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Learning objectives:  

•  To be familiar with the various entities in the industry and how they relate to 

each other 

•  To describe how cat models are used in underwriting and risk selection 

•  To understand how cat models are used to design (re)insurance products 

•  To explain how cat models are used to optimize a portfolio 

•  To define how cat models are used during a real event 
 



Three Key Parties 

1.  The party that wants to transfer risk 

2.  The party that wants to assume risk 

3.  The party that facilitates the exchange 

Basic outline: 

 

OVERVIEW OF KEY PARTIES 
INSURANCE INDUSTRY PLAYERS 

The Risk 

Insurance Company: 
Primary Risk Taker that wants to 
transfer the risk 

Reinsurer:  
Secondary Risk Taker that wants 

to assume the risk 

Insurance Agent: 
Facilitates the 
transfer to the 
insurance 
company 

The Reinsurance 
Broker:  Facilitates 
the transfer of risk 
to the Reinsurer 



Each party uses catastrophe models to manage the risk 

 

Risk management options: 

•  Avoid the risk: Determine if the risk should be avoided all together 

•  Reduce the risk: Review the options available to decrease the risk 

•  Retain the risk: Determine if this Is the type of risk the party wants to hold 

•  Transfer the risk: Decide if the party should get rid of all or a portion of the risk 

Analysis of the various options is  

performed within the context of the  

Risk Management process 

described in Session 1 

 

 

APPLYING THE CAT MODELING OUTPUT 
RISK MANAGEMENT OPTIONS 



1.  Underwriting Decision Support 
•  Determine if the risk fits the type of risk that the party is willing to take 
•  Ensure that adequate premium is collected to cover the risk that is taken 

 
2.  Accumulation Management  

•  Avoid concentrations 
•  Select the best risks for the portfolio 

 
3.  Risk Transfer Contract Design  

•  Determining the right coverage for the risk 
 
4.  Strategic Growth and Optimization 

•  Determine where to grow to maximize profit 
•  Achieving the best balance of risk and profit 

 
5.  Real Time Event Analytics 

•  Determine the size of loss potential 
•  Manage the cost of the event through efficient claims handling 

 
 

APPLIED IN MANY AREAS 
RISK MANAGEMENT PROCESS 
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APPLIED IN MANY AREAS 
RISK MANAGEMENT PROCESS 



Cat models help inform the relative hazard: 

•  Distance to coast  

•  Distance to earthquake fault line  

•  EQ landslide and liquefaction risk 

•  Storm surge / flooding risk 

 

 

PRIMARY INSURER / REINSURANCE BROKER VIEWPOINT 
UNDERWRITING DECISION SUPPORT 

Restrictions may 
exist for how close 
a risk can be to an 
EQ fault line 

Coastal 
locations are at 
risk for storm 
surge damage 

Distance to coastline determines which 
underwriting guideline to apply 



Cat models help determine the right price to charge for the insurance policy 

•  The Cat Loss Component of the premium can be inadequate due to lack of 

comprehensive catastrophe loss experience  

•  Cat models are used to substitute for lack of credible experience 

•  Cat models help inform the level of Risk Load based on the potential volatility in the 

size of cat loss 

 

 

PRIMARY INSURER / REINSURANCE BROKER VIEWPOINT 
UNDERWRITING DECISION SUPPORT 



Cat models help determine the right price to charge for the insurance policy 

•  The Cat Loss Component of the premium can be inadequate due to lack of 

comprehensive catastrophe loss experience  

•  Cat models are used to substitute for lack of credible experience 

•  Cat models help inform the level of Risk Load based on the potential volatility in the 

size of cat loss 

 

 

UNDERWRITING DECISION SUPPORT 

Reinsurance 
contract 

REINSURER VIEWPOINT 



REINSURER VIEWPOINT 
UNDERWRITING DECISION SUPPORT 

Evaluate deal dynamics (including contract 
terms) and make ultimate decision 

Measure marginal impact on existing/projected portfolio 
and capital requirements 
 (e.g. cost of capital, ROE) 

Account for financial terms 
(e.g. brokerage to be paid, expenses, price) 

Apply reinsurance structure 

Apply Loads 
(e.g. Growth, risk, non-modeled exposures, ITV, residual 

market assessments, etc.) 

