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REPORT OF THE CIA SUBCOMMITTEE ON CREDIT RISK 

 

ABSTRACT 

Techniques to deal with credit risk have been developed by institutions that do not follow a 
traditional actuarial approach. Actuaries have much to learn from these developments about the 
practice of credit risk analysis. This report provides actuaries with an introduction to the concepts of 
credit risk, as well as the techniques used at other financial institutions when valuing or mitigating 
credit risk. Types of credit risk are discussed, as well as modeling techniques, hedging strategies, 
and derivative products. Internet references are provided which should assist an individual 
interested in pursuing a particular aspect of credit risk. Finally, the contribution actuarial science 
might make to the field of credit risk analysis is discussed. It is hoped that this report will assist 
actuaries in gaining a higher level of familiarity with current credit risk analysis techniques. 

INTRODUCTION 
Credit risk can be characterized as the risk from a counterparty’s inability or unwillingness to fully 
meet its on and/or off-balance sheet contractual financial obligations. The counterparty could be an 
issuer, a debtor, a borrower, a broker, a policyholder, a reinsurer or a guarantor. Within this broad 
framework, there are several types of credit risk. These range from full or partial default of a single 
payment, to full or partial default of an instrument, to full or partial failure of a counterparty. 
Specific approaches to credit risk analysis vary between those directed at addressing a single vehicle 
versus those associated with the study of the “credit riskiness” of a portfolio. The distinction 
between the level of credit risk and that of management risk (which can be thought of as the risk of 
moving outside of established investment policy, both intentional or unintentional) in a portfolio is 
not always clear-cut.  

Banks, trust companies, and insurance companies approach credit risk analysis across a wide variety 
of dimensions: 

• Quality  
• Security 
• Maturity 
• Concentration, by Industry, Geographic Region and Currency 
• Hedging 

Each aspect of credit risk needs to be identified and addressed through a comprehensive system of 
credit risk analysis. In this section, several basic definitions will be presented which will be used 
throughout the remainder of this paper as terms applicable to the identification, analysis, and 
quantification of credit risk. 
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TYPES OF CREDIT RISK 
A listing of the various types of credit risk that a financial institution may encounter follows: 

i)  Credit risks involving vehicles with scheduled payments 

• Non-performance of a scheduled payment 
 Non-payment of a payment when due   
 Partial payment of a payment when due  
 Deferral of a payment when due  

• Default of an instrument consisting of one or more future scheduled payments 

 Default of all future payments  
 Default of some future payments 
 Default of a portion of all future payments  
 Default of a portion of some future payments  

• Default of a counterparty 

 Failure of a counterparty to meet any of its obligations  
 Failure of a counterparty to meet some of its obligations  
 Requirement by a counterparty to defer some of its obligations  
 Inability of a counterparty to continue issuing credit product  

ii)  Credit risks involving vehicles whose payment dates and/or amounts are not scheduled 

• Demand vehicles 
• Floating rate vehicles 
• Interest only vehicles 
• Callable vehicles 
• Extendible vehicles 
• Similarly, although not technically considered a default, the risk of an established 

dividend pattern on an equity investment being broken 

iii)  Credit risks involving products whose payments are contingent on certain conditions (this 
category involves, to a greater degree, the risk of non-performance of a counterparty, as opposed 
to the risk of default of a single vehicle) 

• Derivatives 

 Options 
 Floors/Caps 
 Swaps 
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iv)  Currency devaluation provides another source of what can be thought of as a form of credit risk. 
When an issuer makes a promise to pay a lender defined amounts in a defined currency at 
defined future dates, an implicit assumption is present that the currency will continue to hold its 
value (or, at least, not fall below an assumed reasonable floor value). It is considered to be more 
characteristic of lesser-developed economies that currency values may fluctuate, often to the 
disadvantage of the creditor. However, given the longer time horizons under which credit 
products often operate, steady deterioration of currency values, even in well-developed 
economies, can and does occur. Currency devaluation is a complex subject, and is usually treated 
separately under its own heading of foreign exchange (FX) risk. 

v)  Rating downgrades, while not technically a default, are detrimental to the vehicle’s market value, 
making the investment a less attractive candidate for trading activity, and suggesting an 
increased probability of one of the above forms of default at a future point in time. At the 
portfolio level, the occurrence of a downgrade may, theoretically, be offset by the simultaneous 
occurrence of an upgrade to another vehicle. However, the presence of a high degree of 
contagion has been shown to exist, particularly with respect to downgrades, making the 
simultaneous occurrence of multiple downgrades a highly probable event. 

Individual vehicles and/or counterparties may have credit risks in isolation or in groups during 
certain periods. At the portfolio level, diversification can mitigate, but not entirely eliminate 
these risks. 

QUALITY 
Credit quality of an investment or an enterprise refers to the probability that the issuer will meet all 
contractual obligations. This assessment normally occurs at both the initial investment and at each 
renewal point. Credit history, income history, capacity to handle new obligations, and purpose of the 
funding are included in the analysis. Underwriting intensity increases with the size and materiality of 
the investment in relation to the investor’s operations. 

One of the common measurements used in assessing credit quality is the rating assigned to the 
issuer. A variety of ratings agencies provide these assessments to the public, giving the investor a 
perceived level of confidence in the issuer’s ability to make good on the repayment schedules to 
which it is committed. 

Assets that are pledged by the issuer as security protect the investor to the extent that they: 

• Maintain their value, or most of their value, particularly during economic downturns, when 
credit concerns are at their highest level, and 

• Provide sufficient liquidity to offer replacement cash flow in the event that the issuer’s cash 
flows from operations are no longer adequate to support its obligations. 

There is a price to pay for quality. Vehicles that have a high quality rating attached to them generally 
attract higher prices, and therefore lower returns, than similar vehicles that have lower ratings. Managers 
balance the need for the safety provided by high quality investments and the higher returns available 
from lower quality issues in developing aggregate quality criteria for the portfolios they manage. 
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MATURITY 
Maturity is the satisfaction of all obligations that are the responsibility of the issuer of a credit 
instrument. Investments mature when the final scheduled payment has been made. In many cases, a 
specific maturity date will be stipulated as part of the defined terms and conditions in a credit 
vehicle. Other times, maturity may be triggered by the occurrence of an event whose timing is 
uncertain. Amounts to be paid at maturity may also be defined under the terms and conditions, or 
may be dependent on some factors that will be known only at the time of maturity. 

Examples of the various forms that maturity dates and values can take include: 

• Vehicles whose maturity amount(s) and maturity date(s) are known at the time of issue. 
Examples of such vehicles are bonds and mortgages. 

• Vehicles whose maturity amount(s) is known at issue, but whose maturity date(s) is 
unknown. Callable bonds may be included here. A liability exhibiting the same characteristic 
is a life insurance policy. 

• Vehicles whose maturity amount(s) is unknown at issue, but whose maturity date(s) is defined 
at issue. Some asset-backed securities and derivatives such as options fall into this category. 

• Vehicles whose maturity amount(s) and maturity date(s) are both unknown at the time of 
issue. Life contingent reverse mortgages are an example. As a liability, casualty insurance 
policies are a good example of these types of vehicles. 

Maturity of an investment is a prime consideration in the management of interest rate risk, and is 
also an important consideration in the assessment of credit risk. Clearly, the longer the term to 
maturity of an investment, the longer even a high quality issuer has to potentially deteriorate. The 
intensity of a Financial Institution’s credit analysis applied to a potential investment increases with 
the term to maturity of the investment. 

CONCENTRATION – INDUSTRY 
In order to diversify, it is prudent for a financial institution to not concentrate assets (loans, bonds, 
etc.) within a few industry sectors. Usually, a financial institution will manage this risk by specifying 
limits for various sectors as well as limits for individual entities within each sector. 

Diversification is widely recognized as a means to mitigate economic risks. In applying 
diversification techniques to credit risk management, it is important to include industry and 
geographic factors in the development of appropriate factors. 

Conditions that trigger credit events have a tendency to impact on the entire economy 
simultaneously. Within this general characteristic, however, the impact of economic development 
often varies between sectors of the economy. Within a sector, however, there tends to be uniformity 
between the entities participating in that sector. Degrees of separation within a sector will exist, but 
these are on a smaller scale than those that normally occur between sectors. 

Similarly, single name concentration, even when coupled with a variety of investment vehicles 
(equity, preferred shares, and debt instruments) can provide higher levels of credit risk. 

It is therefore prudent to establish investment policy with consideration given to setting constraints 
against over-exposure to any single sector in the economy. 
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CONCENTRATION – GEOGRAPHIC 
Repeating the theme from the previous section, credit risk has been shown to carry a large degree of 
contagion. Periods of relatively few credit events are followed by periods where default experience 
is extremely high. Similarly, economically depressed regions tend to produce high levels of default 
experience in comparison with more prosperous areas. That these regions can and do change over 
time creates a challenge to the process of credit risk analysis.  

