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INTRODUCTORY NOTE
This document presents the results of a cross country survey which did collect actual data on recorded socioeconomic disaster losses as well as of a complementary survey that sought to gain insights into the use of such
data to inform countries’ disaster risk management policies. The document also includes a desk review of ex
ante economic disaster loss assessments across OECD countries.
The goal is to understand ongoing efforts of OECD countries in collecting information on socio-economic losses
of disasters ex post. The report also analyses the uses of information on ex ante socio-economic loss
estimations in terms of informing evaluations of disaster risk reduction investments. This is a challenging area:
data collection by governments remains often spurious and existing international data bases also present
some shortcomings in completeness and comparability of socio-economic loss information. In this context, the
research presented in the report aimed at understanding the underlying institutional factors, and to identify
the potential barriers. The goal was to understand the key drivers and potential bottlenecks countries face in
recording and using disaster-related loss information.
This work was supported by Japan, through the Ministry of Land Infrastructure and Transport and JICE. The
Secretariat is also grateful to Dr. Masato Okabe and his colleagues for their valuable contribution and feedback
on an earlier version of the document.
This document has been made available on OLIS under the cote: GOV/PGC/HLRF(2016)6.
For questions regarding this document, please email Catherine.gamper@oecd.org
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EXECUTIVE SUMMARY
Background and Objectives
In its previous work on assessing the evidence base on the social and economic costs of disasters, the OECD
has demonstrated that publicly accessible online information on these costs are incomplete and to a large
extent incomparable (GOV/PGC/HLRF(2016)3) . Even though standards on reporting at least social losses as
well as physical impacts of disasters (such as the km of road networks destroyed or damaged) had earlier been
established, reporting across countries as well as from one event to the other differs to an extent that it
renders comparability difficult to make. In terms of estimating economic losses after a disaster, the picture
looks even more scattered, confirming a number of other assessments that had been conducted in the past.
Some countries, such as Japan, have established high quality disaster loss measurement and consistently
report on losses, at least for some hazard types, enabling them to evaluate the effectiveness of disaster risk
reduction investments over time. In the case of Japan this has been extremely useful in making the case to
policy makers for such investments. However, cases like Japan remain to be one of few in OECD countries.
The goal of this report is to understand ether the absence of more systematic loss information collection is due
to countries not deeming this data important to inform disaster risk management policy decisions or whether
this is due to other existing bottlenecks. The report gathered OECD country information on the methods and
systems applied to collect social and economic disaster loss information. A complementary online survey was
designed to evaluate whether policy makers in OECD countries use, or would find it useful to use such
information to improve their policy making in disaster risk management. Finally, a complementary desk-based
survey on ex ante social and economic loss evaluations explored whether and how ex post loss information
collection has been used to calibrate ex ante economic loss estimation models whose results can help policy
makers evaluate potential avoided costs when assessing the worth of disaster risk reduction investments.
This work takes place in the follow up of the Sendai process in an international context. The new 2015 Sendai
Framework for Disaster Risk Reduction gives a core emphasis on measuring progress in disaster risk reduction
efforts by establishing indicators and objectives notably for the reduction of social and economic losses of
disasters. This sets important and ambitious performance targets for countries, supported by the development
of methods countries can use to measure them. The ongoing follow-up discussions aim to agree on how to
measure the targets set out in the Framework. The discussions show on the one hand the very different
approaches countries continue to have and that are difficult to change and on the other hand they show the
difficulties many countries will face in actually establishing such information collection systems.
The results of this report therefore provide an important and up to date understanding of where OECD
countries are at in regard to setting up such information collection systems and data repositories. This is
crucial to understand and address underlying gaps and perhaps inform the design of targets and measurement
standards that are feasibly adopted by countries not only within the OECD, but across the globe.
Results and Recommendations
The recommendations below follow survey answers received from 17 countries (15 OECD members plus
Colombia and Costa Rica).
Economic loss data is collected by many countries, but information is not always centralised in one national
database. Different institutions, from national to municipal level, are active in the collection of data for
economic losses from disasters. More than two thirds of respondent countries have a systematic process for
economic loss data collection, but only half of them store this information in an official centralised repository.
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This might be the result of countries' lack of a lead institution that coordinates part of the efforts in gathering
economic losses. Mexico, Colombia and Canada have official nation-wide databases and provide good
examples for the centralised collection of economic loss data from national ministries, provincial and territorial
governments.
Multi-hazard databases are not always available and few countries collect economic losses on man-made
hazards. About half of respondent countries have databases only covering natural hazards, of which some are
disaster specific. Mexico, Finland, Turkey and Canada are countries where loss information is also collected for
man-made disasters. Having different institutions in charge of the collection of hazard-specific data is generally
the norm. In Finland for example, each ministry is responsible for collecting economic losses, depending on the
type of hazard they are in charge of managing.
Guidelines and standards for economic loss estimation are missing. The difference between direct and
indirect economic losses is not well established. Only Turkey, France and Japan seem to make a clear
distinction and record different loss categories accordingly. The distinction between public and private losses is
not often made. For example, in Japan this is not done systematically and depends on the type of disasters and
the type of sectors of the economy most hit by the disaster.
Criteria for triggering standard economic loss recording differ substantially. Many countries have specific
criteria and thresholds for economic loss data collection, for some countries also supported by legal a basis.
For example in France, economic loss estimation from natural disasters is triggered by the event exceeding the
"abnormal intensity" of a specific natural hazard. This threshold is set by an internal jurisprudence of the
interdepartmental commission CatNat. Canada, instead, uses specific quantitative thresholds and includes also
events with historical significance.
There is significant room for improving the collection of data on disaster risk management expenditures.
About half of the responding countries collect such information. However, only few of them, notably France,
Turkey, Japan and Austria provided approximate yearly (disaster risk prevention) expenditures in national
currencies.
Countries see a value in the OECD supporting them in their effort to collect harmonised economic loss data.
Most countries would appreciate the development of an OECD framework to support the production of official
statistics on economic losses.
Given these results, there is significant value and scope in taking this work a step further. On the one hand the
number of country data sets can be increased and their potential for cross-country comparison then needs to
be assessed. While information was collected for a number of countries, some additional countries indicated
they have the data and will be ready to share them in the future.
Just to note that five countries (Estonia, Finland, Norway, Sweden, and Mexico) returned updated data
including country loss data and an additional seven countries shared with us their national databases
(Australia, Canada, Turkey, Mexico, Colombia, Japan and France).
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1 INTRODUCTION: THE USE OF EX POST AND EX ANTE DISASTER LOSS DATA TO INFORM
DISASTER RISK MANAGEMENT POLICIES

1.1 STUDY BACKGROUND AND PROJECT RATIONALE
The rationale for the work on improving the evidence base on the cost of disasters is grounded in the evidence
that recent shocks from natural and man-made disasters continue to cause significant social and economic
losses across OECD countries. The increase in damages is widely considered to outpace national investments in
disaster risk reduction, but this claim is more intuitive than supported by evidence. Indeed, there is hardly any
comparable data available on national expenditure for disaster risk management and data on disaster losses is
generally incomplete and thought to be underestimated. Such estimates of the comprehensive costs of
disasters are necessary to analyse the benefits of past and future risk management policies. In particular, this
information is helpful to inform decision making and to develop cost effective strategies and measures to
prevent or reduce the negative impacts of disasters and threats. Policy makers, at present, possess usually
scattered and incomplete data resources, which are not comparable across countries. To design policies to
reduce losses from disasters we need to know how such economic losses are counted.
Through enhancing countries’ understanding and accounting of socio-economic losses from disasters on the
one hand and public expenditures for risk management on the other, the project has sought to contribute to
creating a better basis of evidence to inform the effectiveness of disaster risk management policies. This work
has been informed by the OECD Recommendation on the Governance of Critical Risks that recommends
developing comparative standards in disaster risk management data for use in designing and tracking disaster
risk management policies and making them comparable across countries for benchmarking.
This OECD work has been closely in line and co-ordinated with other ongoing international initiatives, including
the Sendai Framework for Disaster Risk Reduction and its follow-up work of the Open Ended
i
Intergovernmental Working Group that set out to improve the development and monitoring of indicators
related to social and economic losses of disasters. The Secretariat has also sought to align this work stream
ii
with the goals set out in the Sustainable Development Goals that look at disaster risk reduction specifically in
an urban context. Goal 11 seeks to “make cities and human settlements inclusive, safe, resilient and
sustainable,” which is to be measured, among others, by reducing the number of deaths and affected people,
as well as the direct economic losses relative to global GDP by 2030.

1.2 COMPONENTS AND EXPECTED OUTPUTS
1.2.1 P ROJECT COMPONENTS
The work includes three components:





An OECD-wide survey to collect and analyse existing economic loss data with the goal to provide an
assessment of the current state of the art and subsequent suggestions for the way forward.
A complementary online survey to review countries methodologies to calculate economic losses on
the one hand, and to understand the use of this data to inform disaster risk management policies
making on the other. The complementary survey seeks to understand whether there is demand for
such data for disaster risk management policy and if so, what bottlenecks need to be addressed.
An overview of existing methods in ex ante economic loss estimation. Ex ante loss estimation can be
an important complement to ex post data collection. Although it is informed by historical loss
information, it seeks to project future losses given a certain type of event. Ex ante evaluations can
inform disaster risk reduction investment decisions for projects in specific locations.

In the following section we will present the results of the OECD-wide survey on social and economic disaster
loss data collection. The goal of this section is to not only present the results of the data survey, but to discuss
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the answers of OECD countries with regard to demand for and the utilisation of this data to inform disaster risk
management policy decisions. Section 3 will complement this discussion by reviewing countries’ applications
of ex ante disaster loss estimation methods to inform risk reduction investment decisions.

