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Foreword

CROSQ, the CARICOM Regional Organisation for Standards and Quality, was established in 2003 by a
Caribbean Community (CARICOM) treaty as an Intergovernmental Organisation and the regional centre for
promoting efficiency and competitive production in trade and services, through the process of standardisation
and the verification of quality.

This Standard was developed under the Project "Regional Disaster Risk Management for Sustainable
Tourism in the Caribbean" (ATN/OC-10085-RG). The project was implemented over the period of January
2007 to June 2010, by the Caribbean Disaster Emergency Response Agency (CDERA) with the support of the
Inter-American Development Bank (IDB), and in collaboration with the Caribbean Tourism Organization (CTO),
the CARICOM Regional Organization for Standards and Quality (CROSQ), and the University of West Indies.

This document was produced according to the ISO standard template "STD template, version 2.1", in
conformity with the ISO/IEC Directives, Part 2, 2001.
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Symbols and abbreviations

SYMBOLS

D Consequence (damage or loss)

£ Protection factor

i Used as subscript, refers to a vulnerable object
I Intensity of a hazard

j Used as subscript, refers to a hazard scenario
P Probability of occurrence

R Risk (object or total risk)

T Return period of a hazard

4 Physical vulnerability of an object

w Market value of a vulnerable object
ABBREVIATIONS

CDEMA Caribbean Disaster Emergency Management Agency
CHTA Caribbean Hotel and Tourism Association

CTO Caribbean Tourism Organization

DRM Disaster Risk Management

GDP Gross Domestic Product

GIS Geographic Information System

1DB Inter-American Development Bank

IPCC Intergovernmental Panel on Climate Change
ISDR International Strategy for Disaster Reduction
NOAA National Oceanic and Atmospheric Administration
UNWTO United Nations Word Tourism Organization
uwi University of the West Indies
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Summary

The Caribbean is the most tourism dependent region in the world, and natural hazards cause approximately
300 million US$ of losses to tourism and a similar amount to the connected economies every year. The
continuous concentration of assets and the accentuation of the hazard situation due to climate change will
lead to an even more critical situation in the future. It is thus imperative for Caribbean tourism to dispose of
procedures to assess the risks it is exposed to due to natural hazards.

This Standard defines and describes the procedures for assessing risks due to natural hazards in the tourism
sector in the states of the Caribbean Community (CARICOM), following a probabilistic approach. The
document is structured into two parts, addressing non-technical (Part A) and technical audiences (Part B).

Part A - Introduction presents an overview of the context of tourism and natural hazards and risks for a non-
technical audience. The introduction is composed of the following elements.

o A rationale for developing this Standard (— section 1) is presented, analysing the economic
importance of tourism for the Caribbean, its structure and the situation concerning the major natural
hazards.

¢ The specific vulnerabilities of tourism in the Caribbean (— section 2) are analysed addressing the
particular characteristics of Caribbean tourism in combination with respect to the hazard situation.

e The impacts of climate change on the occurrence and characteristics of natural hazards in the
Caribbean (— section 3) is discussed, as well as its likely consequences for tourism. IPCC's adaptation
option and strategy, underlying policy, framework and key constraints, and opportunities to
implementation are briefly discussed.

e The general context and meanings of the key terms of hazard, vulnerability and risk are explained and
the relative representations on maps are discussed (— section 4).

¢ The concerns addressed by the Standard (— section 5) are outlined, emphasizing the key
characteristics of the Standard: estimation of specific risks, comparability of risks, standardization of
assessment procedures, and standardized representation of results.

o The current status of risk oriented maps and assessments in the Caribbean (— section 6) is
reviewed focusing on initiatives of storm-related, flood, and seismic hazard maps, vulnerability
assessments, and digital maps produced in the region.

o Similar initiatives of risk assessment (— section 7) on the local, regional and global scale are briefly
reviewed.

o Examples of databases on natural hazards, events and hazard maps, with regional and world-wide
coverage (— section 8) are presented in order to gain a quick overview of the regional hazard situation in
the Caribbean.

e The linkage of the Standard to the accompanying Strategy (— section 9) is discussed, addressing the
major connections between the two initiatives.

Part B — Standard presents the Standard itself and is intended for a technical audience that applies the
Standard for assessing risks in the tourism sector. The presented procedure is modular and open. Most of the
modules can be evaluated individually and, if necessary, elements and procedures of the assessment can be
replaced, and additional elements can be added. The assessment can be performed at different map scales —
site specific, local, and regional and aims at a quantitative description of risks.

© CROSQ 2009 - All rights reserved Vil
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The Standard addresses total risks, its smallest unit is the object risk. The Standard follows a bottom-up
strategy, focusing primarily on the assessment of the direct damages and indirect losses of the facilities of
tourism and secondarily on larger-scale effects, such as macro-economic effects.

The Standard considers the major hazards in the Caribbean. Of the hydrometeorological (hurricanes,
storm surges, wind storms, floods) and geological hazards (volcanic activity, earthquakes, mass
movements, tsunamis) mentioned in the accompanying Strategy, assessment procedures are given for
hurricanes, storm surges, floods, and earthquakes. Further hazards can be added later on, specifying the
necessary data and procedures for their assessment.

The general concept of the Standard is explained (— section 10), introducing the formula for
probabilistic risk quantification and its relative components, the applicability, intended audience,
beneficiaries, limitations and uncertainties of the Standard, its review cycles, the terminology used, and
the necessity to document natural hazard events as a basis for future analysis.

The Standard reflects the multi-step and multi-disciplinary character of rigsk assessment, and is structured into
five major parts (— section 11):

®

Definition of objectives and scope (— section 12). Initially, the objectives of risk assessment must be
defined, addressing motivation, scope, level of detail, scale of assessment, as well as expected results.

Analysis of hazards (— section 13). The natural hazards are identified according to their importance in
the study area and analysed to determine their relative degree of hazard, which can be displayed on
maps. Risk analyses are carried out according to risk scenarios, characterised by specific hazard
intensities and probabilities of occurrence.

Analysis of vulnerabilities (— section 14). The elements at risk due to natural hazards are to be
identified and their vulnerability and expected damage determined according to the hazard intensity.
Elements at risk are installations and essential infrastructures of tourism, people and communities,
environmental assets, and connected economic activities.

Calculation of risks (— section 15). Risks are a consequence of the superposition of hazards on
vulnerable objects. They can be calculated and compared to each other, to risks of other nature and
compared to predefined levels of risk acceptance and tolerance.

Representation of outcomes (— section 16). The Standard specifies how the outcomes of risk
assessment are to be documented in reports and displayed maps, suggesting layout, scale, colours to be
used for the maps of hazards, vulnerable elements and risks.

A quick overview of the situation concerning natural hazards in the nations of the Caribbean can be gained
using the supplied tabular summary (— Annex A). A synthesis of the proposed risk assessment procedure is
given (— Annex B), as well as a short example of risk assessment (— Annex C). The documentation of
natural hazard events and their consequences is an essential prerequisite for conducting risk assessments.
The Standard supplies a form for the standardized documentation of natural hazard events for future analysis
(— Annex D). A glossary explains the terms that are used in the document (— Annex E).

viii
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Part A - Introduction

1 Caribbean tourism and natural hazards — Rationale for a standard

The Caribbean is particularly prone to natural hazards, such as hurricanes, earthquakes, floads, volcanic
eruptions, drought, and mass movements. Figure 1 illustrates the impacts of natural hazards, in terms of
number of people affected, number of people killed, and economic damage caused in the past decades in the
Caribbean region. The clear general trend to increasing consequences, which can be observed in the graph,
is mainly due to the increasing number of people and assets exposed, particularly in areas which are highly
prone to natural hazards.
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Figure 1 — Evolution of natural hazard impacts in the Caribbean per decade [30].

Since 1980 events of natural hazard such as hurricanes, storm surges, floods and landslides have caused in
the Caribbean region US$8 billion in direct damages and possibly a similar or larger amount in indirect losses
through, for example, loss of markets due to a reduced number of visitors. Natural hazards have been
identified as one of the principal factors that affect the industry.

Tourism in the Caribbean has its roots in the late 18" century, the Bath Hotel was the first to open in 1778 in
Nevis. Early tourism was limited to the winter season, less focused on beaches, but rather on the health
benefits of the sea. Early tourists were wealthy people, the introduction of regular international flights in the
1960’s brought a less exclusive form of tourism, alongside the luxury market. The development of these
activities required large investments in infrastructures, not only hotel buildings, but also roads, sea and
airports, drinking water and sewage treatment plants, landfills, and energy and communication infrastructure.
Mass tourism became important in the 1980's, when multinational organizations such as hotel chains and tour
operators began to show serious interest in the region.

From early initiatives to today, tourism has grown to the most important industry in the region, which interferes
with nearly any other sector. Today, the Caribbean is the most tourism-dependent region in the world.
According to the World Tourism and Travel Council, in 2004, travel and tourism in the Caribbean accounted
for 16% employment, 15% Gross Domestic Product (GDP), 22% capital investment, 18% total exports, and
9% government expenditure. The prognosis for the sector is that it could account for an estimated US$10
billion of regional GDP in 2005, increasing this contribution to regional economic growth to approximately
US$20 billion by 2015. The Caribbean Tourism Organization reports 22.7 million stop-over tourist arrivals and
19.2 million cruise ship passenger visits in 2007 with an increase of 19.4% and 20.7%, respectively, in the
period 2002-2007.

According to the Caribbean Tourism Organization (CTO), the tourism industry can be divided into eight sub-
sectors:

© CROSQ 2009 - All rights reserved 1
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e Accommodation. Large, medium and small hotels, non-hotel accommeodation such as villas, bed and
breakfast establishments, and campsites.

¢ Food and beverage. Restaurants, coffee shops, dining rooms, fast food ouilets, pubs, lounges,
nightclubs, cabarets, catering establishments, and specialty shops.

¢ Transportation. Air carriers, bus and tour companies, cruise lines, car rentals, recreational vehicles,
taxis, and gas stations.

e Attractions. Museums, galleries, heritage/historical sites and parks, gardens, amusement/recreation
parks, interpretive centres, and native/cultural/industrial/eco-tourism.

¢ Adventure tourism. Air carriers, golfitennis facilities, parks, fishing facilities, cruise lines, hunting
facilities, car rentals, adventure tourism, recreational vehicles, marine facilities, and taxis.

e Events and conferences. Special events/carnival/cricket, meetings/conferences/conventions, festivals,
trade shows/marketplaces, fairs and exhibitions.

e Travel trade. Travel agencies, tour wholesalers, tour operators and tour guides.

e Tourism services. Government tourism departments, information centres, research services, reservation
services, advertising agencies, trade press, marketing, professional associations, consultants, tourism
educators, tourism suppliers and retail operations.

The current economic structure of the Caribbean is illustrated in Figure 2, showing the interconnection of

tourism and travel with other sectors, such as agriculiure, construction, transport, communications, finance,
insurance, real estate, and business services. In 2005 tourism accounted for 28% of the Caribbean GDP.
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Figure 2 — Gross domestic product of the Caribbean [29],

The major natural hazards in the Caribbean [48] are linked to the formation of tropical cyclones that develop
into a number of tropical storms and hurricanes each year with heavy winds and rainfall, causing coastal
storm surges and coastal erosion, inland flooding and landslides. The tectonic situation of the Caribbean,
located at the boundaries of the tectonic plates of North- and South-America, the Caribbean, Nazca, and
Cocos, is responsible for geological hazards with a regional extent: Earthquakes, volcanic activity and
tsunamis.

Figure 3 shows the relative occurrence of natural hazard phenomena of a total of 399 events registered in the

international hazard database EM-DAT [30] for the period 1950-2008 in the Caribbean. The graph identifies
hydrometeorological hazards as the most frequent phenomena. Intense tropical cyclones are generally
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accompanied by wind storms and storm surges (60%) and cause floods (25%), followed in the statistics by
drought (5%). Geological hazards are less frequent: most important are earthquakes (3%), followed by
volcanic activity (2%) and landslides (1%). Landslides are often triggered by heavy rainfall, thus directly linked
to tropical cyclone activity and floods. Other hazards of natural cause are epidemic (3%) and wild fires (1%).
They are not treated in this Standard.

Caribbean: Natural hazards 1950-2008
Drought  Earthquake

Epidemic

Wind Storm_—" N Landslides

60% \
Q\!V\Valcano

WildFires 2%
1%

Figure 3 — Relative distribution of natural hazard phenomena in the Caribbean 1950-2008 [30].

A more detailed geographical distribution of the hazard situation in the Caribbean can be drawn from Annex A,
which addresses the hazard situation in the Caribbean for hydrometeorological hazards (tropical cyclones,
storm surges, tornadoes, and drought) and geological hazards (earthquakes, volcanic activity, tsunamis, and
landslides):

Tropical cyclones are important in the whole region, particularly in those areas located at the major hurricane
routes, resulting in a tropical cyclone threat of storms of maximum Saffir-Simpson scales (SS) of SS1 to SS4
for a 100-year storm. Hardly touched by this phenomenon is the southern part of the Caribbean (French
Guiana, Guyana and Suriname).

In the period 1851-2008 a total of 1010 tropical cyclones (fropical storms and hurricanes) were observed in
the Caribbean, 406 in the period 1944-2008 [64]. On the average about six tropical cyclones occur every year,
three develop into hurricanes (of which one into a severe hurricane of Saffir-Simpson scale SS3 to SS5), and
three remain on the level of a tropical storm. The Eastern Caribbean is less touched by the phenomenon than
the Western Caribbean, and particularly the Bahamas. Most affected is the island of Abaco in the Bahamas
(18 severe hurricanes since 1851), even though in the last 60 years there were only four. Since 1944 St. Kitts
and Cuba were most prone to severe hurricanes (7).

Storm surges are due to a combination of tropical cyclone activity and unfavourable coastal topography and
near-coast bathymetry. Less prone to this phenomenon are Trinidad and Tobago, Cuba, Belize, French
Guiana, Guyana, Dominican Republic, and Suriname.

Tornadoes are a topic for the whole region, particularly in the northern part of the Caribbean (Dominican
Republic, Cuba, Haiti, Jamaica, Cayman Islands, Belize, Puerto Rico, and Bahamas).

Floods are an issue for the whole area, particularly in regions with larger river networks and elevated tropical
storm activity (French Guiana, Suriname, Dominican Republic, Belize, Cuba, Guyana, and Haiti).

Drought is a topic in the smaller island states predominantly made of limestone and with reduced vegetation
(Cayman Islands, St. Kitts and Nevis, Anguilla, British Virgin Islands, Virgin Islands, Turks and Caicos Islands,
Antigua and Barbuda, and Bahamas).

Earthquakes are important for the whole region, particularly where the tectonic situation (at the northern -
Puerto Rico and Cayman trenches - and southern borders of the Caribbean tectonic plate) or volcanic activity
(volcanoes of the West Indies) trigger the phenomenon (Dominican Republic, St. Kitts and Nevis, Montserrat,
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Guadeloupe, Anguilla, British Virgin Islands, Virgin Islands, Antigua and Barbuda, Jamaica, Trinidad and
Tobago, Puerto Rico, Haiti, Dominica, St. Lucia, Martinique). For the Caribbean earthquakes intensities range,
on the Modified Mercalli scale (MMI), from MMI V to MMI IX for an earthquake with a 475-year return period.

The biggest earthquake known in the Eastern Caribbean occurred in 1843 and was felt from St Kitts to
Dominica. The English Harbour of Antigua was destroyed, and in Point a Pitre (Guadeloupe), all masonry was
destroyed. The fatalities were 5000 in Guadeloupe, 30 in Antigua, 6 in Montserrat and 1 in Dominica. Also
Jamaica has a long history of earthquakes. Port Royal (Jamaica) was nearly completely destroyed by an
earthquake in 1692, killing more than 200 people. More recently earthquakes occurred in 1902 and in 1993
when earthquakes of 5.3 magnitude caused only miror damage. In 1997 a series of earthquakes affected the
southern Caribbean, particularly Trinidad and Tobago. The events caused damage to buildings and other
property in Tobago. The damage was estimated at approximately US$ 3 million and about 200 people were
affected.

Volcanic activity is an important hazard in the West Indies (St. Kitts and Nevis, Montserrat, Grenada,
Dominica, St. Lucia, St. Vincent and the Grenadines, Martinique, Guadeloupe), where several historically
active volcanoes are located.

