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1.
Introduction
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The implementation of a well designed Risk Adjusted Return on Capitol (RAROC) system is critical component of an integrated risk management framework.  One can think of RAROC as the glue that binds risk management activities together into one overall comprehensive risk management framework.  RAROC is also a mindset that provides the appropriate risk-reward signals at all levels of business activity.  RAROC has emerged as an industry and regulatory best-practice standard. Best practice RAROC, as illustrated in   Figure 1,  also provides the marginal capital contribution that a product contributes to capital required at both a business unit level and customer unit level, and ultimately at the total firmwide level.  RAROC in best practice organizations is also measured down to the product level.
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The development of sophisticated risk measurement tools provided banks with the practical capability to assign economic capital and measure performance on a risk-adjusted basis.  These risk measurement tools help to actively manage the bank’s capital on an integrated, interconnected portfolio management basis.  Banks increasingly recognize that market risk and credit risk are interconnected and need to be measured simultaneously.  For example, if one holds a corporate bond in the trading book then its price is a function of both market risk (i.e. change in interest rates) and credit risk (i.e. change in credit quality). The implementation of RAROC, as illustrated in Figure 2, is not an accurate, scientific concept and requires an appropriate blend of art and science.  One needs extensive experience to appropriately balance the degree to which art vs. science is applied.  A failure to find the right blend can lead to, on the one hand, results which do not have sufficient science to be useful and on the other hand lead to a failure to implement, as one waits for the perfect science prior to implementation.

The measurement of the degree to which a business unit contributes to the overall shareholder value of a firm, as illustrated in Figure 3, has evolved from less sophisticated approaches of looking solely at generating revenue as the criteria for business success to the more meaningful approach of looking at a business from a RAROC perspective, i.e. adjusting returns for risk based on the capital allocations to the business.
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Figure 3:  Evolution  of Performance Measurement

RAROC provides an integrated management framework to promote the efficient use of capital.  RAROC is also linked to proactive portfolio management as well as to the Bank’s reward system. Further,  RAROC provides an economic basis to consistently measure all relevant risk types and risk positions (including the authority to incur risk).  Finally, RAROC promotes consistent, fair and reasonable risk adjusted performance measures and provides managers with information they need to make the right decisions by defining the risk/reward tradeoff.  One needs to manage the tradeoffs among the level of required economic capital vs. regulatory requirements vs. book capital.
1.1
Definition of Capital 

The definition of capital, broadly speaking is material wealth for use in the creation of more material wealth.  For banks, capital is also a cushion against risk.  One can also say one needs to consider capital in terms of confidence, to meet regulatory standards to act as a war chest (for say future acquisitions).  Capital is considered to provide sufficient reserves to cover against severe losses.  The sum of the cumulative expected losses and capital should be sufficient to cover losses to a desired confidence level.  A confidence level is a statement of the bank’s risk tolerance.  A 99% confidence level implies that the bank will have sufficient reserves plus capital to cover 99% of likely outcomes; or a 1 in a 100 chance that losses will exceed the capital plus reserves.  If actual losses exceed those expected over the tenor of the exposure then capital is available to absorb those excess losses at the confidence level. 

In Figure 4, we mark the expected loss at 165 bp, meaning that a greater loss has a chance of less than 1% at the given time period.  We define “unexpected loss” as the difference between the loss at the prescribed level of statistical confidence (i.e. 165 bp), and the expected loss (i.e. 15 bp).  Therefore, in the numerical example, the unexpected loss is 150 bp (= 165-15).  The required capital for this activity is equated to the unexpected loss, and, hence the required capital is also 150 bp.

Figure 4:  The RAROC Equation
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The numerator of the RAROC calculation, as illustrated in Figure 4 is composed of revenues minus expenses for the given business activity, minus expected losses.  A typical RAROC process also calls for specific business functions to be credited revenue or debited relevant expenses through a transfer pricing mechanism.  The denominator of the RAROC equation measures the required capital that can absorb the unexpected loss.

RAROC provides an integrated management framework to promote the efficient and effective deployment of capital through its linkage to proactive portfolio management.  RAROC provides an economic basis to consistently measure all relevant risks (including the authority to incur risk) and is linked to the Bank’s reward system.  RAROC promotes consistent, fair and reasonable risk adjusted performance measures and provides managers with information they need to make the right decisions by defining the appropriate risk to reward tradeoffs.  RAROC is intended to measure real returns from business activities, and this is defined as an economic concept.  Risks are reflected in the equation in the average losses from the activity.

One can define capital for financial institutions as a cushion which provides protection to depositors, and creditors, against the various risks inherent in its businesses that would affect the security of funds that are deposited with or loaned to the institution. The purpose of capital is to provide confidence to depositors, bondholders and other stakeholders as well as to comply with minimum regulatory standards.  Capital is necessary to absorb normal business losses (expected losses not yet recognized) plus absorb volatility (unexpected losses).  Capital provides a war-chest for investment in new businesses and future acquisitions.

1.2
Three Broad Classes Of Risk Capital:  Market Risk, Credit Risk And Operational Risk

Market risk is the risk of losses arising from changes in market risk factors.  For example, market risk can arise from changes in interest rates, foreign exchange, equity and commodity price factors.  Credit risk is the risk of loss which arises from changes in factors driving the credit quality of an asset. These include adverse effects arising from credit grade migration (or credit default), and recovery rates behavior.  Credit risk is the risk of loss due to obligor defaults or other adverse credit events.  Expected losses are captured annually by provisions and in the reserve for credit losses.  Expected losses include loan losses as well as market induced credit losses for issuers of securities.  Unexpected losses comprise the position in excess of those which can be statistically anticipated.  Price risk (e.g. of a corporate bond) arises from a combination of market risk, credit risk and other relevant factors, (e.g. liquidity).

Credit risk includes potential losses arising from the trading book (e.g. contingent credit risk such as derivatives) as well as potential losses from the banking book.  The impact of credit concentration and lack of liquidity (i.e. saleability) are incorporated into the level of credit risk capital attributed.

Operational risk refers to financial loss due to inadequate computer systems, a failure in controls, a mistake in operations, a guideline that has been circumvented, a natural disaster, etc. Operational risk also needs to cover the risk of loss due to regulatory, legal and fiduciary risks.

