











Likewise, the timescale of analysis can range from short-term (subannual)
to better understand coastal behaviour across the seasonal weather cycle
or long-term (decadal) to incorporate climate variability and inform
planning decisions.

Geological timescales are also relevant on those coasts where sea-level
rise is ongoing due to natural subsidence (e.g. deltaic coasts such as in the
Gulf of Mexico) or continued adjustments of land masses following
deglaciation after the last ice age (e.g. eastern Canada and northeastern
United States).

These natural changes across various timescales provide important context
for understanding coastal erosion processes on short time scales and when
making planning decisions (see figure 1 in [18]).125 The timeline then
defines the range of events that should be considered. For example,
residential buildings in Australia (life of asset expected to be at least 50
years) are designed for events with an annual probability of exceedance of
1/500 (for wind and earthquake).

* The nature of the coastal landforms and the offshore environment in the
area of interest. At a general level, the form and composition of coastal
landforms and the presence of barrier islands and reefs in the offshore
environment determines the sets of physical processes that should be
considered in an erosion assessment. Sandy shorelines, coastal cliffs,
fringing reef coasts and deltaic coasts are each affected by somewhat
different processes.

®* The nature of the sea action being considered. The underlying driver for
erosion (e.g. sea-level rise, storms or tsunami) will determine the types of
analysis or modelling that will inform an assessment. In addition, future
trends associated with climate change are critical and the event being
considered (e.g. design event (specified event possibly based on
consequence or likelihood criteria) or extreme event (largest event
believed possible) or the full range of events (e.g. via a probabilistic
analysis).

Our understanding of the coastal environment, and particularly how and
where sediment is transported (i.e. the sediment budget) will critically affect
the appropriate choice of spatial scale for the study. Data availability place
limitations on the nature of the hazard assessment (see table below for
examples of input data for hazard assessments).

Coastal compartments represent one way to define the scales that should be
considered when taking actions that could affect sediment budgets. For
example, construction of a groynes may protect a community as intended but
cut off sediment supply to another part of the same coastal compartment,
thereby leading to coastal erosion downdrift. A typical coastal compartment

125 |pid.
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identifying the sediment transport pathways can be found in the Climate
Change Adaptation Guidelines published by Engineers Australia (see figure
4).126

When data are sparse or non-existent, it is helpful to understand the physical
context and history of an eroding beach through available imagery (e.g.
Google Earth), conduct site surveys to assess the wave climate and beach
state, map coastal infrastructure (such as groynes) and features that may be
controlling the sediment supply to the coastal zone of interest, and engage
with the local community. Establishing a baseline may also be necessary if
suitable data do not exist. For example, shoreline mapping to record erosion
lines and subsequent recovery over time will assist in understanding the
impact of seasonal cycles in beach dynamics.

Estimating how a shoreline will change over time is an evolving science.
State-of-the-science approaches include some form of shoreline response
modelling that can be applied to coastal erosion hazard assessments.
Modelling can be done to provide information to address questions such as:

* How far would the shoreline retreat for the design level scenario?
* Which parts of the shoreline are more vulnerable to coastal erosion?

* Are there offshore features (e.g. reefs, barrier islands) that are vulnerable
to sea-level rise?

* What is the probability of 1m, 5m or 10m of shoreline retreat (shown
spatially for the region of interest)?

* What is the confidence (and uncertainty) in these estimates?
* What is the effectiveness of coastal defence options?

However, complex shoreline evolution models may not necessarily outperform
simpler approachesi27 and are not suitable for national-scale assessments.

126 Engineers Australia (2012). Climate Change Adaptation Guidelines in Coastal Management
and Planning (last accessed 24 April 2017 www.engineersaustralia.org.au/sites/default/files/
content-files/2016-12/climate_change_adaptation_guidelines.pdf)

127 Kinsela, M.A. and D.J. Hanslow (2013). Coastal erosion risk assessment in New South Wales:
limitations and potential future directions. Proceedings of the NSW Coastal Conference, 2013 (last
accessed 16 Feb. 2017 www.coastalconference.com/2013/papers2013/
NSWCC_Kinsela_Hanslow_2013.pdf)
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Description of

input da

National entities that
most commonly have
these data

ta

Examples of open databases
available from international
sources

Elevation
(onshore
offshore)

Information on

landform

(geomorphology
and substrate)
and sediment
transport
pathways

Historic shoreline

data National spatial agencies,
and local government, lands
department, universities /

academia

National research and
development agencies
(e.g. United States Army
Corps of Engineers),
national geological
survey,

local government,
universities / academia

types

National research and

positions (e.g. development agencies
from aerial (e.g. United States Army
photographs) and/ Corps of Engineers),

or elevation national geological
transects survey, local government,

Exposure data
(locations and
characteristics of

lands department,
academia, local
knowledge in community

Local government (e.g.
asset registers), bureau
of statistics, lands

buildings, department
infrastructure,

human

population)

Historic sea levels Intergovernmental Panel
and ocean waves, on Climate Change
forecast sea level (IPCC), hydrographic
and ocean wave office

scenarios national weather service,
(including academia

tsunami)

LINZ Data Service, 3DEP (USGS),
US Interagency Elevation Inventory,
Digital Coast (NOAA), ELVIS
(onshore elevation),