While several islands of the West Indies show signs of volcanic activity, Soufriere Hills (Montserrat) is
currently the only erupting volcano. The submarine volcano Kick'em Jenny, located eight kilometres north of
Grenada, is the most active in the past century with approximately 11 eruptions since it was identified in 1939.
In 1902 Mont Pelé (Martinique) erupted and a pyroclastic flow destroyed the town of St. Pierre, killing its
28000 inhabitants. Volcanic eruptions occurred in 1902/03 on St. Vincent (Soufriere), causing more than 1500
victims. Soufriere erupted again in 1979. Soufriere Hills (Montserrat) began its activity in 1995, and in 1997 a
pyroclastic flow caused up to 20 deaths and made most of the island inhabitable, leading to a severe
disruption of the economic life of Montserrat.

Tsunamis are a threat to coastal regions, particularly gulfs, bays, and estuaries. Particularly prone are
coastlines with low topography and unfavourable geographic orientation towards tsunami-generating areas of
elevated seismic or volcanic activity. Caribbean areas which are prone to tsunamis are St. Kitts and Nevis,
Montserrat, Anguilla, Antigua and Barbuda, Dominica, St. Lucia, Grenada, and St. Vincent and the
Grenadines.

The Leeward earthquakes of 1690 and 1843 generated tsunamis with only minor impact. The Lisbon
(Portugal) earthquake of 1755 caused a tsunami which crossed the Atlantic ocean and reached Antigua,
causing a flood wave of less than two meters. The earthquake of November 18, 1867 may have caused up to
20 fatalities on the Virgin Islands, even though it is not clear if these victims are to be attributed to a hurricane
which occurred a few days before the tsunami. In 1918 a tsunami, generated by a 7.5 magnitude earthquake,
caused up to 40 deaths in Puerto Rico. More recently the submarine volcano Kick'em Jenny, located 8
kilometres north of Grenada, generated at least two tsunamis during periods of increased activity in 1939 and
1965.

Landslides are a significant process for the Caribbean region. Only in areas with low relief and limestone
bedrock such as the Cayman Islands or the Bahamas can the process be considered irrelevant [25]. Erosional
processes such as coastal wave action and stream erosion provide a continuous means for maintaining many
slopes at critical inclinations. Tectonic and volcanic activity contributes lithologic and stratigraphic conditions
favouring the occurrence of landslides.

Fatalities, injuries and damage to infrastructures are attributable to landslide in the Caribbean. In 1938, three
debris flows in two days in Ravines Poisson and Ecrivisse (St. Lucia) killed 60 people and injured 32 others,
estimates of the missing ranged as high as 250. In 1985, the catastrophic landslide in the Mameyes district of
Ponce (Puerto Rico) claimed the lives of at least 129 people. Smaller landslides causing fewer individual
fatalities yield a tragic toll over time. Between 1925 and 1986, 25 people in Dominica lost their lives due to
landslides in five separate events [25].

The considerable exposure of the Caribbean to natural hazards, its high economic dependence on tourism
and its vast interconnection with other industry sectors present a situation of considerable risk for the
Caribbean as a whole. A detailed insight into the risk situation must thus be developed using the structured
and modular approach of risk assessment, as proposed by this Standard.
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The risks to tourism due to natural hazards can be addressed and quantified by standardized procedures
across the Caribbean. Standardized procedures for the assessment of risks due to natural hazards in the
region, including hazard mapping, vulnerability and risk assessment, can facilitate the regional approach to
disaster risk prevention and response for the sector, and enable comparability of risks and quantification of
losses across the region for the tourism sector.

2 Specific vulnerabilities of tourism in the Caribbean

Tourism in the Caribbean has specific vulnerabilities, due to the region’s exposure to distinct natural hazards
and its specific characteristics, such as the typical location of tourism atiractions, infrastructures, and
economies that are directly and indirectly linked to tourism. The elevated dependence of the Caribbean on a
single economic sector, tourism, makes it particularly vulnerable to episodic disturbances of this sector,
caused by natural or other hazards.

The major hazards present in the Caribbean are mainly of hydrometeorological and geological origin. Tropical
cyclones cause heavy winds and rainfall. Connected phenomena are inland floods and storm surges. The
tectonic set-up of the region causes seismic and volcanic activity. The resulting loads and actions on built
structures, facilities and infrastructures, and the impacts on the environment are caused particularly by wind,
flooding and ground motion. ‘

Caribbean tourism is mostly coast-oriented, with beach and water activities (boating, diving and fishing),
making tourists, people active in tourism, facilities of tourism, and directly related infrastructures particularly
vulnerable to ocean- and coast-related hazards, storm surges and tsunamis and related phenomena, such as
coastal erosion. Coastal tourism facilities are also at higher risk concerning earthquakes, since often located
in coastal areas and founded on loose sandy ground, thus highly susceptible to earthquake-aggravating
phenomena such as soil liquefaction.

Climate change is likely to aggravate the hazard situation in the future, given the forecasted impacts for the
Caribbean [44]: Sea level rise, increased atmospheric temperatures, and changing pattern and general
decrease of precipitations. Sea level rise will increase tourism's vulnerability towards coastal hazards (storm
surges, tsunamis, and coastal erosion), changing patterns and net decrease in rainfall will make it more
vulnerable to water quantity- and quality-related issues such as drought. A hotter atmosphere will lead to more
extreme atmospheric phenomena and increased occurrence of intense tropical cyclones. See section 3 for a
more detailed discussion of the challenges for tourism from climate change and proposed mitigation strategies.

3 Impacts of climate change

"Tourism contributes to global warming, and, at the same time, is a victim of climate change”, as recognized
by the secretary general of the World Tourism Organization (UNWTQ) [69]. How is climate change going to
alter the hazard situation in the Caribbean? And how is the impact on tourism going to be? Global warming
induced climate change is likely to aggravate the situation of hydrometeorological hazards, particularly the
occurrences and characteristics of tropical cyclones, storm surges, floods, drought, and other coastal hazards,
such as coastal erosion, and of water related and triggered geological hazards, such as landslides.

The 4™ IPCC report [44] particularly addresses the impacts of climate change on small island states, the
reality of most Caribbean states, as:

+ Sea level rise is expected to exacerbate flooding, storm surge, erosion and other coastal hazards, thus
threatening vital infrastructure, settlements and facilities that support the livelihood of island communities.

+ Deterioration in coastal conditions, for example through erosion of beaches and coral bleaching, is
expected to affect local resources.

o By the middle of the 21 century, climate change is expected to cause a reduction in water resources in
many small islands, to the point where they become insufficient to meet demand during low-rainfall
periods.

e With higher temperatures, increased invasion by non-native species is expected to occur, imposing a
challenge on agriculture and food production.
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e Altered frequencies and intensities of extreme weather phenomena, together with sea level rise, are
expected to have mostly adverse effects on natural and human systems.

The impacts that may arise from climate change for the tourism industry in such a context can be
summarized as [44]:

¢ Increased temperature leads to reduced energy demand for heating, but increased demand for cooling,
and declining air quality in cities.

e Heavy precipitation events cause disruption of settlements, interruption of commerce, transport,
increasing pressure on infrastructures, and causing loss of property.

e The areas which are affected by drought will increase. Water shortages will be more frequent.

e Increased tropical cyclone activity leads to disruption by flooed and high winds, causing increased loss of
property, motivating the withdrawal of risk coverage in vulnerable areas by private insurers.

e Increased incidence of extreme high sea level will motivate relocation of infrastructure to higher elevations
(cost of coastal protection versus cost of relocation).

The consequences of climate change for the Caribbean and its tourism industry pose an important challenge
for the decades to come. How can tourism react to mitigate the impacts of climate change? IPCC [44]
identifies the key adaption strategies and underlying policy frameworks as well as the main constraints and
opportunities, as:

+ Adaptation option/strategy. Tourism should aim at a diversification of its attractions and revenues.

¢ Underlying policy framework. Integrated planning (e. g. carrying capacity; linkages with other sectors);
financial incentives, e. g. subsidies and tax credits.

e Key constraints and opportunities to implementation. Appeal/marketing of new attractions; constraints
are financial and logistical challenges; potential adverse impact on other sectors. Opportunities are
revenues from "new" attractions; involvement of wider group of stakeholders.

4 What is risk? The context of hazard, vulnerability and risk

The terms of hazard, vulnerability and risk can be used in differing contexts, and apply to situations of natural,
but also technological or industrial threats (safety of nuclear power and chemical plants), from where the
discipline of risk analysis actually derives. There exists a widespread confusion on the terms, their definition,
description and the various instruments and products in the context of disaster risk management. Using well
established definitions avoids misunderstandings. Whenever possible, the definitions by ISDR ([67],[68]),
listed in Annex E, are used in this document.

The most important terms in the context of hazard, vulnerability, and risk are shortly explained below [76].

Hazard. "A dangerous phenomenon, substance, human activity or condition that may cause loss of life, injury
or other health impacts, property damage, loss of livelihoods and services, social and economic disruption, or
environmental damage”. Each hazard is characterized by its location of occurrence, intensity and probability.
Natural hazards are hazards of natural origin. There are a number of ways to display natural hazards on maps.

o Event maps are cartographic representations of event registers, showing the records of past natural
hazard events and their key characteristics, such as type of phenomena, location and date of occurrence.
Event maps give a first overview of the hazard situation in an area, and are the basis for the elaboration of
other hazard maps.

e Hazard indication maps (or hazard index or danger maps) show the spatial extent of a phenomenon,
indicating the areas possibly affected by an extreme event. They provide an overview of the hazard
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situation, in terms of the area where a phenomenon, such as flood, might occur. This type of hazard
representation is often used as a basis for planning purposes.

» Hazard maps show the spatial extent, type of hazard and degree of hazard (magnitude and frequency of
a hazard process). They serve as a management tool for land use planning (usually at the local or
municipality level), for planning structural and non-structural protection measures, emergency planning,
and monitoring. Hazard maps are the basis for quantitative risk assessment.

Vulnerability. "The characteristics and circumstances of a community, system or asset that make it
susceptible to the damaging effects of a hazard." There are many aspects of vulnerability, arising from various
physical, social, economic, and environmental factors. Examples may include poor design and construction of
buildings, inadequate protection of assets, lack of public information and awareness, limited official recognition
of risks and preparedness measures, and disregard for sustainable environmental management. Vulnerability
can vary significantly within a community and over time. This definition identifies vulnerability as a
characteristic of the element of interest (community, system or asset) which is independent of its exposure.
Physical vulnerability is the degree of loss resulting from a hazard process and is usually expressed in terms
of percentage, ranging from 0% (no damage) to 100% (complete damage).

Vulnerability maps can show various aspects of vulnerability, such as population density, overall living
condition (e. g. poverty, income, employment, health, and education), water and sanitation, and condition of
structures. They are used as a tool for emergency and priority setting, and land use planning. Vulnerability
maps are necessary for quantitative risk assessment.

Risk. "The combination of the probability of a hazard event and its negative consequences.” The term risk has
two distinctive connotations: in popular usage the emphasis is usually placed on the concept of chance or
possibility, such as in “the risk of an accident”; whereas in technical settings the emphasis is usually placed on
the consequences, in terms of potential losses for some particular cause, place and period. It can be noted
that people do not necessarily share the same perceptions of the significance and underlying causes of
different risks.

There are several additional terms that are often used in the context of risk. Acceptable and tolerable risks are
the risks, a community is willing to accept or tolerate. Risk management is a procedure to identify and assess
risks. Disaster risk reduction is a set of measures that aim at the reduction of risks. Residual risk is the risk
that remains after the implementation of risk reduction measures.

Risk maps show areas of comparable risk. OQutcomes of risk analyses may be expressed in a qualitative (e. g.
low, medium, high), or a quantitative classification way (damage per area, damage per year, number of
fatalities per area per year).

Damages and losses. The consequences that the occurrence of hazards cause on vulnerable objects can be
described in terms of damages and losses. According to the ECLAC handbook [28] the consequences are
described as direct damages, indirect losses, and macroeconomic effects. Direct damages are directly
connected to the occurrence of a natural hazard and are damages to the building stock, infrastructures and
the environment. Indirect losses are the consequences which may be noticeable only after days or weeks
after the occurrence of an event. They are social and economic consequences, such as a decrease in
economic activity due to reduced tourist arrivals or generally a reduced functioning of the economic sectors
that are touched. The macroeconomic effects aim at the larger picture of the effects of natural hazards,
addressing issues such as the decrease in GDP or other large-scale indicators of the economic conditions of
a country or region. The extent of damage and loss is controlled by the magnitude of the damaging process
and the vulnerability of the elements at risk, thus relating risks to hazards and vulnerability.

Resilience. The ability of a system, community or society exposed to hazards to resist, absorb, accommodate
to and recover from the effects of a hazard in a timely and efficient manner, including through the preservation
and restoration of its essential basic structures and functions. Resilient tourism suffers only for a relative short
period of time from the consequences of the occurrences of natural hazards. The capability to quickly find
back to normality depends on the availability of the necessary operative and organizational resources before,
during and after a hazardous event.
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5 Concerns addressed by the Standard

Natural hazards cause direct damages and indirect losses to tourism, the most important economy of the
Caribbean and connected sectors. The impacts of natural hazards on tourism can be addressed by risk
assessment, a structured approach that helps to identify objects at risk and determine the expected impacts in
terms of people and values at risk. The Standard addresses the following concerns in risk assessment for
tourism in the Caribbean.

o Estimation of specific risks. The tourism sector in the Caribbean needs to gain knowledge of what kind
of risks due to natural hazards it is exposed to, and to what extent. The Standard focuses on natural
hazards and tourism, considering direct damages and indirect losses to values and lives at risk.

o Comparability of risks. Identified and assessed risks must be comparable throughout the region in order
to give a homogenous view of the risk situation. The Standard presents procedures to evaluate risks,
resulting in comparable findings.

e Standardization of assessment procedures. Standardized and comparable results depend on defined
procedures for the assessment of hazards, vulnerabilities and risks. The Standard presents the necessary
information on how to conduct the partial aspects of risk assessment.

e Standardized representation of results. The Standard gives guidelines on how the outcomes of risk
assessment are to be represented on maps and documented in reports.

6 Current status of risk oriented maps and assessments in the Caribbean

Many initiatives have been conducted in the past in the area of risk oriented mapping and assessments in the
Caribbean. CDERA conducted in 2003 an assessment on the status of hazard maps, vulnerability analyses
and digital maps in 20 countries of the Caribbear ([20],[21]). These efforts partly present the basis for
conducting risk assessments and are reviewed. A document with an example of good practice concludes the
review.

The analysis were carried out on the situations of Anguilla, Antigua and Barbuda, The Bahamas, Barbados,
Belize, The British Virgin Islands, Dominica, Grenada, Guyana, Jamaica, Montserrat, St. Kiits and Nevis, St.
Lucia, St. Vincent and the Grenadines, Trinidad and Tobago, Turks and Caicos Islands, Haiti, Martinique,
Suriname and Puerto Rico.

Hazard maps. Two approaches to hazard mapping have been carried out in the Caribbean: at a region-wide
and local scale. Region-wide analyses and mappings were applied to hazards with a regional extent and
effect, such as wind, storm surge and earthquakes. Local analyses and mappings were carried out for less
extent hazards, such as floods, landslides, volcanic activity and coastal erosion.

The current state concerning the most common hazards, such as storm related hazards (wind and storm
surges), floods and earthquakes are described in more detail below. The situation can be summarized as
follows.

o Storm related hazards (wind, storm surges). \Wind and storm surge maps in sufficient quality are
available at a regional and sub-regional scale for the Caribbean. For local assessments more detailed
assessments must be conducted in order to consider local topographic effects.

e Floods. The situation concerning flood maps is not satisfactory and is generally suffering from the lack of
the availability of detailed topographic maps and common assessment procedures.

e Earthquakes. Seismic hazard maps are available at the regional scale with a sufficient detail in terms of
peak ground acceleration. While the situation is satisfactory at a regional to sub-regional scale, at the local
scale soil maps are necessary to estimate degradation due to local soil conditions.
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6.1 Storm-related hazard maps

Storm hazard maps address phenomena related to tropical cyclones, such as heavy wind, waves and storm
surges. Regional storm-related wind, wave and storm surge hazard maps were created within the Caribbean
Disaster Mitigation Project CDMP [23]. The resulting hazard maps have a 1 kilometre resolution, hazards are
expressed as maximum wind speeds, storm surge heights and wave heights for return periods of 10, 25, 50
and 100 years. Island specific elaborations were carried out for Anguilla, Antigua and Barbuda, Barbados,
Belize, Dominica, Dominican Republic, Grenada, Haiti, Jamaica, Montserrat, St. Kitts and Nevis, Saint Lucia,
St. Vincent and the Grenadines, Tobago, and the Virgin Islands.

An additional source of storm related hazard maps with a world-wide coverage is NATHAN [49]. It presents a
world-wide map of wind storm, expressing wind hazard in terms of probable maximum intensity of Saffir-
Simpson hurricane scale with an exceedance probability of 10% in 10 years, equivalent to a 100-year storm.