1.3
Integrated Goal-Congruent RAROC Process

An “integrated” “goal congruent” RAROC process, as illustrated in Figure 5, is the key which opens the door to a firm-wide management of each business on a risk adjusted basis. “Integrated” refers to the need to avoid a fragmented approach to risk management. A “one firm – one view” approach avoids a fragmented approach to risk management.
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An “integrated” RAROC approach refers to having implemented a consistent set of RAROC risk management policies which flow directly from business strategies.  One also needs a well developed set of RAROC methodologies supported by a RAROC infrastructure that can look across all risk types and businesses to achieve an integrated RAROC approach.  RAROC methodologies rely on the analytical models utilized to measure market, credit, and operational risk.  RAROC infrastructure having sufficient data, processing ability, and includes acquiring people who are skilled to implement RAROC throughout the entire firm.

“Goal Congruent” refers to the need to ensure that one’s policies and methodologies are consistent with one another. For example, a best practice policy should be to ensure that one can compare risk across all products and aggregate risk at any level.  One needs a market risk methodology that allows for accurate assessment of market risk for all positions. One also needs a credit risk methodology that produces consistent and timely risk assessments for all credit products that are integrated with the market risk methodology.  And finally, one needs an operational risk framework to identify and ultimately quantify operational risk across all activities. 

The RAROC policy and methodology unit synthesizes the bank’s various risk methodologies.  This is best done in a “business-partner” mode to ensure that the bank doesn’t duplicate efforts.  One must also ensure that the RAROC policy and methodology unit is not so removed from the complexities of various bank businesses that it cannot add value to the process. A best practice RAROC process builds on having best practice policies, methodologies, and infrastructure. The process includes recognizing the realities of building a first class RAROC risk team, as well as having well structured risk compensation programs. One should also have well designed tactical and strategic risk planning tools. Best practice policies, methodologies and infrastructure drive the quality of the risk management process.  The quality of the risk management process along with compensation philosophy and planning tools impact the degree to which one has best practice risk management.
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The end product is a best practice management of risk, whose efforts are consistent with one’s business strategies. This is a “one firm – one view” approach which also recognizes the specific risk dynamics of each business. The output from a RAROC process, as illustrated in Figure 6, impacts a variety of analyses which are essential for decision making. The output should impact how we allocate limits, perform our risk analysis, attribute capital, adjust our pricing strategy and perform portfolio management which in turn should enable a business to reach its return to risk goals. The RAROC output should also impact both capital management, financial planning and compensation practices.

Achieving the appropriate RAROC perspective requires that RAROC must be managed from a integrated bank-wide perspective, as illustrated if Figure 7.
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1.4
Risk MIS: A Prerequisite for RAROC

One needs a risk management information system as a key component of the RAROC infrastructure that produces the necessary information accurately and on a regular basis (e.g., daily).  The risk management information for each business unit and customer should be credible and useful to business management.  One needs RAROC performance reporting platforms that integrate risk-based capital and loan losses and ensure integrity with other financial information at various levels of aggregation.  

The Risk MIS function is responsible for designing and building a capability to capture bank wide risk information for the computation, reporting, and analysis of RAROC data.  The Risk MIS function may also participate in corporate sponsored, long-term bank wide information processing efforts to ensure that RAROC information is incorporated properly. The RAROC function may indeed be the catalyst and driver of such an effort, due to the bank wide nature of a RAROC system.
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Generally, a prototype RAROC approach is initially taken to collect limited amounts of high-level data to help drive and develop the RAROC methodology.  As a result of business pressure, the working prototype is often pressed into production prematurely. For the short to intermediate term, the prototype is often rapidly built, with sufficient storage, and access capabilities to add immediate value to the business decision-making processes. One typically embarks on a comprehensive integrated Risk MIS system which involves sophisticated, detailed data collection, a powerful computation engine, massive storage capability and information distribution capability.

The development of a fully integrated risk process and information system is typically chasing the organization for resources and funding. For example, reality sets in when data sources and quality are addressed.  The short term approach of obtaining best efforts data, and inserting processes manually, (e.g., maintaining the organizational hierarchies of a constantly changing business structure) often results in a manually intense effort to produce RAROC capital and analyses.

The RAROC effort can become a hub, fostering the integration of numerous risk control processes and strengthening alliances with and among many business units.  The design for a classic Risk MIS architecture is provided in Figure 8. RAROC can be the victim or the beneficiary of a bank’s success or failure at building an integrated MIS approach.

2.
Guiding Principles of RAROC implementation

2.1
Capital Management

Capital should be employed to earn shareholders at least the minimum risk-adjusted required return above the risk free rate of return on a sustainable basis to avoid under performance of share price relative to top performing competitors.  Capital is not an inexhaustible resource and should be used prudently.
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RAROC is an economic model that can be incorporated into day-to-day performance measurement in the form of value creation at all levels of one’s business activities.  If one accepts the standard practitioner application of RAROC then businesses A through D in Figure 9 add value since they exceed the pre-specified hurdle rate (say 15%), whereas businesses units F through H destroy value.

One should also examine the amount of risk adjusted capital utilized by each line of business.  For example, observe that business unit B has a higher adjusted return than business unit C, but business unit B utilizes more capital than business unit C.

A RAROC model, as pointed out earlier, is not meant to capture catastrophic risk since potential losses are calculated up to a certain confidence level.  Banks may utilize insurance coverage to cover catastrophic risk since capital will not protect these risks.  Banks can use the RAROC model to assist their decision process for purchasing insurance.  For example, one should retain the risk if the cost of the capital to support it is less than the cost of insuring it.  Quite often an insurance program will evolve over time into a rather ad hoc set of policies.  One type of risk may be insured while another is not insured with very little apparent systematic rationale.  

Risk based standards imposed by regulators were designed to create competitive equity among large international banks.  The BIS standards reflect political compromise as much as rational economic analysis.  The initial BIS 88 regulatory guidelines focussed primarily on measuring the amount of capital required for credit risk and neglected other types of risk (such as market and operational risk).  The BIS 98 standards focus on measuring the amount of capital required for risk in the trading book.  Regulators, with the introduction of BIS 98, and the recent introduction of the Basle Conceptual Paper in 1995 are moving in the direction of RAROC standards. Proper capital management ensures that capital is properly attributed to a business, based on the inherent risks of each business.  Well run financial institutions ensure that business units earn a return on capital that is appropriate for the “risk” inherent in that business.  Business managers should also be well aware of how those assets are categorized for regulatory reporting.  A well run capital attribution process supports business decision making through a better understanding of the risk/reward tradeoff.  One can maintain and increase shareholder value as a function of the degree to which the capital attribution process better reflects the economic reality of one’s business activities.

