess the different challenges tectonic activity poses
for the communities who experience its effects. [12]
Study Table 1. Calculate the mean, median and
interquartile range of property damage for the
earthquake data. [4]

[12]

Figure 1 Earthquakes in
the San Francisco area
since 1850 (Source:
Munich Re, based on
USGS Earthguake Hazard
Program, 2004)

Tangshan earthquake

Loma Preita

Northridge earthquake

Great Hanshin earthquake

Sichuan earthquake
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lzmit earthquake

Chile earthguake

Japan earthquake and tsunami

Nepal earthguake