Therefore, it is also prudent when setting investment policy to include constraints against over-
exposure to any one specific geographic region. 

Financial institutions recognize the need to diversify their investments geographically to diminish 
the impact of regional economic downturns and/or natural disasters (earthquake, flood, etc.). 
Institutions do not want to become overly dependent on any one geographic area. 

For reasons similar to geographic concentration, financial institutions that invest in foreign 
currencies recognize the need to diversify their investments by currency. There is a need to assess 
the prospect of economic events in other countries leading to the deterioration in the issuer’s ability 
to honour its obligations to its investors and devaluation of the issuers’ home currency relative to 
that of the investing institution occurring simultaneously. Generally, the objective is to eliminate 
exposure to changes in exchange rates. 

EXPECTED MAGNITUDE OF LOSSES 
The size of loss due to a credit event can vary widely, from loss of some or all of the return on an 
investment to loss of some or all of the inherent principal. Losses can also occur from a delay in the 
timing of a scheduled payment, causing either a loss of return during the deferral period, a reduction 
in available reinvestment rate during the deferral period, or both. When a scheduled payment is 
delayed for any reason, there is also the potential for an associated loss if the payment were needed 
to match a scheduled outflow. The investor would then be required to make good on its obligation by 
borrowing or selling other assets. They might need to delay payment of their own scheduled 
obligation, possibly incurring a penalty. 

Different approaches to portfolio management can produce different impacts from credit risk 
management. Active management tends to follow a pattern of removal of vehicles that suffer a 
downward price movement due to questions of credit-worthiness. These managers tend to have 
greater degrees of price deterioration, and lesser degrees of non-performance, as a result of their 
approach to credit risk management. Passive management would tend to experience the reverse. 

FINANCIAL REPORTING 
Financial statements account for credit risk in numerous ways. Credit risk can be taken into account 
implicitly and/or explicitly on the asset side of the balance sheet. The same applies to the liability side.  

Credit risk is a significant element of regulatory capital though much more so for banking 
institutions than for insurance.  

Particular to insurance is the role the actuary plays in providing for credit risk via the actuarial 
liability calculation and via the application of provisions for adverse deviations. 
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HEDGING STRATEGIES 
Credit risk can be “hedged”, but usually at a cost. This cost can be interpreted as an insurance 
premium for transferring the risk from one party to another. A broad definition of “hedging 
strategies” used to offset credit risk would include the following: 

• letters of credit 
• contingency deposits  
• securitization of mortgages (Mortgage Backed Securities) 
• securitization of other assets (Asset Backed Securities) 
• credit derivatives  

 credit default swaps 
 total return swaps 
 collateralized debt obligations (CDOs) 
 credit-linked notes 
 credit spread options 
 basket derivatives 

These strategies afford entities a means of protecting themselves against excessive levels of credit 
risk while still pursuing a desirable investment policy. As with most forms of hedging protection, 
decisions regarding the cost of the credit risk protection and the risk tolerance that can be absorbed 
by the portfolio require careful assessment. 

CURRENT APPROACHES TO HANDLING CREDIT RISK 

Modeling Credit Risk 
There are a variety of different credit risk models that serve various purposes. Some of these 
purposes include: 

• Pricing single name credits and credit derivatives 
• Pricing credit portfolios and derivatives on credit portfolios (for example, CDOs and synthetic 

CDOs) 
• Risk management for single name credits, i.e. quantifying expected losses and loss 

distributions 
• Risk management for credit portfolios 
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The following is a brief introduction to some of the more popular models. Please note that not all 
models are appropriate for all purposes. 

1) Spot Rate Models 
This is an example of a simple pricing model. 

Market bond prices are readily available. Implicit in these prices are the market’s expectations with 
regard to the obligor’s probability of default and expected recovery rates. With rates on bonds at a 
variety of terms, it is a simple matter to bootstrap a spot rate curve for the obligor, which can be used 
to value cash flows from that corporation taking into account default and recovery. This is usually 
expressed in terms of the (risk-free) government curve plus a spread, incorporating the probability of 
default and recovery into a single value. The rates are then used in the usual manner to calculate spot 
rates, forward rates, and discount factors. 

There are a number of problems with this approach. First, credit spreads incorporate a risk premium 
that compensates investors in excess of the expected losses. The bond prices also incorporate 
liquidity, and so may not give a pure credit risk value on illiquid bonds. Second, the expected 
recovery rate on a one-year bond is not necessarily the same as the expected recovery rate on a two-
year bond. In general, it would not be appropriate to estimate real-world default probabilities solely 
by reference to credit spreads. However, the use of credit spreads in pricing and as a comparative 
guide to credit risk is fairly popular. 

2) Default Models 
In default models, the rates of default and recovery are modeled explicitly. Present values are taken 
using the risk-free interest rate curve, and different cash flows under assumptions of default or non-
default are valued using probabilities. 

For example, assume a $100 cash flow is expected in one year from XYZ Corporation. Their 
probability of default is known to be p, and recovery on default is expected to be R. The risk-free 
one-year rate is i. Then the current value of the cash flow is 

100 (1 – p) / (1 + i) + 100 p R / (1 + i) 

Estimates of R are very difficult, and so it is usually set to a constant around 40% to 50%, based on 
experience. Even most stochastic models take this approach. Values of p can be found for given 
credit ratings from the various credit rating agencies, and the combination of p and R can be 
compared to the spread of the corporation’s bonds for reasonableness. 

This model is based on real-world probabilities and is a simple example of a risk management 
model. As explained above, it would not normally be suitable to use this type of model for pricing 
purposes unless the pricing model also includes an explicit risk premium. 
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3) Credit Migration Models 
In default models there are two states considered, either in default or not in default. Credit migration 
models consider not only the risk of default, but also the risk that an investment will lose (or gain) 
value due to changes in the corporation’s credit rating. For example, if you hold a bond rated AA 
and it is downgraded to A, the bond will lose value, since it will be less desirable to potential buyers. 

Central to all credit migration models is a matrix of values known as a transition matrix. Suppose there 
are eight possible credit states for our bond: AAA, AA, A, BBB, BB, B, C, or Default (D). Then our 
transition matrix is an eight-by-eight matrix, with the current state of our bond on the vertical axis, and 
the future state (usually at the end of one year) on the horizontal axis. Each cell contains the 
probability that a bond will change from its current credit rating to another credit rating. For example,  

Annual  AAA AA A BBB BB B CCC D Sum 

AAA 88.70% 9.30% 1.00% 0.00% 1.00% 0.00% 0.00% 0.00% 100.00%

AA 1.10% 88.80% 9.60% 0.30% 0.10% 0.10% 0.00% 0.00% 100.00%

A 0.10% 2.90% 90.20% 5.90% 0.70% 0.20% 0.00% 0.00% 100.00%

BBB 0.10% 0.30% 7.10% 85.10% 6.10% 1.00% 0.10% 0.20% 100.00%

BB 0.00% 0.10% 0.60% 5.70% 83.50% 8.10% 0.50% 1.50% 100.00%

B 0.00% 0.00% 0.20% 0.70% 6.60% 82.60% 2.80% 7.10% 100.00%

CCC 0.00% 0.00% 0.70% 1.10% 3.10% 6.10% 62.80% 26.20% 100.00%

D 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 100.00% 100.00%

According to this table, the probability that an AA bond will migrate to BBB by the end of one year 
is 0.30%. The probability that a BB bond will default in the same time period is 1.5%. Note that the 
sum of the probabilities for each row is 100%. These matrices are available from the credit rating 
agencies, and are updated using recent credit experience. 