Smartline (Australia), Geomorphic
classification of the coastal zone
(Australia), Coastal compartments
(used in Australia, United States,
United Kingdom, some parts of
Europe), ground-penetrating radar
(to determine location of bedrock)

University of California Santa
Barbara Map and Imagery
Laboratory (MIL) aerial photography
collection includes areas of China,
central Asia, Africa, and Pacific
Islands, Nationwide Environmental
Title Research (NETR) Online
Historic Aerials, United States
Geological Survey (USGS) Coastal
Change Hazards Portal, Narrabeen-
Collaroy historic beach profiles
(Australia), historic aerial imagery

National Exposure Information
System (NEXIS)

Tsunami waveforms from national
probabilistic tsunami hazard
assessments, CAWCR Wave Hindcast
1979-2010, and 2013-2014, Manly
Hydraulic Laboratory, IPCC

Table 1- Sources of data for coastal erosion risk assessment
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Tsunami risk assessment use in national DRR
measures

A risk assessment will typically be determined by combining the knowledge of
the hazard, the elements at risk (e.g. built environment) and an
understanding of the vulnerability of those elements. This vulnerability is often
described by classes of damage, ranging from “no damage” through to
“complete damage” (e.g. total destruction of an asset). In the case of the
coastal erosion hazard, buildings (residential, commercial, public, etc.) can be
considered as requiring complete replacement or as being uninhabitable
where their foundations are undermined. If the risk assessment process
considers other elements at risk — such as parts of the surrounding landforms
and ecosystem (e.g. dunes, mangroves, saltmarsh) — vulnerability models
describing the level of damage to these elements will need to be determined.
Coastal inundation hazards may also be included in the risk assessment, in
which case suitable vulnerability models would need to be sourced (a starting
point could be to employ flood damage models).

Case study: The New South Wales (Australia) coastal erosion risk
assessmenti28 js a broad-scale assessment for the entire coastline of that
State, (over 2,000 km) combining the elements described above. Over several
decades, New South Wales has seen a number of severe coastal erosion
events, and with population increasing in the coastal zone, the risk profile is
changing.

The assessment led to the identification of coastal erosion hotspots, and this
information allows the government to prioritize its coastal management
activities. The study also suggests that the assessment should be guided by
the level of risk, and that there needs to be agreement among stakeholders
on the acceptable thresholds of that risk.

Recommendations to reduce risk should be based on these assessments, and
may take many forms, including:

* Land-use policy and/or regulation, such as planning laws to limit
development in at-risk areas (e.g. by defining coastal setback lines)

* Physical shoreline protection, such as beach nourishment, sea walls and
groynes to maintain sediment volumes and help stabilize shoreline position

* Physical offshore protection, such as breakwaters and artificial reefs, to
modify and redistribute the energy of storm waves

* Environmental remediation approaches, such as maintaining or restoring
natural ecosystems (e.g. mangrove forests, coral reefs and dune

128 Intergovernmental Panel on Climate Change (2014). Climate Change 2014: Impacts,
Adaptation and Vulnerability. Fifth Assessment Report of the Intergovernmental Panel on Climate
Change.
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vegetation) to provide natural buffers to storm events.
Recent examples of the implementation of risk reduction measures:

* United Kingdom. Clacton coastal defences129

® United States. Barrier Islands, New Jersey https://toolkit.climate.gov/case-
studies/restoring-natural-dunes-enhance-coastal-protection

* United States. Ventura, California https://toolkit.climate.gov/case-studies/
restoring-surfers-point-partnerships-persistence-pays

* United States. Hawaii. O’ahu North Shore https://toolkit.climate.gov/case-
studies/confronting-shoreline-erosion-0%E2%80%98ahu

°* New Zealand, Bay of Plenty dune rehabilitation www.mfe.govt.nz/
publications/climate-change/coast-care-bay-plenty-dune-restoration/coast-
care-bay-plenty-dune

National case study

The National Coastal Risk Assessment for Australia, which was conducted in
2010 and 2011,130 identified the spatial extent of settlements and
infrastructure, ecosystems and industries in the coastal zone which would be
impacted from inundation and erosion for a range of sea-level rise scenarios.
The infrastructure assessed included residential, commercial, light-industry
buildings, and transport systems. The assessment was led by the Federal
Department of Climate Change with input from a range of technical experts
(government science agencies, research institutions and consultants), as well
as from State government departments responsible for coastal management.

The assessment required the development of national data sets, including: the
digital elevation model (necessary for inundation modelling); high water level
and storm tide (necessary for inundation modelling) and coastal
geomorphology (to identify segments of the coast which are susceptible to
erosion).

Through the assessment, a number of key areas emerged where various kinds
of data were lacking on the national scale: estuaries and knowledge of their
shoreline geomorphology; national exposure of important infrastructure;
regional and local influences on coastal instability (i.e. inputs for coastal
erosion models) and higher resolution digital elevation models (as coarse
resolution models were not suitable for modelling inundation in low gradient
coastal plains).