2.2
Ten Commandments of RAROC

Generally Accepted Accounting Principles (GAAP) provides a level playing field in terms of providing a common set of rules to evaluate the health of a business entity. The banking industry have made significant advances in terms of the measurement of risk through what can be coined as Generally Accepted Risk Principles (GARP).  For example, a consensus has emerged on how to measure market risk in the trading book. The next evolution, beyond GARP (as shown in Figure 10) is toward a set of generally accepted capital principles (GACP).  
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RAROC 10 Commandments of Generally Accepted Capital Principles

I. Include all business activities and the global operations of the bank.

II. Strive to implement a RAROC system impervious to arbitrage.

III. Be explicit, consistent and goal congruent with other policies, (e.g. transfer pricing, price guidance, performance measurement, compensation, etc.).

IV. Recognize different types of capital, but the primary emphasis will be on economic capital.

V. Use a single risk adjusted hurdle rate charged as a cost of capital (which shall be broadly consistent with the bank’s long term target return on capital).

VI. Develop and implement an economic risk framework comprising credit risks, market risk (trading and banking book) and operational risks as they become material and measurable. 

VII. Recognize funding and time to close liquidity.

VIII. Attribute capital as a function of risk and the authority to take risk. (e.g. Market risk limit)

IX. Economic capital should be based on a confidence level deemed appropriate.

X. Promote matching of revenues and risk charges where risks are incurred.
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2.3
Management as a Critical Success Factor 

One needs to implement RAROC on a bank wide basis with full cooperation of management.  Management commitment, and strong RAROC leadership, with clear accountabilities are of paramount importance.  This requires clear understanding of the value of RAROC and a commitment to “stay on course”.  For example, strategic programs, such as RAROC, may come under review for potential cancellation in a difficult business environment. 

RAROC must permeate the culture of an institution and be “second nature” to the business decision process. RAROC must be championed by not just words but by the actions of senior management. One needs a commitment to using the risk-adjusted numbers for performance measurement and compensation.  Management needs to have the courage to “pull the trigger” on implementing the latest RAROC refinement with less than perfect theoretical integrity.

RAROC is neither a black box nor is it a substitute for good judgement.  As pointed out earlier, management support for the implementation of best practice policies, methodology and infrastructure is a critical success factor for RAROC.  Successful implementation of the full RAROC requires not only a sound conceptual framework but careful planning and strong project management. 
2.4
Implementation Stages

The RAROC process typically requires one to implement RAROC in stages.  The first stage is an initial product phase where one prototypes top of house indicative numbers (as illustrated in Figure 11).   The first stage is primarily an education phase.  The second stage involves producing reports which are used on a regular basis (say monthly), through a repeated process across multiple business lines. The RAROC results in the second stage are used to provide value added analysis as well as to provide input to the planning process. 

The third stage calls for utilizing RAROC to impact behavior and decision making.  This includes impacting business goals and associated risk strategy.  RAROC is also used as a critical input in terms of pricing and structuring deals as well as helping to evaluate competitive moves.  RAROC at this stage supports measuring a business unit’s performance and providing a benchmark against which one can provide equitable compensation.

[image: image60.wmf]GAAP

GARP

GACP

Generally

Accepted

ACCOUNTING

Principles

Generally

Accepted

RISK

Principles

Generally

Accepted

CAPITAL

Principles

Yesterday

Today

Tomorrow

Increasing sophistication

RAROC needs a practical set of guiding principles to guide implementation: 

1.
Provide an integrated management framework that will be developed, implemented and managed bank-wide to promote the efficient use of capital.

2. 
Provide an economic basis to consistently measure, and be fungible across, all relevant risk types and risk positions (including the authority to incur risk).

 3. 
Quantify shareholder value created or destroyed from business activities at transaction, customer and line of business levels.

 4.
Represent a balance between quantitative and qualitative inputs that support professional business judgments made in the interests of improving shareholder value within established risk taking guidelines.

5.
Be goal congruent with bank-wide vision, values and goals, and consistent with approved policies, procedures and standards.

6.
Ensure the matching of RAROC capital and related revenues and expenses where risk taking occurs.

7.
Adjust capital, where appropriate, for impacts related to concentrations, liquidity and portfolio effects.

3.
Relationship Of Raroc Capital To Market, Credit And Operational Risk

In this section we discuss how economic capital, to which we refer also as RAROC capital, is being set.  We compare the procedure to the one for setting regulatory capital. We divide the discussion into attributing capital for each risk element: market, credit and operational risk.

3.1
Capital for Market Risk

Practitioners often charge RAROC capital as a function of both unused market risk authorities and excess exposures.  For example, assume the formula for market risk capital is equal to F1 x VaR (where VaR is set at, say, a 99% confidence interval) and F1 is based on adjusting the VaR measure to account for unexpected shocks (say F1=2). In other words, F1 multiplies the VaR to account for a day-to-day event risk.  One may also adjust VaR as a function of a time to liquidate risky positions. The charge for the unused portion of a limit would equal F2 x Unused VaR, with F2 equal say to .15 (i.e. 15% of the unused limit). So, if we assume that the VaR, at the 99% level of confidence, is $200,000 and the VaR Limit equals $500,000 then the RAROC capital is equal to 2*$200,000+0.15*($500,00 - $200,000) = $445,000.The penalty charge for exceeding a limit is F3*Excess VaR (with say F3 = 3).

Observe that the BIS 98 guidelines for market risk capital (set at a 99% confidence interval) multiplies the internal models VaR based measure by the square root of 10 (a 2 week VaR) and then multiplies by at least 3 (at the discretion of regulator) to account for general market risk, and at least 4 for specific risk.  This would be the equivalent of setting F1 to 
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, for general market risk.  A level of statistical confidence for RAROC set at say 99.86% does not have to be related to the regulators capital confidence level of 99%.

The interest rate risk in the gap is viewed as a special case of market risk.  The gap is broken into two components.  The first is the investment of capital. There will always exist some risk associated with the use of these funds.  We call this the non-discretionary position. The bank must decide how it invests these funds. The time horizon for the non-discretionary position by its nature is long.  The capital for this risk needs to reflect the full RAROC time horizon of one year.

The remainder of the gap is the discretionary position.  The Corporate Treasury can open and close this position as they see fit.  The size of this position is typically large compared to the trading books.  The time horizon for the non-discretionary portion reflects the time to liquidate this large position.