Catastrophe Model Output 

“Models inform 
underwriting 

decisions. They do 
not define them.” 



1.  Underwriting Decision Support 
•  Determine if the risk fits the type of risk that the party is willing to take 
•  Ensure that adequate premium is collected to cover the risk that is taken 

 
2.  Accumulation Management  

•  Avoid concentrations 
•  Select the best risks for the portfolio 

 
3.  Risk Transfer Contract Design  

•  Determining the right coverage for the risk 
 
4.  Strategic Growth and Optimization 

•  Determine where to grow to maximize profit 
•  Achieving the best balance of risk and profit 

 
5.  Real Time Event Analytics 

•  Determine the size of loss potential 
•  Manage the cost of the event through efficient claims handling 

 
 

APPLIED IN MANY AREAS 
RISK MANAGEMENT PROCESS 



Cat models help inform if risks should be added 

to the portfolio 

•  Carriers set risk accumulation maximums  

•  Geographic areas may be designated as 

having too many risks concentrated into one 

area 

 

 

 

PRIMARY INSURER / REINSURANCE BROKER VIEWPOINT 
ACCUMULATION MANAGEMENT 

Profile of modeled hurricane event losses along the coastline 
highlights from where the largest losses are produced 

Standard ring analyses help 
monitor accumulations to prevent 
over concentrating in an area 



Exposure-Based Accumulations are an Extremely Conservative View of Risk for Reinsurers 

 

 

REINSURER VIEWPOINT 
ACCUMULATION MANAGEMENT 

 
Contract 

Treaty Year 
Limit 

Company 
Territory 

Company A $8,000,000 Florida 

Company B $4,000,000 Florida 

Company C $11,000,000 Nationwide 

Company D $10,000,000 Nationwide 

Company E $10,000,000 Northeast 

Company F $6,000,000 Northeast 

Company G $7,000,000 Texas 

Total $56,000,000 

Event 
Territory 

Treaty Year 
Limit 

Possible Event 
Accumulation 

Florida $12,000,000 $33,000,000 

Northeast $16,000,000 $37,000,000 

Texas $7,000,000 $40,000,000 

Nationwide $21,000,000 $56,000,000 

Total $56,000,000 



Exposure-Based Accumulations are an Extremely Conservative View of Risk for Reinsurers 

Catastrophe Models are Used to Better Reflect the Actual Risk 

 

 

REINSURER VIEWPOINT 
ACCUMULATION MANAGEMENT 

 
Return 
Period 

Reinsurer 
Base 

Portfolio 

10,000 $2,089 

5,000 $1,612 

1,000 $889 

500 $562 

250 $321 

100 $194 

50 $177 



Exposure-Based Accumulations are an Extremely Conservative View of Risk for Reinsurers 

Catastrophe Models are Used to Better Reflect the Actual Risk 

 

 

REINSURER VIEWPOINT 
ACCUMULATION MANAGEMENT 

 
Return 
Period 

Reinsurer 
Base 

Portfolio 

 
New 

Contract 

10,000 $2,089 $13 

5,000 $1,612 $11 

1,000 $889 $10 

500 $562 $9 

250 $321 $8 

100 $194 $7 

50 $177 $5 



Exposure-Based Accumulations are an Extremely Conservative View of Risk for Reinsurers 

Catastrophe Models are Used to Better Reflect the Actual Risk 

 

 

REINSURER VIEWPOINT 
ACCUMULATION MANAGEMENT 

 
Return 
Period 

Reinsurer 
Base 

Portfolio 

 
New 

Contract 

 
Base + 

New 

 
Marginal 

Effect 

10,000 $2,089 $13 $2,097 $8 

5,000 $1,612 $11 $1,618 $6 

1,000 $889 $10 $892 $3 

500 $562 $9 $566 $4 

250 $321 $8 $325 $4 

100 $194 $7 $198 $4 

50 $177 $5 $180 $3 



•  Underwriting Decision Support 
•  Determine if the risk fits the type of risk that the party is willing to take 
•  Ensure that adequate premium is collected to cover the risk that is taken 

•  Accumulation Management  
•  Avoid concentrations 
•  Select the best risks for the portfolio 

 
3.  Risk Transfer Contract Design  

•  Determining the right coverage for the risk 
 
4.  Strategic Growth and Optimization 

•  Determine where to grow to maximize profit 
•  Achieving the best balance of risk and profit 

 
5.  Real Time Event Analytics 

•  Determine the size of loss potential 
•  Manage the cost of the event through efficient claims handling 

 
 

APPLIED IN MANY AREAS 
RISK MANAGEMENT PROCESS 



Cat models are used to inform the design of the Reinsurance Program 
 
Modeled losses are used to determine 

•  The amount of total coverage needed 

•  The type of coverage needed 

•  Cat XOL, Aggregate, Quota Share, etc. 