129 Environment Agency (2016). Managing flood and coastal erosion risks in England 1 April
2015 to 31 March 2016 (last accessed 24 April 2017 www.gov.uk/government/uploads/system/
uploads/attachment_data/file/575139/National_Flood_Risk_Report_LIT_10517.pdf)

130 Kinsela, M.A. and D.J. Hanslow (2013). Coastal erosion risk assessment in New South Wales:
limitations and potential future directions. Proceedings of the NSW Coastal Conference, 2013 (last
accessed 16 Feb www.coastalconference.com/2013/papers2013/
NSWCC_Kinsela_Hanslow_2013.pdf)
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Key findings from the assessment were:

* Between $41 and $63 billion AUD (2008 replacement value) of existing
residential buildings are potentially at risk of inundation from a 1.1 m sea-
level rise (between 157,000 and 247,600 individual buildings of the
711,000 existing buildings).

* Nearly 39,000 buildings located within 110 m of “soft” shorelines were at
risk from accelerated erosion due to sea-level rise and changing climate
conditions.

* The concentration of infrastructure in the coastal zone around population
centres will bring risks to those assets which could have consequences for
the delivery of community and essential services, regional economies and
possibly the national economy. For example, there are 258 police, fire and
ambulance stations, 5 power stations/substations, 75 hospitals and health
services, 41 landfill sites, 3 water treatment plants and 11 emergency
services facilities located within 200 m of the shoreline.

* While there is a lack of information on social vulnerability to climate
change, remote Indigenous communities in the north of Australia and
communities living on the low-lying Torres Strait Islands are particularly
vulnerable to sea-level rise.

The assessment provided a case for early action to reduce risk. There is a
large legacy risk in the coastal zone from buildings and other infrastructure
constructed in the past, without regard to climate change and the instability of
some coastal landforms. For “at-risk” areas, strategies to protect,
accommodate or retreat will need to be developed, as sea level is projected to
continue rising for several centuries. Triggers will be needed to identify when
on-ground responses are needed to manage increasing risks. State and local
government, industry and communities will have a primary role to play in on-
ground coastal adaptation action.

Continued work is required on developing standards and benchmarks,
providing information, auditing infrastructure at risk, on-ground
demonstrations of adaptation options, and local capacity-building. Areas of
uncertainty for the science components also need to be addressed.
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Resources for further information

Climate change adaptation guidelines are another source of information for
coastal managers:

* The Intergovernmental Oceanographic Commission (IOC) advises policy
makers and managers on reducing risks from tsunamis, storm surges,
harmful algal blooms (HABs) and other coastal hazards by focusing on
implementing adaptation measures to strengthen the resilience of
vulnerable coastal communities, their infrastructure and service-providing
ecosystems. IOC is implementing the project “"Adaptation to climate
change in coastal zones of West Africa”131

* United Nations Environment Programme (UNEP)132

* United Nations Development Programme (UNDP) Climate change
adaptation - coastal zone development programme
http://adaptation-undp.org/thematic-areas/coastal-zone-development
(example case studies in Africa, Samoa)

Other substantial peer-reviewed guidelines from reputable institutions:

* National Oceanic and Atmospheric Administration (NOAA) Office for Coastal
Management https://coast.noaa.gov/digitalcoast/tools/hazards-portal.html

* Engineers Australia: Climate Change Adaptation Guidelines in Coastal
Management and Planning, includes information on coastal processes and
sediment budgets www.engineersaustralia.org.au/sites/default/files/
content-files/2016-12/climate_change_adaptation_guidelines.pdf

* CATALYST project (funded by the European Commission) Capacity
development for hazard risk reduction and adaptation www.catalyst-
project.eu and Hare et al. 2013

* United States Army Corps of Engineers - Manuals:
www.publications.usace.army.mil/USACE-Publications/Engineer-Manuals/
* Environmental Engineering for Coastal Shore Protection
* Design of Coastal Revertments, Seawalls, and Bulkheads

* Coastal Engineering Manual - Part I to Part VI and Appendix A

131 Intergovernmental Oceanographic Commission (2012) Guide on adaptation options in coastal
areas for local decision makers: Guidance for decision making to cope with coastal changes in
West Africa. IOC Manual and Guide No. 62, ICAM Dossier No. 7 (last accessed 26 Jan. 2017
www.accc-africa.org/sites/default/files/documents/2012/09/14/une-guide_acca_en_bd.pdf)

132 United Nations Environment Programe (2010). Technologies for Climate Change Adaptation:
Coastal Erosion and Flooding. TNA guidebook series (last accessed 26 Jan. www.unep.org/pdf/
TNAhandbook_CoastalErosionFlooding.pdf)
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Open source hazard and risk modelling tools:

United States Army Corps of Engineers (USACE) Coastal Modeling System
www.erdc.usace.army.mil/Media/Fact-Sheets/Fact-Sheet-Article-View/
Article/484188/coastal-modeling-system/

USACE Beach-fx. Analyzing Evolution and Cost-Benefits of Shore Protection
Projects
www.erdc.usace.army.mil/Media/Fact-Sheets/Fact-Sheet-Article-View/
Article/476718/beach-fx/

Deltares - XBeach. https://oss.deltares.nl/web/xbeach/

University of Southampton - SCAPE+ (Soft Cliff And Platform Erosion)

United States Geological Survey Digital Shoreline Analysis System
(shoreline change) - requires ArcGIS 9.x or above
https://woodshole.er.usgs.gov/project-pages/DSAS/

SWAN (wave model) http://www.swan.tudelft.nl/

NIWA Beach Profile Analysis Toolbox (BPAT) - free licence for academic
(with restriction on number of regions), NZ$850 for first commercial

licence https://www.niwa.co.nz/our-science/coasts/tools-and-resources/
tides/bpat

Successful and well-documented national hazard and risk assessment with
results used in DRR:

The U.S. Climate Resilience Toolkit shows a number of case studies relating
to coastal erosion - https://toolkit.climate.gov/topics/coastal-flood-risk/
coastal-erosion

The synthesis report!33 shows a number of case studies where
assessments were made that led to adaptation measures being
implemented to reduce the risk of coastal erosion.