2 SOCIAL AND ECONOMIC DISASTER LOSS DATA: AN OECD SURVEY
2.1 INTERNATIONAL STANDARDS FOR DISASTERS LOSS DATA COLLECTION
Socio-economic loss data from past disasters have not been collected evenly. In recent years, there has been
an increasing interest in defining comparable international targets and there is an ongoing international effort
to standardize and strengthening the systematic collection of information and data on the socioeconomic
losses from disasters. The Sendai Framework has played a key role in advancing these efforts globally. The
Framework calls for a better understanding of disaster risk informing pre-disaster risk assessment, for
prevention and mitigation and for the development and implementation of appropriate preparedness and
effective response to disasters. Countries should monitor all types of risks: small-scale and large-scale,
frequent and infrequent, sudden and slow-onset disasters caused by natural or manmade disasters as well as
related to environmental, technological and biological disasters (Sendai Framework 2015).
The international community has already undertaken important steps in providing guidance for measuring and
collecting standard comparable disaster loss data. Several multi stakeholder forums have contributed to the
development of standards such as the working group on "Disaster Loss Data and Impact Assessment" of the
Integrated Research in Disaster Risk initiative (IRDR) or the Loss Data Working Group of the European Joint
Research Centre. It is worth giving an overview of standards that have been developed by the international
community as they also informed the development of the OECD questionnaires. Besides, the work of the OECD
does not aim at producing a new standard, but rather contribute to the development and improvement of
existing ones.
The following overview does not aim to be comprehensive, but rather to include the most relevant standards
and guidelines that are currently in use:






The IRDR produced a peril classification and hazard glossary that provides a standard attribution of
hazards worldwide (IRDR, 2014). This institution also proposes a conceptual framework for human
and economic impact measures that distinguishes three levels of indicators in a disaster loss
database. The first level indicators represent a cumulated figure of direct and indirect losses. The
second level indicators represent a more detailed reporting, differentiating between direct and
indirect effects of disasters for either human or economic losses. Finally, the tertiary level indicators
include more disaggregated information separately for each variable at the primary level (e.g.
economic losses disaggregated by sector). While it is recommended to collect indicators
disaggregated at the tertiary level, it is also recognized that it is unlikely that disaggregated disaster
loss data will be available at the global level in the short term (IRDR 2015).
The UN-supported disaster loss data initiative DesInventar is a tool that guides states in the
construction of databases of damage and losses of disasters using a standardized methodology
provided by UNISDR and UNDP. . The methodology was developed in 1994 by researchers and
institutional actors linked to the Network of Social Studies in the Prevention of Disasters in Latin
America. At the moment, DesInventar centralizes the data collected into a single repository; no
disaster thresholds are applied to encourage the recording of small and medium scale disasters
(DesInventar, 2009).
The European Joint Research Centre (JRC), in collaboration with the European Commission,
published a guidance document in 2015 proposing a common data exchange format for improving the
coherence and completeness of national disaster damage and loss data in EU member states. The
document draws on countries’ good practices and other international guidelines to propose the
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development of multi-hazard databases that do not use thresholds for data collection (JRC, 2014). JRC
proposes standards and minimum requirements for human loss indicators following the IRDR hazard
classification, advising European countries to collect in a first step a minimum required set of
variables, which comprise social losses and direct tangible costs (JRC 2015).
The UNISDR Open-ended Intergovernmental Working Group on terminology and indicators acts as
an overarching mechanism for systematically coordinating these multi-stakeholder forums.
Consultations aim at providing technical support for definitions and methodologies to measure the
achievements of Sendai targets. During this process the Group has requested UNISDR to develop a
method for estimating direct economic losses from disasters (UNISDR, 2015). The proposed method
takes a pragmatic yet rather comprehensive and informative approach to standardising direct
economic loss calculations. The method is both feasible and relatively reliable, and similar to the IRDR
hopes for physical damage figures to be shared so that they can be evaluated based on a comparative
standard across countries.

The following section will demonstrate in how far the established standards were integrated into the OECD
surveys.

2.2 AN OECD SURVEY OF DISASTER LOSS AND DAMAGE DATA
2.2.1 S URVEY D ESIGN
The report also benefited from an OECD country survey. The survey should test whether previous desk based
research reflected the actual reality of countries’ efforts to collect such information. It should also help the
Secretariat get a better understanding of the underlying methods of collecting the data as well as the national
procedure in collecting disaster loss information. Finally, the survey instrument aims at better understanding
the use of such information in informing disaster risk management decisions. This could provide an insight into
the motivation for, or explain the absence of the collection of consistent and high quality loss information. The
survey should thereby also inform the role the OECD can take in contributing to the international efforts in
collecting disaster loss data going forward.
To obtain the necessary information the OECD survey was designed in two main parts. The first part consisted
of a data collection instrument, based on a pre-filled out Excel data sheet, which countries had to verify,
complement or replace by a different database all together. The second part of the survey consisted of a
standard online questionnaire that sought to gather more information on the methodology to calculate
economic losses, the procedure to collect information, and the use of the results for policy making.
The objective of the pre-filled out Excel spreadsheet was to provide countries with a set of loss information
that is available online. If this information is the official country information, all that countries needed to do
was to confirm this to the Secretariat. Countries could alternatively correct and complement the information
of the spreadsheet or send a different database all together. The spreadsheet was pre-filled out with
information available through EM-DAT or Desinventar, and, where relevant, information that was provided to
the EU JRC initiative by some EU countries.
The Excel survey is based on a multi-hazard approach and includes data on hazard characteristics, fatalities,
affected people, direct economic losses, physical losses and insured losses. In spatial terms, the survey
requires disaster loss data to be reported at the lowest possible administrative unit, following OECD
classifications (municipality or micro-region). The survey was designed to guide respondents by providing
information in an accessible format. The spreadsheets included information on past disasters dating back to
1970, at least in those countries for which information was available since then. No thresholds in terms of
disaster or impact levels were defined, in line with the Sendai Framework.
Table 1 describes the set of variables collected through the OECD survey in relation to the Sendai targets.
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TABLE 1 VARIABLES INCLUDED IN THE OECD SURVEY TO COLLECT SOCIAL AND ECONOMIC DISASTER LOSS INFORMATION
Category Name
Event ID

Hazard
characteristics

Variables descriptions
This section includes general characteristics of a hazard event, a code for the geographic area where it took place, as well as dates when it took place:

Event number: This is a unique identifier internal to the spreadsheet

Geographic location ID: This is an OECD administrative code from the OECD regional database. This coding should make information across regions and OECD countries spatially comparable. The
OECD has started to provide spatial codes if information on location that was provided was sufficiently specific. The Excel file provides the OECD codes for each country. Regions in OECD Member
Countries have been classified according to two territorial levels (TL), to facilitate international comparability. The higher level (Territorial level 2) consists of macro regions, while the lower level
(Territorial level 3) is composed of micro-regions. These levels are officially established, relatively stable and are used in most countries as a framework for implementing regional policies.

Hazard code for main hazard type: This is based on the peril classifications found in the INSPIRE NaturalHazardCategory iii & IRDR (Institute for Risk & Disaster Reduction) peril Classificationiv.
For storms the code ST was added to the list of codes and definitions and manmade hazard was replaced to anthropogenic hazardv.

Date: Expressed as day/month/year when the observed event. In order to distinguish same types of events happening in the same year and in the same location, information of the day and month is
preferred.
This section complements the Event ID section with a more detailed classification of the type of hazard and potential sub-types. The columns “disaster types” and “sub-types” have been aligned as much as
possible with the IRDR (Integrated Research on Disaster Risk) Peril Classification and Hazard Glossary (IRDR, 2015) as well as the INSPIRE Natural Hazard Categoryvi.

Name of geographic location: This is the precise location where the event happened. It is preferred to have event at the most disaggregated administrative unit

Main hazard type: This is the main category of the event following the standard definitions.

Hazard sub-type: This is more detailed information of the type of hazard.

Social losses –
fatalities

Corresponding to Sendai Target A, this section contains figures for missing or deaths, separately. EM-DAT aggregates deaths, presumed dead and missing into the same figure. The Secretariat asked to provide
this figure separate for missing and deaths in line with the Sendai framework.

Social losses –
affected people

Corresponding to Sendai Target B, countries are asked to report how many people have been “directly affected". EM-DAT considers all people requiring immediate assistance during the emergency. Therefore,
people reported injured or with houses being damaged or destroyed are also included. The Secretariat prefers to have information by subcategories in order to comply with Sendai definitions.

Direct economic
losses

Corresponding to Sendai Target C, direct economic losses has been reported quite differently within countries (across different events) and across countries. At the moment, the UNISDR seeks to develop a
standard methodology to harmonise future data collection for direct economic losses. For the OECD's purposes, it is important, for the time being, to have the direct economic loss figures reported by country and
to understand what this includes. The direct economic losses should include public and private losses, including agricultural losses. On a side note: In EM-DAT, estimated damage is given in US$ thousands. For
each disaster, the registered figure corresponds to the damage value at the moment of the event, i.e. the figures are shown true to the year of the event. Countries provided data in national currencies.
Adapted from Sendai Target D, this target will allow monitoring the total or partial destruction of physical assets existing in the affected areas. It is designed to monitor the damage to critical infrastructures and
disruption of basic services. The collection of information on losses to physical assets can subsequently be used to calculate economic losses in a standardised manner. In addition to the indicators proposed by
ISDR, the OECD establishes a broader definition of public infrastructure.
Not present in Sendai indicators, this target allows the monitoring of the direct incidence of events on societies by taking into account insured losses. This information is very useful for OECD countries, to
highlight the public liability for disasters vis-a-vis the insurance coverage.