•  The layering and inuring relationship 

•  The risk-based price 

•  The market price or Rate On Line (ROL) 

 
 
 

PRIMARY INSURER / REINSURANCE BROKER VIEWPOINT 
RISK TRANSFER CONTRACT DESIGN 

Retention 

Layer 1  
$40M xs $5M 

Layer 2  
$125M xs $45M 

Layer 3  
$230M xs $170M 

 

$170M 

$45M 

$5M 

$400M 

QS 

Property Cat XOL 

Retention 
$4.5M xs $500K 

$10M xs $12M 
Agg 

$12M 

$22M 
Cat Aggregate 

Layer
Percent	
Placed Limit Retention Pure	Premium

Standard	
Deviation

Std	Dev	
Load

Ceded	
Margin

Reinsurance	
Cost

Rate	On	
Line

Loss	On	
Line

Layer	
Entry	
(Years)

Layer	
Exit	

(Years)
1 90% 40,000,000$						 5,000,000$								 14,890,300$			 19,343,210$			 9.3% 10.8% 16,689,219$				 41.7% 37.2% 5.4 23.3
2 90% 125,000,000$			 45,000,000$						 8,155,230$					 27,952,355$			 23.0% 44.1% 14,584,272$				 11.7% 6.5% 23.3 73.8
3 90% 230,000,000$			 170,000,000$				 3,754,000$					 28,161,000$			 26.6% 66.6% 11,244,826$				 4.9% 1.6% 73.8 167.8

Total 90% 395,000,000$			 5,000,000$								 26,799,530$			 75,456,565$			 37.0% 42,518,316$				 10.8% 6.8% 5.4 167.8

Example Reinsurance Structure  
and Cat Excess of Loss (XOL) Pricing 



Cat models are used to inform where and how 

much a reinsurer wants to participate on a 

program 

 

Key metrics are; 

•  How this portfolio / contract is correlated with 

the reinsurer’s portfolio 

•  How much capital needs to be held to cover 

this risk 

•  Is the price adequate to cover cat and other 

price components (e.g. loads, expense, 

brokerage, profit) and provide an adequate 

ROE? 

 

 

 

 

REINSURER VIEWPOINT 
RISK TRANSFER CONTRACT DESIGN 

Retention 

Layer 1  
$40M xs $5M 

Layer 2  
$125M xs $45M 

Layer 3  
$230M xs $170M 

 

$170M 

$45M 

$5M 

$400M 

QS 

Property Cat XOL 

Retention 
$4.5M xs $500K 

$10M xs $12M 
Agg 

$12M 

$22M 
Cat Aggregate 

7% 

3% 

5% 



1.  Underwriting Decision Support 
•  Determine if the risk fits the type of risk that the party is willing to take 
•  Ensure that adequate premium is collected to cover the risk that is taken 

 
2.  Accumulation Management  

•  Avoid concentrations 
•  Select the best risks for the portfolio 

 
3.  Risk Transfer Contract Design  

•  Determining the right coverage for the risk 
 
4.  Strategic Growth and Optimization 

•  Determine where to grow to maximize profit 
•  Achieving the best balance of risk and profit 

 
5.  Real Time Event Analytics 

•  Determine the size of loss potential 
•  Manage the cost of the event through efficient claims handling 

 
 

APPLIED IN MANY AREAS 
RISK MANAGEMENT PROCESS 



Cat models help inform the “Optimal” distribution of a book 
of business 
 
Aim is to balance the risk in the portfolio against the profit 
achieved from writing the risk 
•  Identifying areas where there is Low PML potential and 

High Profit (Green) 