133 Hare, M, C., J. van Bers and J. Mysiak, eds. (2013). A Best Practices Notebook for Disaster
Risk Reduction and Climate Change Adaptation: Guidance and Insights for Policy and Practice
from the CATALYST Project. Trieste: The World Academy of Sciences (last accessed 26 Jan.
www.catalyst-project.eu/doc/CATALYST_D65_Best_Practices_Policy_Notebook.pdf)
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Global climate change is expected to impact the entire globe by the end of
this century. The release of carbon dioxide and other greenhouse gases is
responsible for rapidly rising global mean surface temperatures, which could
increase by as much as 4.8°C by 2100.134 This warming is causing ice to
melt, along with an expansion of warming waters that is expected to increase
global sea levels between 0.26 and 0.82 metres according to the 2013 report
of the Intergovernmental Panel on Climate Change.

These rising sea levels pose an extreme risk to many global cities135,
including Shanghai (China), Mumbai (India), Rio de Janeiro (Brazil), New York
(United States) and London (United Kingdom). Many global regions, such as
the South Pacific island of Tuvalu and low-lying coastal areas of Bangladesh,
are already experiencing significant coastal flooding and inundation due to
sea-level rise.136,137 But this is merely the beginning, as it is expected that,
without adaptation, 0.2 to 4.6 per cent of the global population will be
flooded annually by the end of this century, costing approximately 0.3 to 9.3
per cent of global gross domestic product.138

In undertaking hazard assessment, we need to keep in mind that because
sea-level rise occurs gradually, it behaves very differently from many other
hazards. Its impacts may not be immediately seen or coalesce around a single
sea-level rise event. Permanent flooding on land is a direct hazard caused by
sea-level rise; however, a number of indirect (secondary) hazards need to be
incorporated into the assessments. These include extended damage caused by
storm surges or saltwater contamination of fresh water sources.

Hazard assessment

Understanding disaster risk related to sea-level rise is essential to
understanding the scale of impact this hazard could have for a particular
locality. In the United States, the Mississippi River delta — including the city of
New Orleans - is already experiencing severe flooding. Other regions, such as
south-east Alaska, are not expected to experience rising sea levels until later
in the century.

The table below lists some resources that are currently available to assess the
risk of sea-level rise. It also provides links to sources on strengthening
disaster risk reduction governance to manage sea-level rise, on enhancing

134 Working Group I Contribution to the Fifth Assessment Report of the Intergovernmental Panel
on Climate Change. Climate Change 2013: The Physical Science Basis. Cambridge: Cambridge
University Press.

135 Nicholls, R. J. and A. Cazenave (2010). Sea-level rise and its impact on coastal zones.
Science, vol. 328, pp.1517-1520.

136 Church, J. A., N.J. White and J.R. Hunter (2006). Sea-level rise at tropical Pacific and Indian
Ocean islands. Global and Planetary Change, vol. 53, issue 3, pp.155-168.

137 Hamlington, B. D. and others (2014). Uncovering an anthropogenic sea-level rise signal in
the Pacific Ocean. Nature Climate Change, vol. 4, pp. 782-785.

138 Hinkel, J. and others (2014). Coastal flood damage and adaptation costs under 21st century
sea-level rise. Proceedings of the National Academy of Sciences 111, pp. 3292-3297.
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disaster preparedness for effective response and on guiding resilience
investment.

The global costs of protecting the coast with dikes alone are estimated to
range between US$ 12 billion and US$ 71 billion by 2100.5 While this
investment in disaster risk resiliency may appear costly, it is still much less
than the projected loss of gross domestic product - as forced migration of

between 1.6 million and 5.3 million people caused by sea-level rise, without
adaptation, is estimated to cost between US$ 300 billion and US$ 1,000
billion.13°

Description of National entities that most commonly have Examples of open
input data this data databases available
from international
sources
Rates of past National Oceanic and Atmospheric www.gloss-
sea-level Administration, sealevel.org/
change from British Oceanographic Data Centre
tide gauges WWW.psmsl.or
Sea-level United States National Aeronautics and Space www.nodc.noaa.go
altimetry data Administration v lliteD
jason/
Future sea-level United Nations Intergovernmental Panel on www.ipcc-data.org/
projections Climate Change
Sea-level United States National Park Service, United www.cakex.or
adaptation States Environmental Protection Agency,
strategies Australian Government Geoscience Australia  https://
0OzCoasts programme coastadapt.com.au/
Examples of weADAPT, a collaborative platform supported www.weadapt.org/
general by Sweden placemarks/maps
adaptation
projects https://
Ikit.clim V.