Good practice. An example of good practice of wind storm mapping is given in [19], which describes the
methodology for storm hazard mapping used to create wind, wave, and storm surge hazard data sets for Sain
Lucia and the Ambergris Caye/San Pedro region of Belize. The methodology used is very similar to that used
in the CDMP project.

6.2 Flood hazard maps

Generally, floods have a rather local geographical extent, but are the most comman hazard in the Caribbean.
Floods are often caused by heavy rainfall during tropical cyclones. The knowledge of local topography is
crucial for the propagation of floods, so mappings should occur at a local scale of 1:25'000 or below.

According to CDERA [20], Jamaica is most flood-affected and has undertaken most flood-mapping initiatives,
conducted at local scales. Flood hazard mappings of other countries were either conducted at inappropriate
map scales or the methodology used to identify hazard zones was limited or not specified. Most existing flood
hazard mappings show areas that have experienced floods (representing flood hazard index maps, see
section 4), rather than being flood hazard maps, which should display the degree of flood hazard.

Good practice. Examples of good practice of flood hazard mapping are given in [16] and [17]. The flood
hazard analysis is based on flow depth and velocity as intensity criteria combined with return period. Three
hazard classes are defined according to on [11]. The analysis is conducted using a hydraulic-hydrological
modelling approach.

6.3 Seismic hazard maps

In the Caribbean, most consistent information is available for earthquakes. Major initiatives in the region were
conducted by the University of the West Indies ([72],[73]), during the Caribbean Disaster Mitigation Project
CDMP project [23] and by the USGS [71].

During the CDMP project regional and sub-regional maps for The Bahamas, Belize, Cayman Islands,
Dominican Republic, Guyana, Haiti, Jamaica, Leeward Islands and Virgin Islands (Anguilla, Antigua and
Barbuda, Montserrat, Saba, St Barts, St Eustatius, St Maarten, St Kitts and Nevig, US and British Virgin
Islands), Suriname, Trinidad and Tobago, Turks and Caicos Islands, and the Windward Islands (Barbados,
Dominica, Grenada, Martinique, St. Lucia, St. Vincent and the Grenadines) have been elaborated for seismic
hazard in terms of acceleration, intensity, and velocity [23].

Seismic hazard maps have been created for the region of the Eastern Caribbean by the Seismic Research
Centre of the University of West Indies [72]. The maps show the spectral acceleration (peak ground
acceleration of 0.2 and 1 sec) with a 2% probability of exceedance in 50 years, in accordance with building
codes. The regional maps have a resolution of 0.25° (25 kilometres). Additionally, Puerto Rico and the US
Virgin Islands, the British Virgin Islands, Haiti, and Jamaica have developed corresponding maps [21].

The French islands Martinique and Guadeloupe are entirely classified in the highest class Ill (strong

seismicity) according to the French five-step scale [59]. Puerto Rico, the British and US Virgin Islands are
covered by USGS maps with peak ground accelerations with 2% or 10% of exceedance probability in 50
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years [47]. Jamaica's seismic hazard map [73] is similar to the regional maps elaborated by the Seismic
Research Centre of UW| [72].

An additional source of seismic hazard maps with a world-wide coverage is the Global Seismic Hazard
Assessment Program (GSHAP) [36], which offers maps of peak ground acceleration with a 10% exceedance
probability in 50 years at a regional resolution.

Good practice. An example of good practice of earthquake hazard assessment is given in [72], stating the
methodology applied for the mapping of the seismic risk in the Eastern Caribbean, based on probabilistic
seismic hazard analysis. The results are given in maps of spectral ground accelerations of 2% exceedance
probability in 50 years, chosen in accordance with building codes.

6.4 Vulnerabllity assessments

CDERA [20] lists more than 50 vulnerability assessments that have been conducted in the Caribbean with
economic, human, structural or multiple focus. Economic assessment on coastal resources is the most
common assessment.

The vulnerabilities of Caribbean tourism and natural hazards have been addressed in an economic
vulnerability assessment of coastal erosion with the purpose of the assessment of beach resources [20].

Good practice. Examples of good practice are given in [18] and [22]. These assessments performed in Belize
and Grenada illustrate the procedures of a semi-quantitative, point-based approach to assess the vulnerability
of critical facilities.

6.5 Digital maps

Digital base maps of sufficient detail and quality are, together with statistical data, the basis for conducting risk
assessments, which often take advantage of the use of geographic information systems (see section 17).
CDERA [20] reviews the availability of digital maps in the Caribbean. In most countries digital maps are
available for elevation, landuse, water resources, soils, geology, vegetation, buildings, utilities and roads. For
several nations the maps are obsolete and outdated.

The maps are projected according to national mapping standards (datum, ellipsoid, projection/grid) that vary
from one country to another, presenting a major restrain for regional compilations.

7 Similar initiatives in risk assessment

The following review briefly lists and discusses similar initiatives of risk and vulnerability assessment and
hazard mapping. Similar initiatives have been conducted in the past in the Caribbean and world-wide,
focusing on conceptual frameworks, partial aspects of risk analysis and assessment, or on particular hazards.

The quantitative risk assessment of the British Virgin Island [34] is one of the first quantitative risk assessment
initiatives for critical infrastructures for a Caribbean government. Hazard, vulnerability and risk analysis was
conducted for the hazards earthquake, wind and landslide focusing on critical infrastructures.

The quantitative risk assessment of the Portmore Municipality in Jamaica [41] addresses the risks associated
with storm surge hazards at the municipality level. It includes the preparation of storm surge hazard maps for
the area and the assessment of the vulnerability of the critical elements of each community to storm surge
hazard; and the utilization of the storm surge hazard maps and the vulnerability assessment to determine risk
associated with storm surge impact.

In an international contest, several standards address risk assessments generally or focused on technological
and natural hazards ([5],[6],[15]). The importance of risk analysis as a basis for disaster risk management and
the general principles of risk analysis are outlined in [37].

The "ECLAC Handbook for Estimating the Socio-Economic and Environmental Effects of Disasters” [26] is a
review of socio-economic and environmental effects of disasters and focuses rather on large scale
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assessments. It addresses particularly the post-disaster analysis of a wide range of consequences of
disasters.

A review of the methods, availability and use of flood maps in Europe, in terms of an overview of existing flood
mapping practises in 29 countries of Europe is given in [26]. Roughly half of the countries have maps covering
the entire nation, one third are covered by a significant part, and five nations have only very limited or no flood
maps available. Flood extent maps are the most commonly produced (23 countries), but also flood depth
maps are regularly developed (seven countries). Only very few countries have flood risk maps. Flood maps
are mostly developed by governmental agencies for emergency planning, land use planning, and awareness
raising. In spatial planning, the flood areas depicted on flood maps usually serve as guidelines without strict
binding. In a few countries (such as France and Poland) there is a legal basis to regulate flood plane
developments using flood zones, nevertheless practical problems are often faced which reduce the mitigating
effect of such binding legislation. Flood maps, mainly flood extent maps are also produced by the insurance
industry, and by international river commissions. With respect to the EU Flood directive [31], many countries
already have a good starting point to map their flood hazards. A flood risk based map that includes the
consequences, however, has yet to be developed in most countries.

The NOAA Community Vulnerability, and Risk and Vulnerability Analysis tools ([50], [53]) are interactive online
tools that help identify people, property, and resources at risk of injury, damage, or loss from hazardous
incidents or natural hazards. This information is used to help determine and pricritize the precautionary
measures to make communities more disaster-resistant. The NOOA hazard assessment tool is a GIS tool for
the assessment of natural hazards [54].

HAZUS-MH [84] is a risk assessment software for analysing potential losses from floods, hurricane winds and
earthquakes, implemented in a geographic information systems (ESRI ArcMap [78]) to produce estimates of
hazard-related damage before, or after, a disaster occurs. It focuses on the application in the U.S., using
nation-wide available geographically referenced base data.

The Australian Geotechnical Society developed a standard for the complete risk analysis of landslides,
addressing direct impacts ([1], [4]). Several other authors present conceptual frameworks for risk assessment
and management limited to landslides ([31], [38], [62]).

The Swiss standard for analysing risks of gravitational natural hazards ([12],[58]) addresses mainly direct
impacts, delivering the conceptual and methodological framework. Hazard assessment procedures are given
in [9] and [13] for geological and hydrological hazards. The methodology is generally applied at the
municipality level and is summarized in [59]. The Swiss system has been applied in several countries in the
world, the experiences are documented in [76], addressing policy, instruments and validation methods.
Currently 60% of the country is covered by hazard maps for gravitational hazards according to this standard.

A review of approaches for measuring vulnerability to natural hazards on different scales and with different
foci is presented in [7]. The various approaches are shortly summarized below.

The Disaster Risk Index is a quantitative method for assessments at the global or national scale. It assesses
risks as the product of hazard occurrence probability, elements at risk and vulnerability, and uses data from
the database EM-DAT [57]. The multi risk assessment of Europe’s regions focuses on the assessment of the
risk potential of a certain area by aggregating the spatially relevant risks, caused by natural and technological
risks [35].

An assessment on the scale of single buildings focusing on a sectorial approach is presented in [74]. The
financial vulnerahility of developing country governments to natural hazards is addressed in [46]. A
community-based risk index, which operates on the municipality level, used by the German developing aid
agency GTZ, is presented in [8]. A self-assessment, bottom-up strategy, community-based disaster
management is presented in [75]. It focuses, as a contrast to other, top-down strategies, on the understanding
of people’s vulnerability to hazards and their capacity to cope with them.

IDB conducts several initiatives on disaster risk management [42], developing several disaster and risk related
indices, such as the Local Disaster Index (LDI), the Prevalent Vulnerability Index (PVI, based on an exposure
analysis as part of the IDB Indicators Program), the Disaster Deficit Index (DDI, shortage/surplus of financial
resources in the wake of a disaster), and the Risk Management Index (RMI).
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8 Databases of natural hazard events

Data on events of natural hazards and hazard maps covering the Caribbean can be found in the online
available databases of NOAA National Geophysical Data Center [52], CRED EM-DAT [30] and MunichRe
NATHAN [49]. The databases have generally a world-wide or regional geographical coverage.

9 Linkage of Standard to Regional Disaster Risk Management Strategy

This Standard is accompanied by the Disaster Risk Management Strategy [64], developed under the same
project "Regional Disaster Risk Management for Sustainable Tourism in the Caribbean" (ATN/OC-10085-RG).
The strategic objectives of the disaster risk management strategy presented are in accordance with the
phases of the disaster risk management cycle: Mitigation, preparedness, response and recovery (Figure 4).
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Figure 4 — Hazard assessment is a central point in the integral risk management cycle [42].

The key elements of the mitigation phase identified in the Regional Disaster Risk Management Strategy are
knowledge development, risk identification, risk assessment, and risk transfer, thus addressing the essential
characteristics of the Standard.

On risk assessment the Strategy states: "Effective pre-event activities for disaster risk management are not
possible without a solid knowledge foundation of the potential hazards and of vulnerabilities of them. An
integral and essential part of disaster risk managemient is the process of risk assessment, which forms the
foundation of mitigation activities. The risk assessment process has as objective the identification and
quantification of risks, by analysing hazards and elements at risk and determining the respective impacts."

12 © CROSQ 2009 - All rights reserved
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Part B - Standard for Conducting Hazard Mapping, Vulnerability
Assessment and Economic Valuation for Risk Assessment for the
Tourism Sector

10 Overview of the Standard

Risk assessment, as proposed in this Standard, is an individual working step of risk management, "a
systematic approach and practice of managing uncertainty to minimize potential harm and loss" [68]. The
overall goal of risk management is to control and reduce risks, if necessary. The entire process requires the
involvement of the affected community in order to successfully manage risks, by the identification and
implementation of sustained risk management options.

Risk management follows a structured procedure. The individual working steps are (Figure 5):

—bl Definition of objectives |«

¥

—>| Risk assessment |

v

Identification and selection
of risk reduction option

Is risk acceptable?

Implementation of option |

v

Monitoring and review |—

Figure 5 — Risk assessment is the central part of the risk management process.

s

Community involvement

Definition of objectives. Initially the objectives and scope of risk management must be defined, addressing
intent, scale and extent of the assessment as well as the expected results.

Risk assessment. The risks must be identified and evaluated, thus the consequences that hazards may have
on elements at risk are to be determined, possibly in a quantitative way. The resulting risks are compared to
commonly accepted or tolerated levels of risk, which are to be identified by community involvement.

Identification and selection of risk reduction option. If the identified risks exceed the levels of tolerance
and acceptance, options of risk reduction must be identified, chosen and implemented. Options are risk
acceptance or avoidance, reduction of likelihood of occurrence or of consequences, and transfer of risks.
Each of these options is evaluated by means of a cost-benefit analysis, where the costs of the risk reduction
operations are compared to the resulting benefits in terms of risk reduction. The option with the most suitable
benefit-cost ratio is identified.

Implementation of option. The risk reduction option which has been identified as suitable in the previous
working step is to be implemented.

Monitoring and review. Several components in the risk management procedure may change over time, such
as the hazard situation, the number and characteristics of the elements at risk, or the assessment procedures.

© CROSQ 2009 — All rights reserved 13
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Monitoring of the major elements in the risk management process and the definition of review cycles are
~ fundamental aspects of risk management.

Risk assessment. The assessment of risks is the central part of risk management (Figure 5). The main
objective is the identification and quantification of risks, by analysing its main components — hazards and
elements at risk — and determining the respective consequences.

ISDR defines risk assessment as [68] "a methodology to determine the nature and extent of risk by analysing
potential hazards and evaiuatingr existing conditions of vulnerability that together could potentially harm
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= The major output of this working step is a preliminary overview of the analysis to be conducted, in terms of
a preliminary identification of the problem, the necessary working steps and data, and the team composition.

Step 2 — Analysis of hazards

The hazards which are important for the study area are to be identified. The Standard considers the major
hazards in the Caribbean: hurricanes, storm surges, floods, and earthquakes. The hazards which are present
in the study area are to be prioritized according to their importance. Based on the availability of historical
hazard data or model assumptions, the hazards are analysed quantitatively, delivering the degree of hazard in
terms of frequency of occurrence and physically determinable hazard characteristics, such as the flow depth
of a one-hundred-year event for floods.

For risk analysis it is not necessary to have a complete coverage of the hazard situation, in terms of hazard
maps. It is sufficient to identify the hazard scenario, on which the risk analysis is to be conducted. It is
characterized by the expected hazard intensity and the probability of occurrence.

=» The major outputs of this working step are hazard maps and an evaluation of the key characteristics of the
hazards. Essential input for the consecutive steps of risk analysis are the knowledge of the hazard scenario of
given intensity (= Step 3) and probability of occurrence (= Step 4).

Step 3 — Analysis of vulnerabilities

Hazards are a possible threat to a number of elements at risk, such as the physical assets of tourism,
individuals or communities of people connected to tourism, environmental aspects of imporiance to tourism,
and economic activities linked to it. These elements can be directly or indirectly at risk. Firstly, the elemenis at
risk must be identified and inventorized. Secondly the expected consequences in terms of direct damages or
indirect losses must be determined.

= The major output of this working step are maps of vulnerable elements and estimates of the expected
damages and losses that may result. They are essential for conducting the next working step of calculation of
risks (= Step 4).

Step 4 — Calculation and representation of risks

The consequences that arise from the exposure of vulnerable elements to natural hazards are estimated.
Risks are quantified from the superposition of hazard scenarios (> Step 2) on vulnerable elements (> Step
3). The results are described in a report and illustrated on risk maps (= Step 5). In this working step the
resulting risks may also be assessed, i. e. compared to risks originating form other locations and/or hazard
situations.

= The major output of this working step are quantitative risks. They identify risks in terms of financial loss or
loss of lives.

Step 5 — Documentation of outcomes
The risk assessment concludes with the proper documentation of the findings in terms of maps and a
conclusive report. The Standard gives guidance on how to represent hazards (= Step 2), vulnerabilities (=

Step 3) and risks (> Step 4) on maps, addressing map layout, scales, and colours.

= The major output of this working step are maps of the previously elaborated hazard, vulnerability and risk
analyses, and a final, conclusive report.

See Annex B for a synthesis of the risk assessment procedure and Annex C for an example application.
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10.1 Quantification of risks - The risk formula

Risk is "the combination of the probability of an event and its negative consequences” [68]. In the probabilistic
approach presented by the Standard, the assessment of risks depends on the knowledge of its two main
components: the probability of occurrence of a hazardous event and the expected damage it may cause.