OECD physical losses

Insured losses
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The complementary online survey (Annex 2) collected information on countries’ methods used for estimating
economic losses, and on the responsibilities and criteria for collecting this information. Countries’ responses
together with desk research on economic losses provided the Secretariat with comparative evidence. In the
online survey, countries were also asked to provide information on disaster risk management expenditures
and on expressing interest in the development of an OECD framework to support the production of official
statistics on economic losses.

2.2.2 O VERVIEW OF S URVEY RESULTS
The online OECD survey was filled out by 17 countries (Australia, Austria, Canada, Colombia, Costa Rica,
Denmark, Estonia, Finland, France, Japan, Israel, Mexico, Norway, Poland, Slovak Republic, Sweden, and
Turkey). This corresponds to a response rate of almost 50%. Annex 1 provides the full list of names of the
responding institution in each country. Five countries returned an updated Excel spreadsheet including
country loss data and an additional seven countries shared with us their national databases. Table 2 compiles
this overview information received from OECD and partner countries on disaster loss data.
Australia, Canada and Turkey have established publicly available databases and have provided additional
information on this data. Mexico and Colombia provided the Secretariat with official non-publicly available
data. Japan provided a translated list of disaster events reported on the Cabinet Office webpage as well as a
website to download the data with associated socioeconomic losses. Several other countries committed to
replying or providing more information in the near future.

9

TABLE 2 OVERVIEW OECD SURVEY ON SOCIAL AND ECONOMIC LOSSES BY DISASTERS
Country

Response to online survey

Response to Excel Survey

Established an official national
database

Comments

x

Publicly available. However, the data set is not being actively updated and may
take another form following a review taking place in the coming months.

x

Publically available data.

OECD Countries

AUSTRALIA

x

AUSTRIA

x

CANADA

x

DENMARK

x

ESTONIA

x

x

FINLAND

x

x

FRANCE

x

ISRAEL

x

JAPAN

x

MEXICO
NORWAY

x
x

POLAND

x

SLOVAK REPUBLIC

x

SWEDEN

x

TURKEY

No institution in Denmark maintains a consolidated database on socio-economic
disaster loss information, to the detail that fits the need for the OECD survey.

x

A national database was established following the EU loss and damage data
working group guidelines.

x

Further inquiry is needed on data related to economic loss from disasters in the
future.
Official dataset for water related disasters available in Japanese.

x

Provided non-publicly available official data covering events from 2000 to 2015

x

x

Database will be upgraded

COLOMBIA

x

x

Provided official data covering events from 1998 to 2014

COSTA RICA

x

Total

17

Checked data from 1980 to 1999

x

x

NON-OECD Countries

Database for disaster losses, which collects information from loss events from 1988
to 2015 but this has not been provided to the Secretariat

5

7
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2.3 A COMPARISON OF METHODS AND PROCESSES TO COLLECT DISASTER LOSS INFORMATION ACROSS
COUNTRIES: OECD SURVEY RESULTS
In this section an overview a will be provided of the survey responses received from OECD and two partner
countries that shared their information as well as national disaster loss data with the Secretariat. The overview
aims on the one hand to identify the common basis in terms of methodology and technical specifications for
recording losses from disasters and on the other hand it seeks to determine those areas where countries could
benefit from additional guidance and standardisation.

2.3.1 N ATIONAL PROCESS FOR LOSS DATA COLLECTION
The process of data collection is ideally led by a mandated organisation responsible for establishing a
framework and the necessary capacity at the national level, but also across lower levels of government and
within other institutions that contribute to the collection of disaster loss data. 71% of responding countries
(Figure 1) have a lead institution that collects disaster loss information. However, this does not mean that
information on disaster losses is always centralised in one national database.
FIGURE 1. DEDICATED NATIONAL BODY FOR DISASTER LOSS DATA COLLECTION

No
29%

Yes
71%
Note : Question asks "Is there a process by which your country has a ministry, agency or other government body that periodically collects
data on economic losses (direct or indirect) from disasters?"
Source: OECD Direct and Indirect economic loss collection survey

Only half of responding countries (Figure 2) stated that economic loss data is stored in a national, subnational
or sectoral repository. In Finland, for example, each ministry is responsible for collecting information on
economic losses from those types of disasters for whose management they are in charge of. In these cases
collecting such information into a single repository requires inter-ministerial co-operation. Good practice
examples can be mentioned from Japan, Mexico, Colombia, Turkey and Canada, all of which have an official
nationwide database containing disaster loss information. These countries have a centralised collection of
economic loss data collected by different ministerial institutions, provincial and territorial governments. The
databases contain in general information up to the regional level, although Japan, Mexico, Colombia, and
Turkey also record information at the municipal level.
Some countries that do not have specific economic loss data collection institution are in the process of
establishing them. Australia for example, has launched the Institute for Disaster Resilience (AIDR) mandated,
among others, to redevelop the format and content of Australia’s existing disaster risk database, which, at the
moment, contains only insured losses.
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FIGURE 2. RECORD OF ECONOMIC LOSS DATA IN A CENTRALIZED REPOSITORY

Don't
know
6%

n.a.
29%

Yes
53%
No
12%
Note 1: Question asks "Does your country store economic loss data in a national, sub national or sectoral repository?".
Note 2: n.a. refers to countries reporting "No" in Figure 1.
Source: OECD Direct and Indirect economic loss collection survey.

2.3.2 D ATABASE CONTENTS
In the following a comparative overview will be provided on the structure of the national disaster loss
databases, with a view to answer the following questions: Are disasters of any intensity level reported or is a
certain threshold in terms of impact level applied as a data entry criterion? Since when has disaster loss data
been recorded? What types of disasters are covered? Table 3 provides an overview of answers to these
questions for the countries that provided national data to the Secretariat. Following the overview of the
general characteristics of countries’ databases, we will turn to review the actual loss data provided in terms of
both social and economic losses.
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TABLE 3. ECONOMIC LOSS NATIONAL DATABASES AND MAIN CHARACTERISTICS
Country

Centralized host institution

Time coverage

Australia

Australian Emergency Management Institute

From 1791 on

Austria

No centralized host: Federal Ministry of Interior
(BMI) and Federal Ministry of Finance (BMF)
Public Safety Canada

Information not provided

Natural

From 1900 on

Natural and
man-made

From 1998 on

Natural

Costa Rica

Unidad Nacional para la Gestión del Riesgo de
Desastres
National Emergency Commission (NEC)

10 < casualties; 100 < people affected/injured/infected/evacuated or homeless; an appeal for
national/international assistance; historical significance; significant damage/interruption of normal
processes such that the community affected cannot recover on its own
No thresholds

From 1988 on

Natural

The database covers events that have been declared as a "national emergency".

Finland

Sectoral repositories for different ministries.

Natural and
man-made

No thresholds

France

ONRN (Observatoire national des risques naturels)

Natural

Based on an abnormal intensity of a natural hazard established by law

Japan

No centralized host: Water and Disaster
Management Bureau- Ministry of Land,
Infrastructure, Transport and Tourism (MLIT) for
water related disasters.
National Disaster Prevention Centre (CENAPRED)
Secretary of Government
Ministry of the Interior and Administration

Varies according to the ministry.
For example, the Ministry of the
Interior has records since 1996.
From 1982 for Cumulative losses
CatNat,
From 1988 for annual insured
losses
From 1961 on

Water related

No threshold

From 2000 on

Not clear

From 2015

Natural and
man-made
Natural

Canada

Colombia

Mexico
Poland

Hazard
coverage
Natural and
man-made

Thresholds
3 < casualties; 20 < injuries or illnesses; significant damage to property infrastructure, agriculture
or the environment; or disruption to essential services, commerce or industry at an estimated total
cost of A$10 million or more at the time the event occurred.
No thresholds

1000 PLN (about 250 EUR)

Slovak
Republic
Sweden

Ministry of Interior and Ministry of the Environment

Information not provided

Natural

No thresholds

Swedish Civil Contingencies

Information not provided

Natural

No thresholds

Turkey

Disaster and Emergency Management Authority
(AFAD)
None

1920 (about 41,000 records)

Natural and
man-made
Natural and
man-made

No thresholds

Norway

Information not provided

Information not provided
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T HRESHOLDS FOR DISASTER EVENT ENTRY
Criteria for an entry of a disaster into the loss database differ substantially across countries. Figure 3 shows
that a third of responding countries have specific thresholds for economic loss data collection, in some of
which this threshold is anchored the legislation or might correspond to an official disaster declaration. For
example, in France, loss information is entered when a disaster event exceeds the "abnormal intensity" of a
specific natural hazard. This threshold is set by an internal jurisprudence of the interdepartmental commission
CatNat. By contrast, Canada uses specific quantitative thresholds and includes all events with historical
significance regardless the quantitative thresholds. Japan collects all water related disasters regardless of their
scales. Finland records events only when rescue services were mobilised in the wake of the disaster.
FIGURE 3. THRESHOLDS FOR DISASTER EVENT ENTRY INTO THE LOSS DATABASE

n.a.
29%

Don't
know
12%

Yes
30%

No
29%

Note 1: Question asks " Does your country have a threshold (such as a certain magnitude or number of people/places affected) that must
be met before economic loss data is collected on a given event?".
Note 2: n.a. refers to countries reporting "No" in Figure 1.
Source: OECD Direct and Indirect economic loss collection survey.