One should also allocate capital for embedded options.  For example, mortgage portfolios in Canada have commitment risks arising from the consumer automatically receiving the lowest mortgage rate looking backwards over a prescribed commitment period as a function of the specific type of mortgage: it is a look-back option.  Commitment risk is based on length of commitment period and represents the component that cannot be entirely eliminated by delta hedging (e.g., the basis risk between the wholesale rates and the mortgage rate). Mortgage portfolios also have prepayment risk.  One needs to calculate the expected current value of prepayment option under the current interest rate scenario. 

3.2
Capital for Credit Risk

[image: image61.wmf]Risk Adjusted Capital    ($)

0

10

20

30

40

Value Destruction

Value Creation

Hurdle Rate

Risk-adjusted Return

On Capital   (%)

Business

Unit

A

B

C

D

E

F

G

H

Capital

Employed

($MM)

10

50

20

10

70

30

10

15

Excess

Return

(%)

25

20

10

1

0

(5)

(8)

(10)

Economic

Value Added

($MM)

2.5

10.0

2.0

0.1

0

(1.5)

(0.8)

(1.5)

Practitioners typically attribute credit risk capital as a function of exposure, the probability of default and recovery rates.  The probability of default is often determined as a function of risk rating or directly from a well-structured algorithm.  Clearly, as illustrated in Figure 12, the poorer the quality of the credit the larger both the expected loss and attributed capital.

The basic principle is that banks need enough credit risk premium to be set aside to cover losses that are on average expected to be incurred (i.e. expected loss).  For example, assume the expected loss over time is constant.  If the actual losses swing up above the average for the sustained period then they could easily consume the reserve accumulated to date.  This requires a capital cushion sufficient to cover these peak loss periods.  These peaks are driven by unexpected volatility in losses and therefore are the basic idea behind the term unexpected losses.

A table of capital factors such as illustrated in Table 1, can be derived from a combination of sources.  These include utilizing external data from publicly available sources (e.g. Moody’s and S&P corporate bond default data), proprietary external models (e.g. KMV), publicly available models (e.g., CreditMetrics, CreditRisk+, etc.) as well as proprietary internal models. A typical table of capital factors provides capital for a combination of risk rating and maturities. 

One maps a risk rating to each asset capital factor.  For example, if we have a Risk Rated 1 loan for 5 years then the capital factor equals 1.07%. If we have a risk rated 4 loan for 5 years then the loan would be assigned a 2.47% capital factor, etc. Certain assets are often labeled as a blend of risk ratings.  

Assumptions should be made about certain products or tenors.   For example, typically one assumes that the placements under one year could conservatively be based on the one year factors in the standardized table. Since most on-call business loans (demand loans) have no definite tenor, one can assume tenor to be one year for risk rating (RR) 1 to 3, for RR 4 to 6 a 2-year tenor can be assigned, and 3 years for RR 7 to 9.  Credit equivalents for off-balance sheet credit products can be based on BIS with management adjustments. Further, it can be assumed that in the case of short term loans of high quality of reverse repos with an OECD Government (say Canada and US) that no credit capital should be charged; whereas with other OECD Governments one would get charged 0.06% (based on RR1). One could decide that reverse repos with brokers equal 0.40% which is marginally higher than .37% associated with RR2 whereas with clients will require a capital factor of 0.75% (based on a blend of RR2 and  RR3). Assets in default (i.e., RR9), would receive a capital factor of 25.00%. 

Table 1: General Capital Factors at a 99.865% confidence level (assuming a 60% recovery rate or 40% loss given default)

Risk




Tenor





Rating (RR)
1
2
3
4
5
6
7
8
9
10

1
0.06%
0.22%
0.59%
0.88%
1.07%
1.38%
1.58%
1.73%
1.86%
1.97%

2
0.37%
0.59%
0.88%
1.33%
1.57%
1.71%
1.80%
1.90%
1.99%
2.07%

3
0.98%
1.33%
1.50%
1.74%
1.89%
2.03%
2.15%
2.25%
2.36%
2.47%

4
1.21%
1.79%
2.07%
2.31%
2.47%
2.60%
2.75%
2.88%
3.00%
3.10%

5
5.86%
7.05%
7.64%
8.03%
8.32%
8.50%
8.61%
8.71%
8.78%
8.85%

6
7.87%
8.58%
8.88%
9.00%
9.03%
9.03%
9.03%
9.03%
9.03%
9.03%

7
16.25%
16.25%
16.25%
16.25%
16.25%
16.25%
16.25%
16.25%
16.25%
16.25%

8
20.00%
20.00%
20.00%
20.00%
20.00%
20.00%
20.00%
20.00%
20.00%
20.00%

9
25.00%
25.00%
25.00%
25.00%
25.00%
25.00%
25.00%
25.00%
25.00%
25.00%

The derivations of credit risk factors for these tables typically follow a four-step process.
  First, one needs to select a representative time period to study a prototype portfolio (e.g., ideally over a full business cycle).  Second, one needs to map risk ratings to prototype portfolio.  Third, expected and unexpected losses need to be estimated.  Fourth, one needs to exercise appropriate management judgement in terms of assigning capital factors to adjust for imperfections in the data.

RAROC factors should be examined to evaluate their ability to describe risk and to ascertain that a change in the inputs which drive these capital factors represent the appropriate sensitivity to risk.  For example, we can evaluate the impact of risk rating and tenor on capital by comparing a risk rating of 4 with a maturity of 5 years (at 2.47% capital) with the capital of a risk rating of 5 with the same maturity (at 8.32% capital). If the quality of the five year loan rises to risk rated 3 then the capital factor declines to 1.89%. One could in part calibrate their internal risk rating (say 4) to ratings provided by an external agency (say Moody’s Baa rating), as shown on the left hand side of Table 2.

Table 2:  Standardized Capital

Risk Rating
Tenor

Internal Rating
Moody’s Rating
4
5
6

3
A
1.74%
1.89%
2.03%

4
Baa
2.31%
2.47%
2.60%

5
Ba
8.03%
8.32%
8.50%



A more refined set of expected loss and capital factors can be created by splitting Risk Rating categories 4, 5, and 6 into two sub-categories as illustrated in Table 3.

Table 3: Expected Loss and Capital Factors at 99.865% confidence level (assuming 60% recovery rate, and 40% loss given default).