Mathematically, risk is expressed as the product of its two components, the annual probability of occurrence
and the expected damage, as R = P- D, where P is the probability of occurrence and D is the expected
damage, and R is the resulting risk. The two elements are further described.

e The occurrence of a hazard P is expressed in terms of probability of occurrence and is related to other
temporal characteristics of a hazard, such as the return period (T). In risk analysis the probability of
occurrence is referred to one year, so P = 1/T. For example, a ten-year flood has a return period T of ten
years and has a probability of occurrence P of 0.1.

e The expected damages and losses D are directly or indirectly linked to the hazardous event. They are
expressed in terms of material damages, given by the value of exposed elements W [US$] and their
relative vulnerability V [0 to 1] with respect to the hazard, and can thus be described as D =V -W. The
damage D may also be described in terms of number of people or extent of the areas affected by a
hazard of a certain intensity.

Hazard scenarios. Risks are analysed in terms of hazard scenarios. A hazard scenario is a hazard event of a
defined probability of occurrence and a given intensity. Since there may be a number of elements at risk due
to a number of hazards, risks are assembled in a step-by-step procedure.

The risks due to all hazard scenarios acting on all vulnerable elements are analysed and summed as shown in
the following formula [58]:

Rijj=F-D; = R=LR; - R=LR; (10.1)
where:

D; = Consequence for object i. For direct damages D; =V, ; - W, [US$] or affected population [number of
persons] or environment [kmz].

P; = Annual probability of occurrence of hazard scenario j lyear].

=
1l

;= Vulnerability of vulnerable object i with respect to scenario j [-].
W; = Value of vulnerable element i [US$].
R;; = Risk of vulnerable element i exposed to hazard scenario j [US$ per year].
R; = Risk of all vulnerable elements exposed to hazard scenario j [US$ per year].

R = Collective risk as the sum over all hazard scenarios j acting on all vulnerable elements i [US$ per
year].

In the procedure of risk analysis the partial aspects of risk, hazards and vulnerabilities, are determined, and
risks are calculated. Risk assessment includes risk analysis and adds the successive step, in which the
formerly calculated risks are evaluated for their acceptability.

10.2 Vulnerable elements, damages and losses

The choice, which vulnerable elements (or objects) are to be considered when analysing risks, depends on

the focus of risk assessment. The Standard focuses on tourism and the consequences of natural hazards. So
possible effects that may be analysed are primarily the direct damages to the facilities of tourism, people
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which are present in tourism installations, but also indirect losses, such as losses in tourism and connected

economies.

The damage to a vulnerable object corresponds to its market value (direct damages to tourism facilities) or the
(temporary) indirect losses caused and are expressed in terms of a monetary value [US$]. For several objects
at risk it is difficult or problematic to define a monetary value. This is particularly true for social and
environmental vulnerabilities. In these cases the possible damage is expressed in terms of number of people

or environmental aspects affected.

The assessment of larger-scale effects (macro-economic consequences) of hazards is beyond the focus of

e ey = — = ey — UERRIVIUCU MllAp (ITLL)y IWIUTU A (EIIIL).

ales are to be used to represent the results of risk assessment:
:1,000
0

0,000

e used to display the relative degrees of low, medium and high on hazard,
ble 12). The meaning of the colour coding is to be described in the map field
3).

Table 12 — Colours to be used in maps.
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Low Medium High
rd map Yellow Orange
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< map Light red Medium red
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e Site-specific assessment: 1
e Local assessment: 1:10,00
» Regional assessment: 1:10
16.3.3 Colours

The following colours are to &

vulnerability and risk maps (Tz
‘Explanations” (see section 16.

Maj

Haza
Vulnera

Risl

16.3.4 Map symbols
The vulnerable elements are to

the complete set of necessan
relative vulnerable objects.

© CROSQ 2009 - All rights reserved




CROSQ REGIONAL STANDARD

11 Risk assessment process

The risk assessment process of the Standard has the following individual working steps, which are discussed
in the corresponding sections below:

1) Definition of objectives and scope > Section 12.

2) Analysis of hazards - Section 13.

3) Analysis of vulnerabilities = Section 14.

4) Calculation and representation of risks > Section 15.

5) Documentation of outcomes = Section 16.

12 Definition of objectives and scope
12.1 Summary

Initially the objectives and scope of risk assessment must be defined and the expected results determined
(Figure 7). This is done by anticipating the entire process of risk assessment in a preliminary screening,
according to the proposed step-by-step procedure (Table 1). The individual aspects of this initial working step
are discussed below.

i N
To Do S}ep_1
¢ Define motivation and expected results Objectives
e Determine extent of study area. scale "
and level of detail Step 2
¢ |dentify data sources Hazards
e Determine team composition +
® Anticipate risk assessment Step 3
v Vulnerabilities
Output v
e |dentification of objectives and scope Step 4
e |ist of necessary data sources Risks
® Team composition +
e Preliminary overview of hazards, objects Step 5
at risk, and impacts Outcomes

Figure 7 — Definition of objectives of risk assessment.
12.2 General information

Motivation and expected results. Define the objectives and scope of risk assessment and the expected
results, identifying the motivation for the conduction of the risk assessment. Is the assessment to be
conducted to determine the consequences of a specific past event, or a general assessment of the hazard
situation?

Extent and scale of assessment. Define the geographic extent and scale of the assessment. Evaluate focus,
scale and level of detail of assessment: individual or groups of tourism installations (site-specific, at typical
scales of 1:1°000), local (community-scale, at typical scales of 1:10'000) or regional (parts or an entire nation
or international, at typical scales of 1:100'000 and greater).

Team composition. The preliminary findings of the objectives and scope of the planned risk analysis identify

the professional competences which are necessary for conducting the assessment. The staffing of the team to
conduct the assessment must be chosen accordingly.

18 © CROSQ 2009 — All rights reserved



CROSQ REGIONAL STANDARD

Table 1 — Definition of objectives and scope of risk assessment.

RISK ASSESSMENT
» GENERAL INFORMATION e —
Target, ODJECHIVES, SCOPE | 1ottt ettt et e e e e b2 e ts s et e e bbbt ek bbbttt en e
TRAm COMPBOSIION || o s o i et s e e S e e G e e e R R e R e
Geographical extent [] site specific [ Local [] Regional [ Attach sketch of situation
Approximate scale 1 ¥ s s ias
LISt SOUFCES FOr GBNEIAL | oottt ettt e e e e e e e e e e e e e e eae s et se s e b e et s b e s nr e
data (general INOrmation, | | e
hase maps, etc.)
» HAZARDS TO CONSIDER
Hydrometeorological: [ Hurricanes [ storm surges ] Wind storms [] Floods
Geological: [1 Volcanic activity [] Earthquakes [C] Mass movements [ Tsunamis
List data sources for hazards:
B VULNERABLE ELEMENTS TO CONSIDER
Tourism: [] Buildings [] Infrastructure, specify: ................ccceeue.. List data sources for vulnerable elements:
] Penpie/P opulabio SOOI v srua st winsinss s e e viasin || 1585 s s s o s S s P e s
O Transport iINfrastructure, SPECHY: .. i i rrmmmsransmssss mnssstsiiaminiy | assiniretsisseinnmssnnsysia s i i G
[ ECONORIY:, SPOGIYE fonciohsbymsssriiosstetissasssssseiseoiehtesmenhllh s oot s e i s e s

] ERVIEOTTEhT ey s i s o s e
» IMPACTS TO ASSESS

Direct damages

Immovable assets [] Public [] Private

[] Buildings and contents [] Vital infrastructure[_] Traffic infrastructure

[] Cost of repair/replacement

[] Fatalities, injured

] Environmental @SPECES, SPECITY: .......oiveiieesteeiteiesiemses s esee e ees s e s e e s s es s s s em e et

Indirect losses

[] Reduced number of visitors

[] Reduced employment, unemployment

[] Reduced incomes

ey A R N N N N N e

Macroeconomic effects

Impacts on:

[] Economic activity [] External sector [] Public finances [[] Investments [_] Employment [] Impact on women

[ Environment

BB s e e T e e T e e T A R s e s e S e

© CROSQ 2009 — All rights reserved 19




CROSQ REGIONAL STANDARD

12.3 Hazards to consider

Define preliminarily the hazards to be considered in the assessment. The Standard provides assessment
procedures for hydrometeorological (hurricanes, storm surges, floods), and geological hazards (earthquakes).
Further hazards can be assessed, if the necessary criteria are available.

12.4 Vulnerable elements to consider

Define which vulnerable elements are to be considered in the analysis, such as buildings and infrastructures
of tourism, transport infrastructure, people, economies connected to tourism, and elements of the environment,
which are essential to tourism, such as beaches and reefs.

12.5 Estimation of impacts

Natural hazards have several consequences, that affect the assets of tourism (direct damages), the flow of
production and services (indirect losses), and the performance of the main macro-economic aggregates of the
affected area, country or region (macroeconomic effects). The various types of consequences are further
described below.

12.5.1 Direct damages

Direct damages (complete or partial destruction) are related to the damages to immovable assets, such as the
facilities of tourism (hotels, guest rooms), its mobile equipment (boats, machinery, vehicles) and vital
infrastructure (drinking water, sewage, energy, air conditioning infrastructure), the essential transport
infrastructure (roads, air and seaports), and tourism attractions (natural, sport, cultural, and historical sites). In
essence direct damages are the damages occurring at the time of the occurrence of a natural hazard.

12.5.2 Indirect losses

Indirect losses are the result of the direct damages to production capacity and social and economic
infrastructure. Examples of indirect losses are reduced employment or unemployment of people working
directly in tourism, reduced income in the connected industries due to diminished production, higher
operational costs, or additional costs due to alternative means of production.

The time frame for considering these effects is five years [26], even though most losses occur in the first two
years after the occurrence of a natural hazard.

12.5.3 Macroeconomic effects

The larger the scale and extent of a natural hazard, the more important is the consideration of the way, in
which a disaster modifies the performance of the main economic variables of an affected country or region.
The analysis includes calculations of how the occurrence of a natural hazard affects the economic output,
external accounts, and public finances, with proper attention given to the effects on public and private
investments, employment and women.

A proper estimate of the macroeconomic effects of the occurrence of natural hazards requires an adequate
forecast of how each of the variables would have performed without the occurrence of a natural hazard.

According to the ECLAC handbook [28], the assessment of the macroeconomic effects should include the
consideration of effects on economic activity, effects on the external sector, effects on public finances, effects
on investments, effects on employment, differential impact on women, and environmental impact
(environmental damages usually included in tourism sector assessments and separate quantification and
valuation).

12.6 ldentification of data sources

Based on the above points, sources of necessary data for conducting the risk assessment must be
preliminarily identified, such as base maps, data on natural hazards and elements at risk, such as formerly
conducted assessment initiatives.
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See section 6 for a review of the situations concerning past initiatives on hazard mapping, vulnerability
assessments and digital maps in the CARICOM countries. For a more detailed review see CDERA's summary
report [20] and the country reports for Anguilla, Antigua, Bahamas, Barbados, Belize, British Virgin Islands,
Dominica, Grenada, Guyana, Haiti, Jamaica, Martinique, Montserrat, Nevis, Puerto Rico, St. Lucia, St. Kitts,
St. Vincent, Suriname, Turks and Caicos, and Trinidad and Tobago [21].

13 Analysis of hazards
13.1 Summary

In this working step the relevant hazards, that are present in the study area, are analysed in order to
determine the scenarios, based on which the risk analysis will be conducted. Of the hydrometeorological and
geological hazards present in the Caribbean (see section 1), the Standard addresses hurricanes, storm
surges, floods, and earthquakes. By virtue of the modular character of the Standard, more hazards can be
added later on.

A 2 Step 1

To Do Objectives
® |dentify, prioritize hazards ¥
e Determine extent, frequency and Step 2
intensity of hazards Hazards
e Determine hazard scenarios v
® Determine intensities
Step 3
o Vulnerabilities
Output v
e |ist of natural hazards, ordered by Step 4
importance Risks
e Maps of degree of hazard v
e |ist of risk scenarios with probabilities Step 5
and intensities I
utcomes

Figure 8— Analysis of natural hazards.

The following working steps are to be performed (Figure 8):

e |dentification and prioritization of hazards according to their importance in the study area, in order to focus
the analysis on the most important hazards.

e |dentification of the degree of hazard on the complete study area, using hazard criteria of return period
and intensity, for each hazard individually. The findings are displayed on hazard maps.

e Determination of the scenarios, on which the risk analysis will be conducted. Each scenario has a specific
hazard intensity (/) and annual probability of occurrence (P).

13.2 Identification and prioritization of hazards

The Standard considers the following hazards: hurricanes, storm surges, floods, and earthquake. The
prioritization of hazards has the scope of focusing the risk assessment procedure on important hazards,
adapting the procedure to the study area.

An overview of the hazard situations at a regional and national level can be found in the international
databases EM-DAT [30] or NATHAN [49] and in the regional and country reports on natural hazards by
CDERA ([20], [21]). Use Table 2 to identify the priority hazards in the study area. In this qualitative procedure,
for each hazard the following information is to be provided, using also local historical data sources (interviews,
newspaper research). :

e Type of hazard phenomenon. Of the hydrometeorological and geological hazards listed in Table 2, the
Standard gives assessment procedures for hurricanes, storm surges, floods, and earthquakes.
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Years of occurrence of such hazard phenomena in the study area.
Number of hazard events in the considered years.

Impacts due to this hazard: injured, fatalities, direct damages (partial or complete destruction of facilities,
infrastructures), and indirect losses (socio-economic and environmental consequences).

List of available data sources which were used for compilation.

Based on the data entered in the table, a qualitative ranking can be established. According to this list of
priority hazards the further risk assessment procedure is conducted, processing the list starting with the most
important hazards.

Table 2 — Prioritization of hazards.

Number of Available data

Rank Hazard Years avEitE Impacts and maps

Hydrometeorological hazards

Hurricanes

Storm surges

Wind storms

Floods

Geological hazards

Volcanic activity

Earthquakes

Mass movements
(landslides, rock fall}

Tsunamis

13.3 Degree of hazard

The Standard proposes to assess and map hazards in terms of the degree of hazard (low — medium — high).
The degree of a hazard is expressed in terms of the combination of two parameters: its probability of
occurrence and its intensity.

22

Probability of occurrence: The probability of occurrence describes how likely the occurrence of a hazard
is and is derived from the return period or frequency of a hazard within a certain period of time. The more
often a hazard occurs, the higher the degree of hazard. The probability of occurrence is divided into three
classes of low, medium, and high.
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o Intensity: The intensity of a hazard describes is described by physical parameters which are
characteristic for the impacts of the hazard. Examples are the flow depth in the case of flooding or wind
speed for storms. Higher intensities result in higher degrees of hazard. Also intensity is divided into three
classes: low, medium and high.

¢ Degree of hazard. The resulting degree of hazard is the combination of the two parameters, probability of
occurrence and intensity. Three levels of degree of hazard are defined: low, medium and high. The three
degrees of hazard are displayed on maps in the colours yellow, crange, and red.

Each of these elements, probability of occurrence, intensity and degree of hazard is described in more detail
below.

13.3.1 Probability of occurrence of a hazard

The probability of occurrence of a hazard is defined as:
— l i
P=1-(1-3) (13.1)

where P is the probability of occurrence, T is the return period and n is the time period of observation, for
example the time period of usage of a building.

In risk calculations (section 15) the expected damage is referred to an annual occurrence, son = 1, and the
probability of occurrence simplifies to P = 1/T. Table 3 shows values of P for events of low, medium, and
high occurrence (class boundaries of return period set to 1, 30, 100, 300 years) in a 20 year time period, a
reasonable time period of usage of tourism infrastructures.

Table 3 — Probability of occurrence of hazards.

Probability of
i Annual :
Return period occurrence in
Occurrence Probability eccurrance 20 years
years year’1 %
Frequent High 110 30 >0.03 100 to 49
Rare Medium 3010 100 0.03 -0.01 4910 18
Very rare Low 100 to 300 0.01-0.003 18t0 6
Extremely rare | Very low > 300 < 0.003 <6

The concept of return periods is rather evident for some hazards, such as hurricanes, earthquakes and floods,
where usually enough data is available to conduct statistical analyses. It is rather difficult to evaluate return
periods for other hazards, such as mass movements, (e. g. landslides), which often are non-recurring
processes. This problematic situation may be overcome, when the triggering of events is linked to other well-
defined phenomena, such as the triggering of landslides by events of heavy rainfall.

In the Standard, the temporal aspect of natural hazards is chosen taking account of the characteristics and
format of available data on hazards in the Caribbean, or of standards in existing building codes or insurance
practice.

13.3.2 Intensity of a hazard

The intensity of a hazard is a measure for the extent of damage it may cause. The intensity is divided into
three levels of low, medium and high. The individual levels have the following meaning in terms of impacts for
land use, to buildings and people.