T IME PERIOD COVERED
Countries’ databases were established at different times. Colombia, Costa Rica and Mexico provide economic
loss data with a consistent methodology only since the last two decades, starting respectively in 1998, in 1988
and in 2000. The Australian database has the oldest records, containing disaster loss information since 1791,
followed by the Canadian database starting in 1900. The Turkish database also provides several historical
records with information starting from 1920. Japan began collecting information on losses from water related
disasters in 1961, but has only translated records into English for the year 2012.
Moreover, while several countries only started recording statistics electronically recently, written records have
been available for a lengthy period of time. In Finland for example, the Ministry of the Interior has
electronically recorded statistics on accidents since 1996, whereas, before 1996, only written statistics are
available.

T YPE OF DISASTERS COVERED
Multi-hazard disaster loss databases are useful as they can facilitate an all-hazards approach to national risk
assessment that helps prioritising disaster risk reduction policies at a national level and across sectors.
However, multi-hazard databases are not always available and few countries collect economic losses on manmade disasters. About half of respondent countries have databases only covering natural disasters, of which,
some are disaster specific (Figure 4). In Japan for example, the Ministry of Land, Infrastructure, Transport and
Tourism (MLIT) summarizes the data collected only for water-related disaster events. Only Mexico, Finland,
Turkey and Canada stated that economic loss data collection includes man-made disasters.
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FIGURE 4. TYPES OF DISASTERS COVERED FOR ECONOMIC LOSS DATA

Man-made

4 (33%)

Natural

12 (100%)
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8
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12

Number of countries
Note 1: Question asks "What types of hazards are covered when your country collects economic loss data?".
Note 2: This question was replied only by countries reporting "Yes" in Figure 1.
Source: OECD Direct and Indirect economic loss collection survey.

2.3.3 S OCIAL AND E CONOMIC LOSS COMPONENTS
In the following an overview of countries’ recording systems of social losses (affected, missing, killed) as well as
economic loss will be provided separately.

SOCIAL LOSSES
Although social losses seem to make for relatively straightforward information to collect, the way countries
define and record them still differs. This explains why the definitions are subject to extended discussions in the
Open Ended Intergovernmental Working Group, which has tried to find a common denominator. For example,
a missing person may in some countries be reported as missing until a certain time has passed after the event,
at which the person becomes recorded as dead. In other countries this person may remain recorded as missing
indefinitely long. Complex legal consequences (such as inheritance questions) stemming from these definitions
may be one of the reasons for the difficulty of finding a simple common standard.
In the OECD survey countries were asked to provide figures for the number of deaths and missing per recorded
event separately. Some countries such as Finland, Sweden, Turkey, Colombia and Mexico recorded deaths and
missing separately, while others do not. For example Canada's database includes deaths but not missing
people.
TABLE 4. SOCIAL LOSSES COMPONENTS
Country

Deaths

Missing

Australia

x

x

Canada

x

Colombia

x

Finland

x

France

x

Japan

x

Mexico

x

Sweden

x

x

Turkey

x

x

Norway

x

Estonia

Not clear from the data provided

x

Injured/ill

Evacuated/Relocated

x

x

x

x

Not clear how affected are defined
x

x

x

x

x

x

x
Not clear how affected are defined

x

x

x

x

The validation process for social losses highlighted on the one hand, that deaths in internationally available
databases are in general over-reported, and, on the other hand, that missing people are in general under15

reported. The challenge in recording this distinction is of course to keep records updated, in case they change.
For practical matters some international databases may have simply lumped missing people into the total
number of fatalities.
National databases also report the number of affected people, such as in Colombia, Mexico and Turkey. Those
databases have a specific variable on affected people as well as other sub-categories that include the number
of people injured or evacuated. The Turkish database contains also more a detailed level of information
distinguishing deaths and affected people by gender and age. Last, the Australia database does not provide a
general variable for affected people but only reports on injured, which is just one dimension of affected people
in Sendai.

ECONOMIC LOSSES
Collecting information for and calculating the amount of economic losses after a disaster is a more complex
task. Standardised methods, as we will see below in the reported results, are rarely applied, and data remains
difficult to compare across countries. The complexity in this indicator lies in the fact that there are a number of
different cost categories. As outlined in the first project report, a comprehensive economic loss accounting
includes several cost categories. The categories that are generally being distinguished in assessing economic
losses are direct, business interruption and indirect losses:



Direct tangible costs include the costs that accrue directly to assets, such as property due to the
physical contact with the hazard. They include costs caused by the physical destruction of
buildings, inventories, stocks, infrastructure or other assets at risk. The term tangible implies that
a market, and hence prices, exist for these goods and services that allows to express them in
monetary/economic terms.



Losses due to business interruption are the costs accrued by the disruption of activities in areas
directly affected by the hazard. The disruption includes work that is not carried out due to
workplace destruction or obstruction to travel to work or a lack or destruction of an input to
continue work (e.g. electricity to run IT systems of factory machinery). Sometimes this is referred
to as direct damage as they occur as a result of the immediate impact of the hazard. Others refer
to them as primary indirect damages, because losses do not result from physical damage to
property but from interruption of economic processes



Indirect costs include only those costs not caused by the hazard itself but induced by the knockon impacts of either direct damages or losses due to business interruption. This includes the
failure of production by businesses due to lack of inputs by suppliers whose production was
directly impacted. It also includes forgone consumption or price increases due to increased
scarcity faced by customers. Indirect costs can span a longer period of time than the direct costs
caused by an adverse event itself and their perseverance and degree of impact heavily depend on
the system’s ability to recover (Hallegatte and Przyluski, 2011). Due to the complexity of
assessing indirect costs, some rough estimates have been suggested, depending on the assessed
direct losses (Hallegatte, 2014).
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Box 1. Proposed international definitions of economic losses
According to the UNISDR proposed terminology on disaster risk reduction, the total economic losses from disasters
are defined as the sum of direct and indirect losses: Total economic impact consists of direct economic loss and
indirect economic loss.
Comment:
Direct and indirect economic losses are two complementary parts of the total economic loss.
Direct economic loss: The monetary value of total or partial destruction of physical assets existing in the affected
area.
Comment:
Examples of physical assets include homes, schools, hospitals, commercial and governmental buildings, transport,
energy, telecommunications infrastructures and other infrastructure; business assets and industrial plants; production
such as standing crops, agricultural infrastructure and livestock. They may also encompass environmental and cultural
heritage.
Indirect economic loss: Declines in value added as a consequence of direct economic loss and/or human and
environmental impacts. Indirect economic loss is part of disaster impact.
Comment:
Indirect economic loss includes micro-economic impacts (e.g. revenue declines owing to business interruption),
mesoeconomic impacts (e.g. revenue declines owing to impacts on a supply chain or temporary unemployment) and
macro-economic impacts (e.g. price increases, increases in government debt, negative impact on stock market prices,
and decline in GDP). Indirect losses can occur inside or outside of the hazard area and often with a time lag.
Source: Proposed Updated Terminology on Disaster Risk Reduction: A Technical Review, facilitated by
The United Nations Office for Disaster Risk Reduction (ISDR), August 2015.

Sometimes, in addition to the main cost categories distinguished above, intangible costs are added to the loss
equation. They include costs in goods and services that are not available to buy on traditional markets and
hence have no obvious price attached to them. They are referred to as non-market values or costs. Such items
include for example environmental impacts, health impacts and impacts on cultural heritage. As it takes effort
to express them in monetary terms, they are often left out of the calculation, leading to incomplete estimates
of total costs.
To be fully comprehensive, the costs of reconstruction and recovery and costs of planning and implementation
of risk prevention measures should be taken into account. This is hardly included in existing loss assessment
information.
From the analysis of the data received, different actors within a country tend to use different approaches to
conduct economic loss data collection. In many cases it is not clear whether the reported estimates include
direct losses, business interruption or indirect costs, or whether all of them are included. In fact, in the cases
where data on economic losses is consistently reported, it reverts to insured losses because they are
consistently reported by insurance providers. Moreover, loss estimates do not usually distinguish who bears
the costs of disasters, whether they affect mostly private properties or public assets. Table 5 below
summarizes the information provided by countries on economic losses from disasters.
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TABLE 5. ECONOMIC LOSSES COMPONENTS
Country

Total costs

Australia
Canada

Insured
losses
x

Emergency
costs

Direct tangible losses

x

Buildings damaged/destroyed (houses,
schools, hospitals, community centres); Roads
damaged, Damaged agricultural area in ha;
Cars lost.
Houses and hospitals

May also include
indirect losses

Colombia

Finland

May also include
indirect losses

France

x

Japan

Only direct losses

Mexico

May also include
indirect losses

Sweden

May also include
indirect losses
Only direct losses

x

May also include
indirect losses

x

Turkey

Houses and hospitals

x

x

x

x

Buildings (houses, schools, hospitals)
collapsed/damaged; Damaged Agricultural
Area; Km of roads damaged.
x
Buildings collapsed/damaged; Damaged
Agricultural Area; Cattle Loss
Not clear from the data provided

Estonia
Norway

Losses due to
business interruption

x

The OECD online survey confirms that the distinction between direct and indirect economic losses is not well
appreciated by actors in charge of data recording. Only Turkey, France and Japan stated that this distinction is
made and losses are separately estimated (Figure 5). Costa Rica, Colombia, Austria and Poland stated that
economic losses are only estimated for direct losses and in the case of Austria only for major disaster events
and not systematically so. Similarly, Finland reports that this depends on the magnitude of the disaster. In
general, there is a wide heterogeneity in economic loss estimation methods. Countries do not clearly report
whether they include also indirect economic losses in the estimation of total losses. In Canada for example,
economic losses are recorded under "estimated costs" and it is not clear what the components of these
estimated costs are. In general, countries do not have a clear methodology which contains detailed economic
loss data estimation methods. Japan provides a good example with the methodology used for the survey on
water related disasters, which distinguishes between direct and indirect effects (Box 1).
FIGURE 5. DIRECT AND INDIRECT ECONOMIC LOSSES ACCOUNTED SEPARATELY

Sometimes
23%

Never
18%

Always
12%
Don't
Know
18%

n.a.
29%

Note 1: Question asks: "Does your country separately account for direct and indirect economic losses?".
Note 2: n.a. refers to countries reporting "No" in Figure 1.
Source: OECD Direct and Indirect economic loss collection survey.

