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Range of Projects with industrial 
collaborators

Property & Casualty Insurance Compensation Corporation 
(started 2006, ongoing)
Princess Margaret Hospital (started 2005, ongoing)
Department of National Defence (Navy) (started 2005, ongoing)
Environment Canada (started 2007, ongoing)
IBM Toronto software Lab (started 2004, ongoing)
Bank of Canada (started 2006, ongoing)
Ontario Power Generation (2000-2002)
Dydex Ltd (2003)
Canadian Energy Wholesalers Inc (Jan-Feb 2007)
Waterloo Maple Inc (2006)



Property & Casualty Insurance

Collaboration with Dr. Sharon Wang , Dr. 
Lindsay Anderson & Mr. Darrell Leadbetter
(PACICC)
Project supported by grant from PACICC 
supplemented by a MITACS internship for 
Dr. Wang
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General Insurance

Insurance is a form of risk management to hedge against potential 
future financial loss;
Policyholders substitute a small, defined payment (premium) for a 
large, uncertain loss;
The insurers pool the premiums to pay for the  losses;
Insurers: collect premium, pay claims (risk pooling);
Premiums paid are invested until required to provide for claims and 
operating expenses;
Insurers’ revenues are generated from premiums and investment 
income
Types of Insurance:

– Life;
– health;
– property & casualty (other than life and health)
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Property and Casualty Insurance in Canada

Assets: $99 billion;
Net premium: $33 billion; 
Number of insurers: 217;
Unlike banking and life insurance, 

– Significant degree of foreign ownership (64%);
– More fragmented: 

No one has more than 10% of market;
10 companies control 60%; 
Competitive market

Reinsurance: $1.9 billion (8% of total industry)
Profitability: underwriting (loss)+investments (gain)
Policyholder protection: PACICC
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Provides coverage of all risks other than life and health;

Products of P&C Insurance

Consumers’ concerns:
Will insurance contracts be fulfilled and eligible claims be paid?



About PACICC 
Property and Casualty Insurance Compensation 
Corporation
help maintain public confidence in P/C insurance industry. 
monitor all the members’ insolvency risks;
assess surviving members when insolvency happens
Compensation claims, protect policy holders
Member’s risks: 
– Earthquake (Vancouver, Montreal)
– storm,
– ice storm, 
– hurricane,
– industry disaster
– wild fire
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Understanding PACICC Members’ Risks

• Risks to Members’ financial reserves (correlated, idiosyncratic)
• Model natural disaster risk using extreme value theory
• Dependence structure of individual members on a given natural 
disaster
• Incorporating the correlation structure of individual risks
• Model of overall PACICC risk 

Earthquake HurricaneHurricanewildfire Icestorm

MemebersMemebers

RisksRisks
TerrorTerror
AttackAttack
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Why Do Insurers Fail?

Risk ManagementRisk Management

Inadequate pricing
Deficient loss reserves
Specific risk exposure

Dibra, S. and Leadbetter, D. (2007). Why Insurers Fail. PACICC



Our Model
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Modelling catastrophes
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CN – Claim Number CS – Claim Size
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Poisson Distribution
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Simulation Results
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• Identify insurers’ financial weakness (1000 simulation runs)  

Companies # 95, 47, 20, 84 have weaker financial reserves. 



Contagion Phenomena
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Solvency Level 

Company fails when ( 1) ( ))i iE t A tα+ ≤

Failure start to show when 0.1α >

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35
0

20

40

60

80

100

120

140

160

α

nu
m

be
r o

f f
ai

le
d 

co
m

pa
ni

es
 

α  vs. Number of Failed



Match Federal Regulations
• Capital requirement by federal regulators (Minimum Capital Test (MCT))

• Define     by MCT (Linear regression)α

Capital Available

Equity  ............................................................................................................. 01 973225
Subordinated Indebtedness and Redeemable Preferred Shares 
..................................................................... 03 30000
Investments - Adjustment to Market  
........................................................................................ 05 71154
Less:  Assets with a Capital Requirement of 100%  
................................................................ 07 45599

Total Capital Available  ........................................................................................ 09 1028780

Capital Required
Balance Sheet Assets  .................................................................................. 20 271240
Unearned Premiums/Unpaid Claims  
.................................................................................. 22 270968

Catastrophes  ................................................................................................................ 24 194
Reinsurance Ceded to Unregistered Insurers  
.................................................................................................... 26 2492
Off-Balance Sheet Exposures  
............................................................................................. 28 1758

Minimum Capital Required  ................................................................................................ 29 546652
Excess Capital Available over Capital Required 

(line 09 minus line 29)  .................................................................................... 89 482128
Line 09 as a % of line 29  ....................................................................................................... 90 188.20

MCT vs. Assets

y = 0.1165x
R2 = 0.8372

0
100000
200000
300000
400000
500000
600000
700000
800000
900000

0 1000000 2000000 3000000 4000000 5000000 6000000 7000000

Assets

C
ap

ita
l R

eq
ui

re
d

0.1165α =



Risk Pooling

Potential Counterparties
– Life Insurance
– Credit Union (correlation: interest rate level won’t 

matter, volatility matters)
– Mutual funds
– Other guaranteed funds
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Canada Deposit Insurance Corporation 
(CDIC)

Members: Banks, trust companies and loan companies
Number of members: 81(34 banks+43 Trust and loan co + 4 
Provincial institutions)
Capital: $1.3 Billion
2004 Revenues: $124M ($93M premium +$31M interest, etc.)
The last member failed: in 1996
Total failed since 1967: 43 
Premium: differential premiums (1/6 ~ 1/48) of 1%
Total Insured Deposits: $375.6 billion
Risks: Higher interest rates, higher energy prices, real estate 
market and financial market uncertainty, strengthening 
Canadian dollar, terror attack, consumer debt defaults, fraud 
issues (money, credit cards)
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Credit Union Central of Canada (CUCC)

Provincially regulated
Members are protected in each provinces

– British Columbia: Financial Institutions Commission
– Alberta: Credit Union Deposit Guarantee
– Saskatchewan: Credit Union Deposit Guarantee Co.
– Manitoba: Credit Union Deposit Guarantee Co.
– Ontario: Deposit Insurance Corporation of Ontario
– Quebec: Quebec Deposit Insurance Board (QDIB)
– New Brunswick: Credit Union Stabilization Fund
– Nova Scotia: Credit Union Deposite Insurance Corporation
– PEI: Credit Union Central of PEI

Size: Each one of above comparable to PACICC
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Something from USA P/C Insurance
Approximately 3000 insurers
Top 200 insurers worth 94% (exclude insurers < 200?)
Evidence for power law from US data
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Lessons Learned

Practitioners know a lot of details and the modelling process of 
leaving details out to get to the essentials MUST include them 
not only to tap this knowledge but also to improve buy in. 
Best to talk to people at the “right” level in a company (even 
better if this is supported by senior leaders)
Despite years of hiring quants, “Business” organizations are still 
typically less technical than “Technology” organizations and the 
relationship must be managed accordingly
Best to have a single person who “owns” the problem
Need to “pay dues”
Need to expand definition of academic project success: 
(Publication can sometimes be a challenge, placing students is 
not)