A nice feature of transition matrices is that they can be raised to any power n using standard matrix 
multiplication to give a transition matrix for an n-year period. The resulting matrix will be the same 
size, and all rows will add to 100% just like the original. This of course assumes that all future years 
will have the same transition probabilities, but this is a very common approach. The transition 
probabilities for all future cash flows are therefore easily obtained.  
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For example, if we were to multiply the matrix of one-year probabilities above by itself, the result is a 
matrix of two-year probabilities: 

2-Year AAA AA A BBB BB B CCC D Sum 
AAA 78.78% 16.54% 2.69% 0.14% 1.74% 0.09% 0.01% 0.01% 100.00%

AA 1.96% 79.24% 17.22% 1.09% 0.28% 0.20% 0.00% 0.01% 100.00%

A 0.22% 5.22% 82.06% 10.39% 1.59% 0.46% 0.02% 0.04% 100.00%

BBB 0.18% 0.74% 12.52% 73.20% 10.40% 2.19% 0.21% 0.56% 100.00%

BB 0.01% 0.21% 1.48% 9.71% 70.62% 13.54% 0.96% 3.47% 100.00%

B 0.00% 0.02% 0.45% 1.59% 11.10% 68.94% 4.10% 13.80% 100.00%

CCC 0.00% 0.03% 1.18% 1.89% 5.01% 9.13% 39.63% 43.13% 100.00%

D 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 100.00% 100.00%

 

It is also possible to let n be a non-integer. For example, if we let n be 1/12, then the twelfth root of 
the matrix can be calculated to give us a monthly transition matrix: 

Monthly AAA AA A BBB BB B CCC D Sum 
AAA 99.00% 0.86% 0.05% -0.01% 0.10% 0.00% 0.00% 0.00% 100.00%

AA 0.10% 98.99% 0.89% 0.00% 0.01% 0.01% 0.00% 0.00% 100.00%

A 0.01% 0.27% 99.11% 0.55% 0.05% 0.01% 0.00% 0.00% 100.00%

BBB 0.01% 0.02% 0.67% 98.62% 0.59% 0.07% 0.01% 0.01% 100.00%

BB 0.00% 0.01% 0.04% 0.55% 98.46% 0.80% 0.04% 0.10% 100.00%

B 0.00% 0.00% 0.01% 0.05% 0.65% 98.38% 0.31% 0.60% 100.00%

CCC 0.00% 0.00% 0.07% 0.11% 0.32% 0.67% 96.18% 2.65% 100.00%

D 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 100.00% 100.00%

This monthly matrix multiplied by itself twelve times will return the original annual matrix. Note 
that you will need to use extra decimal places, or the reproduction will not be exact. 

You should note that taking non-integer roots of a transition matrix could result in some small 
negative probabilities. For example, the probability that AAA will migrate to BBB is –0.01% 
according to the matrix above. This is generally caused by logical inconsistencies in the original 
matrix. In this case, there is an annual probability of 1% that AAA will migrate to BB, but the 
probability of AAA migrating to BBB is zero. The negative probability is required to make up for 
the number of AAA’s that will migrate to BBB by way of BB. In general, these amounts are 
immaterial and can be handled through a number of approaches. Most often they are set to zero, and 
the value on the diagonal is adjusted to ensure each row continues to add to 100%. A more 
sophisticated approach would solve for the monthly matrix as an optimization problem, with non-
negativity constraints on each cell. 
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Once you have transition matrices for all the cash flows you need to value, the cash flows can be 
present-valued by applying the probabilities to the cash flows together with the interest rates from 
the appropriate credit curve (and the appropriate recovery rate, in case of default). Another possible 
approach would use the probabilities from the matrices together with random numbers to generate 
credit scenarios in a Monte Carlo approach. In this way a credit migration model could be used to 
quantify the (real-world) distribution of potential losses for a single name credit. 

4) Risk Neutral Models 
Risk neutral models price an asset by building up the same cash flows (including the same risks) 
using a portfolio of assets for which prices are available. This may be a static or dynamic portfolio. 
The standard example for market risk is a forward contract. In a forward contract, the bank promises 
to buy your shares in a company (worth S today) on a given date (t) for a given price (K). 

This seems like a very difficult pricing problem, since they have no idea what the shares will be 
worth at time t. However, the bank can replicate this arrangement by short-selling the stock today for 
S, and investing the proceeds at the risk-free rate. At time t, they then have S(1+i)t. They buy your 
stock for the set price K (which they use to replace the stock they short-sold), and have a net gain (or 
loss) of S(1+i)t-K. So, if they set K=S(1+i)t, their net cash flows today and at time t are zero. The 
forward price they are willing to offer you is therefore K=S(1+i)t. The interesting thing here is that 
the forward price for the stock at time t has nothing to do with the expected value of the stock at 
time t. 

There are problems with applying risk neutral approaches to credit risk. For example, you can’t short 
a corporate bond as easily or efficiently as you can short a stock. However, the approach is used in 
practice, and in particular risk neutral pricing is used in most credit derivative pricing, sometimes 
with an adjustment factor to account for the market limitations. 

Take for example a simple credit default swap, where the bank promises to buy a bond at par if the 
issuer of the bond defaults at time t (ignore coupons for now). As above, they can short the bond (i.e. 
borrow and sell it), and invest the proceeds to hedge the deal. However, shorting the bond actually 
requires the bank to borrow it in the repo market, compensating the owner with a low interest loan, 
and then sell the bond in the bond market at a high rate of interest.  

This difference in rates makes a risk-neutral approach tricky. This is as simple as it gets; there are 
generally many more complicating factors, such as fixed or floating coupons, different maturities for 
bond and swap, options on the bond, etc. Despite the difficulties, risk neutral pricing is used in 
pricing credit derivatives. The prices derived are often used as an upper or lower bound for the true 
price. 

Risk-neutral models can be further subdivided into two broad classes: reduced-form and structural 
models. In general, parameters for reduced-form models can be inferred solely from the market 
prices of risky and risk-free debts, whereas structural models include parameters that are specified 
endogenously (they can be thought of as the risk-neutral equivalents of the models described in the 
next section). Structural models are particularly useful for pricing multi-name basket products (e.g. 
CDOs or synthetic CDOs), since in this case it is necessary to specify not only the dynamics of each 
underlying obligor but also the correlations between them. In general, correlations between obligors 
cannot be inferred solely from the market prices of each individual obligor’s debts and have to be 
specified by other means. 
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5) Asset Models 
Asset models were developed in the 1970’s by Merton. The general concept is that a firm will go 
into default if the value of its assets becomes less than the value of its debts, and so the firm’s debt 
can be modeled as an option against its assets. 

For example, assume a firm has assets worth A, and debt worth D, coming due at time t. If at time t 
D is less than A, the firm can pay off its debts and have value left over for its shareholders. 
However, if D is more than A, the company must default. The true value of the debt is therefore 

Min(D, A) = D – Max(0, D – A) 

That is, the debt holder can expect to receive the promised amount D, less the value of a put option on 
the assets of the company with a strike price of D. Black and Scholes worked out the formula for put 
options, and so we can easily calculate this value if we know the volatility of the price of the assets. 

This model has a number of drawbacks. Primarily, the volatility of the assets is not readily available, 
and it assumes all debt is due at time t. Many groups have worked on these problems over the past 
30 years, and the basic approach described above has been extended considerably. 

An asset model can be combined with a model of correlations between obligors to produce a 
portfolio-level risk management model. (For example, correlations between different obligors’ 
underlying asset values are sometimes estimated by reference to correlations between stock prices). 
This approach underlies a number of commercially available models such as J.P. Morgan’s 
CreditMetrics and KMV Portfolio Manager. 

FINANCIAL REPORTING 
From a financial reporting perspective, banks and insurance companies in Canada enjoy similarities 
and differences in providing for credit risk.  

Both banks and insurance companies account for credit risk on non-performing assets in a similar 
fashion. Accounting practice indicates that both banks and insurance companies book specific and 
general allowances. Specific allowances are set up against specific non-performing assets as an 
estimate of future loss. General allowances are established to cover any impairment that cannot be 
associated with a specific asset. General allowances are attributed to the whole of a portfolio of 
assets. Sometimes such portfolio is one for which specific allowances are not typically set up. Credit 
card debt is such an example. A bank would not set up individual account allowances but rather set 
up a general allowance for all its credit card debt based on factors such as current economic 
conditions and historical repayment patterns. On the other hand, a set of homogeneous mortgages 
may have a general allowance even though a given mortgage within that group already has a specific 
allowance set up for it. 

Banks enjoy a distinct treatment with respect to general allowances. They are permitted to take 
limited credit of general allowances for regulatory capital purposes. This is not available to 
insurance companies.  

Particular to insurance companies, especially life insurance, allowances are set aside for possible 
future asset defaults of non-impaired assets through actuarial liabilities. These are comprised of a 
best estimate as to possible future loss and a provision for adverse deviation (PfAD).  

Over 90% of the regulatory capital requirement for Canadian banks is related to credit risk. Credit 
risk is also the most significant item of regulatory capital requirement for insurance companies in 
Canada, averaging between 35% and 45%.  
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 Banking Insurance 

Impaired Assets1 A: Specific Allowances - set by 
management  

A: Specific Allowances - set by 
management 

B: Additional provisions - if 
deemed necessary by the 
Appointed Actuary (AA) 

Non-Impaired Assets2 A: General Allowances - set by 
management  

C: provisions for expected losses 
and;   

D: Margins for adverse deviation. 