Whether losses are accrued by public authorities or by private actors is not commonly differentiated in
national loss estimation methodologies (Figure 6). The distinction between public and private losses is often
made for the purpose of compensating economic losses as it is done in France and Finland for example.
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Conversely, in Japan, this is not done systematically and depends on the type of disasters and the type of
sectors of the economy most hit by the disaster. Mexico provides a good example providing a consistent
methodology that distinguishes publicly and privately accrued losses (Box 2).
FIGURE 6. DISTINCTION BETWEEN PUBLICLY AND PRIVATELY ACCRUED ECONOMIC LOSSES

Don't
Know
12%

Yes
41%

n.a.
29%

No
18%
Note 1: Question asks "Does your country distinguish between publicly and privately accrued economic losses?"
Note 2: n.a. refers to countries reporting "No" in Figure 1.
Source: OECD Direct and Indirect economic loss collection survey
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Box 1 Japan survey for water related disasters
The Ministry of Land, Infrastructure, Transport and Tourism (MLIT) is in charge of methods and instructions for
carrying out data collection. The collection of data is carried out through a survey conducted by municipal,
st
prefectural and city governments. The survey takes into account all damages occurred from January 1 to
st
December 31 and covers: flood, landside waters, storm surge, tsunami, sediment discharge, landslide, steep slope
failure. The survey covers all water-related disasters regardless of their scales.
The statistics of flood damages consists of the following three components;
1) Damages to general properties: houses, residential properties, assets owned by fishermen/farmers, business
assets, agricultural products. The municipal governments are responsible to collect damages to general properties.
2) Damages to public works facilities: flood control facilities for rivers, flood control facilities in coasts, sabo
facilities, facilities for landslide control, facilities to control steep slope failure, roads, bridges, ports and harbours,
sewage system, parks, and other facilities in urban areas. The municipal governments and the prefectural and city
governments are responsible for collecting damages to public works facilities.
3) Damages to public services and utilities: railway/streetcar companies, operators of regular road passenger
transport/ operator of regular road freight transport, telecommunication companies, the 10 electric power
companies, gas companies, water companies. The prefectural and city governments are responsible for collecting
damages to public services and utilities.
The damages to general properties and the damages to the public works facilities are direct losses. The damages to
public services and utilities include both direct and indirect losses.
The calculation of monetary water-related disasters contains eight different types of monetary damages to general
properties:
1. Monetary damages to houses
2. Monetary damages to household properties
3. Monetary damages to business assets
4. Monetary damages to assets owned by fishermen and farmers
5. Monetary losses due to business interruption (Indirect losses)
6. Emergency cost of households
7. Emergency cost of businesses
8. Monetary damage to agricultural products
In principle, the calculation of these damages is made as follows:
Magnitude of flood damages* x Unit Value** x Depth of flood water
* Total area, the number of buildings and employees, etc.
** Unit Value for each damage is determined via the national government survey.
Source: OECD Direct and Indirect economic loss collection survey

20

Box 2 Socio-economic impact assessment of major disasters in Mexico: basic methodology
The evaluation of Socio-Economic Impact of Major Disasters in Mexico is conducted by specialists from the National
Centre for Disaster Prevention (CENAPRED), through field visits and direct consultations with local authorities.
Estimates contain the economic impact on public and private property as well as damaged public and private
infrastructure. Collection of information and the corresponding analysis is conducted by the Division of Economic and
Social Studies. Information is gathered from various sources in the public and private sector. Data are provided by the
General Directorate of Natural Disaster Fund (Fonden), the Directorate General of Civil Protection (DGPC), the National
Communications Centre (CENACOM), the Secretariat of Agriculture, Livestock, Rural Development, Fisheries and Food,
the National Forestry Commission, the Ministry of Health, among others.
Socio-economic impact assessment refers to the damages suffered by the public, private and social sector assets. In
most cases, they are valued at the market value for replacement cost. The applied methodology seeks to measure
both physical damage and disruption of economic activities, i.e., the effects on the production of goods and services
and/or profits; result of the paralysis of economic activities following the disaster occurred (unclear sentence). In
addition, data contains expenses incurred between various departments for emergency response. While the impact
assessment of disasters analyses the impacts on agriculture, livestock, fisheries and the effects on trade, industry and
services, this also considers tourism and the effects on the environment. Important are the consequences on spending
exercised by federal and state authorities in emergency care and health operatives in place (unclear sentence).
Estimates also include some events that could not be assessed in detail, however, present some estimates of the
economic impact of these phenomena.
The socioeconomic impact of disasters can conducted according to the following methodology:

Source: OECD survey response

2.4 D ISCUSSION
The OECD survey highlighted that there are still many countries that have not even started to systematically
collect information on economic losses. In the online survey OECD countries confirm their interest in having
guidance on how to standardise such data collection and what methodologies to use for economic loss
calculation. Countries responded that they were looking towards the OECD for developing a framework to
support these efforts.
Although the initial aim for this work was to support OECD and partner countries on how to move beyond a
simple accounting framework for direct economic losses and towards including estimates of business
interruption and indirect economic losses, it seems that there is still an important need to prepare the basic
information collection process for direct economic losses. OECD countries should however not wait for too
long or perhaps consider setting up direct and indirect economic loss information collection simultaneously as
indirect economic losses make up a significant share of total economic losses from disasters.
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3 EX ANTE SOCIOECONOMIC LOSS DATA ESTIMATION METHODS : AN OVERVIEW
Loss assessments can be carried out systematically ex post or ex ante of a disaster event. Ex ante loss
estimations can be used to calculate the potential impact of a certain type and severity of a future disaster on
the affected population and economy and can help policy makers at large to understand future damage
potential and allocate public resources towards the reduction of their impacts. Indeed such loss estimations
are necessary to justify investments in risk reduction projects, comparing the estimated outcomes in the event
of a disaster with or without a specific risk reduction investment. Ex ante loss estimations can thereby help
policy makers to assess the avoided costs obtained through specific risk reduction projects (e.g. the
construction of a protective infrastructure).
This section of the report reviews the application of ex ante disaster loss estimations across OECD countries,
through a desk based exercise. In total, this review considered 17 articles that focused on ex ante assessments
of economic losses from a disaster. The majority - 11 of 17 - examined floods, followed by 5 articles that
examined earthquakes. Storms, early warning systems and a port disruption were studied by one article each.
Only articles that stated a clear methodology and results were considered. A summary table of the articles can
be found in Annex 3. This review will first explore how authors constructed their models and then discuss
results.

3.1 MODEL CONSTRUCTION
Broadly speaking, authors followed similar formats when constructing models for assessing ex ante losses. For
each model, authors combined three elements to derive losses: first, determining the conditions of a hazard;
second, estimating the number and value of exposed assets; and, third, using a loss estimation method to
assess the probability of damage to the exposed assets based on the hazard conditions. While the elements
differ depending on the hazard being studied, the base construction remains the same. For example, the Dutch
Rijkswaterstaat (2005) damage module (Figure 7) shows how the inundation depth (hazard) and ground use
(assets) are combined using a damage function (loss estimation method) to determine damages. This sort of
model is called a 'stage-damage function' and is used by 9 of 11 articles that examined flooding.
FIGURE 7. RIJKSWATERSTAAT DAMAGE MODULE

Source: Rijkswaterstaat (2005)

3.1.1 H AZARD MODELLING
Studies first determined the location and hazard conditions to be included in the analysis. Of the 17 articles
considered, 15 focused their study on a local or regional area. Comparatively, Hallegatte (2012) looked at the
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impacts of early warning systems on developing countries. No article considered national impacts as the main
focus of their analysis.
To determine hazard conditions, authors either used a past or future event to construct their models. Past
event studies used a previous severe hazard event to calibrate their hazard model. Here, the core research
question was "if this event were to happen again, what would be the impact?". For example, OECD (2014)
used the historic 1910 flood in the Seine basin to construct three potential flooding scenarios and measure
their current-day impact. Likewise, Forster et al. (2008) and Dutta et al. (2003) used past storm conditions to
study the present-day impact of floods along the Elbe River and Ichinomiya River basin, respectively. For
earthquakes, Rose et al. (1997) and IBHS et al. (2008) used a historic earthquake event in their region of study
to calibrate their respective models.
Alternatively, future event studies sought to examine the impact of estimated new future risks. The core
research question would be "what would be the damage if this new hazard occurs?". In these scenarios,
authors attempted to estimate future hazard patterns, which may be informed by historical data, to calibrate
their hazard models. For example, Ranger et al. (2011) used historic weather data to build their predictions of
weather in Mumbai in 2080, which include estimates regarding changes to weather patterns caused by climate
change.
Roughly, future event hazard models can be categorised into three types. First, some are motivated by climate
change, which attempt to estimate economic losses resulting from expected increases in sea level (Jonkman et
al., 2008; Hallegatte et al., 2011) or severe weather (Ranger et al., 2011). Second, others seek to test the
impact of future hazards on current protective infrastructure, such as dykes in the Netherlands
(Rijkswaterstaat, 2005; Jonkman et al., 2008; Maaskant et al., 2009) or the impact of floods on agricultural
activities inside flood polders (Forster et al., 2008). This second type is also often motivated by increases in sea
level or severe weather as a result of climate change. However, the goal of the study is to estimate the impact
of these climate-related changes on protective infrastructure. Third, some studies sought to test both the
impact of a future event as well as the impact of potential resiliency measures to reduce losses, such as to the
disruption of a commercial port (Rose and Wei, 2012) or an earthquake in the Nankai Trough (Harding and
Bernard, 2016), to inform disaster risk management planning.