•  Limiting concentrations in areas where PML is High and 

Profit is Low (Red) 

Provides a roadmap for marketing managers 
•  Where to target growth with Agents 

•  How much to grow by territory 

•  Where they may need to limit marketing, thus slowing 

down growth or even shrinking the policy count 

Provides information on potential acquisitions of companies 
or books of business from Agents or another carrier 
 
 
 
 

PRIMARY INSURER / REINSURANCE BROKER VIEWPOINT 
STRATEGIC GROWTH AND OPTIMIZATION 



Cat models help inform where to grow a book of business 

•  Measuring the marginal impact to exposure, premium and loss potential 

•  Metrics are used to determine the marginal contribution to the portfolio 

 

 

 

PRIMARY INSURER / REINSURANCE BROKER VIEWPOINT 
STRATEGIC GROWTH AND OPTIMIZATION 

Pro b a b ility Re turn
o f T ime Curre nt Pro je cte d Cha ng e

Exce e d a nce (Ye a rs) (000s) (000s) (%)
0.01% 10,000 $610,882 $647,613 6.0%
0.10% 1,000 $311,327 $327,317 5.1%
0.20% 500 $246,576 $257,654 4.5%
0.40% 250 $191,875 $199,420 3.9%
0.50% 200 $176,312 $183,015 3.8%
1.00% 100 $133,723 $138,381 3.5%
2.00% 50 $97,531 $100,558 3.1%
4.00% 25 $65,983 $67,779 2.7%

Limit (000s) $3,186,633 $3,827,361 20.1%
Premium (000s) $40,127 $42,274 5.3%
Risks 38,978 41,153 5.6%

Average Annual Loss $11,199,550 $11,519,284 2.9%
100 Yr PML:Premium 3.333:1 3.273:1 -1.8%
250 Yr PML:Premium 4.782:1 4.717:1 -1.3%
Vulnerability (AAL per 1k TIV) 3.515 3.010 -14.4%
AAL to Premium 27.910% 27.249% -2.4%

Lo ng  T e rm Hurrica ne



REINSURER VIEWPOINT 
STRATEGIC GROWTH AND OPTIMIZATION 

Cat models help inform the “Optimal” distribution of a book of business 
 
Aim is to balance the risk in the portfolio against the profit achieved from writing the risk 
•  Reinsurers write “high risk” business, by definition 

•  The keys are; 

•  To get adequate rate 

•  Create a diversified portfolio 

-  Correlation as a critical measure  

Provides a roadmap for reinsurance portfolio managers 
•  Where to target growth 

•  How much to grow by territory 

 
 
 
 



Simple example; two companies write in different geographic regions where risk is uncorrelated 

Writing reinsurance contracts for these companies creates a diversified portfolio for a reinsurer 

But attempting to write uncorrelated risk only….the list of potential clients dwindles quickly 

-  Insurance companies are also building portfolios in ways to reduce their correlation 
 
 
 
 
 

REINSURER VIEWPOINT 
STRATEGIC GROWTH AND OPTIMIZATION 

•  Geographic diversity 
•  Peril diversity 



REINSURER VIEWPOINT 
STRATEGIC GROWTH AND OPTIMIZATION 



Reinsurers are not as highly regulated as Insurance companies, allowing for ease of 
growth in new territories 
 
 
 
 
 

REINSURER VIEWPOINT 
STRATEGIC GROWTH AND OPTIMIZATION 



REINSURER VIEWPOINT 
STRATEGIC GROWTH AND OPTIMIZATION 

Geographic/Peril correlations are the most important diversification measurement 
 
When looking to grow a portfolio of business, we also look to other ways to diversify 
 
Examples include; 

-  Type of business 
-  Personal, Commercial, Industrial lines 

-  Building Class 
-  Single family residential, auto, mobile home, high-rise office building, etc. 