Table 1- Sources of data for sea-level rise risk assessment

Table 1 includes input data required for understanding disaster risk. However,
uncertainties exist that could influence the outcome of risk assessment. These
uncertainties can be due to the following:

* Choice of sea-level rise scenario (also known as greenhouse gas
concentration representative concentration pathways)140

139 A global analysis of erosion of sandy beaches and sea-level rise: An application of DIVA.
Global and Planetary Change (2013). vol. 111, pp. 150-158.

140 Van Vuuren, D. P. and others (2011). The representative concentration pathways: an
overview. Climatic Change, vol. 109, pp. 5-31.
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* Accuracy of the models used (to be specified by the authors of the
models)

* Secondary hazards (e.g. storm surge and groundwater intrusion) that
could provide a “tipping point” for reconstruction, adaptation, or
abandonment

* Willingness across all scales (intergovernmental, within the State,
community, individual) to invest in planning to manage risk.

Exposure and vulnerability assessment

It is estimated that US$ 9.6 trillion to US$ 11 trillion in global assets and 290

million to 310 million people live within the present-day 100 year flood zone.5
This number does not include those working within the coastal zone who could
be exposed to sea-level rise by 2100.

Neumann et al.141 offer four different scenarios under which demographic
data are combined with sea-level rise data to identify the most vulnerable
regions. People living in the coastal zone in China, India, Bangladesh,
Indonesia and Viet Nam are estimated to be most vulnerable due to
secondary storm surge hazards. Africa is also in a precarious position due to
its rapid population growth and urbanization in the coastal zone, which will
make Egypt and sub-Saharan countries in eastern and western Africa more
vulnerable to sea-level rise and its associated hazards. Prevention measures
and long term planning early on can help reduce vulnerabilities by retreating
from any zones of potential exposure. Funds should be secured for any critical
resources or infrastructure that cannot be moved but can be protected using
engineered methods (e.g. elevate roads and buildings).

Risk assessment use in national DRR measures

A number of national-level DRR measures are important for management,
after the risk of sea-level rise has been assessed.142 These measures include
the following:

* Promoting the collection of appropriate data and encourage the use of
standardized baselines for the periodic assessment of sea-level risk and
secondary hazards such as storm surge and groundwater intrusion.

* Adopting and implementing national sea-level rise plans that take into
account changes in sea level across multiple timescales and climate
change scenarios.

* Putting in place mechanisms to periodically assess and publicly report on
progress in implementing resiliency measures to address sea-level rise.

141 Neumann, B. and others (2015). Future coastal population growth and exposure to sea-level
rise and coastal flooding - a global assessment. PLOS ONE 10.

142 United Nations Office for Disaster Risk Reduction (2015). Sendai Framework for Disaster Risk
Reduction 2015-2030, p. 37.
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The reports should promote public scrutiny and be subject to institutional

debates, including by parliamentarians, as well as scientists from the
climate change arena.

Promoting the mainstreaming of sea-level plans and assessments that
include mapping and management strategies for rural development

planning and management of wetlands, coastal floodplains areas, and any

other areas prone to flooding.

Encouraging the revision of existing building codes to include the impact
sea-level rise in designated flood and storm surge zones; and assessing
buildings based on their adaptive capacity and ability to be relocated if
necessary.

Promoting cooperation among diverse institutions across multiple spatial
scales.

Promoting the inclusion of planning to adapt to sea-level rise into post-
storm and other post-disaster documents. This includes rebuilding based
on future shoreline positions.

Considering the relocation of public facilities and infrastructure.

of
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CASE
STUDY

Box 1
A case of country good practice: Australia

The Government is actively planning for sea-level rise. In 2015 the Department of the Environment
and Energy released its National Climate Resilience and Adaptation Strategy, which outlined the
following four priorities for national engagement: (a) understand and communicate, (b) plan and
act, (c) check and reassess and (d) collaborate and learn.

Managed retreat has been implemented in many parts of the country. Five guiding principles exist
for those attempting this strategy. Managed retreat may not be an option for many less
economically developed countries if they do not seek to establish and maintain protective coastal
ecosystems. Sea-level rise will continue to be a hazard in regions that promote population growth
along the coastline while ignoring the cumulative impacts of development and asserting political
pressure for coastal development.

Liability laws that favour developers also put those at risk, since many are unaware of their
potential future exposure to sea-level rise. The establishment of conditional occupancy rights
(managed retreat via compensation for present-day landowners to abandon future at risk property)
is one proposed technique to raise homebuyers’ awareness of this issue, although stakeholder
attitudes towards this approach vary.

Australia is an economically developed country, which makes adapting to sea-level rise easier
because it can afford to pursue a number of strategies such as seawalls, beach sand replenishment
and subsidized managed retreat to reduce the risk from sea-level rise and its associated secondary
hazards.

But a number of less economically developed countries are also leading the way in creating
strategies for reducing their sea-level rise risk. The Least Developed Countries Fund was established
to help enhance and adapt infrastructure and develop community-based projects that build

adaptive capacity across 51 least developed countries.