A high intensity event puts people’s life at risk and buildings can be seriously damaged or destroyed,
destruction may occur immediately and without warning. Medium intensity hazards put people are at risk of
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injury and moderate damage to buildings can occur. Low intensity hazards put people at a low risk of injury
and only slight damage of buildings may occur.

The intensity of a hazard is linked to physical characteristics of a hazard event, such as flow depth for flooding,
or the peak ground acceleration for earthquakes.

13.3.3 Degree of hazard

The degree of hazard is expressed in a three-step scale of low, medium, and high hazard, derived from the
combination of intensity and probability of occurrence (Figure 9).

The levels indicate the degree of hazard in terms of the likelihood of injury/death of people, and damage to
buildings by the impact of natural hazards, a building may encounter.

o [HIGRRAZANE (red): The area is prone to a high degree of hazard. As a consequence people are at a high
risk, both inside and outside of buildings. Complete and immediate destruction of buildings may due to
natural hazards.

e |Medium hazard (orange): The area is prone to a medium degree of hazard. As a consequence people are
at risk of injury outside of buildings. Considerable damage to buildings is likely due to the action of natural
hazards.

. (yellow): The area is prone to a low degree of hazard. As a consequence people are at low
risk of injury inside and outside of buildings. Slight to moderate damage to buildings may occur due to the
action of natural hazards.

. (no colour): The area is not prone to hazard. According to the current knowledge there is no
threat due to natural hazards.

The colours of red, orange and yellow are used on hazard maps to display the degree of hazard, a certain
area is subject to. Each natural hazard must be evaluated individually and an individual hazard map must be
elaborated. The legend of the hazard map must clearly state for which hazard it is valid and with which
assumptions it was developed.

5y
e
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= W
z =
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-
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period (T) 300 100 kls) 1
Low MEDIUM HIGH
PROBABILITY —=

Figure 9 — Representation of the degree of hazard: low, medium and high, based on probability of
occurrence and intensity [58].

A qualitative representation (Table 4) can be used in exceptional cases where it is not possible to describe a
hazard quantitatively in terms of probability of occurrence and intensity. This can be due to insufficient quantity
or quality of data to perform a hazard analysis, or the complexity of the hazard, or in the case of hazards
which occur at very low frequencies, but in rather well defined areas. In this case the hazard analysis delivers
the area which is prone to a certain hazard. Examples can be a particular area in a flood plain, which is known
to be flood prone, but only insufficient data exists on occurrence and exact geographical coverage and water
depths.
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Table 4 — Qualitative representation of hazard.

Undifferentiated degree of e T GoE 16 e
hazard % p

13.4 Hazard mapping

In order to facilitate standardized representations of hazards on hazard maps, the following hazard criteria are
proposed.

e Hurricane. The degree of hazard of a hurricane is given by the wind speed of a 100-year storm,
equivalent to a 10% exceedance probability in 10 years. The wind speed intensity classes are set to low
medium and high.

¢ Flood. The degree of hazard corresponds to flow depths of < 0.5 m (low), 0.5-2 m (medium), and > 2 m
(high) of a2 100-year storm, equivalent to an exceedance probability of 10% in 10 years.

s Storm surge. The degree of hazard corresponds to flow depths of < 0.5 m (low), 0.5-2 m (medium), and >
2 m (high) of a storm surge caused by a 100-year storm (equivalent to an exceedance probability of 10%
in 10 years).

¢ Earthquakes. The degree of hazard corresponds to the peak ground accelerations of an earthquake of a
475 year return period. This corresponds to an exceedance probability of 10% in 50 years (see equation
12.1).

Mapping criteria for further gravitational hazards, such as debris flows, rock falls, soil collapse, and landslides
can be found in [9] and [13].

The areas of low, medium and high hazard are to be evidenced on topographic maps and coloured according
to the proposed colour scale (yellow, orange and red).

13.5 Hazard analysis criteria
In accordance to the accompanying strategy [64] the major hazards in the Caribbean are grouped into
hydrometeorological (hurricanes, storm surges, wind storms, and floods) and geological hazards (volcanic

activity, earthquakes, mass movements, tsunamis). Of these hazards the Standard addresses hurricanes,
storm surges, floods, and earthquakes.

Table 5 — Hazard intensity criteria.

Hazard Intensity
Hazard
parameter Low Medium High
Wind speed <882 88 2-8S83 854-885
Hurricane according to vw = 153 km/h V. 154 km/h-209 km/h v 2 210 km/h
SS (= 96 mph) (96-130 mph) (>131 mph)
Storm surge Flow depth hi: <0.5m (< 1.65ft) hs: 0.5 m-2 m (1.65-8.5 ft) hi>2m (> 6.5 ft)
Flow depth, hr: 0.5 m-2 m (1.65-6.5 ft
L ok Bl he < 0.5 m (< 1.65 ft), or ! Or( g he>2m (> 6.5 ft), or
depth x flow he x vi: < 0.5 m%s 4 hex vi > 2 m?/s
velocity he x v 0.5-2 m*/s
Earthquake | ook ground PGA: <8 % PGA: 8-24 % PGA: > 24 %
acceleration

Abbreviations: v, = wind speed, h; = flow depth, v; = flow velocity, PGA = peak ground acceleration in % of gravitational acceleration, SS
= Saffir-Simpson scale.
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Guidance is given on how these hazards are to be analysed and which procedures and criteria are to be used
to determine the hazard intensity and degree of hazard. Table 5 summarizes the propose criteria for hazard
intensity.

13.5.1 Hurricanes and storm surges

Hurricanes are intense tropical cyclones, large atmospheric systems with an extent low-pressure centre and
numerous storms that produce strong winds and heavy rain. Heavy winds cause the water to pile up higher
than the ordinary sea level, inducing storm surges along the coastal lines. Heavy rainfall accumulates on the
land surface, provoking floods. Tropical cyclones are usually classified according to the Saffir-Simpson scale
(Table 6) as tropical depressions, tropical storms, and hurricanes. The scale uses wind speed and storm
surge height as classification criteria.

Table 6 — Classification of tropical cyclones [55].

Storm surge
Wind speed ; g
Tropical cyclone height Damages
km/h (mph) m (ft)
Tropical depression 0-62 0 Only minor.
(0-38) (0)
Tropical storm 63-117 0-0.9 Only minor.
(39-73) (0-3)

Saffir-Simpson 1 119-153 1.2-156 No real damage to building structures. Damage primarily to

(SS 1) (74-95) (4-5) unanchored mobile homes, shrubbery, and trees. Also some
coastal flooding and minor pier damage.

Saffir-Simpson 2 154-177 1.8-24 Some roofing material, door, and window damage of buildings.

(SS 2) (96-110) (6-8) Considerable damage to vegetation, mobile homes, etc.
Flooding damages piers and small craft in unprotected
anchorages break moorings.

Saffir-Simpson 3 178-209 2.7-3.7 Some structural damage to small residences and utility buildings

(SS 3) (111-130) (9-12) with a minor amount of curtainwall failures. Mobile homes are
destroyed. Flooding near the coast destroys smaller structures
with larger structures damaged by floating debris. Terrain may
be flooded well inland.

Saffir-Simpson 4 210-249 4.0-5.5 More extensive curtainwall failures with some complete roof

(SS 4) (131-155) (13-18) structure failure on small residences. Major erosion of beach
areas. Terrain may be flooded well inland.

Saffir-Simpson 5 =250 255 Complete roof failure on many residences and industrial

(SS 5) (2 156) (= 18) buildings. Some complete building failures with small utility
buildings blown over or away. Flooding causes major damage to
lower floors of all structures near the shoreline. Massive
evacuation of residential areas may be required.

The analysis of hurricanes and storm surges is usualiy done according to the following working steps.

1. The tracks of historical tropical cyclones are stored in regional databases (e. g. the National Hurricane
Center [50]), in terms of storm centre locations and intensity (wind speed and minimal central pressure).

2. The information contained in tropical cyclone databases is used to analyse the hazard characteristics of
storms, return period and intensity, using computer programs, such as TAOS/L (Table 8). Hazard maps
for storm related hazards (wind speed, storm surge and wave height) are elaborated for several return
periods. For the elaboration of hazard maps, additional data is needed, such as coastline geometry, land
surface roughness, and ocean bathymetry. Outcomes of this analysis are wind speed, storm surge height
and wave height for several return periods.

26 © CROSQ 2009 — All rights reserved




CROSQ REGIONAL STANDARD

3. Depending on the level of detail of the data used in step 2, the results may need to be verified and
corrected for local effects. For wind hazard, local topography, buildings and vegetation may need to be
taken into account. For storm surge the resulting water heights must be transformed into flood depths,
using local coastal topography.

4. Resulting wind speeds and storm surge water depths are to be classified into hazard categories (low-
medium-high) according to Table 5, in order to fit the general hazard assessment scheme.

5. The resulting degrees of wind and storm surge hazard are to be represented on separate hazard maps,
using the proposed colour scale: red for high degree of hazard, blue for medium degree of hazard and
yellow for low degree of hazard.

Regional maps for storm related hazards have been elaborated for the Caribbean within the project CDMP
[23]. The available maps have a 1 kilometre resolution and are expressed as wind speeds, storm surge
heights and wave heights for return periods of 10, 25, 50 and 100 years. Island-specific elaborations have
been developed for Anguilla, Antigua and Barbuda, Barbados, Belize, Dominica, Dominican Republic,
Grenada, Haiti, Jamaica, Montserrat, St. Kitts and Nevis, Saint Lucia, St. Vincent and the Grenadines and
Tobago and the Virgin Islands.

The maps were elaborated using the software TAOSI/L, using the National Hurricane Center data base [50] for
the data on tropical cyclones, USGS digital data for deep ocean bathymetry, data from the Digital Chart of the
World for land boundaries and topography roughness [27], and satellite imagery for foreshore bathymetry and
land cover. TAOSI/L is integrated into a geographic information system (GIS), for pre- and post-processing,
and enables the presentation of model outcomes in a format familiar to meteorological officials in the
Caribbean region, and allows the results to be combined with locally available GIS and map information. The
TAOS model can be used to assess any historical storm, for probable maximum events, or using real-time
tropical storm forecasts from the US National Hurricane Center.

See section 6.1 for a review of the current state of storm-related hazard maps in the Caribbean and possible
sources for hazard information for storm hazard assessment.

13.5.2 Floods

Floods are overflows of water that submerge land, typically a phenomenon which is caused by heavy rainfall
that accompanies tropical cyclones. The conceptual framework of flood hazard analysis includes the following
working steps [10],[26]:

1. Identification of flood prone areas, based on an analysis of historical data, aerial or satellite imagery, and
field surveys. The resulting mappings are hazard index or danger maps (see section 4).

2. Estimation of flood discharges (hydrographs) for specific return periods of the interesting river, performing
frequency analyses on historical run-off data and fitting extreme value distributions, using software such
as HEC-SSP [86] or R-extRemes [94], see Table 8. If no run-off data is available, alternatively
precipitation data in combination with run-off coefficients can be used to deduce discharge data, using e.g.
the curve number approach [69].

3. The discharges of relative return periods are to be transformed into water levels. This can be done with
rate curves, which relate discharges to water levels. More common is the usage of one- or two-
dimensional hydrodynamic simulation models. See Table 8 for a review of some of the most common
modelling software. Besides water depth, hydrodynamic modelling delivers additional important flood
parameters, such as flow velocity, duration, and the rate of water level rise or decrease. However,
additional information is required such as flood wave or rainfall characteristics (duration, peak) and a
digital terrain model of the area.

4. The flooded area and water depths are determined by combining water levels with a digital terrain model,
thus creating a flood map showing flood extent or depth. The outcomes of the previous working steps
must be evaluated and verified with existing data from histerical flood events.

5. The water depths are to be classified to intensities according to Table 5.
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Table 7 — Modified Mercalli scale [1].

MMI
value

Description
of Shaking
Severity

Summary damage
description used
on 1995 maps

Full description of consequences (perception by humans and damage to
building types - masonry A to D and the environment)

Not felt. Marginal and long period effects of large earthquakes.

Felt by persons at rest, on upper floors, or favourably placed.

Felt indoors. Hanging objects swing. Vibration like passing of light trucks.
Duration estimated. May not be recognized as an earthquake.

Hanging objects swing. Vibration like passing of heavy trucks; or sensation
of a jolt like a heavy ball striking the walls. Standing motor cars rock.
Windows, dishes, doors rattle. Glasses clink. Crockery clashes. In the
upper range of IV, wooden walls and frame creak.

Light

Pictures move

Felt outdoors; direction estimated. Sleepers wakened. Liquids disturbed,
some spilled. Small unstable objects displaced or upset. Doors swing,
close, open. Shutters, pictures move. Pendulum clocks stop, start, change
rate.

VI

Moderate

Obijects fall

Felt by all. Many frightened and run outdoors. Persons walk unsteadily.
Windows, dishes, glassware broken. Knickknacks, books, etc., off shelves.
Pictures off walls. Furniture moved or overturned. Weak plaster and
masonry D cracked. Small bells ring (church, school). Trees, bushes
shaken (visibly, or heard to rustle).

Vil

Strong

Non-structural
damage

Difficult to stand. Noticed by drivers of motor cars. Hanging objects quiver.
Furniture broken. Damage to masonry D, including cracks. Weak chimneys
broken at roof line. Fall of plaster, loose bricks, stones, tiles, cornices (also
unbraced parapets and architectural ornaments). Some cracks in masonry
C. Waves on ponds; water turbid with mud. Small slides and caving in
along sand or gravel banks. Large bells ring. Concrete irrigation ditches
damaged.

VI

Very strong

Moderate damage

Steering of motor cars affected. Damage to masonry C; partial collapse.
Some damage to masonry B; none to masonry A. Fall of stucco and some
masonry walls, Twisting, fall of chimneys, factory stacks, monuments,
towers, elevated tanks. Frame houses moved on foundations if not bolted
down; loose panel walls thrown out. Decayed piling broken off. Branches
broken from trees. Changes in flow or temperature of springs and wells.
Cracks in wet ground and on steep slopes.

Violent

Heavy damage

General panic. Masonry D destroyed; masonry C heavily damaged,
sometimes with complete collapse; masonry B seriously damaged.
(General damage to foundations.) Frame structures, if not bolted, shifted off
foundations. Frames racked. Serious damage to reservoirs. Underground
pipes broken. Conspicuous cracks in ground. In alluvial areas sand and
mud ejected, earthquake fountains, sand craters.

Very Viclent

Extreme damage

Most masonry and frame structures destroyed with their foundations. Some
well-built wooden structures and bridges destroyed. Serious damage to
dams, dikes, embankments. Large landslides. Water thrown on banks of
canals, rivers, lakes, etc. Sand and mud shifted horizontally on beaches
and flat land. Rails bent slightly.

X1

Rails bent greatly. Underground pipelines completely out of service.

Xl

Damage nearly total. Large rock masses displaced. Lines of sight and level
distorted. Objects thrown into the air.

Masonry A: Good workmanship, mortar, and design; reinforced, especially laterally, and bound together by using steel,

concrete, etc.; designed to resist lateral forces.

Masonry B: Good workmanship and mortar; reinforced, but not designed in detail to resist lateral forces.

Masonry C: Ordinary workmanship and mortar; no extreme weaknesses like failing to tie in at corners, but neither
reinforced nor designed against horizontal forces.

Masonry D: Weak materials, such as adobe; poor mortar; low standards of workmanship; weak horizontally.
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The degree of hazard of floods is given by the flow depth (for flood events, where the velocity of the
phenomenon plays a minor role), and by the product of the flow depth and flow velocity [13], see section 13.4.

See section 6.2 for a review of the current state of flood hazard maps in the Caribbean and possible sources
for hazard information for flood hazard assessment.

13.5.3 Earthquakes

Earthquakes are ground vibrations, caused by immediate stress releases in the Earth's crust, that spread out
through the Earth's interior and its surface. They can be generated by tectonic siresses or accompany
volcanic eruptions. Earthquakes in the Caribbean are mostly of tectonic nature, as the area is located at the
boundaries of the tectonic plates of North- and South-America, Cocco and Nazca. Earthquakes due to
volcanic eruptions are less frequent. Earthquakes can last up to several seconds, acting in all directions, with
ground amplitudes of up to several centimetres to decimetres and ground accelerations of up to several tens
of % of the gravitational acceleration.

Besides the regional hazard situation due to the tectonic set-up, the local condition of the ground plays a
determining role. Seismic waves are amplified in loose ground, making areas along valley bottoms, rivers,
lakes, and coastal areas particularly vulnerable. Phenomena that can be triggered by earthquakes are soil
settling, mass movements and soil liquefaction.