Both C and D are set by the 
Appointed Actuary (AA) 

Income Statement  A: reflected via:  

i) A charge to net investment 
income; and/or 

ii) Interest Expense, Other 
liabilities; and/or 

iii) Provision for credit losses. 

A: Reflected by a charge to net 
investment income. 

Also,  

B, C, & D: Provisions are 
reflected via the increase in 
actuarial liabilities. 

Balance Sheet A: reflected by:  

i) A reduction in carrying value of 
assets; and/or 

ii) Allowance for loan losses; 
and/or 

iii) Other liabilities. 

A: As for banks  

B, C, & D: Reflected in actuarial 
liabilities. 

Provisions for Adverse 
Deviation 

n/a Set by the AA to account for the 
possibility of misestimation of the 
underlying asset default risk. 

Regulatory Capital 
(Banks, life and P&C 
companies all must 
satisfy risk-based capital 
tests in Canada.) 

In CAR3, Assets are risk-
weighted to reflect credit risk. 

General Allowances may be 
included in Tier 2 capital up to a 
maximum of 0.875% of risk-
weighted assets. 

Credit risk is a very significant 
element of MCCSR4/TAAM5 
(Life) and MCT6/BAAT7 (P&C). 

No credit given for balance sheet 
allowances. 

 
1 Also called non-performing assets, assets in default, or existing credit impairments. 
2 Also called performing assets, assets not in default, or future credit impairments. 
3 Capital Adequacy Requirement 
4 Minimum Continuing Capital & Surplus Requirement 
5 Test of Adequacy of Assets in Canada and Margin Requirement 
6 Minimum Capital Test 
7 Branch Adequacy of Assets Test 

For more details, refer to appendices II and III. 
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HEDGING STRATEGIES 
Hedging strategies are used to decrease risk. The number and availability of credit hedging vehicles 
are expanding almost daily, and the investment manager now has a wide range of choices.  

One of the simplest and most common hedging instruments is the credit default swap. In its simplest 
terms, a credit default swap gives the holder the right to sell a bond for its face value in the event that 
the issuer of the bond should default. One aspect of the credit default swap that is frequently 
overlooked is the fact that it does not really eliminate credit risk, but actually transfers it from the 
bond issuer to the swap counterparty. However, the credit risk generally improves, as the 
counterparty is usually a large financial institution. 

Another popular credit hedge is the total return swap. In a total return swap, the two counterparties 
agree to trade the returns on two assets or groups of assets. The value of the hedge is usually zero at 
issue. 

A different approach to credit risk reduction is taken by collateralized debt obligations (CDOs), 
mortgage backed securities (MBSs), and asset backed securities (ABSs). These fall under the general 
category of asset securitization. In each case, a financial institution has a large pool of assets, such as 
loans or mortgages. They want to keep the business relationship, but not necessarily the risk. They 
therefore package the cash flows from the assets, and sell these securitized assets to investors 
through the bond markets. In this way they maintain control of the underlying assets, but reduce their 
exposure to credit risk. This is also a very popular way of reducing liquidity risk, by freeing up 
money otherwise invested in long-term assets. 

Other popular credit hedging instruments include credit-linked notes, credit spread options, and 
basket derivatives. They all have their own strengths, weaknesses, and appropriate uses. Review all 
your options, and compare them to your ultimate goal before settling on any one hedging instrument. 

It is important to understand that hedging is not a profit-making activity. It provides a mechanism for 
mitigation of risk, and as such it is meant to reduce losses rather than increase profits. In this aspect, 
hedging instruments are similar to an insurance contract. For example, individual homeowners 
cannot afford to suffer the financial loss of a fire, so they purchase insurance. They do not look at 
this as a profit-making activity, and fully expect it to cost them money. The same is true for credit 
hedging strategies. Senior management and boards need to be aware of this, so that expectations 
remain realistic and hedging programs remain in place. 
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Some additional points about credit derivatives: 
• Credit derivatives rely on the experience of a reference entity or reference asset. It is vitally 

important that this reference be absolutely clear in the derivative contract. Many companies have 
subsidiaries with very similar names, and the definition of a reference entity can become very 
tricky during mergers and acquisitions. Be sure to use full, legal names in your contracts. Be 
aware if a company name changes or is involved in merger or acquisition activities. Under any of 
these circumstances, you’ll want to contact your counterparty to update the contracts. This is 
much easier at this point, rather than after a default event. There are a number of these cases 
before the courts right now. 

• The contract will define what constitutes a “default.” Before 1999 the standard ISDA definition 
of a default was somewhat subjective, particularly in cases of debt restructurings. More objective 
language was introduced in 1999 but this has had some unintended consequences. In particular, 
“defaults” have sometimes been triggered in cases where the effect of a restructuring has been to 
increase, not decrease, the market value of the issuer’s debt obligations. In 2001 a “modified 
restructuring” definition was introduced with the aim of limiting these anomalies, followed by a 
“modified-modified restructuring” definition in 2003. 

EXAMPLE OF A CREDIT SCORECARD 
Having identified the key considerations that a sound credit risk analysis framework must address, 
many institutions have adopted the use of a ‘scorecard’ approach in an effort to quantify and 
standardize their approach to credit risk analysis. Some of the advantages of this type of approach 
are: 

• It measures the quality of the investment portfolio based upon established criteria 
• It provides a system for periodic review of significant credit exposures 
• It provides benchmarks for monitoring changes in the credit quality of the existing portfolio 
• It provides parameters to ensure greater emphasis on credit quality in the investing process 

Typically, the scorecard will result in a rank score, usually with 1 being the highest quality (lowest 
risk), increasing to higher scores (6 and 10 are common) representing the lowest quality investment 
the institution will consider. 
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For example, the scorecard may take a weighted average of scores based on a set of criteria such as: 

Criteria Assessment Score 
Issuer Quality Government 0.00 
 AAA Corporate 0.05 
 … … 
 < BBB 0.30 
Type of Security Public Debt 0.10 
 Private Debt 0.20 
 … … 
Economic Outlook Boom 0.01 
 … … 
 Recession 0.35 
Remaining Term < 1 year 0.05 
 … … 
 > 5 years 0.25 
Issuer’s Financial Position High 0.02 
 … … 
 Below Investment Grade 0.25 
Value of Security > 200 % 0.05 
 … … 
 100 % 0.30 
 … … 
 < 80 % 0.50 
Quality of Security Superior 0.05 
 … … 
 Sub-Standard 0.50 
Region/Location Large/urban/diversified 0.05 
 … … 
 Small/rural/single industry 0.40 

Use of a scorecard approach provides a level playing field for the assessment of competing 
investments. It does not eliminate room for judgment or inclusion of intangible factors, but it does 
reduce the risk of irrational behaviour leading to an inappropriate investment decision. 
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SOURCES FOR CURRENT RESEARCH 
There is far more credit risk research available on the Internet than could ever be reviewed in this 
report. The following section gives a number of links to various sites and papers that we feel are 
relevant to understanding credit risk. It is by no means comprehensive, and so we recommend that 
you perform your own search for additional material relevant to your needs. 

It is the nature of the Internet that it is always changing. It may be that by the time you read this 
report, many of these links may no longer function. As credit risk research is still in its infancy, this 
could indicate that the particular link is no longer relevant and has been replaced with more recent 
research. Try the root web page, and if it still exists there may be updated links. Another aspect of 
the Internet is that its information tends to increase, so if these papers are no longer available, you 
can be sure that a search should produce plenty of papers to take their place. 

The emphasis below is on diversity – offering you a wide variety of web pages to view different 
approaches to credit risk management. However, if your interest is in current research, the definitive 
reference on the Internet is: 

http://www.defaultrisk.com/

This site has links and references to research papers from all the biggest names in credit risk 
modeling. It also is kept up-to-date with the latest news from the credit risk world. 

Quality 

DBRS.com Rating Scale 

http://www.dbrs.com/web/jsp/pub_ratingscale_bond.jsp

This web page discusses the ratings assigned to bonds by the Dominion Bond Rating Service 
(DBRS). Other popular rating agencies include Moody’s and Standard & Poor’s. This particular site 
gives an excellent summary of the intent behind the rating system. 

Default and Recovery Rates of Corporate Bond Issuers – A Statistical Review of Moody’s Ratings 
Performance 1970-2001

http://riskcalc.moodysrms.com/us/research/defrate/02defstudy.asp

This study is from Moody’s and was published in February 2002, mostly from American companies. 
The study shows default by countries, industry sectors and rating categories. An interesting part of 
the study is the development of a probability matrix of an upgrade, downgrade or no change. This 
information can be very useful in developing asset default margins for pricing and valuation. 
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Industry Concentration 
Risk Concentrations Principles 

http://www.bis.org/publ/bcbs63.pdf

BIS principles for banking, securities, and insurance supervisors for ensuring prudent control of risk 
concentration. 