Resources for further information

Further information about understanding and preparing for sea-level risk:

The Potsdam Institute for Climate Impact Research has information on
the latest sea-level science, as well as links to ongoing global projects.

The United Nations Environment Programme offers information on
various adaptation and mitigation strategies related to climate change.
Links to information regarding finance tools to fund projects can be
found here: http://web.unep.org/climatechange/

The Pacific Climate Change Portal was established as a resource for
planners and managers so they could get information on projects,
country profiles and sources of finance for climate change-related
projects in the Pacific region.

* The EcoAdapt Climate Adaptation Knowledge Exchange (CAKE)
manages a global database of climate change-related adaptation case
studies, and as well as providing links to various tools :
www.cakeex.org
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The impacts of natural hazard events on chemical installations, pipelines,
offshore platforms and other infrastructure that process, store or transport
dangerous substances can cause fires, explosions and toxic or radioactive
releases.143 Although these “Natech” accidents are a recurring feature in many
natural disasters, they are often overlooked, despite the fact that they can
have major social, environmental and economic impacts.

They may cause multiple and simultaneous releases of hazardous substances
over extended areas, damaging or destroying safety barriers or systems, and
downing lifelines often needed for accident prevention and mitigation.

In addition, emergency responders are usually neither equipped nor trained to
handle several substance releases at the same time, in particular as they also
have to respond to the natural hazard event consequences in parallel.144,145,146

Because of the inherent multi-hazard nature, Natech risk assessment
concerns industry operators and authorities in charge of chemical accident
prevention and civil protection. Natech risk assessment and management
therefore requires a comprehensive understanding of the interdependencies of
human, natural and technological systems. Successfully controlling a Natech
accident has often turned out to be a major challenge - if not impossible -
where no prior risk assessment and proper preparedness planning had taken
place.

Sources and setting

Examples of recent major events that highlight the importance of the serious
consequences of Natech accidents include the 2002 river floods in Europe,
which resulted in significant hazardous substance releases, including
chlorine!4” and dioxins, the 2011 Tohoku earthquake and tsunami, which
caused a meltdown at a nuclear power plant and raging fires and explosions
at oil refineries,4® and Hurricane Sandy in 2012, which triggered multiple
hydrocarbon spills.

The Tohoku earthquake, in particular, is a textbook example of a cascading

143 Showalter, P.S. and M.F. Myers (1994). Natural disasters in the United States as release
agents of oil, chemicals, or radiological materials between 1980-1989: analysis and
recommendations. Risk Analysis, vol. 14, issue 2, pp. 169-182.

144 Krausmann, E., A.M. Cruz and E. Salzano (2017). Natech Risk Assessment and Management -
Reducing the Risk of Natural-Hazard Impact on Hazardous Installations. Amsterdam: Elsevier.

145 Girgin, S. (2011). The natech events during the 17 August 1999 Kocaeli earthquake:
aftermath and lessons learned. Natural Hazards and Earth System Sciences, vol. 11, issue 4, pp.
1129-1140.)

146 Krausmann, E., A.M. Cruz and B. Affeltranger (2010). The impact of the 12 May 2008
Wenchuan earthquake on industrial facilities. Journal of Loss Prevention in the Process Industries,
vol. 23, pp. 242-248.

147 Hudec, P. and O. Luks (2004). Flood at Spolana a.s. in August 2002. Loss Prevention Bulletin,
issue 180. Institution of Chemical Engineers, United Kingdom.

148 Krausmann, E. and A.M. Cruz (2013). Impact of the 11 March 2011, Great East Japan
earthquake and tsunami on the chemical industry. Natural Hazards, vol. 67, issue 2, pp. 811-828.
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risk, because the earthquake itself caused only limited damage owing to the
stringent protection measures in place. However, the tsunami and its impact
on a nuclear power plant resulted in the most severe technological disaster
ever recorded in the region and whose adverse effects still persist.

It does not necessarily require a major natural hazard event, e.g. a strong
earthquake or flood, to cause a Natech accident; it can be triggered by any
kind and size of natural hazard event. Consequently, Natech risks exist both in
developed and developing countries where hazardous industrial sites are
located in natural hazard regions. Industrial growth, climate change and the
increasing vulnerability of a society that is becoming more and more
interconnected will increase the likelihood and impact of such events in the
future.

Hazard assessment

Natech events are joint disasters that combine natural and technological
hazards and that feature very complex consequences owing to amplifying
effects between the two types of hazard. Adequate prevention, preparedness
and response are specifically needed, therefore, to prevent them and mitigate
their consequences.

Unfortunately, disaster risk reduction frameworks do not always consider
technological hazards and chemical accident prevention and preparedness
programmes often overlook the specific aspects of Natech risk. This results in
a lack of dedicated methodologies and guidance for risk assessment and
management for industry and authorities.

Adequate national-level Natech risk assessment is therefore important to see
the overall picture and pinpoint potential risk hotspots that require detailed
risk assessment. Many such potential hotspots, such as refineries,
petrochemical complexes, and oil and gas pipelines, are also considered
critical infrastructures. Consideration of Natech risk is required for their
effective protection. In this context, it is important to consider all natural
hazards that a hazardous installation can be subject to in a certain area.