Risk Rating
Loss
1
2
3
4
5
6
7
8
9
10

0
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%

1 - AAA
0.01%
0.06%
0.22%
0.59%
0.88%
1.07%
1.38%
1.58%
1.73%
1.86%
1.97%

2 - AA
0.02%
0.37%
0.59%
0.88%
1.33%
1.57%
1.71%
1.80%
1.90%
1.99%
2.07%

3 - A
0.04%
0.98%
1.33%
1.50%
1.74%
1.89%
2.03%
2.15%
2.25%
2.36%
2.47%

4 - BBB+ /BBB
0.09%
1.21%
1.79%
2.07%
2.31%
2.47%
2.60%
2.75%
2.88%
3.00%
3.10%

4.5 - BBB-
0.53%
3.11%
3.58%
4.05%
4.52%
4.83%
5.13%
5.24%
5.34%
5.43%
5.50%

5 - BB+ /BB
0.73%
5.86%
7.05%
7.64%
8.03%
8.32%
8.50%
8.61%
8.71%
8.78%
8.85%

5.5 - BB-
1.17%
6.53%
7.80%
8.45%
8.79%
8.96%
9.02%
9.03%
9.03%
9.03%
9.03%

6 - B+/B
1.62%
7.87%
8.58%
8.88%
9.00%
9.03%
9.03%
9.03%
9.03%
9.03%
9.03%

6.5 - B-
2.85%
7.89%
8.60%
8.90%
9.02%
9.03%
9.03%
9.03%
9.03%
9.03%
9.03%

7 - CCC+ /CCC
3.60%
16.25%
16.25%
16.25%
16.25%
16.25%
16.25%
16.25%
16.25%
16.25%
16.25%

8 - CCC-
6.20%
20.00%
20.00%
20.00%
20.00%
20.00%
20.00%
20.00%
20.00%
20.00%
20.00%

9 In Default
0.00%
25.00%
25.00%
25.00%
25.00%
25.00%
25.00%
25.00%
25.00%
25.00%
25.00%
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One would also have to develop a capital table for each assigned class (see Appendix 2, for a discussion on securities with the trading book).  In summary, the process flow for credit risk capital is shown in Figure 13.

3.3
Capital for Operational Risk

Leading-edge banks have fairly good measures of market and credit risk.  Nevertheless, measuring operational risk capital is a comparatively difficult area to quantify.  Most banks would admit to having poor measures of operational risk. Euromoney (Dec. 96), pointed out that “Banks measure credit and market risk because they can, not because they are the biggest risks that they face.  Operational risk is larger, more dangerous and no one knows exactly what to do about it.”  Even the definition of operational risk is tough to pin down.  Further, most banks do not have a specific unit to actively manage the aggregate operational risk.  Operational risk measurement is very much a “work in progress”. Operational risk can be thought of in the same way as either market or credit risk.  The risk can either be hedged or retained, and the decision about whether to hedge or not should be based on the risk vs. return trade-off. As with all RAROC concepts, the idea is to motivate the correct business behavior.

Unfortunately, there have not been well designed advances in allocating operational risk capital.  Operational risk management will not be taken as seriously as market risk or credit risk management until one has appropriate measures of risk.  Yet, some of the large headline losses have been failures in operational risk.  For example, one of the primary reasons that Barings Bank failed was due to a trader in a branch office circumventing existing controls and committing fraud.  Nick Leeson, in Singapore, breached the existing systems by entering fraudulent transactions into both the front and back office systems.

One can define an operational Value at Risk as the maximum loss due to a failure in operational controls over a certain time period with a particular probability of occurring.  One way to estimate operational risk is to estimate the size of the expected loss (severity) multiplied by the probability of that loss occurring for all possible events in which a loss may occur.  Summing these values gives an overall operational risk estimate.  A primary difficulty with estimating operational risk is that there are very few internal data points available to build a loss distribution.  Nevertheless, one can look to external information.  For example, some of the information to build a loss database may be gathered from court records (e.g. extensive information is available on retail and wholesale money transfer operational losses).  One of the challenges is to effectively deal with the fact that they may have a very low probability of occurring, but their potential loss due to operational risk may be very great.  If a certain group has a large operational Value at Risk, there should be appropriate incentives for it to reduce its risk.

Most operational risks lie in the high probability and low severity dimension.  This might be called “normal” operational risk.  The mid-band or mid-dimension consists of items that do not happen very often but are significantly painful when they do occur.  The measurement of this risk is less straightforward.  Banks will often supplement their internal experience with external data from other banks or industries.  The upper band consists of low probability, but high severity items which can be catastrophic.

The total normal risk may be part of the expected loss measure.  A database is relatively easy to develop for those risks that happen regularly like credit card fraud.   One must be careful not to double count operational failures.  For example, operational risk may be reflected in loan losses (e.g., improperly assigned collateral), which may already be captured in the RAROC credit capital model.  Analytics typically fall apart at the catastrophic end of the spectrum and judgement is required.  One can expect that advanced analytic tools, over time, will be developed to analyze operational risk capital. 

The classical approach to allocate capital, is to assign a risk rating to each business (for example on a scale of 1 to 5) based on operational risk factors based on breakdown of people, processes and technology. This rating is designed to reflect the probability of a risk occurring (inclusive of mitigating factors introduced by management).  The capital is then assigned based on the operational risk rating of the transaction.  The expected loss and risk-based capital charge is attributed on a sliding scale that is non-linear. The bank needs to develop Capital Factors based on a combination of internal loss history, losses at other banks, management judgement, etc. 

A central policy and procedures would be needed to ensure consistency and integrity of these ratings on a bank-wide basis.  This is identical to a loan risk rating process where many loan officers risk-rate a credit and a central risk review function ensures integrity and consistency.  This process is a disciplined judgmental approach that reflects the input of the bank’s most senior and experienced officers.  This will result in “relative” risk ratings for each business, that can then be attributed capital so that the desired “all-bank operational risk capital number” is achieved.

Some banks have begun to develop databases of loss events in an effort to quantify this risk.   However, this is a new and evolving area of risk measurement. This can be used to develop “worst case” estimates that may be applicable to a select subset of a bank’s businesses.  One can then use this data in the same way that many banks use historical loss data to drive credit risk measurement.   A bank’s internal loss database will most likely be extremely small relative to the major losses in certain other banks.  Hence, the database should reflect the experience of others.  Blending the internal and external data will require a heavy dose of management judgment.

Since more operational losses are insurable, the bank can get estimates of insurance premium from several insurance companies, and then input the equivalent required capital against the particular risky activity. Once again, judgement will be modal in order to adjust for the upward bias inherent in the insurance premiums. 

