
Property and Casualty 
Insurance

The Law of Large Numbers

Your friend asks 
you

If I pay you $1,000 will you 
pay for the rebuilding of 
my house if it burns 
down?

So you either get a few fine 
dinners, or you go to the 
poor house

Individually we would not 
be willing to take on this 
level of risk

But insurance companies 
can exploit the law of large 
numbers – and statistically 
predict claims
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The Law of Large Numbers

Mean

Standard deviation

Some risks of loss are 
distributed in a ‘normal 
distribution’ making them 
highly predictable in large 
numbers

Household and car 
insurance generally follow 
predictable loss patterns so 
the losses can be predicted 
mathematically with a high 
degree of confidence

Some risks don’t follow 
predictable loss 
distributions e.g. 
terrorism insurance

Insuring less predictable 
risks is more expensive.
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Premiums and the Combined Ratio

Estimated losses
80

Expenses
20

Premiums
100

Paid by the 
customer to insure 
against loss

Some of the 
premiums are used 
to run the business

Actuaries make an 
estimate of the 
expected payout for 
losses

𝐸𝑥𝑝𝑒𝑛𝑠𝑒 𝑟𝑎𝑡𝑖𝑜 ൌ 𝐸𝑥𝑝𝑒𝑛𝑠𝑒𝑠𝑃𝑟𝑒𝑚𝑖𝑢𝑚𝑠
𝐶𝑙𝑎𝑖𝑚𝑠 𝑟𝑎𝑡𝑖𝑜 ൌ 𝐿𝑜𝑠𝑠𝑒𝑠𝑃𝑟𝑒𝑚𝑖𝑢𝑚𝑠

𝐶𝑜𝑚𝑏𝑖𝑛𝑒𝑑 𝑟𝑎𝑡𝑖𝑜 ൌ 𝑒𝑥𝑝𝑒𝑛𝑠𝑒 𝑟𝑎𝑡𝑖𝑜 ൅ 𝑐𝑙𝑎𝑖𝑚𝑠 𝑟𝑎𝑡𝑖𝑜
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Combined Ratio Over Time

Estimated losses / 
claims by actuaries

Commissions + 
expenses to run the 
business

A combined ratio of under 100% means 
an underwriting profit

However, often across the cycle the 
combined ratio average is close to 
100% for most insurance companies.
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Reserves

Aviva 2009 year
Total 

payout
Yearly 

payout
At end of accident year 3,780.0 3,780.0
One year later 5,464.0 1,684.0
Two years later 6,102.0 638.0
Three years later 6,393.0 291.0
Four years later 6,672.0 279.0
Five years later 6,836.0 164.0
Six years later 6,958.0 122.0
Seven years later 7,043.0 85.0
Eight years later 7,078.0 35.0
Nine years later 7,100.0 22.0
Remaining 127.0
Total estimated claims 7,227.0
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Even with one-year 
car and household 
insurance claims 
can take many 
years to pay out

The insurance company sits on 7,227 of 
assets from premiums until they are 
paid out – which they can invest
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Reserves Development Table (Aviva Property and Casualty)

Claims still 
unpaid. 
Liabilities 
funding assets 
which can be 
reinvested

The older the 
accident year 
the fewer 
unpaid claims

Total claims 
estimates can 
change over time
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Premiums Versus Reserves

Premiums 
earned

Returns on assets

Estimated total 
claims from one 
year of premiums

Cumulative 
unpaid claims 
from multiple 
years
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The Income Statement and Balance Sheet - Simple

Assumptions Income statement Balance sheet
Claims ratio 80.0% Premiums 100.0 Invested assets 260.2 =260.2
Expense ratio 20.0% Claims expense (80.0) =100*80%*-1 Total assets 260.2 =260.2
Combined ratio 100.0% =80.0%+20.0% Expenses (20.0) =100*20%*-1
Tax rate 20.0% Underwriting profit 0.0 =100-80-20 Reserves 194.5 =194.5%*100
Equity / premiums 65.7% Equity 65.7 =65.7%*100
Reserves / premiums 194.5% Financial income 10.4 =4.0%*260.2 Total L&E 260.2 =194.5+65.7
Return on invested assets 4.0% Profit before tax 10.4 =0+10.4

Tax (2.1) =20%*10.4*-1
Net income 8.3 =10.4-2.1
Return on equity 12.7% =8.3/65.7

Combined ratio = 
100% so all profits 
come from the 
investment return

Invested assets is a plug

Reserves 
are linked 
to 
premium
s

Shareholder
s’ equity is 
driven by 
the 
regulatory 
requirement
s

ROE is an important 
KPI which will drive the 
price to book value 
multiple
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The Income Statement

Income statement
Gross written premiums 3,392.1 3,211.9
Gross earned premium 3,339.7 3,306.7
Reinsurance premium (204.7) (217.2)
Net earned premium 3,135.0 3,089.5

Insurance claims (1,571.1) (1,966.9)
Insurance claims recoverable from / (payable to) (183.1) 55.1
Net insurance claims (1,754.2) (1,911.8)
Claims ratio (56.0%) (61.9%)