Earthquakes are classified according to two alternative schemes:

e The Richter's scale classifies earthquakes in terms of magnitudes, describing the released seismic
energy. From one magnitude to the next, the energy increases by a factor of 30, and is measured in terms
of ground motion (peak ground acceleration or spectral acceleration).

e Various intensity scales classify earthquakes according to their impact on the buili and natural
environment. In the Caribbean the 12-scale Modified Mercalli Intensity scale (MMI) is mostly used (Table
7).

The hazard analysis of earthquakes is based on physical parameters using three elements: seismotectonic
zoning to describe the general hazard situation, a model to describe the decrease with distance, and
consideration of local geometrical and geological effects. The necessary working steps can be summarized as
follows,

1. Historical earthquakes are stored in regional databases, such as the ANSS catalogue [1]. These
catalogues show the distribution of earthquakes, with their respective characteristics (magnitude, peak
ground acceleration, spectral acceleration).

2. A seismo-tectonic model is needed to describe the tectonic structure of the area, determining the spatial
propagation of an earthquake in the underground and on the surface.

3. Based on the above points, computer programs ([91],[93]) are used to produce macroseismic hazard
maps in terms of peak ground acceleration or spectral accelerations of earthquakes of a certain return
period.

4. A further refinement is attained by seismic microzonation in which an area is subdivided into zones with
respect to its geological and geophysical characteristics, such as ground shaking, liquefaction
susceptibility, landslide and rock fall hazard, earthquake-related flooding, so that seismic hazards at
different locations within the area can correctly be identified. In most general terms, seismic microzonation
is the process of estimating the response of soil layers under earthquake excitations and thus the
variation of earthquake characteristics on the ground surface. Microzonation provides the basis for site-
specific risk analysis, which can assist in the mitigation of earthquake damages.

For the Caribbean regional macroseismic hazard maps (above points 1 to 3) are available by the University of

the West Indies ([72],[73]), the CDMP project [23] and the USGS [71]. Due to the lack of availability of local
geological models, microzonations are mostly missing.
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Earthquakes are classified according to their peak ground acceleration (PGA) with a 10% exceedance in 50
years (T = 475 years), divided into three classes of hazard (Table 5). See section 6.3 for a review of the
current state of earthquake hazard maps in the Caribbean and possible sources for hazard information for
earthquake hazard assessment.

30

Table 8 — Overview of computer codes for conducting hazard analyses.

Computer code

Main characteristics

Application

Extreme value analysis

extRemes [94]

Freeware, extension of R (a free
software environment for statistical
computing and graphics) for the
analysis of extreme values.

Determination characteristics of

extreme values.

temporal

Hurricanes, storm

surges

TAOS/L [96] Freeware, stand alone software, | Production of wind, storm surge, and wave
uses data on deep ocean and | height maps of different return periods.
foreshore bathymetry, topography,
land cover, and storm data to
produce storm related hazard rnaps,

GIS interface.

Floods

FloodArea [80] Commercial, ArcGIS extension, two- | Extent of flood area, time dependent evolution
dimensional simulation, flood input | of floods and flash floods, flat topographies.
by hydrograph or rainfall, mobile
barriers.

Flo-2D [79] Commercial, ArcGIS extension, two- | Extent of flooded area, time dependent
dimensional simulation, flood input | evolution, steep topographies, expansion
by hydrograph or rainfall. pattern of debris flow.

HEC-RAS [85] Freeware, interface with GIS, | Extent of flooded area, time dependent

pseudo two-dimensional simulation,
flood input by hydrographs.

evolution.

HEC-SSP [86]

Freeware, stand-alone application,
statistical analysis of exireme
events of rainfall and floods.

Determination of intensity-duration-frequency
(IDF) curves for rainfall and floods.

Earthquakes

OpenSHA [93]

Freeware, stand-alone application,
input from seismic databases.

Production of probabilistic seismic hazard
maps in terms of Intensity and peak ground
acceleration.

Software for US
national hazard
maps [91]

Freeware, stand-alone application,
input from seismic databases,
software used for producing the
current U.S. seismic maps.

Production of probabilistic seismic hazard
maps.
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14 Analysis of vulnerabilities
14.1 Summary

The occurrence of natural hazards has consequences, in terms of direct damages and indirect losses. Direct
damages are the immediate consequences of natural hazards, caused mainly to the physical assets of
tourism (building stock and mobile equipment), infrastructures, and the environment. Not all consequences
are immediately visible, but only after days and weeks after the occurrence of a hazard. Examples for these
so called indirect losses are the socio-economic consequences caused by the reduced economic aciivity.

Step 1
v Objectives
To Do +
® Identify, inventorize elements at risk Step 2
® Determine vulnerabilities and expected Hazards
damages v
* L | Step 3
Vulnerabilities
Output v
» Census of elements at risk
: < Step 4
* Expected direct damages and indirect Risks
losses
L4
Step 5
Outcomes

Figure 10 — Analysis of vulnerabilities.

The evaluation of the consequences of natural hazards on tourism focuses on two partial aspects: The
identification and mapping of the objects at risk, and the estimation of the vulnerability of these objects with
respect to a natural hazard of a certain intensity. The two major tasks to be carried out in this working step are
(Figure 10):

s |dentification and mapping of elements at risk on which the risk assessment is to be conducted. Elements
at risk may be the facilities of tourism, the population, environmental elements, and connected economies
that may suffer from a natural hazard event, directly or indirectly.

e [Estimation of the expected damages and losses of the elements at risk, addressing physical, socio-
economic and environmental vulnerability, and macro-economic effects caused by the occurrence of
natural hazards.

14.2 Approaches and sources of information

Table 9 summarizes the vulnerable objects which are considered in the Standard and the relative approaches
that are proposed.

Direct consequences. The direct impacts of hazards on vulnerable objects are visible immediately after a
hazard event. The following direct consequences are considered in the Standard.

e The physical impacts to the building stock of tourism and its essential infrastructure, mobile assets
(vehicles, boats, etc.), the traffic infrastructure, such as roads, sea and air ports, etc., and environmental
damages can be assessed based on the physical vulnerability of these objecis as a function of the
expected hazard intensity.

e The direct impact on the population in terms of the number of affected people can be assessed in
terms of the area affected by a hazard and the relative number of people living in this area.

Indirect consequences. The indirect impacts of hazards may be observed only days and weeks after the
occurrence of a hazard. As indirect conseguences the following aspects are considered in the Standard.
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¢ [Economic impacts. Loss of income and decrease in economic activity in tourism or in sectors directly or
indirectly linked to tourism.

o Social impacts of hazards on the entire population or parts of particular interest (disabled, women,
elderly, certain household incomes, etc.).

¢ Impact on the environment in terms of the area which is affected by a hazard phenomenon.

e Macro-economic impacts. This approach is proposed for studying the macro-economic effects of
hazards. This analysis targets the larger scale effects of hazards on national or regional economic
indicators, such as the GDP.

Table 9 — Summary of vulnerability assessment approaches.

Types of impacts Vulnerable objects and type of assessment (A/B/C)

Direct consequences

Physical impacts - Damages to building stock, essential infrastructure (A)
- Damages to traffic infrastructure (A)

- Environmental damages (A/B)

Social impacts - Affected population (tourists, local population) (B)

Environmental impacts - Environmental damages (B)

Indirect consequences

Social impacts - Affected population (elderly, women, disabled, etc.) (B)

Economic impacts - Loss of income (B)
- Decrease in economic activity (B)

Environmental impacts - Environmental damages (B)

Macro-economic impacts - Impact on large-scale economic indicators (C)

Assessment approaches: A. Assessment based on physical vulnerability. B. Assessment based
on area affected by hazards. C. Comparative analysis of normal and hazard situation.

The analysis and assessment of the vulnerabilities of tourism requires a thorough knowledge of the assets at
risk and the extent to which these assets are risk. The necessary information is to be collected and analysed
in several ways:

e On-site visits and field surveys. Particularly for site-specific assessments, on-site visits are the most
important source of data.

e Analysis of statistical data and compilations, censuses, statistical year books and databases. Various
sources, local, domestic and international, can be used to obtain information on the socio-economic
structure of tourism and its interconnection to othar sectors.

Data sources are compilations, that give information on the characteristics of tourism facilities, such as
location, number and type of constructions, physical vulnerabilities. Other possible sources are censuses and
surveys on tourism spending and stays edited by national statistical offices, national tourism sector authorities,
hotel and tourism associations, tour operators, central banks, port and airport authorities, insurance
companies.

International sources of information may need to integrated for larger scale assessments, using data sources
such as the Central American Tourism Integration Secretariat, Caribbean Hotel and Tourism Association
(CHTA), Caribbean Tourism Association (CTO), international reinsurance companies, and the World Tourism
Organization (UNWTO).
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14.3 ldentification and mapping of vulnerable elements

The process of inventorizing the elements at risk is determined by the objectives of the risk assessment and
should include primarily the facilities of tourism at risk due to natural hazards (such as hotels and directly
connected facilities), and the people working in tourism. It should then be extended to more external
infrastructures and services that are necessary for the operation of tourism, such as traffic infrastructure, and
the connected industries. Also tourist attractions of environmental, historical or cultural importance may be
included in the assessment.

All vulnerable elements are to be identified by their precise geographic location in order to be used in
geographical information systems (GIS). The vulnerable elements are categorized according to their type of
damage: direct damages and indirect losses.

14.3.1 Physical assets of tourism

These include the assets of tourism, which are directly linked to the sector, such as tourism facilities, vital
infrastructures and mobile equipment, but also governmental offices, emergency infrastructure, and
environmental attractions linked to tourism. In more detail they include:

e Tourism facilities, such as hospitality/accommodation facilites (hotels and guest houses, bed and

breakfast, camp sites, etc.), food and beverage facilities, restaurants, fast food outlets, pubs, lounges,
nightclubs, etc.

e \Vital infrastructures, such as water supply, sewage, energy, air conditioning, etc.
e Mobile equipment such as boats, vehicles, sports equipment, efc.
e Key public utilities, such as transport infrastructure (airports, seaports, highways, bridges, tunnels).

e Key governmental offices (ministries of foreign affairs, national security, tourism and finance, disaster
management offices, embassies/consulates, etc.)

e Emergency infrastructure, such as shelter infrastructure, ambulances, police, fire brigade, hospitals and
civil protection.

e Tourism attractions: environmental (beach, reef, tropical forest, natural monument), cultural/historical
(fortresses, old towns, churches, museums), and sports.

The identification and mapping of the above listed physical assets should include an estimate of the values of
these elements. The characteristics may be evaluated during field surveys or can be found in compilations.
Table 10 shows the example of unitary values of replacement for transport and communication assets.

14.3.2 Socio-economic aspects
In order to determine the socio-economic impacts of natural hazards on the communities and local economies
which are linked to tourism, it is necessary to have base statistics on the population, and the economic

activities. In order to conduct this analysis in a GlS-environment, the necessary data should be geo-
referenced. The necessary data includes:

¢ Geographic distribution of population, population density, and distribution of particularly interesting
aspects of the population, such as age structure, gender, minorities, and school formation, etc.

e Geographic distribution of economic indicators, such as income distribution, poverty, number of owners
and renters, etc.

e Geographic distribution of workforce location data of the population active in tourism or in connected
economies.
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In order to determine and identify the economic connection between tourism and other economic sectors, it is
necessary to have economic statistics of the study area, such as:

e Analysis of the economic structure with respect to interconnection with tourism.
e Employees in tourism and incomes produced.

e Employees in connected economies and incomes produced (tourist services, transport, business, food,
agriculture, etc.)

14.3.3 Environmental aspects

Tourism relies on environmental aspects, such as tropical forests, reefs and beaches. If these aspects are at
risk, so is tourism itself. The environmental tourism attractions must be mapped and if possible atiributed with
an economic value.

14.3.4 Macro-economic aspects

The assessment of the macro-economic aspects of natural hazards is beyond the focus of this Standard. The
methodology discussed in [28] is based on the comparative analysis of normal and hazard affected large-
scale economic indicators, comparing the previous situation with the expected evolution in 3-5 years (without
a hazard event) with the effects of a hazard event.

14.4 Analysis of consequences

14.4.1 Physical damages

For the estimation of the physical damages caused by hazards, it is necessary to know the expected hazard
intensity (which is an output of the hazard analysis, see section 13), the physical vulnerability, and the value of
the objects that are considered. Table 10 shows estimates of values of the various elements considered as
tourism facilities or other elements at risk of direct darnage.

Table 10 — Approximate values of transport and communication assets [26].

Approximat |

Object pproximate value
[US$] of 2003

New light utility vehicle (average) 10'000
New small car (average) 10'000
New truck, rigid frame (average) 60'000
New urban bus (average) 100'000
km of dirt road: rehabilitation, flat/undulating land (reconstruction), 5'000, 10'000, 20'000
undulating/mountainous land (reconstruction)
km of hardcore road: rehabilitation, flat/undulating land 15'000, 50'000, 75'000
(reconstruction), undulating/meuntainous land (reconstruction)
km of paved road: rehabilitation, flat/undulating land (reconstruction), | 25'000, 100'000, 150'000
undulating/mountainous land (reconstruction)

The formulas to calculate the expected physical damages are listed below for several types of objects.

Buildings. The direct damages to the building stock can be described as follows [58]. The expected damage
to a building caused by a hazard scenario is given as:

D(B)j=(—¢&) - V(B) -W(B)y,
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where D(B), ; is the damage [US$] of building i due to scenario J, & is the protection factor of this building (it
varies from 0 to 1, value 1 means that the building is completely protected), V(B),; is the vulnerability of the
building with respect to scenario j, and W (B); is the market value of the building.

The total damage to all buildings due to hazard scenario j is given as:
D(B); = ¥; D(B);,

where D(B); are the total damages to buildings due to hazard scenario i, and D(B);; is the damage to
building i caused by hazard scenario j, as stated by equation (14.1).

Mobile assets. The damage to mobile assets, such as vehicles, boats and machinery can be taken account
of as:

D(MA);; = (1 —g) - V(B);-W(B);

where D(MA), ; is the damage to mobile asset i due to hazard scenario j, ¢; is the protection factor, V(B), ; is
the vulnerability of mobile asset i in hazard scenario j, and W (B); is the value of the mobile asset.

Linear elements. The damage to linear elements, such as conducts (water, sewage, gas, etc.) can be
calculated as:

DU—-); = V(L)i,j ' W(L)j *9j
where D(L); is the damage, V(L);; the vulnerability, and g; the length of linear element j.

Areal elements. The damage to areal elements, such as parks, golf courses and forests, can be estimated
as:

D(A); =V(A);-W(A); - 4
where D(4); is the damage to areal object j, W(4) is the value per areal unit [US$/area], and 4; is the area.
The total of direct damages of scenario j is the sum of all the direct damages, described as:

D; = D(B); + D(MA); + D(L); + D(A);

with the partial damages to facilities, mobile assets, linear and areal elements, D(B);, D(MA);, D(L);, and
D(A);.

In the case that more scenarios are to be considered, the overall total of direct damages of all considered
scenarios is calculated as the sum of all damages of all scenarios as:

where D; is the total damage of scenario ;.
14.4.1.1 Estimation of physical vulnerability

Natural hazards cause direct damages to tourism facilities. The vulnerability of an object towards physical
damages is given by its physical vulnerability. Physical vulnerability ranges from 0 to 1, a value of 0 means no
damage and 1 means complete destruction. The analysis of hazards and vulnerabilities is a wide subject and
topic of ongoing research. The text below can only address the major points which are necessary for
conducting risk assessment applying the Standard. Often the reader is referred to specific literature, the usage
of specific software, or the expert knowledge of the team members conducting the risk assessment.

In the following sections guidance is given on how to estimate physical vulnerability for hurricanes (wind
hazard), storm surge and flooding, and earthquake.
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Hurricanes. The high sustained winds that accompany hurricanes cause widespread structural damage to
both man-made and natural structures. Wind induced damages on buildings are caused by wind pressure and
short-termed pressure peaks. The impact increases with increasing wind speed and particularly when the
characteristic frequency of the building fits the frequency characteristics of the wind.

Wind damages
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Figure 11 — Estimation of damages due to wind hazard accompanying a tropical cyclone [48].
Particularly vulnerable to heavy wind are large window fronts, doors and other apertures, and external or roof
mounted equipment. The overall degree of physical damage due to wind hazard of buildings can be estimated
using the Saffir-Simpson scale (Table 6) and Figure 11.

Table 11 — Physical vulnerabilities for storm surge and flood [58].