Geographic Concentration 

Managing Catastrophe Risk 

http://www.iso.com/studies_analyses/study001.html

An analysis of the effect geographic diversification can have on catastrophe insurance losses. 

Expected Magnitude of Loss 

Tail Behaviour of Credit Loss Distributions for General Latent Factor Models 

http://www.tinbergen.nl/discussionpapers/01023.pdf

This paper develops a model for the tail behavior of credit loss distributions. The behaviour in the 
tail of a distribution has a significant effect on any analysis of worst-case scenarios, and so tail 
behaviour is an ongoing area of research in risk analysis. 

A Comparative Anatomy of Credit Risk models 

http://papers.ssrn.com/sol3/delivery.cfm/99020505.pdf?abstractid=148750

This paper compares J.P. Morgan’s CreditMetrics model with Credit Suisse’s CreditRisk+ model. 

Modeling Default Risk (KMV) 

http://www.moodyskmv.com/research/whitepaper/Modeling_Default_Risk.pdf

This paper presents the KMV approach to determining default probability. 

Hedging Vehicles 

Credit Default Swaps 

An Empirical Comparison Of Default Swap Pricing Models 

http://ideas.repec.org/p/dgr/eureri/2002169.html

Market prices of credit default swaps are compared to prices from various models. 

Collateralized Debt Obligations 

http://www.defaultrisk.com/pdf__files/Collateralised_Debt_Obligations.pdf

This paper reviews different types of CDOs, and analyses how they can be used in portfolio 
management. 

Credit-Linked Notes 

Pricing Credit Derivatives with Rating Transitions 

http://facultyresearch.london.edu/docs/335.pdf

A model is developed for pricing credit-linked notes. 
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Credit Spread Options 

On The Pricing of Credit Spread Options: a Two-Factor HW-BK Algorithm 

http://www.defaultrisk.com/pdf__files/On_The_Pricing_o_Cr_Sprd_Optns.pdf

Credit spread options are described, and a tree algorithm is used to price them. 

Basket Derivatives 

Pricing Multiname Credit Derivatives: Heavy Tailed Hybrid Approach 

http://www.columbia.edu/~rm586/pub/Mashal_Naldi_Hybrid.pdf

This paper presents a methodology for estimating, simulating, and pricing multiname contingent 
instruments. 

The Canadian Market for Credit Derivatives by John Kiff and Ron Morrow (June 9, 2000) 

http://www.bankofcanada.ca/publications/review/r005-ea.pdf

Introduction to the Canadian credit derivative market. Good introduction to credit derivatives and 
how they are used. 

Transformation and Evaluation of Credit Risk 

http://www.soa.org/library/record/1990-99/rsa98v24n1102pd.pdf

A discussion of investment products available for mitigating credit risk. 

Management of Insurance Company Risk 

http://www.soa.org/library/record/1990-99/rsa97v23n274of.pdf

Discussion of the role actuaries should be playing in the management of insurance company risk. 

Risk Management: A Comparison of the Banking and Insurance Industries 

http://www.soa.org/library/record/1990-99/rsa98v24n336of.pdf

An overview of the different approaches taken to risk management between the banking and 
insurance industries. 

A Value-At-Risk Calculation of Required Reserves for Credit Risk in Corporate Lending Portfolios 

http://www.soa.org/library/naaj/1997-09/naaj9904_4.pdf

Risk models based on a general insurance framework are developed. 

Actuarial and Economic Aspects of Securitization of Risk 

http://www.casact.org/pubs/dpp/dpp99/99dpp19.pdf

A discussion of securitization of risks that are typically considered insurable, including catastrophe 
risk bonds. 

Catastrophe Risk Bonds 

http://www.soa.org/library/naaj/1997-09/naaj0010_5.pdf

This article examines the pricing of catastrophe risk bonds. 
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AN ACTUARIAL APPROACH TO MODELING CREDIT RISK 
This section provides a brief discussion of some of the actuarial tools that have been used to model 
and analyse credit risk. In particular, some classic life contingency actuarial mathematics are 
reviewed and their connection with credit risk modeling is established.  

In recent years, some of the actuarial tools have provided new ways for credit risk measurement and 
management. These include the techniques from mortality construction and risk theory. In this 
section, we describe briefly the connection between these methods and credit risk modeling.  

Basic Approach 
Recall that in life contingency actuarial mathematics, the time-until-death random variable T(x) 
gives the future lifetime of a life age x. Associated with the random variable T, we define the 
survival random variable S(t) as well as other actuarial notations such as tqx. The symbol tqx can be 
interpreted as the conditional probability that a newborn child will die within t years of reaching age 
x, conditional on survival for x years. Hence the mortality table, which is comprised of q0, q1, . . ., 
provides a relationship between the ages and the probability of dying. Such tables are often 
constructed based on actual experience of an individual company.  

The concept of mortality study naturally applies to modeling credit risk. For instance, if we redefine 
the time-until-death random variable as the time-until-default random variable of a security (or a 
bond of particular investment grade), then tqx can be interpreted as the conditional probability that 
the security survives to year x and then defaults within the next t years. A credit curve, which gives 
the marginal conditional default probabilities for a security over a given time horizon, is therefore 
equivalent to defining the sequence of q0, q1, …, in a discrete framework. The procedure for 
estimating the marginal default probabilities is illustrated in Altman (Altman, E.I. 1989. “Measuring 
Corporate Bond Mortality and Performance,” Journal of Finance, XLIV no. 4). Alternatively, the 
credit curve can be estimated from the historical default rates published regularly by rating agencies 
such as Moody’s. For example, Moody’s publishes weighted-average cumulative default rates from 
one to twenty years. These correspond to the default probabilities qx, 2qx, 3qx, etc. The implied credit 
curve qx, qx+1,…, can then be obtained from the following relation:  

qx+n = [ n+1qx – nqx ] / [ 1 – nqx ] ,  for n = 1, 2, . . .   

The published default rates are usually expressed on an annual basis. This in turn implies that the 
constructed credit curve is also annual. In calculating the default probability for periods less than a 
full year, an assumption on how probabilities change for fractional periods must be made. Here the 
widely used actuarial assumptions for modeling survival functions for fractional ages can be used. 
These assumptions include the uniform distribution of death, the constant force of mortality or the 
Balducci.  

The procedure just described provides a way of constructing marginal survival functions for each 
security (or bond of a particular investment grade). In practice, credit risk is often managed at the 
portfolio level so that it is also important to model the dependency (or correlation) among various 
securities. In other words, the joint distribution of the survival function must be determined. As 
shown in Li (Li, D. 2000. “On Default Correlation: A Copula Function Approach,” Journal of Fixed 
Income, March: 43-54), the copula function can be used to link the marginal survival distributions to 
a joint distribution function. The copula function is also a tool that has been used in the actuarial 
community for modeling the joint life mortality and multi-decrement models. For details, see Frees 
and Valdez (Frees, E.W. and E. Valdez, E. 1998. “Understanding Relationships Using Copulas,” 
North American Actuarial Journal, 2(1): 1-25.).  
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Risk Theory 
Another area where actuarial techniques have been applied to credit risk modeling is in risk theory. 
Recall that in the classical aggregate risk model, modeling of the aggregate loss distribution is 
separated into two stages. The first stage models the frequency of claims and the severity for a given 
claim separately. Then by appropriate assumptions (e.g. independence), the aggregate loss 
distribution is obtained as a compound model. The CreditRisk+ model launched by the Credit Suisse 
First Boston in 1997 aims at calculating the loss distribution of a credit portfolio using exactly the 
methodology from risk theory. In the CreditRisk+ model, the modeling of credit risk is similarly a 
two-stage process. The first stage models independently the frequency of default and the severity 
given a default. The second stage then uses the usual actuarial tools to derive the distribution of 
default losses. Spreadsheet examples demonstrating the use of this model in credit risk modeling can 
be found in http://www.csfb.com/creditrisk/.  

The preceding section provided a brief discussion on some of the actuarial techniques that have been 
used in credit risk modeling. It should be noted that there are, however, some important differences 
between credit risk and actuarial modeling. For instance, the mortality experience used in 
constructing the mortality table of an insurance company tends to be abundant. Hence these 
estimates are reasonably reliable. The bond mortality table construction across various ratings on the 
other hand does not have such luxury. The data associated with different ratings is scarce. 
Furthermore, while the life mortality table is relatively stable over the years, the bond mortality 
tables exhibit much higher fluctuation and are susceptible to economic factors. Hence these tables 
are updated more frequently. 

