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Foreword

This is a ground breaking and essential book. For the last quarter of a century, some of us
have witnessed the birth and development of a new, profound and integrating professional
and scientific discipline called catastrophe risk modelling. It has transformed the quality of
insurance protection upon which more than a billion people depend for their security, and
reformed an industry from relative ruin in the early 1990s to relative resilience just two decades
later, in spite of a sharp increase in natural hazard risk over that time.

And yet, despite this significance, the discipline is barely known outside its own circles. It is
difficult to estimate, but perhaps just 25,000 people worldwide are active members of the ‘cat
modeling’ community among insurers, reinsurers, regulators, modeling providers, and related
communities across academia, engineering and civil protection.

I entered this domain in 2005 and, like everyone, learnt about this field through professional
courses, experience, the wisdom of colleagues and reports and articles dealing with specific
issues. There was no consolidated text that brought this world together. Meanwhile sensing the
wider significance of these methods, there was nowhere to point the curious non-insurer when
asked to recommend a comprehensive guide to the field. I am grateful that we now have one, and
delighted that many of those who shone a light for me ten years ago have come together with
others to share their knowledge and experience for all.

The authors and contributors are to be congratulated, not just for producing the first detailed
reference on catastrophe modeling, but also for creating the framing of a new discipline. It is
path-breaking and one can only imagine the length of internal debates on so many defining
points and fundamental issues. This breakthrough will, I hope, spur many other books and
publications to support the expansion and further deepening of the field.

Most of us work in specific areas and this text will be useful to experienced practitioners, to
connect with wider aspects of the discipline, as well as essential reading for newer professionals.
I am also excited that it will open up the field to many others across industry, science, NGOs and
public policy, far beyond insurance, who can build on it, apply it and even criticize it as part of a
wider, shared, endeavour to better understand, reduce and manage climate and natural hazard
risks and protect the under-protected.

As we consider how to implement the UN Global Goals on climate risk and other natural
hazards, catastrophe modelling will guide the changes needed to save millions of lives and
livelihoods among exposed populations in the decades ahead. This book, and its future editions,
will play a leading role in that journey.

Rowan Douglas CBE
CEO Capital Science & Policy Practice, Willis Towers Watson
Member, Prime Minister’s Council for Science & Technology
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1.1.1 What Is Included

This chapter contains a broad overview of the topic of catastrophe modelling, including what
catastrophe models are, why they are used, their overall structure and their output. Metrics used
in catastrophe modelling are presented. Basic statistical concepts required for catastrophe
modelling are also included for ease of reference.

1.1.2 What Is Not Included

Detailed information on every topic is not included. This is provided in the subsequent chapters.
1.1.3 Why Read This Chapter?

This chapter aims to give the reader an introductory background to catastrophe risk manage-
ment and catastrophe modelling. It is targeted primarily at those new to the subject, but should

also provide a refresher to those more familiar with the discipline. Reading this chapter together
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Natural Catastrophe Risk Management and Modelling

with any subsequent chapters should provide depth on the topic covered — be that the main uses
of models, a discussion of the major perils, how to build a model, or how to develop a view of
risk. Alternatively, this chapter can be read in isolation to provide an introduction to catastrophe
risk management and modelling, from the basics of insurance to the elementary statistics
required when using these models. The statistical basics are provided for completeness and
reference; less mathematically-minded readers can avoid this section without compromising
understanding of following chapters.

1.2 Catastrophes, Risk Management and Insurance

In its broadest sense, a catastrophe is something that exceeds the capability of those affected to
cope with, or absorb, its effects; in the context of natural hazards the driver is an extreme event
causing widespread and, usually sudden, damage or suffering. In the insurance industry,
definitions of catastrophe are commonly based on an event exceeding one of a number of
thresholds for loss (e.g. total economic losses, insured losses, loss of life — for an example by
Swiss Re, see Table 1.1). Organizations may choose to define an event as a catastrophe if that
company or the whole industry has large or unexpected losses or if significant media attention is
expected. For example, the US Property Claims Service definition of a catastrophe is ‘an event
that causes 25m USD or more in direct insured losses to property and affects a significant
number of policyholders and insurers’.

The terms risk, peril, and hazard are often used interchangeably in conversation. However, in
the context of this book, we use the following definitions:

e A peril is a potential cause of loss or damage such as an earthquake or windstorm.

* Risk is uncertainty leading to potential adverse outcomes. It is also used as shorthand for an
insured object.

e Hazard is the danger from the peril.

Catastrophes are a risk to organizations and society. Managing this risk (catastrophe risk
management) is the ongoing process of: (1) identifying the risk given the context of the
organization or community, (2) quantifying the risk, (3) deciding what to do, given the level of
risk and the risk appetite (i.e. how much risk an entity is willing to take) of the organization or
community, and (4) monitoring the level of risk.

Table 1.1 Criteria used by Swiss Re in 2014 to determine if events were
categorized as catastrophes and entered into their Sigma database.

Threshold Quantity
Insured loss, maritime disasters US$19.6 m
Insured loss, aviation US$39.3m
Insured loss, other losses US$48.8 m
Total economic loss US$97.6 m
Casualties, dead or missing 20
Casualties, injured 50
Casualties, homeless 2000

Source: Swiss Re, 2015.