4.
Loan Equivalent Approach

Since banks are engaged in providing many financial products other than straight loans, for which capital should be allocated, therefore we must arrive at a loan equivalent for these products.

4.1
Loan Equivalent for Guarantees, Commitment, and Banker’s Acceptances

Typically, RAROC capital is allocated as a loan equivalent times a capital factor (dependent on risk rating and tenor) for each product. For example, as seen in Table 4, if we examine typical RAROC factors for “Loans & BAs
” then we would find that they are typically the same as loan factors. Loan equivalents for Guarantees and Standby Letters of Credit vary from a high of 100% for financial products to 50% for non-financial products, and a low of 20% for documentary products. For NIF’s, RUF’s and GUN’s the loan equivalents are 50% for RR 1 to 6.5, while regulatory loan equivalents for undrawn credit commitments greater than 1 year equal 50%. Regulatory loan equivalents for undrawn credit commitments less than 1 year as well as general demand credit commitments are few.  RAROC factors for credit commitments, as illustrated in Table 4, vary as a function of the risk rating.

To illustrate the way RAROC is calculated, assume one has a $100 million credit commitment with 5 year tenor with a RR 3.  Assume that $60 million has been drawn.  The required capital equals the sum of the drawn amount plus the undrawn amount multiplied by the loan equivalent factor (for greater than 1 year credit).   Accordingly, the required capital equals ($60,000,000 + ($100,000,000 - $60,000,000) * 50%) * 1.89% = $80,000,000 * 1.89% = $1,512,000.

Table 4:   Loan Equivalent Factors (illustrative only)



RR1 – 6.5

(%)
RR 7 – 9

(%)

Loans & BA’s
100
100

Guarantees & Standby L/C




Financial
100
100


Non-Financial
50
50


Documentary
20
20

NIFs RUFs and GUNs
50
100

Undrawn Credit Commitments




>=1 Year
50
100


<1 Year
10
100


General (Demand)
5
100

Uncommitted/Unadvised Lines
0
0

In the case of banker’s acceptances, guarantees, and financial letters of credit there is little a bank can do to reduce the risk within the time frame of the instrument and, therefore, these could be treated the same as loans. For credit commitments, however, a number of factors may reduce the likelihood of draw.  In some instances the customer may only draw at the discretion of the bank.  In these cases, the loan equivalent would only be a fraction of the commitment.  Term commitments will have a greater certainty of draw in the event of default.  For term commitments, the remaining term and credit quality of the customer would affect the likelihood of draw.  However, there may be covenants that allow the bank to withdraw these commitments if there is a deterioration in credit quality.

4.2
Loan Equivalent for Derivative

The RAROC methodology typically calculates loan equivalents for derivative products (e.g. swaps, forwards, FRAs, etc.), at both the deal and counter-party level. The loan equivalent  is an estimate of the average positive exposure, over the life of a deal.  Accordingly, the loan equivalent value is equal to the mark to market value of the derivative instrument plus the expected exposure. The counter-party loan equivalent, counter-party risk rating and tenor are used to calculate capital in a manner similar to risk rated lending. For example, assume a five year $100mm fixed floating interest rate swap has a loan equivalent exposure of $2mm.  If we assume the swap has a counterparty Risk Rating of 4 (equivalent to Moody’s BBB) then the capital attributed, at inception of the deal, would be derived from multiplying $2mm by 2.47%, which equals to $49,400.

5.
Measuring Exposures and Losses

5.1
Measuring Exposures

The crucial problem in developing an accurate measure of credit risk is to properly quantify future credit risk exposure. This is a complex problem because it is the outcome of multiple variables,  including the structure of the instrument and changes in the value of' the underlying variables.

The amount of money one can reasonably expect to lose as a result of default over a given period is normally called the "expected credit risk exposure.”  The expected credit exposure is an exposure at a particular point in time, while the average expected credit exposure is an average of the expected credit exposures over a given period of time. The maximum amount of money that could be lost as a result of default, within a given confidence interval is called the "worst case credit risk exposure" (sometimes called the "maximum potential credit risk exposure"). The worst case credit risk exposure is an exposure at a particular point in time, while the average worst case credit risk exposure is an average of the worst case exposures over a given period of time.  If one wants to control the maximum amount that could be at risk to a given counterparty then the worst case exposure is particularly important in terms of allocating credit risk limits.  One can use either the worst case or average worst case credit risk exposure as a measure when setting limits to credit risk exposure - one simply needs to be consistent. 

The bank needs to estimate how much economic and regulatory capital should be set aside for a transaction or portfolio. The amount, and the cost, of the capital set aside for a portfolio, and for incremental transactions added to that portfolio, are vital factors in determining the profitability of lines of business and of individual transactions. The cost of the capital set aside for a single transaction is also a vital factor in calculating a fair price for that transaction.    

For example, if one uses the worst case credit risk exposure to measure credit risk then limits should obviously be set in terms of worst case credit risk exposures (in contrast to the average worst case credit risk exposures). The average worst case credit risk exposure, sometimes called the fractional exposure or FE, is a particularly important concept as it forms the basis of the standard credit risk measurement unit that we describe in the following chart.    
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For a typical single cash flow product (for example, an FRA), the worst case credit risk exposure at time t (Wt) grows as a function of time and peaks at the maturity of the transaction. Figure 14 illustrates the worst case credit risk exposure for such an instrument, and illustrates some typical relationships between this and the other measures mentioned above.

Let us look at the relationship between the “worst case" credit risk exposure and the "average worst case credit risk exposure" in more detail.  The worst case credit risk exposure is defined as the maximum credit risk exposure likely to arise from a given position within the bounds of a predefined confidence interval.  For example, many dealers define the worst case credit risk exposure at a two standard deviation level, or a one-sided 97.5% confidence level. Let us assume, for illustrative purposes, that the worst case credit risk exposure at time t is equal to [K ×  × 1/2]  where K is a function of the desired confidence interval,  is the overnight volatility of the position's percentage change in price, and  varies from 0 to T. Observe, for simplicity, that the standard deviation is assumed to come from a stable stochastic process where the risk grows as a function of the square root of time. For illustrative purposes we will also assume that the probability of default is uniformly distributed over the time period.  If we integrate the worst case function over the entire time period (and divide this result by the time period [T]) then this provides us with the result that average worst case credit risk exposure is two thirds of the worst case credit risk exposure as indicated in Figure 14
.