Future Research 
For the remainder of this section, we point out some potential directions of future research in credit 
risk modeling. One immediate area of future research is the application of portfolio credit risk 
models such as CreditMetrics, KMV or CreditRisk+ to insurance companies’ portfolios. These 
models were originally developed for banks’ loan portfolios; in principle, they can equally well be 
used to determine capital levels for insurers’ fixed income holdings. However, it should be pointed 
out that in practice there are many unresolved issues such as: 

• Choice of risk horizon and confidence levels. In a banking context, a typical approach would 
be to model credit risk over a 1-year horizon and hold capital at a confidence level related to 
the bank’s desired credit rating (e.g. 99.95% confidence level for an AA-rated institution, 
which corresponds to a default probability of 0.05% over 1 year). At present there seems to 
be no consensus as to what would be appropriate for an insurance company. 

• Types of risk to be modeled. Credit Risk+ is focused solely on losses due to default, whereas 
CreditMetrics and KMV also include mark-to-market losses due to credit quality migration. 
Again, there seems to be no consensus as to what would be appropriate for an insurance 
company. 
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• Whether to use a “through-the-cycle” or “point-in-time” approach to setting model 
parameters when estimating capital requirements. For example, should expected defaults be 
long-term averages based on rating agencies’ historical statistics, or would it be appropriate 
to use a structural model such as KMV’s EDF (expected default frequency) that uses current 
equity market data and companies’ financial statements to estimate default probabilities? 

• How to deal with asset classes other than corporate debt. Models such as CreditMetrics and 
KMV rely indirectly on observed equity market data in order to estimate default correlations; 
underlying these models are structural assumptions about the relationship between the 
issuers’ equity values and their default probabilities. However, a different approach is needed 
to estimate default correlations for other asset classes – for example, Canadian provincial 
debt, mortgages, asset-backed securities and mortgage-backed securities, collateralized 
mortgage obligations, etc. 

• How to validate model performance. Given the time horizons and confidence levels involved, 
direct back-testing of modeled capital requirements against actual losses is not feasible – 
thousands of years of data would be needed in order to draw statistically valid conclusions. 
Instead, some type of indirect model validation procedure is needed. 

Cyclicality 
Another area of future research is in capturing the cyclicality that has been observed and is accepted 
as being present in credit risk. Long periods of low frequency of credit incidents have historically 
been followed by shorter periods of notably higher frequencies. Lastly, credit risk incidents tend to 
exhibit a high degree of contagion. In the case of credit risk analysis, the evidence is consistent with 
the intuitive notion that periods of low or no credit losses alternate with periods of higher default 
frequency and severity. In fact, the problem of cyclicality has also been recognized explicitly in the 
“CIA Guidance for the 2002 Valuation of Policy Liabilities of Life Insurers”, 
(http://www.actuaries.ca/publications/2002/202046e.pdf). In this letter by the Committee on Life 
Insurance Financial Reporting (CLIFR), a new guidance on “Cyclical Credit Loss Provisions” is 
introduced. Pointed out in that guidance is that while the provisions for expected credit losses 
typically represent long-term average expectations, it is also important to establish additional 
positive or negative short-term provisions or margins to reflect the impact of an economic cycle.  

Actuarial methodology lends itself to the use of averages. There is a tendency to fit a statistical 
distribution to the experience analysis process. This leads to an assumption setting process that leans 
toward the use of the mean of a derived distribution, and the movement in that mean over time. The 
future movement of the mean of a distribution is, in most cases, monotone. Assumptions that deal 
with future events that are cyclical in nature, such as interest rate movements, are dealt with through 
stochastic scenario testing. Even here, there is a tendency to view the current environment as a “base 
scenario,” creating a mean value from which the examination of other scenarios creates the 
“distribution.” 

 23

http://www.actuaries.ca/publications/2002/202046e.pdf


Report  October 2003 

Actuarial techniques that require incorporation of credit risk parameters would be well served by 
recognizing that the use of an average approach that applies to all future years does not create a 
realistic expectation of future experience. Development of assumptions that represent the cyclical 
nature of the incidence and severity of credit losses would provide a step forward in the presentation 
of results derived by actuarial processes. Such assumptions would need to recognize the time elapsed 
since the last outbreak of credit incidents (or, if currently in a period in which credit losses are 
emerging, the length of time that this situation has existed), the current economic environment, the 
asset mix and quality of the current portfolio, the potential for contagion due to geographic 
proximity or national factors, and the assumed severity impact of future defaults on specific 
investments and the portfolio as a whole. This approach to assumption setting lends itself well to 
scenario testing, although the creation of a base scenario would include the existence of future 
cycles. PfADs are easily dealt with by means of accelerating the time to the next outbreak of credit 
quality deterioration or by increasing the anticipated severity of such an outbreak (making the 
“spike” higher), or both. Consistency between the credit experience in a particular scenario and other 
economic factors (e.g. level of interest rates) should also be considered. 

Standard actuarial procedures currently provide the tools to permit incorporation of the results of this 
form of credit analysis into a dynamic assumption setting process. Conservatism in the form of 
identifiable PfADs can be included by increasing the frequency or severity of deterioration in credit 
experience, or both. The “release from risk” principle and its contribution to orderly income 
recognition from emergence of actual default experience also fit well into this framework. The use of 
various future scenarios that include recognition of the cyclicality of credit risk is an important 
component of actuarial analysis.  
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CONCLUSION 
In recent years, actuaries have become engaged in a wider spectrum of the financial services industry 
than just insurance companies and pension plans. Indeed, actuaries and actuarial science are 
beginning to reach into activities that are external to the financial services industry entirely. The 
analysis of credit risk fits nicely into this spectrum of activities, and is well supported by the 
application of traditional actuarial techniques. However, the field of credit risk analysis should not 
be thought of as lying solely within the domain of actuarial science.  

Considerable expertise and effort have been expended in this area by institutions that include few, if 
any, actuaries in their research activities. It can be said with a fair degree of confidence that actuaries 
have much to learn about the development of existing credit risk analysis techniques from non-
actuarial practitioners. That being said, the subcommittee believes that actuarial science also has a 
contribution to make to this area of study. It is clear that there is synergy to be gained by adding 
actuarial science to the process of credit risk analysis. This opportunity for synergy has not as yet 
been fully exploited. Continuing evolution of credit risk analysis techniques and their application in 
financial reporting, pricing and product design will be an important area of development going 
forward. 

The subcommittee recommends that actuaries become more familiar with existing techniques for 
assessing the credit risk inherent in a proposed investment or group of investments, as well as 
assessing similar risk in existing investments and portfolios. Potential sources of educational 
material would include other financial institutions (notably banks), models constructed by 
professionals in complementary disciplines (accounting, investment banking, financial analysis, etc), 
and academics engaged in research involving credit and other forms of financial risk. 

This report has introduced the concepts underlying credit risk, and provided an introduction to the 
techniques used at other financial institutions when valuing or mitigating credit risk. Various types 
of credit risk have been discussed, as well as modeling techniques, hedging strategies, and derivative 
products. Internet references have also been provided which should assist an individual interested in 
pursuing a particular aspect of credit risk. It is our hope that this introduction to credit risk will 
inspire actuaries looking for an area of research to see the possibilities that actuarial science might 
make in the field of credit risk analysis. 
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APPENDIX I 

An Example of Credit Risk Projection 

A spreadsheet showing the monetary effect on the bottom line of using different migration and 
default assumptions is attached (www.actuaries.ca/publications/2003/203087e.xls).  

Three deterministic scenarios are developed, and projected for a period of five years. 

Brief scenario descriptions: 

Scenario 1 – Base scenario – Rates on new investments, probabilities of non-payment or partial 
payment of contractual cash flows, credit rating movements, and returns on non-fixed income 
investments stay constant throughout. 

Scenario 2 – Optimistic – Rates on new investments, probabilities of non-payment or partial 
payment of contractual cash flows, credit rating movements, and returns on non-fixed income 
investments stay constant throughout but are more optimistic than the base scenario. 

Scenario 3 – Pessimistic – Rates on new investments, probabilities of non-payment or partial 
payment of contractual cash flows, credit rating movements, and returns on non-fixed income 
investments stay constant throughout but are more pessimistic than the base scenario. 

The first sheet of the spreadsheet shows a summary of the results. 

The second sheet of the spreadsheet shows the default assumptions and the migration assumptions 
for each scenario. 

The next three sheets of the spreadsheet show the detailed projection for each scenario. 

The first and second sheets are shown below.   