3.1.2 A SSET MODELLING
Asset exposure was modelled by identifying units of analysis under investigation, the area of exposure and the
value for each asset. Units of analysis are a description of unit categories considered in the analysis, which are
vii
separated into direct and indirect effects . Since each article utilised different terminology for describing
similar units (i.e. residential versus housing), this review standardised all units into categories adapted from
the Sendai Framework (UNISDR, 2015), see full description in Annex 3. Two important changes were made:
first, houses destroyed and houses damaged were combined into a 'Residential' category since no study
reviewed provided information separately for damaged or destroyed. Second, a 'Public infrastructure' category
was added to reflect studies that examined damage to non-critical public infrastructure. Similar
standardisation was not possible for indirect effects since most authors used a macroeconomic model or
studied one specific unit, such as electricity networks (Rose et al., 1997).
Table 6 summarises the number of articles using each direct economic loss category. While the total number
of articles examined was 17, it is important to note that 3 articles examined losses associated with only
indirect unit categories, 1 examined the effect of early warning systems and 1 did not elaborate on the direct
economic categories examined. As a result, the total number of articles where direct economic categories can
be compared is 11.
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Table 6. Direct economic loss categories

Total

GDP

Agricultural

Residential

Commercial

Industrial

Public
Infrastructure

Critical
Infrastructure

2

7

11

10

9

11

3

Source: OECD

For the articles that examined direct economic effects, all included residential, public infrastructure and impact
on business activities (either commercial or industrial, or both). Furthermore, a majority included agricultural
impacts. The low number of examinations of critical infrastructure is mostly due to the lack of differentiation
by authors between public assets that would be considered critical versus non-critical. GDP is often captured
as an indirect economic effect, which can explain why so few studies measured GDP as a direct effect. In fact,
of the two articles that measured GDP as a direct effect, one did not measure indirect effects (Hallegatte,
2012) and the full methodology was not known for the other (Harding and Bernard, 2016), so it cannot be
determined if GDP is intended as a direct or indirect effect for that study.
For indirect economic effects, most articles used a macroeconomic model to measure the impact and, as a
result, did not necessarily have units of analysis separately examined (models described in detail below). For
articles that did measure units for indirect effects, most only selected one variable. For example, Rose et al.
(1997) study the indirect effects of an earthquake on the electricity network.
Loss of life, a direct intangible effect, was also examined by three studies. Two of the three sought to simply
predict the number of lives lost (Maaskant et al., 2009; Harding and Bernard, 2016). Hallegatte (2012) was the
only author who applied two common methods to calculate the value of a human life in an effort to
demonstrate the economic benefit of early warning systems both in terms of GDP and the value of lives saved.

3.1.3 L OSS ESTIMATION METHODS
The methods through which studies combine hazard conditions with exposed assets to create an estimate of
damage also varies according to direct or indirect effects. For direct effects, studies commonly employed a
vulnerability analysis to calculate damages. With this method, damages are calculated per-unit based on an
estimation of the degree of impact from the hazard. The degree of impact is often calculated using mean
damage ratios, which, depending on the available data, can be represented as a function of hazard intensity
(i.e. inundation levels) or according to a fixed average.
Of the studies reviewed, the most common type of vulnerability analysis is the stage-damage function, used
mostly in flood analyses. With this method, a Geographic Information System (GIS) is used to divide the area
affected by the hazard according to a degree of resolution (i.e. 25 x 25 m, or 100 x 100 m). Within each box of
the grid, both inundation level and exposed units are plotted. Then damage is assessed according to a damage
function based on hazard intensity (Figure 1), which can be informed by ex post studies from previous disaster
events. For example, Maaskant et al. (2009) calculated a 'mortality function' to estimate the lives lost in South
Holland as a function of inundation level based on data from Hurricane Katrina.
Since damage functions are not available for all locations, hazards or units of analysis, studies used fixed mean
damage ratios to calculate losses, such as for the floods in Mumbai (Ranger et al., 2011) or earthquakes and
windstorms in Cologne (Grunthal et al., 2006). The fixed mean damage ratios were often estimated according
to ex post studies conducted after a major hazard event. Similar to the mortality function, ex post studies
conducted after Hurricane Katrina were used by a few studies to calculate fixed mean damage ratios.
Hallegatte et al. (2011) estimated that uninsurable losses (to infrastructure and public facilities) represent
viii
about 40% of insurable losses, based on Katrina data . Grunthal et al. (2006) used ex post windstorm damage
data to inform the calculation of losses for the ex ante assessment of windstorms in Cologne.
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National GIS-based computer models are another commonly used tool for assessing direct damages. In this
review, three such models were used: the US-based HAZUS-MH model, the Dutch HIS Damage and Victim
Module (HIS-SSM), and the Damage Scanner model, which is a simplified version of the HIS-SSM. Each model
allows users to input regional hazard and asset data, which is then used by the model to estimate losses.
For example, the HAZUS-MH model has a modular design that allows users to update specific elements
without changing the program. At the most basic level, the program was built with region-specific inventory
and parameter data for large or small areas that cover the entire USA. Users can then use the default data to
run their analysis. At the second level, users can supply information to improve the default data. At the third
level, users can import third-party studies of unit inventories and hazard conditions to run the most detailed
and complete analysis.
Estimating indirect economic effects differ from the direct methodologies in that indirect models tend not to
use the hazard/asset/vulnerability method described above. Rather, indirect effects examine the economic
impact of the hazard on the economy at the local, regional or national level. Since indirect economic analysis
requires sometimes difficult-to-acquire information, several studies chose not to measure indirect effects. As a
result, only 11 of 17 articles examined included indirect effect. Moreover, some articles articulated a
methodology for estimating indirect effects but resorted to simpler models when conducting the final analysis
due to the lack of resources to obtain the appropriate information (for example, Jonkman et al., 2008).
Articles that measured indirect effects often utilised economic models that calculate the changes in economic
activity as a result of a hazard. Broadly, two such models are used in the literature. First, OECD (2014)
employed a dynamic general equilibrium (GE) model to test the economic effects of flooding in the Seine
basin. The GE model allows prices to change over time and represents the interactions between households,
businesses and government based on optimising the well-being of households, business profits and public
policy. Second, the Input-Output (IO) model is used by five studies and functions by keeping prices steady,
examining solely the change in production capacity as a result of the decrease in supply of inputs and demand
for outputs in the area of study. Both models factor increases in demand following the disaster due to
reconstruction efforts into their final indirect loss estimates.
Indirect effect estimations are also built into the national GIS models described above. For example, the
HAZUS-MH model calculates indirect economic impact based on a synthetic economy that may or may not
reflect the characteristics of the region being studied. The software allows users supply a series of information
on a series of economic variables to aid in the precision of the estimate. HIS-SSM functionality is similar to the
HAZUS-MH. However, Damage Scanner, as a simplified version of HIS-SSM, calculates indirect losses simply as
an additional 5% on top of direct losses.

3.2 RESULTS
Broadly, the results from the 17 studies reviewed inform future policies in three ways. First, the most common
policy recommendation was to use the results to inform future mitigation and adaptation policies. Since many
articles examined the impact of climate change on flooding, authors commonly cited the need to incorporate
ex ante reviews into land use decisions (Jonkman et al., 2008; Maaskant et al., 2009; Hallegatte et al., 2011).
Authors cautioned that the increase in development in low-lying, flood prone areas close to major water
sources will increase the damages associated with future hazard events. Thus, ex ante assessments help policy
makers form land use policies.
Furthermore, discussion about using the results from ex ante investments in protective infrastructure planning
was another common output. However, researchers commonly noted that while protective infrastructure
investments are a major mitigation strategy, more research needs to be conducted to establish the true costs
and benefits that can then adequately inform future decisions. Finally, results could also inform the
construction of disaster insurance schemes in prone areas, allowing insurers to accurately estimate premiums.
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Authors also tested the benefits of mitigation or adaption, which were found to be quite high. For example,
Ranger et al. (2011) note that adaptation investments in Mumbai, such as installing better drainage systems
and reducing vulnerability through strengthening building codes, could reduce direct losses from a 1-in-100
year event by around 70%. Similarly, the Financial Times (2016) finds that adaptation to a 1-in-100 or 1-in-150
year earthquake in the Nankai Trough could reduce losses by 42.5% to 52.6% and fatalities by 81%. For indirect
losses, Rose and Wei (2012) test seven resiliency measures that could be implemented in the event of a port
disruption. They find that the combined effect of all seven measures could reduce the total economic impact
by up to 78%.
Second, results can be used to inform good risk management practices. On the one hand, good risk
management requires an accurate loss estimation model to best inform policy development. Through testing a
model, studies can confirm the accuracy of their model or contribute lessons learned to build a better and
more accurate model. For example, Dutta et al. (2003) use a past storm and flooding event to test their loss
estimation model, finding that their results accurately predicted future damages. On the other hand, most of
these models require reliable input data to accurately assess losses. Several studies argued that their results
demonstrate the importance of loss assessments, but require more detailed information regarding asset
exposure, asset valuation and damage functions to make the model accurate. Thus, policy makers should focus
on collecting better data to improve future loss assessments.
Last, studies discussed the use of loss estimations in conducting cost/benefit analyses. For example, Hallegatte
et al. (2011) argue that full details about the costs and benefits of protective infrastructure must be considered
in long term planning and investment decisions. Similarly, Rijkswaterstaat (2005) found that flood protection in
the Netherlands is currently high, but information from their loss assessment should be used to in future
studies to inform the cost/benefit analysis of further protective infrastructure investments. Hallegatte (2012)
was the only author to conduct a cost/benefit analysis with his results. He used two methods to estimate the
value of a human life, finding that investments in early warning systems in developing countries could have
economic benefits of between 3 billion and 30 billion USD, resulting in a cost/benefit ratio of between 4 and
35 with co-benefits.
In sum, this review has shown that there is a lot of value in conducting ex ante economic loss assessments to
inform disaster risk reduction investments and to prioritise disaster risk management efforts at large. Although
from a planning perspective, ex ante loss estimation models have over time been relatively well calibrated,
they cannot fully replace ex post loss assessments. Ex post loss information is valuable to track the
effectiveness of disaster risk management policies over time in reducing losses. It also allows to record
damages in any locations disasters may occur, which helps (re)-prioritising risk reduction efforts and which
may help reveal underlying vulnerabilities that cannot be depicted through ex ante loss estimation exercises.