 
Cat Models provide a measure of how these risks/contracts complement each other when 
building / growing a risk portfolio 
 
 
 



1.  Underwriting Decision Support 
•  Determine if the risk fits the type of risk that the party is willing to take 
•  Ensure that adequate premium is collected to cover the risk that is taken 

 
2.  Accumulation Management  
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•  Select the best risks for the portfolio 

 
3.  Risk Transfer Contract Design  

•  Determining the right coverage for the risk 
 
4.  Strategic Growth and Optimization 

•  Determine where to grow to maximize profit 
•  Achieving the best balance of risk and profit 

 
5.  Real Time Event Analytics 

•  Determine the size of loss potential 
•  Manage the cost of the event through efficient claims handling 

 
 

APPLIED IN MANY AREAS 
RISK MANAGEMENT PROCESS 



When an event is happening (Hurricane) or immediately after an event (Earthquake, Tornado, 
Hail, Flood, Terror Attack) cat models inform the size of loss potential for the firm 
•  Projections are made as to the size of loss  
•  Selecting similar stochastic events from the model’s event catalog 
•  Modeling similar event parameters  
•  Estimated the loss & the loss exceedance probability 
 
 
 
 
 

PRIMARY INSURER / REINSURANCE BROKER VIEWPOINT 
REAL TIME EVENT ANALYTICS 

Loss	
Exceedance	
Percentile

Estimated	Industry	
Wind	Loss
(000s)

Company	Estimated	
Wind	Loss
(000s)

10% $27,420,929 $557,289
20% $19,717,145 $399,293
30% $15,385,633 $309,708
40% $12,214,266 $245,422
50% $9,609,525 $194,034
60% $7,348,219 $150,233
70% $5,326,920 $111,132
80% $3,475,435 $74,733
90% $1,718,833 $38,980
Mean $12,776,070 $260,130

	Loss	Exceedance	Percentile

Scenario

Company	Estimated		
Wind	Loss
(000s)

1 $803,640
2 $760,982
3 $732,701
4 $682,285
5 $546,441
6 $509,788
7 $402,299
8 $372,659
9 $343,427

Representative	Events

Hurricane	Irma	



After an event, cat models inform the Claims handling response 

•  Projections of the number of risks/policies impacted are made 

•  The geographic areas impacted are plotted 

•  Insurers efficiently manage resources (e.g., Mobile Response Teams, internal adjusters, 

outside third-party adjusters) to respond to the areas of greatest need 

•  Helps reduce claims handling expense 

 

 

 

 

 

PRIMARY INSURER / REINSURANCE BROKER VIEWPOINT 
REAL TIME EVENT ANALYTICS 

3-Second
Wind	Gusts Total %	Total
70	-	79	mph 35,432													 30.5%
80	-	89	mph 40,894													 35.2%
90	-	99	mph 37,549													 32.4%
100+	mph 2,185															 1.9%

Total 116,059											 100.0%

to	Hurricane	Force	Winds
No.	of	Policies

Policies	Exposed	



REINSURER VIEWPOINT 
REAL TIME EVENT ANALYTICS 

Insurance companies receive immediate feedback from policy holders after an event 

As a Reinsurer, there is a delay in receiving actual loss figures 

•  In the interim, models play an important role in estimating losses 

•  Modeled estimates will never represent the full insured loss 

 

*Some aspects are built into the reinsurance pricing process but others are event specific 
 
 
 
 
 
 

Non-Modeled Perils / Coverages 
•  Loss adjustment expenses 
•  Claims inflation (i.e. AOB) 
•  Water related losses (i.e. 

sewer backup, flood 
leakage) 

•  Government mandates 
•  Wind pool assessments 
•  Extra contractual liability 
•  Mold damage, foundation 

collapse, etc. 

Model Error 
•  Vulnerability 
•  Severity 
•  Demand surge 
•  Application and 

calculation of policy 
terms 

•  Storm track and 
windfield 

Data Quality 
•  Address match 
•  Missing exposures 
•  ITV 
•  Incorrect or 

missing data 
•  Dated information 



REINSURER VIEWPOINT 
REAL TIME EVENT ANALYTICS 

Modeled Loss 

Uncertainty 

Data Quality 

Non-Modeled 

Coverage 
Specific 

Market Share 

Completeness and transparency in 

building out loss estimates is key 



Objectives Discussed:  

•  The various entities in the industry and how they relate to each 

other 

•  How cat models are used in underwriting and risk selection 

•  How cat models are used to design (re)insurance products 

•  How cat models are used to optimize a portfolio 

•  How cat models are used during a real event 

Questions? 
 

SUMMARY 
CAT MODELING FOR MANAGING CAT RISK 