 26

http://www.actuaries.ca/publications/2003/203087e.xls


Report  October 2003 

SUMMARY 

SUMMARY OF CASH FLOWS UNDER DIFFERENT CREDIT RISK SCENARIOS 

SCENARIO 1 – Base Scenario 

  Year 1  Year 2  Year 3  Year 4  Year 5

Cash Flows from Assets   

 Cash 550 550 550 550 550

 Money Market 748 735 721 705 689 

 Bonds 12,234 12,079 11,912 11,730 11,531 

 Equity 900 966 1,037 1,113 1,195 

Total Cash Flow 14,432 14,330 14,220 14,099 13,965

Five-Year Total Cash Flow 71,046
 
SCENARIO 2 – Optimistic Scenario 

 Year 1  Year 2  Year 3  Year 4  Year 5

Cash Flows from Assets   

 Cash 550 550 550 550 550

 Money,Market 749, 746 743 740 737 

 Bonds 12,313 12,238 12,163 12,087 12,011 

 Equity 900 966 1,037 1,113 1,195 

Total Cash Flow 14,512 14,501 14,493 14,491 14,493

Five-Year Total Cash Flow 72,491
 
SCENARIO 3 – Pessimistic Scenario 

 Year 1  Year 2  Year 3  Year 4  Year 5

Cash Flows from Assets   

 Cash 550 550 550 550 550

 Money Market 747 720 690 655 619

 Bonds 12,078 11,761 11,396 10,963 10,464 

 Equity 900 966 1,037 1,113 1,195 

Total Cash Flow 14,274 13,997 13,673 13,281 12,827

Five-Year Total Cash Flow 68,053
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SCENARIO DATA 
ASSET CATEGORIES – DETAIL OF OPENING PORTFOLIO SCENARIO 1

 
   

Par 
Value 

Average 
Coupon 

         Probability of a non-payment (%) 

 Cash              20,000 2.75%  Cash 0.00

 Money 
Market r1h   

  
  

       
10,000 2.90% Money Market r1h 0.10

  r1m             10,000 3.00%   r1m 0.20
               r1l  5,000 3.20%  r1l 0.40
                r2 0 0.00%  r2 0.80
                r3 0 0.00%  r3 2.00

 Bonds AAA             20,000 6.10%  Bonds AAA 0.20
  AA            25,000 6.30%   AA  0.40 
               A  100,000 6.90%  A 1.00
               BBB  25,000 7.50%  BBB 2.00
               BB  10,000 8.20%  BB 5.00
               B  0 0.00%  B 10.00
                C 0 0.00%  C 20.00
                D 0 0.00%  D 100.00
        Price Income Growth        
 Equity SP/TSE60            35,000 2.00% 7.00%  Equity SP/TSE60 
  S&P500            15,000 1.00% 8.00%  S&P500 
             NASDAQ100  10,000 0.50% 10.00%  NASDAQ100

           Probability of Rating Change (%) 
                  Ending 
                  Beginning r1h r1m r1l r2 r3
                 Money Market r1h 90.00 10.00 0.00 0.00 0.00 
                  r1m 1.00 90.00 9.00 0.00 0.00 
               r1l 0.00 1.00 90.00 9.00 0.00
                r2 0.00 0.00 1.00 90.00 9.00
                  r3 0.00 0.00 0.00 0.00 100.0

                 AAA AA A BBB BB B C D
                 Bonds AAA 90.00 10.00 0.00 0.00 0.00 0.00 0.00 0.00
                   AA 1.00 90.00 9.00 0.00 0.00 0.00 0.00 0.00
               A 0.00 1.00 90.00 9.00 0.00 0.00 0.00 0.00
               BBB 0.00 0.00 1.00 90.00 9.00 0.00 0.00 0.00
                 BB 0.00 0.00 0.00 1.00 90.00 9.00 0.00 0.00
                 B 0.00 0.00 0.00 0.00 1.00 90.00 9.00 0.00
                  C 0.00 0.00 0.00 0.00 0.00 1.00 90.00 9.00
                 D 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.00
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SCENARIO 2 SCENARIO 3 

Probability of a non-payment (%) Probability of a non-payment (%) 

 Cash         0.00 Cash 0.00

 Money Market r1h        0.00 Money Market  r1h 0.20
  r1m        0.10  r1m 0.40
  r1l        0.20  r1l 0.80
  r2        0.40  r2 1.60
  r3        1.00  r3 4.00

 Bonds AAA        0.00 Bonds AAA 0.40
  AA  0.20      AA  0.80 
  A        0.50  A 2.00
  BBB        1.00  BBB 4.00
  BB        2.50  BB 10.00
  B        5.00  B 20.00
  C        10.00  C 40.00
  D        100.00  D 100.00

 
Equity SP/TSE60  

    
Equity SP/TSE60 

 

         S&P500 S&P500  
         NASDAQ100 NASDAQ100  

Probability of Rating Change (%) Probability of Rating Change (%) 

                 Ending Ending 
 

 
Begin- 
ning r1h     

  
       

   
r1m r1l r2 r3

Begin- 
ning r1h r1m r1l r2 r3

 Money 
Market r1h   

  
      

   
98.00 2.00 0.00 0.00 0.00  

Money 
Market r1h 80.00 20.00 0.00 0.00 0.00

  r1m 0.00 98.00 2.00 0.00 0.00           r1m 2.00 80.00 18.00 0.00 0.00
              r1l 0.00 0.20 98.00 1.80 0.00   r1l 0.00 2.00 80.00 18.00 0.00
           r2 0.00 0.00 0.20 98.00 1.80   r2 0.00 0.00 2.00 80.00 18.00
               r3 0.00 0.00 0.00 0.00 100.00   r3 0.00 0.00 0.00 0.00 100.00

                 AAA AA A BBB BB B C D  AAA AA A BBB BB B C D
 Bonds AAA 98.00                2.00 0.00 0.00 0.00 0.00 0.00 0.00 Bonds AAA 80.00 20.00 0.00 0.00 0.00 0.00 0.00 0.00
                AA 0.10 98.00 1.90 0.00 0.00 0.00 0.00 0.00  AA 2.00 80.00 18.00 0.00 0.00 0.00 0.00 0.00
                A 0.00 0.10 98.00 1.90 0.00 0.00 0.00 0.00 A 0.00 2.00 80.00 18.00 0.00 0.00 0.00 0.00
                   BBB 0.00 0.00 0.10 98.00 1.90 0.00 0.00 0.00 BBB 0.00 0.00 2.00 80.00 18.00 0.00 0.00 0.00
                  BB 0.00 0.00 0.00 0.10 98.00 1.90 0.00 0.00 BB 0.00 0.00 0.00 2.00 80.00 18.00 0.00 0.00
                  B 0.00 0.00 0.00 0.00 0.10 98.00 1.90 0.00 B 0.00 0.00 0.00 0.00 2.00 80.00 18.00 0.00
                    C 0.00 0.00 0.00 0.00 0.00 0.10 98.00 1.90 C 0.00 0.00 0.00 0.00 0.00 2.00 80.00 18.00
                     D 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.00 D 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.00

 29



Report  October 2003 

APPENDIX II 

FINANCIAL REPORTING 

How provisions for credit risk are set up on the Balance Sheet (B/S) and in the Income 
Statement (I/S) 

For Banking Institutions and Insurance Companies 
B/S: The carrying value of impaired assets is implicitly reduced by the provisions for losses. 
Alternatively, an explicit item for Allowance for loan losses may be set up. Details are found in the 
notes to the financial statements.  

I/S: Losses and changes to provisions on impaired assets are often implicitly blended into net 
investment income. They can be explicitly displayed via provisions for credit losses. Details are 
found in the notes to the financial statements.  

Additionally, for Insurance companies 
B/S: The Appointed Actuary (AA) may deem that provisions for currently impaired assets are 
insufficient. The AA would then set up a credit risk provision for currently non-impaired assets to 
reflect that a portion of these will become impaired. These additional provisions are set up via the 
actuarial liabilities and are often referred to as C-1 provisions.  

I/S: Any changes to the C-1 provisions are reflected via the line “increase in actuarial liabilities.” 
Details regarding the C-1 provisions might be found in the notes to the financial statements.  

Derivative Financial Instruments 
Such instruments are often off-balance sheet. However, details as to notional amounts, fair value, 
and credit risk exposure can be found in the notes to the financial statements. Being off-balance 
sheet, no credit risk provisions see their way into the financial statements. However, these are 
captured by regulatory capital requirements. 

Margins/Provisions for Adverse Deviations 
For insurance companies, the AA establishes a C-1 risk valuation assumption that is a combination 
of expected experience and a margin for adverse deviation (MfADs). Note that the MfAD is the part 
of the valuation assumption covering the uncertainty related to the expected assumption while the 
PfAD is the additional reserve created by adding a margin in an assumption. 

MfADs are required for two possibilities:  

1) misestimation of the mean economic loss; and  
2) deterioration in the value of the expected mean economic loss. 