4 CONCLUSION
This project report provided an overview of the OECD survey results on disaster loss damage data, their
collection processes, as well as some additional information on disaster risk expenditures. Data collection
processes of this kind take time to be conducted. A number of countries indicated that their countries are in
the process of producing this data and will be sharing it with the Secretariat in the future. The Sendai process
has been contributing to increasing countries’ efforts to prepare for measuring results by 2030. So there is
value in collecting further country information. The country survey work also revealed that countries are
conscious of the need to prepare and provide disaster loss data, and many of them are counting on the OECD
to help them facilitate the process. Going forward, there is significant value and scope in taking the work a
step further to continue improving country data sets and assessing potential for cross country comparisons.
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ANNEX 1. COUNTRY RESPONDENTS ' INSTITUTIONS
Country

Name of the ministry/department or organisation

Australia

Attorney-General's Department

Austria

Federal Ministry of Agriculture, Forestry, Environment and Water

Canada

Public Safety Canada

Colombia

Planning Advisory Office - Ministry of Interior

Costa Rica

Ministry of Planning and Political Economy

Denmark

Danish Emergency Management Agency

Estonia

Ministry of Interior

Finland

Ministry of the Interior/Department for Rescue Services

France

Observatoire National des Risques Naturels (ONRN)

Israel

Central Bureau of Statistics ICBS

Japan

Japan Institute of Country-ology and Engineering

Mexico

National Disaster Prevention Centre

Norway

Directorate for Civil Protection (DSB)

Poland

Ministry of the Interior and Administration

Slovak Republic

Ministry Of Interior

Sweden

Swedish Civil Contingencies Agency

Turkey

Disaster and Emergency Management Authority
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ANNEX 2. DIRECT AND INDIRECT ECONOMIC COST COLLECTION SURVEY
Instructions and survey
This short online questionnaire aims to build understanding of whether and how countries collect economic loss
information and whether it informs risk management policy making. It complements the information collection
survey on your country’s social and economic disaster loss data. This information should help OECD understand
how a standardised methodology could assist countries improve the collection of such information in the future.
The online questionnaire also asks whether disaster risk management expenditures are tracked in your country,
and, if so, we would kindly request to have access to this information.
Part 1 – Contact details
1

*Please provide your full name (first name followed by surname):

*Select your country:
*Name of the ministry/department or organisation you work for:
*Your job title:
*Your telephone number (may contain numeric values only):
Will only be used in case of follow‐up/clarification question.
*Your email address:
Will only be used in case of follow‐up/clarification question.
Part 2 – Economic loss data collection

*1. Is there a process by which your country has a ministry, agency or other government body that periodically
collects data on economic losses (direct or indirect) from disasters?
a. Yes
b. No
c. Don’t know
If No:
*1.1. What barriers prevent your country from collecting economic loss data?

If Yes:
*1.2. Who is responsible for collecting data on economic losses from disasters? I.e. The institution in
charge of methods and instructions for carrying out data collection.
Please provide information on who is the lead organisation and who are the stakeholders involved in
data collection and methods:

1

* means the question was compulsory
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*1.3. Since when is such data recorded?
Please provide year or leave blank if you do not know.

*1.4. Does your country store economic loss data in a national, sub‐national or sectoral repository?
a. Yes
b. No
c. Don’t know
Please provide more details. I.e. Date of establishment, brief description, website and other pertinent
information.

*1.5. What types of hazards are covered when your country collects economic loss data?
Please check all that apply.
a.
b.
c.

Natural disasters
Man‐made disasters
Don't Know

*1.6. Does your country have a threshold (such as a certain magnitude or number of people/places
affected) that must be met before economic loss data is collected on a given event?
a.
b.
c.

Yes
No
Don't know

If Yes:
1.6.1. Please describe the threshold and how it applies to loss data collection:

*1.7. Does your country separately account for direct and indirect economic costs?
a. Always
b. Sometimes
c. Never
d. Don't know
Please describe your country's methodology for collecting economic losses. If you prefer, please
provide examples from 3 recent major disasters where economic loss information was collected:

*1.8. Does your country distinguish between publicly and privately accrued economic losses?
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a. Yes
b. No
c. I don’t know
Please provide more details. If you prefer, please provide examples from 3 recent major disasters
where economic loss information was collected:

Part 3 – General information on disaster risk management and expenditures
*2. Do you use available international databases that report on social and economic losses (ex. EM-DAT,
DesInventar) for disaster risk management?
a. Yes
b. No
c. I don’t know
Please describe which international database(s) and how you use them:

*3. Do you anticipate that the development of an OECD framework to support the production of official
statistics on economic loss would benefit your country?
a.
b.
c.

Yes
No
Don’t know
Please explain what you would expect from such a framework in order to benefit your country's efforts
to collect such information in the future:

*4. Does your country collect information on Disaster Risk Management (DRM) expenditures?
a.
b.
c.

Yes
No
Don't know
Please describe:

*5. How much did your country spend on DRM in 2013 (or most recent available year)? If recorded by your
country, please provide information separately for ex‐ante and ex‐post expenditures.
Please provide details, including any links:
Note: The OECD is currently exploring data on national accounts, which could potentially provide us
with estimates on civil protection budgets. We will try to exploit existing data as much as possible but
would, for more granularities, be grateful to get DRM expenditure data, if available, from your
country.
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*6. Please indicate if you and/or another expert from your government would be interested in attending a
meeting that could be organised to discuss the survey results and to explore how to further advance the effort to
collect data on the socio‐economic impacts of disasters.
a. Yes
b. No
c. I don’t know
If the person interested in attending is someone other than yourself, please provide their contact
information below or email Catherine.Gamper@oecd.org.

7. If there is anything you want to add to the questionnaire that you deem to be important to the subject but that
you found to be insufficiently covered in this questionnaire, please add it here and/or send us any additional
information through email.
Please describe:
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NOTES

ANNEX 3. REVIEW ON EX ANTE LOSS ESTIMATION METHODS
Article

OECD (2014)

Hazard

Flood

Location

Paris, France

Source of
hazard
conditions

Past and future
events

Units of analysis
- Residential
- Commercial
- Industrial
- Public infrastructure
- Critical infrastructure
- Agricultural
- Residential
- Commercial
- Industrial
- Public infrastructure
- Critical infrastructure

Direct damage
methodology

Indirect damage
methodology

Number of
scenarios

Probability assumptions

Results

- Stage-damage
function
- Expertise

Dynamic general
equilibrium model

3

1/100

Direct: 3 to 30 billion (EUR)
Indirect: 1.5 to 58.5 billion (EUR)

Stage-damage
function

Input/ Output model

1

1/2 500ix

Direct: 24 billion (EUR)
Indirect: 2.5% to 5% of GDP (based on a previous study)

Jonkman et al.
(2008)

Flood

South Holland,
Netherlands

Future event

Maaskant et al.
(2009)

Flood

South Holland,
Netherlands

Future event

- Social losses

Land Use Scanner

N/A

10

Ranger et al.
(2011)

Flood

Mumbai, India

Past and Future
event

- Residential
- Commercial
- Industrial

Average mean
damage ratios

Input-Output model

3

Hallegatte et al.
(2011)

Flood

Copenhagen,
Denmark

Future event

- Agricultural
- Residential
- Commercial
- Industrial
- Public infrastructure x

- Stage-damage
function
- Previous studies (for
infrastructure)

Input-Output modelxi

3

Grunthal et al.
(2006)

Flood
Wind
Earthquake

Cologne,
Germany

Past and future
events

- Residential
- Manufacturing
- Infrastructure
- Commercial
-Public infrastructure

N/A

3

Forster et al.
(2008)

Flood

Elbe River,
Germany

Past event

- Agricultural
- Public infrastructure

N/A

1

1/100

37,000 to 46,000 per acre (EUR)

Dutta et al.
(2003)

Flood

Ichinomiya
River basin,
Japan

Past event

Stage-damage
function

N/A

1

1/50

Residential: 1 to 5.5 billion (JPY)
Agricultural: 1.31 to 236.98 million (JPY)
Infrastructure (traffic): 1.05 to 552.11 million (JPY)

Rijkswaterstaat
(2005)

Flood

Several
locations in the
Netherlands

Future event

Stage-damage
function (HIS-SSM)

HIS-SSM

16

>1/100 - 1/2 500

Individual dikes: 0.1 and 180 million (EUR)/year
Global flooding: 1.9 to 37.2 billion (EUR)/year
Fatalities: 5 to 6,100