Commission expenses (286.4) (200.4)
Operating expenses (806.3) (722.2)
Total expenses (1,092.7) (922.6)
Expense ratio (34.9%) (29.9%)

Underwriting result 288.1 255.1
Combined ratio (90.8%) (91.7%)

Investment return 175.4 154.6
Instalment income 116.4 119.9
Other operating income 62.9 72.1
Operating profit 642.8 601.7

Finance costs (103.8) (19.1)
Profit before tax 539.0 582.6

Tax charge (105.0) (108.9)
 Net income 434.0 473.7

Often the reported income 
statement mixes the 
underwriting the financial 
result together

Before modeling separate 
out the underwriting result 
and the financial return
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The Income Statement – Alternative Presentation

Frequently the accounts 
are presented as the cash 
item and then the change 
in the reserve to get to the 
income (expense)

Here the net written 
premiums + change in the 
unearned premiums = 
earned premiums
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The Balance Sheet - Assets

By far the largest asset are 
financial investments. This 
is often referred to as the 
‘float’ = money effectively 
borrowed from policy 
holders.
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The Balance Sheet - Liabilities

The amount owed to 
policy holders paid out in 
the future (over many 
years even with a policy 
lasting only one year)

Even one-year insurance 
lines can generate long 
liabilities as some claims 
such as health care create 
payments over many years
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• Payoff diagrams

• Reinsurance assets

• Deferred acquisition costs

• Unearned premium reserve

• Incurred but not reported (IBNR)

• Claims handling provision

The Balance Sheet in More Detail
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Claims Development and Payoff diagrams - Historical

Analyze the oldest historical 
year to establish the payout 
profile (note we will get an 
estimate – the actual could 
change with a changing 
business mix)

Now use the percentages to 
estimate the payout of the 
remaining claims estimates
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Claims Development and Payoff diagrams - Forecast

Using the same payout 
development you can 
forecast the payment of 
future claims expense
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Reinsurance assets

Reserves
80

of which
10

are taken on by the 
reinsurers

Equity
20

Invested assets
100

of which
10

are owned by the 
reinsurers

The balance sheet is gross of 
reinsurance. The reserves include 
the reinsurer’s share and an asset 
reflect their premiums

Some firms have asset 
concentration due to sector 
or geographical 
specialization

They can sell insurance 
premiums (and the related 
risk) to the wholesale 
market (reinsurance)

The balance sheet show 
100% of the reserves so we 
carve out the assets given 
to the reinsurers
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Reinsurance Assets and Liabilities

The balance sheet is gross of 
reinsurance. The reserves include 
the reinsurer’s share and an asset 
reflect their premiums

18

© 2022 Financial Edge Training 9



Unearned Premium Reserve

Premiums are earned gradually 
over the cover period

Forecast written premiums and 
put the unearned premiums onto 
the balance sheet as a liability
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Deferred Acquisition Costs (DAC)

Insurance companies often 
pay fees to brokers who sell 
policies

Insurance companies often 
pay fees to brokers who sell 
policies

Like premiums, 
commissions are expensed 
over the life of the policy

Commissions are paid on written premiums, but only 
expensed over the life of the policy

On the balance sheet Deferred Acquisition 
Costs (DAC) are unexpensed commissions
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Incurred But Not Reported (IBNR)

Known cases – and an estimate of 
the potential future payments 
(maybe discounted to the present 
value)

Everything goes to IBNR and then 
comes out as claims are made by 
customers and can be properly 
loss assessed

The outstanding 
claims and IBNR 
are often 
combined on the 
balance sheet
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Other Items

Claims can be costly to 
settle so often you might 
see broken out a claims 
handling provision

Claims handling provision

Policies that on a given date 
are active and against which 
the company will pay,
following a valid insurance 
claim.

In force policies

The amount of regulatory 
capital the company has 
versus the legal minimums:
• Available regulatory 

capital = 140
• Required regulatory 

capital = 100
• Solvency ratio = 140%

Solvency ratio

22
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Understanding Equity Forecasting

Remove intangibles are these 
assets don’t provide funds for 
policy holder in a liquidation 
scenario

Actual amount of capital 
available. 
Total own funds – solvency 
requirement = capital surplus

Total own funds / solvency 
requirement = solvency capital 
ratio
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Modeling the Equity

Set target Solvency II ratio

Calculate expected Solvency Capital Requirement

Back out required Own Funds

Add back intangibles, DAC, DTAs etc which gives Shareholders’ Equity

Calculate Equity surplus (dividend) or Capital requirement

Link Equity into Balance Sheet and deal with the circular reference

1

2

3

4

5

6
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Steps to Building a Model

Input historical data for income statement and balance sheet

Calculate ratios and statistics

Decide on forecast assumptions

Forecast GWP + balance sheet except equity, investments and cash

Forecast income statement except investment income

Balance the balance sheet (investments and cash is plug)

Forecast investment income and equity

Link equity into balance sheet and deal with the circular reference

1

2

3

4

5

6

7

8

Remember to have the iteration setting turned OFF before starting
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