Margins vary on a continuum from “low” to “high” margin situations. Higher margins will be 
appropriate where results can be expected to exhibit larger fluctuations. High margins arise when 
there exists considerable doubt as to the reliability of the expected assumption. For example, high 
margin situations may occur when the available experience is too recent (or not yet mature) or when 
significant antiselection opportunities are embedded into financial instruments. 

 30



Report  October 2003 

One must note that margins are not meant to provide for catastrophic risks. It is the role of surplus to 
cover catastrophic risks.  

Once an MfAD is determined, the difference each year between it and actual experience is added to 
or deducted from surplus. It is inappropriate to revise margins in response to past fluctuations, unless 
there are grounds for concluding that underlying conditions have changed sufficiently. 

Regulatory Capital: Credit Risk Impact  
Banks, life and P&C companies all must satisfy risk-based capital tests. Credit risk is incorporated 
into these tests in a variety of ways and makes up the most significant portion of regulatory capital. 

Banks:  Credit risk is seen as the most significant risk for the non-trading book activities of a bank. 
For this risk, varying charges are applied to a bank’s assets. The OSFI-mandated target is that capital 
represents 10% of risk-weighted assets (7% for tier 1 only). The credit risk factors for on-balance 
sheet assets are: 

• 0% (e.g. cash, government debt, NHA-insured mortgages),  
• 20% (e.g. municipal bonds),  
• 50% (e.g. residential mortgages), and 
• 100% (e.g. private sector bonds).  

Off-balance sheet instruments are subject to a credit conversion factor prior to the application of the 
above factors. This factor varies from 0% to 100% in relation to the degree to which the off-balance 
sheet instrument is a credit substitute.  

One unfortunate drawback of this somewhat straightforward measure is that it affords exactly the 
same treatment should a bank invest in sober AAA bonds or volatile C-rated debt instruments. 
Developments relative to the New Basel Capital Accord (Basel II) will introduce a more risk-
sensitive framework and, in so doing, more fittingly reflect the credit risk profile of a bank’s 
investments.  

The New Basel Capital Accord (Basel II) 

Basel II will change the capital requirements relative to credit risk as they were set out in the original 
1988 Basel Accord. The 1988 Basel Accord essentially slapped a “one size fits all” levy of eight 
percent of risk-weighted assets. Basel II will introduce modeling to the evaluation of credit risk. A 
bank will be able to base its banking book credit risk regulatory capital requirements on an internal-
ratings based (IRB) approach. Under the IRB approach, banks will be allowed to use their internal 
estimates of borrower creditworthiness to assess credit risk in their portfolios, subject to strict 
methodological and disclosure standards. Distinct analytical frameworks will be provided for 
different types of loan exposures, for example corporate and retail lending, whose loss 
characteristics are different. 
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For smaller banks, there will remain a factor-based approach (called the “standardized approach”) 
that will be conceptually the same as the 1988 Accord but will be more risk-sensitive and will make 
use of ratings provided by external credit assessment institutions (e.g. Moody’s). For example, for 
corporate lending, the existing Accord provides only one risk weight category of 100% but the new 
Accord will provide four categories (20%, 50%, 100% and 150%).  

Apart from these changes, Basel II will also introduce a new framework that places more emphasis 
on a bank’s internal controls and management, the supervisory review process, and market 
discipline.  

Basel II changes are set to take effect in 2006. 

Life Insurance - MCCSR/TAAM: The Minimum Continuing Capital and Surplus Requirement and 
the Test of Adequacy of Assets in Canada and Margin Requirement are measures of capital 
adequacy for Canadian life insurance companies and Canadian branches of foreign life companies, 
respectively. They establish risk-based minimum requirements determined by applying factors for a 
number of risk components to specific on- and off-balance sheet assets or liabilities. The 
requirements for life companies can be quite complex. In so being, they attempt to pick up all 
relevant risks and levy capital charges accordingly. In reaching for this goal, what it gains in relative 
accuracy it loses in simplicity of application.  

Asset default risk (also called C-1) factors, as applied to assets, range from 0% (e.g. cash and 
federal/provincial debt) to 15% (e.g. common stocks) with the exception of a few categories at 35% 
(e.g. impaired bonds). These C-1 factors account only for loss of income or capital. Off-balance 
sheet exposures are also captured and attract 0% to 8% in required capital. For target 
MCCSR/TAAM purposes, the impact of these factors is increased by 50%, as most companies are 
required to maintain a 150% target.  

Property & Casualty - MCT/BAAT: The Minimum Capital Test and the Branch Adequacy of 
Assets Test are measures of capital adequacy for Canadian P&C insurance companies and Canadian 
branches of foreign P&C companies, respectively. These risk-based tests replaced the asset tests and 
took effect on January 1, 2003. They establish risk-based minimum requirements determined by 
applying factors for a number of risk components to specific on- and off-balance sheet assets or 
liabilities. Though not as intricate as the life capital tests, the MCT and BAAT incorporate a measure 
of risk sensitivity that goes a long way to pick up risks overlooked by the previous tests. 

Factors for credit risk, as applied to assets, range from 0% (e.g. cash and government grade debt) to 
15% (e.g. common shares) with the exception of a few categories currently at 100% (e.g. goodwill). 
Off-balance sheet exposures are also captured and attract 0% to 8% in required capital. For target 
MCT/BAAT purposes, the impact of these factors is increased by 50%, as most companies are 
required to maintain a 150% target. 
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APPENDIX III  

FINANCIAL REPORTING REFERENCES 

CIA 

Educational Note - C-1 Risk; Committee on Investment Practice, May 1997 

http://www.actuaries.ca/publications/1997/9721e.pdf

Guidance for the 2002 Valuation of Policy Liabilities of Life Insurers, October 2002 

http://www.actuaries.ca/publications/2002/202046e.pdf

Consolidated Standards of Practice - General Standards 

http://www.actuaries.ca/publications/2002/202025e.pdf

Consolidated Standards of Practice - Practice-Specific Standards for Insurers 

http://www.actuaries.ca/publications/2002/202069e.pdf

Report - Survey of C-1 Practices and Provisions as at Fiscal Year-End 1997; October 1999 

http://www.actuaires.ca/publications/1999/9952e.pdf

Paper - Provision for Adverse Deviations; January 1, 19901 1 

http://www.actuaires.ca/publications/1990/9013e.pdf

Paper - Provision for adverse deviations, Property & Casualty Insurance Companies; November 1993 

http://www.actuaires.ca/publications/1993/9371e.pdf

Report on the CIA Survey of C-1 Provisions; 2001 Fiscal Year-End 

https://www.actuaries.ca/members/activities/PSC/IP/PSC-IP-2002_C-1_Report.pdf

CICA 

Accounting Handbook  

Recommendations 

3025 - Impaired Loans  

3050 - Long-Term Investments  

3063 - Impairment of Long-lived Assets 

3860 - Financial Instruments - Disclosure and Presentation 

4210 - Life Insurance Enterprises - specific items 

Guidelines 

AcG-3 Financial Reporting by property and casualty insurance companies 

AcG-8 Actuarial Liabilities of Life Insurance Enterprises 

AcG-9 Financial Reporting by Life Insurance Enterprises 

CICA website address: http://www.cica.ca/  

Note that there is a charge to download CICA Handbook material  
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OSFI 

Guideline: General Allowances for Credit Risk 

http://www.osfi-bsif.gc.ca/eng/documents/guidance/docs/c5e.pdf

Guideline: Impaired Loans 

http://www.osfi-bsif.gc.ca/eng/documents/guidance/docs/c1e.pdf

Capital Adequacy Requirements (for Canadian Banks and Federally-Regulated Trust and Loan 
Companies) 

http://www.osfi-bsif.gc.ca/eng/documents/guidance/docs/car01e.pdf

Minimum Capital Test for Federally Regulated Property and Casualty Insurance Companies 

http://www.osfi-bsif.gc.ca/eng/documents/guidance/docs/MCT_Guideline_e.pdf

Minimum Continuing Capital and Surplus Requirements for Life Insurance Companies  

http://www.osfi-bsif.gc.ca/eng/documents/guidance/docs/mccsrrev02_e.pdf

Bank for International Settlements (the Basel Committee) 

Sound Practices for Loan Accounting and Disclosure (July 1999) 

http://www.bis.org/publ/bcbsc142.pdf

Basel II documents 

http://www.bis.org/publ/bcbsca.htm  

International Association of Insurance supervisors 

IAIS Paper on Credit Risk Transfer between Insurance, banking and other Financial Sectors 
Presented to the Financial Stability Forum (March 2003) 

http://www.iaisweb.org/framesets/pub.html
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