Although the consequences of hazardous materials release are well known
and industrial practices exist to cope with most scenarios, including major
events, the cost of additional safety measures to reduce the Natech risk can
result in reluctance to accept that such risks exist and to act to reduce them.
This also means a limited amount of data from industry, which are required
for national risk assessment. Adequate legislative frameworks and their
enforcement should ensure that operators share information that is critical for
Natech risk assessment.
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Exposure and vulnerability

National Natech risk assessments should consider that major natural hazards
can impact large areas, affecting the population, the building stock, industry
and infrastructure. Potential multiple and simultaneous releases from various
installations and also from different parts of each installation, as well as the
possibility of on- and off-site secondary cascading (domino) events, should be
taken into account when assessing exposure.

Industrial facilities handling hazardous materials are inherent vulnerabilities
for the social system in which they are nested. If not managed well, not only
extreme events but also low-level hazards can generate broad chain effects if
vulnerabilities are widespread in the system and the risks are not handled
properly.149

By analysing past Natech accidents, conclusions were drawn concerning the
most vulnerable types of industrial equipment per natural hazard, common
damage and failure modes, and the hazardous substances mostly involved in
the accidents.150,151,152,153

149 Pescaroli, G. and D. Alexander (2015). A definition of cascading disasters and cascading
effects. Going beyond the “toppling dominos” metaphor. Global Risk Forum, Davos, Switzerland.

150 Cozzani, V. and others (2010). Industrial accidents triggered by flood events: analysis of past
accidents. Journal of Hazardous Materials, vol. 175, pp. 501-509.

151 Renni, E., E. Krausmann and V. Cozzani (2010). Industrial accidents triggered by lightning.
Journal of Hazardous Materials, vol. 184, pp. 42-48.

152 Krausmann, E. and others (2011). Industrial accidents triggered by earthquakes, floods and
lightning: lessons learned from a database analysis. Natural Hazards, vol. 59 (285).

153 Girgin, S. and E. Krausmann (2016). Historical analysis of U.S. onshore hazardous liquid
pipeline accidents triggered by natural hazards. Journal of Loss Prevention in the Process
Industries, vol. 40, pp. 578-590.
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Among the process and storage units commonly used by industry,
atmospheric storage tanks, especially those with floating roofs, appear to be
particularly vulnerable to natural hazards. This is critical from an industrial-
safety point of view, as these units usually contain large amounts of
flammable liquids that may ignite and escalate into major fires or explosions
during Natech accidents. The likelihood of ignition is high in earthquake- or
lightning-triggered Natech events.

Oil and gas pipelines transporting vast amounts of hazardous substances are
also vulnerable to natural hazards, especially at river crossings. Because the
pipelines are usually located in the countryside, detection of pipeline accidents
can be late, leading to major spills and significant economic damage. 6

Natech accidents may result in exposed areas that are much greater than for
ordinary industrial accidents. For example, if floods cause an overflow of
containment dikes at a facility, any released substances that would normally
be captured within the dikes can easily be dispersed by the flood waters and
contaminate the environment up to hundreds of kilometres through the river
network. In the case of earthquakes, cracks that occur on dike floors as a
result of ground movement may leak hazardous liquid substances that can
lead to significant ground water pollution.

The vulnerability of the population may also be significantly increased during
Natech conditions. For instance, when there is toxic atmospheric dispersion
caused by an earthquake, shelter might not be possible because of structural
damage to buildings. Also, evacuation from the location of an industrial
accident might not be feasible because of the blockage of escape routes by
debris or flooding. And residents might be reluctant to evacuate an area if
relatives are still trapped under the debris. Such factors should be considered
in undertaking exposure and vulnerability analysis.
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Natech risk assessment use in national DRR
measures

Risk assessment is a powerful tool for identifying hazards and estimating the
associated risk. Industrial risk assessment methodologies vary across
countries, ranging from fully quantitative to qualitative approaches. For
Natech risk assessment, existing methodologies need to be extended to
include equipment damage models for natural-hazard impact and the
possibility of multiple loss-of-containment events at several industrial units at
the same time.

Unlike many natural hazards, technological hazards are usually localized - an
aspect that needs to be considered in the national risk assessment. In order
to assess the Natech risk to a hazardous installation, operators should
determine if their site is located in a natural hazard zone and, if so, what the
expected severity of the natural hazards on the site would be.154

This needs to be followed by an analysis of which parts of the installation
would be affected and how, since not all equipment is equally vulnerable.
Priority should be given to the most hazardous equipment. The natural hazard
risks to these selected facilities should then be analysed. This analysis should
also include an assessment of the impacts of the natural events on the
prevention and mitigation measures in place. Once the potential
consequences have been assessed and a need for further risk reduction
identified, dedicated protection measures should be implemented. This
process requires a significant amount of input data. However, as much of this
information (natural risk maps, industry information) is already gathered in
the framework of the national risk assessment, these data could also be used
for the Natech risk assessment. Krausmann (2017)155 provides a detailed
discussion of the requirements and steps for Natech risk assessment. Risk
assessment methodologies and tools have inherent uncertainties that need to
be considered in the decision-making process.