Now let us look at how one can compute the expected terminal credit exposure - sometimes referred to as the expected terminal replacement cost. This computation, for time T (E[Rt]), can be approached using an option-pricing framework. Assume that the distribution of returns is normal, with a zero mean and a standard deviation which grows as a function of the square root of time. Then, ignoring present-value considerations, one needs only perform the necessary integration to show that E[RT] = 


, where FE (called the fractional exposure) is defined in this application as 2/3 WT.
5.2
From Exposure To Loss 

In a "nightmare" scenario, an institution might suddenly realize that it is virtually certain to lose the total amount exposed to loss. More typically, the probable loss on any transaction or portfolio of transactions depends on three variables:

· amount exposed to credit risk;

· probability of the counterparty defaulting; and

· the amount that is likely to be recovered (the recovery rate) if the counterparty does indeed default.

The problem of measuring potential credit losses can thus be restated as finding the best way of estimating each of these variables, and an appropriate way of combining them to calculate the loss given default.  With regard to default rates, an institution needs to develop techniques to calculate the default rate path and the distribution around the default rate path, estimated by examining those distributions at specific points in the future.  The default rate distributions at specific points over the life of a transaction can be modeled through analyses of Standard & Poor's or Moody's data concerning the default rates of publicly-rated institutions. 

Most institutions combine information gathered from agency data with their own proprietary default rate data (e.g. loan-default data). They also analyze the credit spreads of securities - e.g. yields of specific securities over duration-equivalent risk-free securities - to generate a default rate distribution.
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These estimates of future default rate distributions are calculated for each credit grade. Just like the credit risk exposure measures described above, the distribution of future default rates can be usefully characterized in terms of an expected default rate (e.g. 1%) or a worst case default rate (e.g. 3%). The difference between the worst case default rate and the expected default rate is often termed the "unexpected default rate" (i.e. 2% = 3%-1%). Typically, as illustrated in Figure 15, the distribution is highly asymmetric. A worst case default rate (e.g. the aforementioned 3%) may be structured so that one can say that there is a pre-specified probability (e.g. 2.5%) of exceeding the worst case default rate. The probability density function describes how the probability of default varies over time; clearly, the longer the maturity of the financial instrument, the greater the default rate.  

The third factor needed to calculate counterparty credit loss is the recovery rate path. The distribution around the recovery rate path needs to be estimated at specific points in the future.  Just like the other two variables, one can use the recovery rate distribution to determine an expected recovery rate or a worst case recovery rate.  The recovery rate distributions may be modeled by means of Standard and Poor's or Moody's recovery rate data. Surveys on the recovery rate of senior corporate bonds that have defaulted indicate that they vary as a function of the "pecking order" (e.g. lien position) of the debt. For example, senior debt has a higher recovery rate than junior (subordinated) debt. As with default data, institutions normally combine information gathered from agency recovery rate data with their own recovery rate data - some institutions also obtain input from specialized legal counsel or insolvency practitioners - in order to provide a recovery rate distribution for each credit grade.
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These analyses, as illustrated in Figure 16, produce estimates of future recovery rate distributions which vary as a function of time. Just like default rate distributions, recovery rate distributions do not typically follow a normal probability density function. 

Having analyzed the distributions of the three credit risk variables - credit risk exposure, default and recovery data - these can be combined, as illustrated in Figure 17, to produce future credit loss distributions.  One would use the option pricing framework described earlier, and perform the necessary integration, in order to generate the expected credit loss.  Theoretically, these three distributions can be combined by integrating across the combined function
.
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Observe that the graph in Figure 17 does not pass through the origin as there is a positive probability of a non zero loss.  Again, observe that the summary credit loss distribution can be characterized as an average expected credit loss (LE) and an average worst case credit loss (LW). Ideally. one needs to construct a cumulative probability density loss function by integrating the multivariate probability density function, such that the worst case credit loss over the time period is set to the desired worst case probability of loss. The difference between Lw and LE can be described as the average unexpected credit loss Lc (i.e., Lc = LW - LE).  If a Monte Carlo simulation approach is adopted then one first simulates an exposure value from a credit risk exposure distribution given default, at a particular point in time. Second, one simulates a default distribution, typically a binomial probability function with a single probability of default. Finally, assuming negligible recovery rates, one then summarizes the credit losses which occur across all points in time.  Future credit loss distributions at various points over the life of the instrument may be combined as illustrated in Figure 18 to produce a single summary credit loss distribution.  
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As pointed out earlier, combining credit risk exposure with the distribution of default rates, net of recovery, yields the distribution of credit risk losses. The distribution of credit loss needs to be translated into a provision (expected loss) and economic capital (unexpected loss).  The loan equivalent approach estimates the loan equivalent as the average expected exposure.  For example, as illustrated in Figure 19, assume that the average expected credit risk exposure for our derivative is 480 and that the expected probability of default is 1%. In our example, the expected loss is calculated by multiplying the expected probability of default, by the average expected credit risk exposure to arrive at an expected loss of 4.8. Further, since the worst case probability of default is 3%, then one can say that the worst case loss is 14.4 (=480 x .03); therefore, one would assign an unexpected loss (economic capital) of 9.6 derived from the difference between the worst case loss (14.4) and the expected loss (4.8).  The loan equivalent approach utilizes the same default factors for contingent credit products as for loans.
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The potential unexpected loss is clearly a function of the confidence level set by policy. For example, a confidence level of 97.5% would call for less economic capital than a confidence level of 99%.  This loan-equivalent approach to calculating the average expected exposure, using two default probabilities per credit grade, is a proxy for more sophisticated approaches; it has the virtue of facilitating comparison to a more conventional loan product. Another approach would be to generate - using analytical, empirical or simulation techniques - the full distribution of losses, and then to select the appropriate confidence interval percentile. A third approach would be to multiply a binary probability of default by the difference between the average worst case credit risk exposure and the average expected credit risk exposure to compute Lc.  This third approach may not provide the same answer as the earlier two approaches.

In any event, the amount of risk capital should be based on a preset confidence level (e.g. 97.5%). The amount of unexpected credit loss (Lc) should be used to establish the projected amount of risk capital. The dynamic economic capital assigned is typically the sum of the current replacement cost plus the projected Lc. In order to understand how contingent credit products generate credit risk exposure, and how the different risks to which a contingent credit product is exposed are interrelated, it is necessary to examine in more detail the relationship between credit risk and market risk.