Physical vulnerability

Object types Intensity

Low Medium High
Hotel 0.1 0.3 0.4
Depot 0.02 0.3 0.6
Public buildings 0.1 0.3 0.4
Camp ground 0.5 0.8 1.0
Hospital - 04 0.3 0.4
Single-family house 0.02 0.2 0.3
Apartment house 0.006 0.15 0.25
Bridge, 8 m 0 0.01 0.1
Road, 8 m 0 0.1 0.3
Conducts, below ground 0 0.01 0.1
Electricity, above ground 0 0.3 0.8
Electricity, below ground 0.1 0.3 0.5
Drinking water, below ground 0 0.01 0.1
Drinking water, above ground 0 0.3 0.5
Golf course 0.2 0.3 0.6

Storm surges and floods. Floods and storm surges may cause damages to buildings, vital and traffic
infrastructures, and attractions of tourism. Damages are mainly caused by water intrusion to physical assets.
Due to the possibilities of monitoring and alert of the triggering phenomenon damages to people are
secondary. Table 11 lists approximate values for physical vulnerability for a number of object types [58]. More
than giving distinct values the table should be used to get indicative values. Floods and storm surges cause
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damages particularly to objects close to the ground surface. The damage estimation must thus focus
particularly on the ground floor and the basement of buildings and the mobile assets that are contained.

Earthquakes. Earthquakes can cause damage to buildings, infrastructures, putting at risk also people inside
and outside of buildings. The central point is the establishment of the physical vulnerability of buildings, which
describes the extent of damage (in %) which is to be expected due to a certain earthquake. The vulnerability
of a building is determined by the type of construction, the materials used and the quality of construction.

The impact of an earthquake to a building is given mostly by cyclic, horizontal movements, which are difficult
to absorb by the structure, which is generally designed to sustain vertical forces. This behaviour is illustrated
by the soft-storey failure: the collapse of a single storey leads to the complete destruction of the building.

Earthquake damages
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Figure 12 — Estimation of physical vulnerability for earthquakes [48].
The vulnerability of buildings can be described using vulnerability curves, which link building vulnerabilities
with earthquake characteristics. These vulnerability curves are either based on intensity or other physical

characteristics of earthquakes. A rough estimate of the damage to buildings by earthquakes can be conducted
using Figure 12 or Table 7.

14.4.2 Losses due to interruption of services
The damage caused by the interruption of services is calculated as [58]

D(mt)} = C(mt) “ d‘,
where D(int); is the indirect loss due to interruption of services due to hazard j, C(int) is the cost of
interruption per day, and d; is the number of days of interruption. The daily cost and duration of interruption
must be estimated.
14.4.3 Socio-economic and environmental impacts
The Standard proposes to express the degree of vulnerability in terms of the degree of hazard an object is
exposed to. Consequently the following degrees of vulnerability are applied: Low vulnerability (population or
environment is exposed to low hazard intensity), medium vulnerability (population or environment is exposed
to medium hazard intensity), high vulnerability (population or environment is exposed to high hazard intensity).
See below for assessment of the socio-economic (affected population) and environmental impacts.
14.4.3.1 Affected population
The socio-economic analysis focuses on the identification of the vulnerability of a community towards the
effects of natural hazards, and evidences parts of the population which may be particularly at risk with respect

to natural hazards. Since the population may be directly or indirectly affected, it is necessary to distinguish
and identify these two scenarios.
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Several aspects of a community may be used to indicate its vulnerability towards disasters. According to [53]
the analysis should focus on the following indicators.

- e Minority populations. Indicates potential language or cultural considerations.

e Percent households below poverty. Indicates limited resources.
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14.6 Macro-economic effects

The assessment of macro-economic effects is beyond the scope of this Standard. It addresses large scale
effects of the impacts of natural hazards. Such an analysis must include calculations of how a disaster's
impact on the sector would affect indicators such as economic output, external accounts, and public finances,
with proper attention given to the effects on public and private investment, employment and women.
According to [28] the analysis of the macro-economic effects of hazard events should focus on:

o Effects on economic activity.

e FEffects on the external sector.

e [Effects on public finances.

e Effects on investments.

e Effects on employment.

Generally, the analysis of macro-economic effects of natural hazards is based on the comparative analysis of
the above mentioned large-scale economic indicators under normal and hazard affected conditions. The time
horizon of such an analysis is of 3 to 5 years [28].

14.7 Resilience

Resilience is the ability of a system, community or society exposed to hazards to resist, absorb, accommodate
to and recover from the effects of a hazard in a timely and efficient manner, including through the preservation
and restoration of its essential basic structures and functions (UNISDR).
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Figure 13 — Tourist arrivals in Belize before and after hurricane Keith, 2000 [28].

The resilience of tourism can be evaluated by identifying the effects of natural hazard events in economic
statistical data, such as tourist arrivals, analysing how long it takes tourism to get back to normal condition.
Analogously to the analysis of hazards, vulnerability and risks, it is necessary to include the aspect of the
intensity of the hazard, when judging hazard resilience.

Figure 13 shows an example from Belize, where it was estimated that tourism returned to its normal condition

5 months after hurricane Keith (SS 3 to 4) in 2000. Hurricane Keith caused an estimated damage of 280
million US$.
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15 Calculation and assessment of risks
156.1 Summary

In the concluding step of risk assessment the consequences that arise from the presence of vulnerable
elements in an area prone to natural hazards are estimated (Figure 14). This step corresponds graphically to
the superposition of the hazard maps on the maps of vulnerable elements. The results are quantitative
estimates of risk.

The consequences are direct damages to the building stock and infrastructures of tourism, essential
transportation facilities and infrastructure, direct losses such as cost of repairs and replacement, income loss
for the operators of tourism and the connected population, casualties, and indirect losses, such as supply
shortages, sales decline, and other economic losses to industries which are connected to tourism.

~ The resulting risks are object, or collective risks, i. e. the partial or total risks, a certain object (e. g. hotel,
community, region) is subject to. It is not the scope of the Standard to determine individual risks, i. e. the risks
that a single person is subject to.

Step 1
‘L Objectives
v
To Do Step 2
e Calculate object and collective risks Hazards
e Compare to levels of acceptance and ¥
tolerance
Step 3
v Vulnerabilities
Output v
e Object risks, collective risks Step 4
e Comparison with other risks i Risks
v
Step 5
Qutcomes

Figure 14 — Calculation and assessment of risks.

15.2 Total risks

The total risk, or sometimes also called collective risk, of a situation is obtained by summing up the risks that
arise from all the considered hazards scenarios acting on all objects at risk. Mathematically, the procedure of
summing up is described as:

Rijj=F-D; - R=xR; - R=LR (15.1)

where R;; is the object risk that arises from hazard scenario j acting on object i, R; is the risk of all objects
exposed to hazard scenario i, and R is the total or collective risk.

The potential damage of an object, D;, is given as D; = V;; - W; for direct damages (objects with a physical
vulnerability V; ; and value W;. For assessing indirect consequences, such as affected population or areas at
risk, D; is the number of affected people or an area (km?).

15.3 Representation of risks — risk matrices

The risk characteristics of the studied system can be described by risk matrices (Figure 15). Risk matrices can
be easily calculated using spreadsheet programs, such the programs contained in Microsoft Office [88] or
OpenOffice [91].
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Figure 15 — Calculation of object and total risks in risk matrices (modified from [12]).

Figure 9 shows an example risk matrix for calculating the risks of n objects (0,, ...

hazard scenarios (hy, ..., h,,). It is possible to calculate partial or total risks, such as:

e The risk an individual object is subject to due to a single hazard scenario (R; ;).

,0,,), which are subject to m

e The total risk an object is subject to due to a number of hazards scenarios (hy, ..., i), called object risk

(Ry).

e Collective risks are the sum of the risks of all objects. Collective risks can be hazard-specific, or include all
hazards (R) for all the considered objects.

s Risks are addressed separately for physical assets and for people, additional hazards or object categories
can be easily added and assessed.

The procedures to calculate risks are:

1) All object risks R; ; = P; - D;, separated by categories (risks for material assets, people or environment
affected) are summarized in a risk matrix.

2) For each object 0; all the risks caused by different hazard scenarios (h;) are summed up to form the
total object risk R;. It represents the risk for object 0; due to all the hazards scenarios that have been
considered (hy, ). It can be written as:

Ri= ) Ry

m
j=

1

3) Allthe object risks R; are summed up to give the collective risk of the system R:

R:ZR[

n
=]
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Risk matrices give a complete quantitative description of the risk characteristics of the system that is analysed
and show the effects of the hazards on people and material assets at risk. The resulting risks can be
compared to each other and assessed, see sections 15.4 and 15.5.

15.4 Visualization of risks — Occurrence-impact diagrams

The collective risks can be displayed graphically in a occurrence-impact graph, where the single risks are
shown as a sum-curve (Figure 16).

The step-by-step procedure to represent collective risks in an occurrence-impact diagram is:

1)
2)

3)

4)

9)

All collective risks R are ordered in decreasing order of damage D.

Insert the collective risk R with the largest damage and the corresponding probability of occurrence P.

Insert the remaining collective risks in decreasing order of damage, summing the corresponding

occurrences P.

Connect the points to a sum-curve. The resulting risk corresponds to the area below the sum-curve.

Compare different sum-curves and determine the level of acceptance.

The resulting occurrence-impact curve represents the total risk of the situation that has been analysed. In a
consecutive step (15.5) the tolerance or acceptability of the resulting risk shall be evaluated, comparing the
risks to generally accepted or tolerated levels of risk.
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Figure 16 — Representation of collective risks in an occurrence-impact diagram (modified from [12]).
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15.5 Assessment of risks

After the calculation of risks they can be assessed in order to identify if they are tolerable or acceptable or not.
If risks are not acceptable, possible measures should be found fo reduce the risks.

Total risks are represented in a occurrence-impact diagram (Figure 17). It is useful to compare the resulting
risks among themselves locally and regionally, and with risks deriving from other hazard situations. and with
existing definitions of acceptable risks of natural or technological hazards.

A

Acceptable

risks

Annual occurrence, p (year')

\ \
\

e —+—5I

Damage, D

Figure 17 — Evaluation of acceptability of total risk.

In order to evaluate the acceptability of collective risks, the occurrence-impact diagram is divided into three
ranges: an acceptable, an intermediate and a non-acceptable range. The acceptability of a situation is judged
by the position of the sum-curve with respect to the three ranges.

The definition of the ranges of acceptability of risks involves a societal dialogue, and can only be done, when
a number of risks — not only deriving from tourism and natural hazards — are known and can be compared to
each other [33].

15.6 Risk reduction measures - Cost and efficiency

Risks may exceed the limits of acceptability and thus should be reduced applying appropriate measures.
Possible measures are:

s Direct protective engineering works. Objects at risk can be protected by engineering works that act on
the occurrence or propagation of a hazard, thus reducing the degree of hazard or improve the protection
of an object at risk. Examples of protective measures are protective walls against flooding and
reinforcement of structures against earthquakes.

« Higher construction standards. Land use regulations and protective works have only limited efficiency
for hazards such as earthquakes and hurricanes. The implementation of higher construction standards in
tourism by means of the introduction of building codes is more effective.

¢ Insurance. The damage cost can be transferred to insurance companies.

e Risk avoidance and land use regulations. Risks can be completely avoided or controlled by land use
regulations, linking hazard mappings to land use.

Risk mitigation must be cost-effective. The efficiency can be evaluated by a cost-effectiveness analysis, which

relates the risk reduction (in terms of lives saved or material damage avoided) to the cost of the risk reduction.
In hoth cases the cost-effectiveness is expressed in as a benefit-cost ratio as
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' Risk reduction
Benefit/Cost =

Cost of risk reduction

where the risk reduction is the improvement in safety, given as the difference between the risk before and
after the implementation of risk reduction measures, and the cost to reduce risk. As usual in risk analysis the
values are referred to one year.

The annual cost of a risk reduction option is calculated as:

Connuat = Co + Oy + Cp +

Iy — Ly Iy+L, p
n ( 2 100)
The parameters refer to the risk mitigation option. C, is the cost of operation, €y, is the cost of maintenance,

Cr is the cost of repair, I, is the investment cost, n is the lifetime [years], L,, is the residual value after lifetime,
and p is the interest rate [%].

16 Documentation of outcomes
16.1 Summary

The procedures and outcomes of risk assessment are documented in a summary report and on maps (Figure
18), according to the specifications. The specifications give guidelines on the map products, and their layout,
scale, colours and symbols.

Step 1
v Objectives
To Do *
e Document outcomes of risk assessment Step 2
an maps and a report Hazards
7 v
Step 3
Output Vulnerabilities
e« Maps of hazards, vulnerabilities and &
risks
Step 4
e Summary report Risks
v
|| Step 5
Outcomes

Figure 18 — Representation of results.
16.2 Maps

The map representations of the outcome of risk assessments follow a common outline and specifications, as
shown in shown below. The outcomes are displayed on hazard maps, maps of vulnerable elements and risk
maps (Figure 19). See Annex A for example outputs of risk assessment.

Topographic base maps. Topographic maps are to be used to display the outcomes in a comprehensive
way. See section 16.3.2 for indicative map scales and section 16.3.5 for map projections and datum.

Hazard maps. Hazard maps show the degree of hazard which is present due to a natural hazard. Each
hazard must be displayed individually. The map representation shows the degree of hazard, using the
proposed colour scale.

Maps of vulnerable elements. Maps of elements at risk show the elements that are at risk, if possible
identifying their degree of vulnerability.

Risk maps. Risk maps show the resulting risks using the proposed colour scale.
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16.3 Map specifications
16.3.1 Layout

The maps follow a common layout, composed of three elements, as shown in Figure 19: The field “Map cover
sheet” is of “letter” size and contains the map title and scale. The field “Map legend" lists the symbols and
colours used on the map. The field “Explanations” contains additional and explanatory text and disclaimers
necessary for the comprehension of the information displayed on the map. The field Map shows the map with
a scale bar and a North arrow, as shown below.

Map
cover

sheet
Map

Map legend

Explanations

Figure 19 — General layout of maps: unfolded map (left), folded map (right).
16.3.2 Scales

The following indicative map scales are to be used to represent the results of risk assessment;

e Site-specific assessment: 1:1,000

e |ocal assessment: 1:10,000

¢ Regional assessment: 1:100,000

16.3.3 Colours

The following colours are to be used to display the relative degrees of low, medium and high on hazard,
vulnerability and risk maps (Table 12). The meaning of the colour coding is to be described in the map field

“Explanations” (see section 16.3).

Table 12 — Colours to be used in maps.

Maptyps Degree
Low Medium High
Hazard map Yellow Orange
Vulnerability map Light green Medium green
Risk map Light red Medium red

16.3.4 Map symbols
The vulnerable elements are to be identified on maps. No standardized symbol sets are available which cover

the complete set of necessary symbols. It is thus recommended to use significant symbols to display the
relative vulnerable objects.
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16.3.5 Map datum and projection

In order to facilitate the comparability and exchange of map documents, a common map datum and projection
as given by the Ordnance Survey of the United Kingdom is mandatory. See the website
www.ordnancesurvey.co.uk for more information.

16.4 Reports

The conduction of a risk assessment must be documented in a report, documenting and detailing the
procedure that was followed. It shall contain a detailed description of:

e Objectives, extent, scale of assessment.

e Data sources and additional literature and documents that were used to perform the risk assessment.
» Documentation of the single working steps of the assessment.

e Description of the results, including disclaimers and limitations.

The report accompanies the maps that are produced. In order to facilitate the exchange of documents it is
recommended to save the reports and other documents in PDF (Portable Document Format, preferably in the
archiving sub-format pdf/A) by Adobe Systems Inc., & document format for archiving, exchanging and printing.
The reader application Adobe Reader is freely available at the website of Adobe Systems Inc. [77].

16.5 Electronic map and data formats

The Standard defines the formats for facilitating the exchange of electronic data layers and electronic maps
for printing and presentation purposes.

e In order to facilitate the exchange of data, any data layers produced in a GIS environment are to be saved
in the quasi-standard for vector and raster data: ESRI shapefiles for vector data and ESRI grid files for
raster data. Most GIS software contains converters to read and write ESRI shapefiles and grid files. A
freely available stand-alone software for the conversion of geographic data formats is OpenEV [90].

e The electronic map layers shall contain information that identify the authorship, the date of creation and
modification, and further meta-data, that facilitate the identification of information contained in the map
layers.

s Finalized maps are to be saved from the GIS software in PDF (Portable Document Format, preferably in
the archiving sub-format pdf/A) by Adobe Systems Inc., a document format for exchanging and printing
high quality map documents. The reader application Adobe Reader is freely available at the website of
Adobe Systems Inc. [77].

e Alternatively these maps can be viewed and distributed using freely available internet-based map
services, such as Google Earth [81] and Google Maps [82].