A number of research and policy challenges and gaps exist that can prevent
effective Natech risk reduction. These include a lack of data on equipment
vulnerability against natural hazards, and the unavailability of a consolidated
methodology and guidance for Natech risk assessment, which has, for
instance, resulted in a lack of Natech risk maps.

The few existing Natech risk maps are usually only overlays of natural hazards
with industrial site locations and are therefore only Natech hazard maps.
Natech risk maps must also include an estimate of the potential

154 Krausmann, E. (2016). Natech accidents - an overlooked type of risk? Loss Prevention
Bulletin, vol. 250. Institution of Chemical Engineers, United Kingdom.

155 (2017). Natech risk and its assessment. In: Krausmann, E., A.M. Cruz and E. Salzano.
Natech Risk Assessment and Management - Reducing the Risk of Natural-Hazard Impact on
Hazardous Installations. Amsterdam: Elsevier.
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consequences, which may differ significantly from site to site. Attention should
be paid to the inherent limitations of existing equipment vulnerability models
from non-Natech applications if these are used to substitute for the missing
Natech models.

There is the misconception that engineered and organizational protection
measures in place to prevent and mitigate conventional industrial accidents
would be sufficient to protect against Natech events. But the very natural
event that damages or destroys industrial buildings and equipment can also
render unavailable the instrumentation (e.g. sensors, alarms), the engineered
safety barriers (e.g. containment dikes, deluge systems) and the lifelines (e.g.
power, water for firefighting or cooling, communication) needed for preventing
an accident, mitigating its consequences and keeping it from escalating.
Therefore, for effective Natech risk reduction, additional Natech-specific safety

measures need to be put in place to accommodate the characteristics of
Natech accidents.

The assessment of Natech risk can therefore be challenging, even for the
impact of a single natural hazard on a hazardous installation. Consideration of
multiple natural hazards and cascading events (e.g. domino effects) that may

involve multiple process units or installations at the same time is much more
difficult.

Currently no assessment tools exist to capture all aspects of Natech risks.
Recently, however, risk assessment tools and methodologies that can rapidly
estimate regional and national Natech risk have become available. These
include RAPID-N for semi-quantitative risk assessment!>6 based on natural
hazard information and the data on hazardous industrial installations entered
by the user, ARIPAR for a quantitative treatment of the problem157 and PANR
for a qualitative assessment methodology.158 Although still limited to selected
natural hazards and certain types of installations, the tools are in active
development to cover additional hazards and industries, and can significantly
facilitate national risk assessment studies.

Being an emerging risk - even in developed countries - national authorities
are still not assessing Natech risk comprehensively. Although there are no risk
assessments at country level, several national and international programmes
and regulations exist that require the operators of hazardous installations to
include Natech risks in their safety plans.

156 Girgin, S. and E. Krausmann (2013). RAPID-N: Rapid natech risk assessment and mapping
framework. Journal of Loss Prevention in the Process Industries, vol. 26, issue 6, pp. 949-960.

157 Antonioni, G. and others (2009). Development of a framework for the risk assessment of Na-
tech accidental events. Reliability Engineering and System Safety, vol. 94, issue 9, 1442-1450.

158 Cruz, A.M. and N. Okada (2008). Methodology for preliminary assessment of Natech risk in
urban areas. Natural Hazards, vol. 46, issue 2, 199-220.
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Box 1
Good practices for addressing Natech risk

European Union - Directive 2012/18/EC on the control of major-accident hazards involving
dangerous substances (Seveso III Directive), which regulates chemical accident risks at fixed
industrial installations, explicitly addresses Natech risks and requires the installations to routinely
identify environmental hazards, such as floods and earthquakes, and to evaluate them in safety
reports.

The inclusion of Natech risks in the Seveso Directive acknowledges that awareness of this risk has
been growing steadily in Europe since the Natech accidents during the 2002 summer floods.

Japan - The Law on the Prevention of Disasters in Petroleum Industrial Complexes and Other
Petroleum Facilities was updated after the Tokaichi-oki earthquake triggered several fires at a
refinery in 2003. Moreover, the amended Japanese High Pressure Gas Safety Law requires
companies to take any additional measure necessary to reduce the risk of accidents, and to protect
their workers and the public from any accidental releases caused by earthquakes and tsunamis.

United States - The State of California released the California Accidental Release Prevention
(CalARP) Program, which calls for a risk assessment of potential hazardous materials releases as
the result of an earthquake.

The Natech database eNatech is specifically designed for the systematic
collection and analysis of worldwide Natech accident data (available at http://
enatech.jrc.ec.europa.eu).

Rapid Natech risk assessment and mapping tool RAPID-N allows quick
regional and local Natech risk assessment, including natural hazard damage
assessment and accident consequence analysis with minimum data
requirements (available at http://rapidn.jrc.ec.europa.eu). (Requires prior
authorization).

The Natech addendum to the OECD Guiding Principles for Chemical Accident
Prevention, Preparedness and Response contains amendments to the original
guiding principles (available at www.oecd.org/chemicalsafety/gquiding-
principles-chemical-accident-prevention-preparedness-and-response.htm).

97



Authors:

Serkan Girgin, Amos Necci, Elisabeth Krausmann (Joint Research Centre)

Contributors and Peer Reviewers:

Ernesto Salzano (University of Bologna

98



10. Tropical Cyclone (To be completed






