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This article is an extract of the CH Alliance yearly publication on Innovation for 

Financial Services. This 2019 edition includes several articles on the “Tokenization” 

of the economy, expressed by the Initial Coin Offering (ICO) wave, which is now 

becoming a semi-regulated activity in major financial centers - the first step to 

global recognition. The remaining articles provide insights on hot topics for 

several Financial Services sub industries: AI for Wealth Management, chatbots 

in B2C Banking, autonomous vehicles and catastrophe bonds in Insurance, hot 

Fintech for Real Estate finance management and data visualization in CIB.

CH&Co. is a leading Swiss consulting firm focused exclusively on the Financial 

Services Industry. With 7 offices worldwide and over 300 professionals, we 

proudly serve the industry’s major banks, insurance companies, wealth managers 

and investment funds.

To read more please visit Chappuishalder.com
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Cat Bonds and 
Machine Learning: the 
Hurricane Case

This article is a summary of a 

paper written by the CH&Co. 

Global Risk Analytics quantitative 

team. To download the full 

content and for more information, 

please go to the dedicated GRA 

section of the chappuishalder.com 

website.

CAT BOND PRICE MODELLING IS 
TRADITIONALLY BASED ON STO-
CHASTIC METHODS

Cat bonds are “high yield” bonds, which are mainly 

issued by insurance or reinsurance companies. They 

work the same way as classic bonds with a slight 

difference: the payment of coupons and the nominal 

repayment are conditioned upon the occurrence of 

a certain type of catastrophe, in a certain area, and 

for a determined duration. The nominal repayment 

can be partial or total. This type of obligation allows 

insurance and reinsurance companies to transfer 

the risks associated with these exceptional events to 

third parties.
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In order to price cat bonds, investors and reinsurers 

rely on the work of the three biggest modelling 

agencies, namely RMS, EQE and AIR. Risk 

Management Solution (RMS), founded in 1988 

at Stanford University, helps insurers, financial 

markets, companies and administrations to estimate 

and manage risks from natural disasters around 

the world. Established in 1994, EQECAT is a risk 

modelling company that delivers products and 

services to insurers, reinsurers and financial markets. 

Lastly, AIR Worldwide Corporation, founded in 1987, 

models the risk of natural disasters and terrorism in 

more than 90 countries. 
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Although they use the same stochastic methods and 

approaches and base their modelling on the same 

data, these three agencies often get different results. 

Given this discrepancy, investors and reinsurers will 

often prefer one of these three agencies depending of 

the type of natural disaster and the area considered. 

Although the number of players in the cat bond 

market keeps growing, many obstacles hinder 

its development. First, rating agencies, such as 

Standard & Poor’s, don’t take into account all of 

the advantages of cat bonds, including their high 

return potential and the diversification they bring 
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In order to see if machine learning pricing solutions 

could bridge the gap, the CH&Co. Global Risk 

Analytics quantitative team focused on wind 

catastrophes that occurred in southeastern United 

States, as a majority of recent cat bonds relate to this 

geographic area and type of catastrophe. 

The selected data originated from the National 

Climatic Data Center and included only wind 

catastrophe events (storm, hurricane, tornado), 

which lead to more than $1 billion in economic 

damages.

WIND CATASTROPHE MODELLING IN SOUTHEASTERN UNITED STATES 
USING MACHINE LEARNING

to a portfolio as a zero-beta asset. The financial 

model approach used by rating agencies to assess 

the capital needed for insurance companies doesn’t 

consider these advantages. The rating of cat bonds is 

The model used to predict the annual costs of damage 

generated by wind catastrophes in southeastern 

United States is a non-linear regression based on 

an artificial neural network. The data used in the 

model are economic and demographic ones, such as 

the size of the population (number of persons that 

may own goods to cover) and the house prices (can 

be assimilated with part of the amount of covered 

goods).

We used two databases with a principal component 

analysis (PCA) on 20 identified variables calculated 

on an annual basis, explaining the dependent 

variable:  the annual costs of wind catastrophes in 

southeastern United States.

capped at “BB,” which is considered as a speculative 

security by Standard & Poor’s. Besides, the solvency 

level of issuers is under-rated since it is the status 

(SPV) that is rated and not the entity.
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The idea was to apply a neural network that 

corresponds to a combination of more or less 

complex elementary objects, called neurons, in 

order to handle non-linear problems.

We focused on the multi-layer perceptron that 

corresponds to a succession of hidden layers 

within these layers, and where neurons are not 

linked, except to every neuron of the previous and 

subsequent layers. 
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The chosen machine learning suitable model is 

a classification neural network with one hidden 

layer composed of 35 neurons. The neurons have 

a sigmoid function as activation function and as 

transfer function for the output layer as well. 

We have defined 15 levels of intensity for the 

natural catastrophes that constitute our database. 

This intensity is taken for the costs generated by 

the catastrophes. Each column corresponds to a 

neuron from the output layer associated with a layer 

of intensity. The output layer is thus composed of 

15 neurons.

Artificial Neural Network - Mutli Layer Perception

Illustration of a given path of an explanatory variable
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ENCOURAGING RESULTS

The test model forecasts the frequency and cost of 

future disasters, as well as insurance risk transfer 

products, such as cat bonds or XL contracts. 

According to Munich Re, costs in 2015 generated by 

natural disasters rose to $90 billion, $27 billion of 

which were covered, agreeing with our assumption 

of stability regarding 30% coverage. Southeastern 

USA was affected by six wind events:

An ice storm in Texas in February 

An ice storm in March 2015 

Three successive tornados in Oklahoma and Arkansas in March 

Tropical Storm Bill in Texas in June 

Hurricane Joaquin in October 

Tornados and storms in December

For 2015, the CH&Co. test model forecasted five 

disasters between June and October: 

The model forecasts disasters during the most 

susceptible period of storms and hurricanes in 

southeastern USA. It simulates a high number of 

disasters close to the actual number. The model’s 

ultimate goal is to price insurance products. 

Depending on rating agencies’ decisions and 

investor’s behaviour in the coming years, the 

number of cat bonds in the market could explode. 

In this context, if investors are not able to properly 

assess the price of cat bond, a speculative bubble 

could arise. In the event of several disasters in a 

short period of time, this bubble could explode and 

may generate heavy losses across financial markets. 

Lastly, products that are supposed to be non-

correlated with market changes could actually have 

an impact if an adverse scenario occurs.

One in our learning base, with a cost of up to $6 million 

Four in our forecast base, with costs of up to $1.3 billion for 

three of them and $9.5 billion for the other. 