17 Software tools for risk assessment

Risk assessment of natural hazards is based on the analysis of geographically referenced data. The
operations of risk assessment are executed using two types of computer software:

e Geographic information systems (GIS) are used to compile the necessary input data and produce map
output. Examples of common GIS software are ArcGIS [78], Idrisi [87] and the freely available GRASS
[83].

e Spreadsheet calculation programs are used to perform risk calculations. Examples of such software are
the spreadsheet software contained in the office suite Microsoft Office, MS Excel [88] or the freely
available office software package OpenOffice.org [91].
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Annex A — Overview of natural hazards in the Caribbean
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Annex B - Synthesis of risk assessment procedure

Step 1 - Definition of objectives

Y

Step 2 - Analysis of hazards
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Step 5 - Documentation of outcomes
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Annex C — Example of risk assessment

The following example of risk assessment illustrates briefly the
working principle of the Standard. Rather than presenting the
detailed procedure, it shows the main steps of the assessment
and the relative outcomes.

Overview. The risk assessment is conducted for a number of
hotels located along the sea side (see sketch). The hotels with
direct access to the sea have beach installations with mobile
equipment. Most employees in tourism are residents in the
nearby town. A preliminary analysis shows that the area is
prone to storm surges and river floods. Both events are caused
by tropical cyclone activity. The assessment is conducted to
determine the direct damages, indirect losses and estimate the
social and environmental consequences of the hazards.

Sketch of situation.

Step 1 - Definition of objectives. The objective of the risk

assessment is to analyse hazards, vulnerabilities and determine the resulting risks, addressing the expected
direct and indirect damages and estimating the social and environmental consequences. The assessment
team shall be composed of a hazard specialist (storm surge and flooding), a tourism specialist (values of
facilities and mobile equipment), and an urban planner (population and land use statistics). A preliminary
analysis shows that only a part of the hotels is affected and that the town (mainly local population) is only
indirectly affected by the impacts of the hazards.

Step 2 - Analysis of hazards. Storm surge and flooding could be identified as the major hazards to be
analysed. Even though tropical cyclone activity is the trigger for both hazards, the phenomena occur with
individual return periods of 100 years for storms surge (P = 1/100 = 0.01) and 50 years for flooding (P =
1/50 = 0.02). The corresponding water depths caused by a 100-year storm surge were transformed into flood
depths and mapped along the coast according to low, medium and high intensity with flow depth categories of
<0.5m, 05t 2 mand>2m. The flood depths of a 50-year flood could be taken from an existing flood
hazard analysis. The corresponding flood depth intensity classes correspond to those of storm surge.

Six hotels with direct beach access are prone to storm surge, and two are additionally prone to flooding. One
hotel is only prone to flood, and two hotels are not touched by any of the two hazards. The resulting intensities
at the corresponding hotels are medium for storm surge (i.e. flow depths of 0.5 to 2 m) and low (flow depths of
up to 0.5 m) for flooding.

Step 3 - Analysis of vulnerabilities. The analysis of vulnerabilities addresses direct damages to the building
stock and mobile equipment, indirect losses due to interruption of service, as well as an analysis of the socio-
economic and environmental impacts.

Direct damages: Putting a market value of 500,000 US$ for a hotel, the expected damage isD =V -W, i. e.
D = 0.1-500°000 US$ = 507000 US$ for low intensity and D = 0.3 - 500,000 US$ = 150,000 US$ for medium
intensity. The beach installations of the hotels on the sea side would suffer from high intensities, the physical
vulnerability of the facilities is estimated to be 0.5. Together with the mobile equipment (boats, vehicles) the
total expected damage of the beach installations is estimated as 50,000 US$ each for storm surge and
5,000 US$ each for flooding.

The total expected direct damage is thus 1.2 mio US$ for storm surge and 160'000 US$ for flooding.

Indirect losses: The assessment addresses indirect losses due to interruption of service. It is estimated that
the interruption of service is one month (30 days) for low intensity and 3 months (90 days) for medium
intensity. The cost of interruption is given by the loss of income for a hotel of 10°000 [/S$ per day. The total
indirect loss is 5.4 mio US$ for storm surge and 1.2 mio US$ for flooding.
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Socio-economic analysis. Governmental statistics report that from the local population (1,500 inhabitants) one
third, 500 people, are working in tourism. Adding their families, results in a total of 1,000 people that are
affected by an interruption of the activities in tourism, caused by either storm surge or flooding. No further
identification of special risk groups is conducted.

Environmental analysis. Tourism relies on the local beach. The total area of beach affected by low, medium

and high intensity is 0.1 km? for storm surge and 0.01 km? for flooding. No further identification of the affected
areas by hazard intensities is conducted.

Step 4 - Calculation of risks. The risks for the considered scenarios (P = 0.01 for storm surge and P = 0.02
for flooding) are given by multiplying the corresponding damages and losses with the annual occurrences of
the scenarios for each type of impact separately. These rather simple calculations can be carried out using a
spreadsheet program on a computer or by hand, as shown below.

Risk of direct damages: The total storm surge risk is R =P D = 0.01 year™' - 1.2 mio US$ = 12,000 US$/
year, and the total flood risk is 0.02 year™* - 160,000 US$ = 3,200 US$/year. These two risks can be summed
to give the total risk of direct damages of 15,200 US$/year.

Risk of indirect losses: The risk for interruption of services is 5.4 mio - 0.01 = 54,000 US$/year for storm surge
and 1.2 mio - 0.02 = 24,000 US$/yvear for flooding. The total risk of indirect losses is 78,000 US$/year.

The total monetarized risk is the sum of the iotal risk of direct damages and of indirect losses and is
93,200 US$/year.

Risk of affected population: The risk for the total indirectly affected population is 0.01 - 1,000 = 10 people/year
for storm surge and 0.02 1,000 = 20 people/year for flooding. The total risk for affected population is
10 4+ 20 = 30 people/year.

Risk of environment. The risk for the tourism-relevant environment (beach) that is affected is 0.01:0.1 =
1072 km?/year for storm surge and 0.02-0.01 =2 -10~* km?/year. The total risk for the environment is
1.2 1072 km? /year.

Risk assessment. The resulting risks can be represented separately on graphs as shown in Figure 16.
Analysing the risk of a number of situations leads to a more complete picture of risks in tourism: the risks are
likely to vary considerably from one situation to another.

High and low risk situations can be identified using the representations shown in Figure 17. Based on these
overviews high risk situations should be further analysed and options should be proposed to reduce risks.

Step 5 - Documentation of outcomes. Even though not displayed in this overview example, the outcomes
are to be documented in detail in order to produce comprehensive and comparable findings. The following
documents are to be prepared to document the risk assessment.

e Summary report. The assessment procedure and all the data that was used to perform the analysis are to
be documented. The findings are presented in tabular representations.

e Hazard maps. For flooding and storm surge separate hazard maps must be prepared, which show the
degree of hazard in terms of intensity and probability of occurrence.

e Vulnerability maps. The vulnerable objects, which are directly (buildings, essential infrastructure, mobile
equipment, etc.) and indirectly (affected population, loss of income, etc.) at risk are shown on a map.

e Risk map. The object and total risks are displayed separated for monetary risks (US$/year) or other
criterion (area/year or people affected/year).
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Annex D - Documentation of hazard events

NATURAL HAZARD EVENT REPORT

> A. HAZARDS

A.1 Type of hazard

Identify type of natural hazard:
Hydrometeorological:
[1 Tropical cyclone, specifically tropical:

[1 Disturbance [ Depression [ storm
[ Hurricane/Saffir-Simpson scale ...
[] Storm surge [ Wind storm [ Floed
Geological:
[ Voleanic activity [ Earthquake [] Mass movement 1 Tsunami

[ e e N ey A = rn )
Description, comments:

A.2 Area and time of
occurrence

A.3 Characteristics of
occurrence

> B. CONSEQUENCES

B.1 Direct damages

{dentify direct damages:

[ Fatalities [ Injured [] Population affected
Destroyed/damaged material assets:
[ Buildings  [] Mobile equipment
[1 Damages to the environment

[ Traffic infrastructure

Description, comments:

B.2 Indirect losses

Identify indirect losses:
] Reduced employment, unemployment
] Reduced economic activity

Description, comments:

B.3 Macro-economic
effects
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Annex E - Glossary

Sources: [55],[66],[67].

Term

Explanation

Acceptable risk

The level of potential losses that a society or community considers acceptable given
existing social, economic, political, cultural, technical and environmental conditions
[68].

Consequences The damages or losses (partial or full) to individual persons or a community,
property, the environment and economic activities that can be quantified in some
unit of measure.

Drought Period of deficiency of moisture in the soil such that there is inadequate water
required for plants, animals and human beings [66].

Earthquake A sudden break within the upper layers of the earth, sometimes breaking the

surface, resulting in the vibration of the ground, which where strong enough will
cause the collapse of buildings and destruction of life and property [66].

Element at risk

The population, buildings and civil engineering works, economic activities, public
services and infrastructure:, etc. exposed to hazards [66].

Exceedance probability

Probability that a given magnitude of an event will be equalled or exceeded [66].

Flash flood

Flood of short duration with a relatively high peak discharge. Causes inundation,
and because of its nature is difficult to forecast [66].

Flood Significant rise of water level in a stream, lake, reservoir or a coastal region [66].

Floodplain An area adjacent to a river, formed by the repeated overflow of the natural channel
bed [66].

Frequency The inverse of = return period.

Geological hazards

Geological process or phenomenon that may cause loss of life, injury or other health
impacts, property damage, loss of livelihcods and services, social and economic
disruption, or environmental damage.

Comment: Geological hazards include internal earth processes, such as
earthquakes, volcanic activity and emissions, and related geophysical processes
such as mass movements, landslides, rockslides, surface collapses, and debris or
mud flows. Hydrometeorological factors are important contributors to some of these
processes. Tsunamis are difficult to categorize; although they are triggered by
undersea earthquakes and other geological events, they are essentially an oceanic
process that is manifested as a coastal water-related hazard [68].

Hydrometeorological
hazards

Process or phenomenon of atmospheric, hydrological or oceanographic nature that
may cause loss of life, injury or other health impacts, property damage, loss of
livelihoods and services, social and economic disruption, or environmental damage.

Comment: Hydrometeorological hazards include tropical cyclones (also known as
typhoons and hurricanes), thunderstorms, hailstorms, tornados, hlizzards, heavy
snowfall, avalanches, coastal storm surges, floods including flash floeds, drought,
heatwaves and cold spells. Hydrometeorological conditions also can be a factor in
other hazards such as landslides, wildland fires, locust plagues, epidemics, and in
the transport and dispersal of toxic substances and volcanic eruption material [68].

Impacts - Consequences.

Infrastructure Public services of a community that have a direct impact on quality of tourism, such
as vital services (water supply, sewer treatment), transportation infrastructure
(airports, seaports, highways, bridges, tunnels, railways, canals).

Intensity A measure of the effects of a hazard.

Intensity (macroseismic)

A number by which the consequences of an earthquake at a particular place are
scaled by its effects on persons, structures, and earth materials. Intensity scales in
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most common use are the modified Mercalli (MMI) scale [66].

Inventory Census of the assets (population, property, and environment) considered at risk in
an area.

Landslide In general, all varieties of slope movement, under the influence of gravity. More
strictly refers to down-slope movement of rock and/or earth masses along one or
several slide surfaces [66].

Liquefaction Loss of resistance to shear stress of a water-saturated sandy soil [66].

Magnitude A measure of the strength of a hazard event.

Magnitude (“Richter | Devised by C.F. Richter in 1935, an index of the seismic energy released by an

scale”) earthquake (as contrasted to intensity that describes its effects at a particular place),

expressed in terms of the motion that would be measured by a specific type of
seismograph located 100 km from the epicentre of an earthquake. Nowadays
several “magnitude scales” are in use. They are based on amplitudes of different
types of seismic waves, on signal duration or on the seismic moment [66].

Microzonation
(microzoning)

Subdivision of a region into areas where similar hazard-related effects can be
expected. Seismic microzonation is the mapping of a local seismic hazard using a
large scale (order of magnitude from 1:5’000 to 1:10'000) [66].

Natural hazard

Natural process or phenomenon that may cause loss of life, injury or other health
impacts, property damage, loss of livelihoods and services, social and economic
disruption, or environmental damage.

Comment: Natural hazards are a sub-set of all hazards. The term is used to
describe actual hazard events as well as the latent hazard conditions that may give
rise to future events. Natural hazard events can be characterized by their magnitude
or intensity, speed of onset, duration, and area of extent. For example, earthquakes
have short durations and usually affect a relatively small region, whereas droughts
are slow to develop and fade away and often affect large regions. In some cases
hazards may be coupled, as in the flood caused by a hurricane or the tsunami that is
created by an earthquake [68].

N-year event (see also
return period)

Magnitude of an event, the mean = return period of which is N years [66].

PGA

The peak ground acceleration (PGA) is the maximum acceleration experienced by
the ground during the course of the earthquake motion.

Probability of occurrence

The probability that an event of return period T occurs in n years is given as P = 1-
(1-1m".

Resilience

The ability of a system, community or society exposed to hazards to resist, absorb,
accommodate to and recover from the effects of a hazard in a timely and efficient
manner, including through the preservation and restoration of its essential basic
structures and functions.

Comment: Resilience means the ability to "resile from" or "spring back from" a
shock. The resilience of a community in respect to potential hazard events is
determined by the degree to which the community has the necessary resources and
is capable of organizing itself both prior to and during times of need [68].

Return period

The average time between occurrences of a particular hazardous event [66].

Risk

(i) The combination of the probability of an event and its negative consequences.

Comment: This definition closely follows the definition of the ISO/IEC Guide 73. The
word "risk" has two distinctive connotations: in popular usage the emphasis is
usually placed on the concept of chance or possibility, such as in “the risk of an
accident”; whereas in technical settings the emphasis is usually placed on the
consequences, in terms of “potential losses” for some particular cause, place and
period. It can be noted that people do not necessarily share the same perceptions of
the significance and underlying causes of different risks [68].

(i) Expected losses (of lives, persons injured, property damaged, and economic
activity disrupted) due to a particular hazard for a given area and reference period.
Based on mathematical calculations, risk is the product of hazard and vulnerability
[68].

Risk assessment

A methodology to determine the nature and extent of risk by analysing potential
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hazards and evaluating existing conditions of vulnerability that together could
potentially harm exposed people, property, services, livelihoods and the
environment on which they depend.

Comment: Risk assessments (and associated risk mapping) include: a review of the
technical characteristics of hazards such as their location, intensity, frequency and
probability; the analysis of exposure and vulnerability including the physical social,
health, economic and environmental dimensions; and the evaluation of the
effectiveness of prevailing and alternative coping capacities in respect to likely risk
scenarios. This series of activities is sometimes known as a risk analysis process
[68].

Risk management The systematic approach and practice of managing uncertainty to minimize potential
harm and loss.

Comment: Risk management comprises risk assessment and analysis, and the
implementation of strategies and specific actions to control, reduce and transfer
risks. It is widely practiced by organizations to minimise risk in investment decisions
and to address operational risks such as those of business disruption, production
failure, environmental damage, social impacts and damage from fire and natural
hazards. Risk management is a core issue for sectors such as water supply, energy
and agriculture whose production is directly affected by extremes of weather and

climate [68].
Risk, collective Risk to which a reference unit (object or group of objects) is exposed.
Risk, individual Risk to which an individual person is exposed.
Saffir-Simpson hurricane | A scale ranging from one to five to describe the intensity of hurricanes, according to
scale the sustained one-minute averaged wind speed at ten meter elevation.
Spectral acceleration The spectral acceleration is approximately what is experienced during an

earthquake by a building, as modelled by a particle on a massless vertical rod
having the same natural frequency of vibration as a building.

Storm surge A sudden rise of sea as a result of high winds and low atmospheric pressure;
sometimes called a storm tide, storm wave, or tidal wave. Generally affects only
coastal areas but may intrude some distance inland [66].

Tropical cyclone Generic term for a non-frantal synoptic scale cyclone originating over tropical or sub-
tropical waters with organized convection and definite cyclonic surface wind
circulation [66]. Further divided with increasing intensity into tropical disturbance,
tropical depression, tropical storm, and hurricane.

Vulnerability (i) The characteristics and circumstances of a community, system or asset that
make it susceptible to the damaging effects of a hazard.

Comment: There are many aspects of vulnerability, arising from various physical,
social, economic, and environmental factors. Examples may include poor design
and construction of buiidings, inadequate protection of assets, lack of public
information and awareness, limited official recognition of risks and preparedness
measures, and disregard for wise environmental management. Vulnerability varies
significantly within a community and over time. This definition identifies vulnerability
as a characteristic of the element of interest (community, system or asset) which is
independent of its exposure. However, in common use the word is often used more
broadly to include the element's exposure.

(i) Degree of loss (from 0% to 100%) resulting from a potentially damaging
phenomenon [66].

Vulnerability assessment | Procedure to determine the degree of = vulnerability.
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