- Agricultural
- Residential
- Public infrastructure
- Agricultural
- Residential
- Commercial
- Industrial
- Public infrastructure

- Stage-damage
function (floods)
- Historic data
(storms)
- Simulations
(earthquakes)
- A combination of
crop type, month of
inundation and
inundation level

Reference year (2000):
1.19x10-4 – 8.35x10-6
Study year (2040):
1.18x10-4 – 7.64x10-6
2005: Simulated based on
previous hazard data
2080: 1/50, 1/100, and
1/200
Future sea level rises
between 0 and 120 cm
combined with 1/10, 1/50,
1/100 and 1/500 return
period events
Wind: 1/100 – 1/300
Flood: 1/670 – 1/1 350
Earthquake: 1/100 –
1/10 000 (representing
intensities between 4 and
8.5)

Fatalities (2040): 453 to 10,468

Direct: 570 to 1,990 million (USD)
Indirect: 95 to 445 million (USD)
Adaptation effects: Up to 70% reduction in direct costs

Direct: 2.5 to 9 billion (EUR)
Indirect (1 case): 162 million (EUR)

Wind: 20 to 135 million (EUR)
Flood: 157 to 5,300 million (EUR)
Earthquake: Losses expressed as mean damage grades
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Article

Hazard

Location

Source of
hazard
conditions

Units of analysis

Direct damage
methodology

Indirect damage
methodology

Number of
scenarios

Probability assumptions

Results

Hallegatte (2012)

Early
Warning
System
(EWS)

Developing
countries

Past event

- GDP
- Social losses
- Early warning system

National
statistics/studies

N/A

1

N/A

Economic benefit: 0.3 to 2 billion/year
Reduction in fatalities: 23,000

Rose and Wei
(2012)

Port
disruption

Ports of
Beaumont / Port
Arthur, Texas,
USA

Future event

- Loss of output
- Disruption of networks
- Adaptation

N/A

Input-Output model

1

N/A

Rose et al. (1997)

Earthquake

Memphis,
Tennessee,
USA

Past event

- Loss of output

N/A

Input-Output model
and linear programme
model

Future event

- Agricultural
- Residential
- Commercial
- Industrial
- Public infrastructure

Linde et al.
(2011)

Flood

Rhine river
basin (Germany
and
Netherlands)

Flood

Land van
Heusden/ de
Maaskant, river
Meuse
(Netherlands)

Future event

State of Hawaii
(2005)

Earthquake

Island of
Hawaii

Future event

Idaho Bureau of
Homeland
Security et al.
(2008)

Earthquake

Borah Peak,
Idaho (USA)

Past event

Financial Times
(2016)

Earthquake

Nankai Trough,
Japan

Synthetic

Brouwer et al.
(2009)

- Agricultural
- Residential
- Commercial
- Industrial
- Public infrastructure
- Residential
- Commercial
- Industrial
- Public infrastructure
- Critical infrastructure
- Residential
- Commercial
- Industrial
- Public infrastructure
- Critical infrastructure
- Direct damages
- GDP
- Social losses
- Adaptation

7.5 magnitude

Reference (2000): 1/200 1/2 000
Damage Scanner

Damage Scanner

3

Low climate change
(2030): 1/134 - 1/1 080
High climate change
(2030): 1/64 - 1/702

Total economic impact: 9.6 billion (USD) or 53.9% of
economic activity
Adaptation reductions: up to 78% reduction in total
economic impacts
First week:
- IO model: 49.6% to 78.7% reduction of GRP
- Linear programme model: 12.5% reduction of GRP
Total potential loss: up to 7% of GRP
Comments in parenthesis are the lower and upper bounds
for the 7 Rhine regions studied. All numbers in EUR
Reference (2000): 300 billion (0.46 billion - 110 billion)
or 0.88 billion/year
Low climate change: 320 billion (0.39 billion - 120
billion) or 1.4 billion/year
High climate change: 380 billion (0.50 billion - 140
billion) or 2.9 billion/year

Damage Scanner

Damage Scanner

42

2.8x10-3 – 7.2x10-6

Aggregated: 49 million EUR to 11 billion EUR
Annual: 26.2 million EUR / year average

HAZUS-MH

HAZUS-MH model

4

Between 7.0 and 8.0
magnitude events

All scenarios: Total of 11 billion USD in building
damage
USD 32 million / year average annualised losses

HAZUS-MH

HAZUS-MH

1

6.9 magnitude

USD 37 million

Unknown

Unknown

1

8.0-plus event with a 70%
chance in the next 30
years (normal return
period of 1/100 - 1/150)

Total: 220 trillion Yen (2 trillion USD), roughly 40% of
GDP
Fatalities: 320,000
Adaptation: 42.5% to 52.6% (costs) and 81% (fatalities)
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Variable definitions:
Hazard: What hazard conditions are being studied (flood, earthquake, etc.)
Location: Location of the case study
Type of analysis

Past event – analysis uses the hazard conditions from a past disaster event to calibrate and simulate the impact of same hazard
conditions to evaluate the impact on a present-day.

Future event – analysis uses a ‘what-if’ scenario to simulate the impact of potential future event on future society.
Units of analysis: Description of the unit categories are considered in the analysis. Generally, units of analysis are separated into direct and
indirect losses, then further into tangible and intangible categories. Since intangible losses are difficult to calculate, every article only
examined either direct tangible losses or indirect tangible losses, or both. As a result, direct and indirect losses will be discussed with the
assumption that both are referring to tangible categories. A detailed description of the subcategories for direct and indirect losses follows.
Direct losses have been adapted from the Sendai Framework proposal (UNISDR, 2015). Indirect losses have been adapted from the OECD
(2014). Social losses (deaths only), early warning systems and adaptation scenarios are also measured by some authors. Social losses and
early warning system descriptions taken from the Sendai Framework proposal (UNISDR, 2015).

Direct losses:
o
GDP - Direct economic loss due to hazardous events in relation to gross domestic product. Under the Sendai
Framework, this is computed as the sum of the following direct loss categories. In the table above, some studies
calculated GDP as a direct loss on its own.
o
Agricultural - The area of cultivated or pastoral land damaged or destroyed due to hazardous event.
o
Residential – Houses damaged or destroyed, which includes moveable and immovable property. In the Sendai
Framework, housing damaged refers to houses (housing units) with minor damage, not structural or architectural,
which may continue to be habitable, although they may require some repair or cleaning. Houses destroyed refer to
houses (housing units) levelled, buried, collapsed, washed away or damaged to the extent that they are no longer
habitable.
o
Commercial – Commercial facilities damaged or destroyed, which includes moveable and immovable property. In the
Sendai Framework, this refers to the number of individual commercial establishments (individual stores, warehouses,
etc.) damaged or destroyed.
o
Industrial – Commercial facilities damaged or destroyed, which includes moveable and immovable property. In the
Sendai Framework, this refers to the number of manufacturing and industrial facilities directly affected (damaged or
destroyed).
o
Public infrastructure - The physical structures, facilities, networks and other assets owned and operated by public
entities.
o
Critical Infrastructure – The physical structures, facilities, networks and other assets that support services that are
socially, economically or operationally essential to the functioning of a society or community. This includes, but is
not limited to, education, healthcare and roads from the perspective of availability of good quality of data.

Indirect losses:
o
Loss of industrial output
o
Disruption of networks
o
Cost of emergency response

Social losses (deaths): The number of people who died during the disaster, or directly after, as a direct result of the hazardous
event.

Adaptation: measures that can be implemented either before or while an event occurs to limit the losses sustained.

Early warning systems: An integrated set of hazard warning, risk assessment, communication and preparedness activities that
enable individuals, communities, businesses and others to take timely action to reduce their risks.
Direct damage methodology: The method by which the authors estimate the direct economic losses as a result of the hazard and the value
of the units of analysis.
Indirect damage methodology: The method by which the authors estimate the indirect economic losses as a result of the hazard and the
value of the units of analysis.
Number of scenarios: The number of scenarios tested as part of the study.
Probability assumptions: The probability of occurrence for the hazard being tested.
Results: Summary of findings from the study. Ranges displayed include all scenarios.
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i
ii

http://www.unisdr.org/we/coordinate/sendai-framework
http://www.un.org/sustainabledevelopment/sustainable-development-goals/

iii

http://inspire.ec.europa.eu/codelist/NaturalHazardCategoryValue/
http://www.irdrinternational.org/2014/03/28/irdr-peril-classification-and-hazard-glossary/
v
Storm is also reported as ST in GLIDE classification of disasters http://www.glidenumber.net/glide/public/about.jsp
vi
INSPIRE is a generic classification of types of natural hazards established by the European Union.
iv

vii

Units of analysis can be further subdivided into tangible and intangible effects. Tangible effects refer to
measurable impacts, such as physical damage to a property, loss of industrial output, disruption to networks
and costs of emergency responses. Alternately, intangible effects are impacts that are difficult to measure,
such as loss of human life, effects on health, impacts on the environment and impacts on cultural heritage. For
the purposes of this review, direct and indirect effects are meant to describe 'direct tangible' and 'indirect
tangible' effects, unless otherwise noted. Since intangible effects (direct and indirect) are difficult to measure,
they are rarely included in the studies reviewed.
viii
Insurable losses were calculated with stage-damage functions to calculate total direct losses.
ix
Taken from Rijkswaterstaat (2005). Probability is for all of Dike Ring 14 (Zuid-Holland). However, the authors
note that the area can be flooded in a number of ways, thus a number of flood scenarios are constructed.
x
Estimated as 40% of insurable losses, which is based on a study from Hurricane Katrina losses.
xi
Calibrated using macroeconomic data from StatBank Denmark.
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