6.
Concluding Remarks
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Several key trends are emerging.  These include a trend toward integrated risk, capital and balance sheet management as well as integration of credit risk and market risk. We also see the regulatory community moving toward the use of internal models for capital. A transformation in capital and balance sheet management is being driven by advances in risk management.  We see the silos of credit, market and operational risk are disappearing and we see these risks merging together into one overall risk framework.  It is becoming difficult to distinguish risk management from either capital management or balance sheet management as risk drives capital and risk/reward considerations drive balance sheet structure.  We can see, as illustrated in Figure 20, the dramatic knowledge transfer from the trading book to the banking book in terms of utilizing tools developed to measure risk capital in the trading world being applied to market risk capital in the banking book.

Over time, most best practice banks will have their businesses bid for scarce regulatory capital, balance sheet limits and risk limits based on their RAROC returns. The RAROC process will also integrate the entire risk process as shown in Figure 21.
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6.1
RAROC Link to Stakeholders
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RAROC provides a link between the needs of bank management and a variety of external stakeholders (see Figure 22).  Some Stakeholders, such as debt holders, regulators and rating agencies, are interested in the bank’s solvency in terms of the safety of its deposits. Others, such as shareholders, are interested in the bank’s profitability.  RAROC provides a “common language” for risk and profitability measurement that supports each of these interests.

6.2
Regulatory Posture
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Assumes Capital = Unexpected Loss

Regulators are finding it increasingly difficult to keep pace with market developments such as CLO’s, credit derivatives, etc.  Regulators are slowly becoming receptive to the use of internal models.  We expect over time that BIS88 will likely mirror BIS98.

Over time we expect to see an integrated RAROC framework which links regulatory capital and economic capital as illustrated in Figure 23.  The BIS 98 and Basle in conceptual paper released in 1999 are important steps toward linking regulatory capital and economic capital.

Appendix 1
 Securities capital tables

A1.1
Debt Securities

A typical, conservative capital table for tradable fixed income securities assumes a constant loss given default (say at 60%, which is higher than that for a corporate loan) and a 1 year time horizon (see Table A1.l).  One also has to decide on specifics for a variety of securities.  For example, 1 year securities issued by Canada & US would have 0.00% change whereas other OECD securities would get a 0.09% (based on Moody’s AAA).  Canadian Provinces would get a 50/50 combination of Moody’s AA / AAA, say .35%).  Municipals which is marginally higher than provinces (say .4%).  Banks would also get 0.40%. For example, if one has $100MM of Bankers Acceptances  then the Capital equals $100MM * 0.40% = $400,000

Table A1.1:  Capital Factors for Fixed Income Securities (assume 60% loss given default)

Intensive Risk Rating
Risk Rating
Tenor (Remaining Term



1
2
3
4
5
6
7
8
9
10

1
AAA
0.09%
0.09%
0.10%
0.10%
0.11%
0.13%
0.13%
0.13%
0.14%
0.15%

2
AA
0.56%
0.59%
0.63%
0.68%
0.72%
0.75%
0.78%
0.81%
0.84%
0.86%

3
A
1.47%
1.61%
1.73%
1.84%
1.93%
2.02%
2.08%
2.14%
2.19%
2.24%

4
BBB
1.82%
2.63%
3.02%
3.22%
3.43%
3.62%
3.76%
3.86%
3.96%
4.05%

5
BB
8.79%
9.44%
9.80%
10.06%
10.25%
10.42%
10.59%
10.69%
10.79%
10.84%

6
B
11.81%
12.49%
12.73%
12.88%
13.03%
13.11%
13.26%
13.31%
13.43%
13.47%

A1.2
Equity Securities
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Credit risk for equities in the trading book is often captured by  summing market risk capital plus an add-on for default related specific risk for open positions.  The add-on for specific risk typically assumes 100% loss given default and a one year time horizon.  One can relate the equity credit capital table to the standardized capital table by multiplying the 1 year tenor row of the standardized table by 2.5.  For example, a AA rated equity would get a capital factor of .93% = .37%x2.5.  Observe that RR2 capital at .93% multiplied by 40% equals .37% from Table 1.  Similarly, observe that RR4 capital at 3.03% multiplied by 40% equals 1.21% from Table 1.  In other words, one assumes that the loss for a loan product is only 40% of the nominal amount whereas an equity product would lose 100%.  

Appendix 2
 Assumptions and Calculations for Deriving Exposures, Expected Default, and Expected Losses

A2.1
Methodology

A series of assumptions are made in the development of a typical RAROC model. Default data for internal sources of the bank with external rating agency data are employed. The default data are utilized as an important impact to generate expected loss and credit risk capital factors. Typically it is assumed that default rates are stochastic, but that the loss-given-default (LGD) is a constant. One also accepts the default correlations implicit in Moody’s S&P data of part experience. 

It is often decided to use the results of several Moody’s bond default studies to develop probability of default statistics because they provide a linkage to the market’s perception of credit risk. In addition, Moody’s provides 24 years (1970-1993) of data which allows one to make statements about the probability of default within the remaining term of the asset class (e.g. a loan). Bank data is typically available for much shorter time frame. 

Loss given default (LGD) is defined as the expected severity of loss given that a default on a credit obligation has occurred. The LGD rate for a defaulted facility represents the ratio of the expected loss that will be incurred over the total gross loan outstanding. A typical analysis would suggest that a 40% loss given default for a loan portfolio on a portfolio wide basis. Similarly, a typical analysis would suggest that a 60% loss given default for corporate bonds is reasonable on a portfolio basis. 

The analysis begins with an assumption or the distribution of the default rate. This assumption allows us to estimate the expected default rate, the worst case default rates for a given confidence level, as well as the expected loss. For those estimates and the assumptions on the LGD and on the risk tolerance, we derive the capital factors to be used in RAROC calculations.

One typically assumes that the default rate for a portfolio of loans can be expressed as a simple distribution. Let p be a random variable representing the probability of default for a given risk rating and tenor. If we assume further that the probability of default p is such that 


z = p/[1-p] 
is lognormal distribution, then


y = ln z = ln(p/(1-p))

(1)


any y is normally distributed with standard deviation 
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We can express p in terms of the normally distributed variable y:
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Figure A2.1 illustrates how the default distribution varies by tenor for risk rated 4 loans.

A2.2
Worst Case Default Rates and Expected Loss

Let us denote the mean and standard deviation of the default probability by 
[image: image7.wmf]a

 and 
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 respectively. Then the mean and standard deviation of z = p/[1-p] can be approximated
, respectively, by 
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Accordingly, the worst case value of y at the 99.865% confidence level, which is 3 times the standard deviation away from the mean, is given by 
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:
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The worst case probability of default corresponding to 
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 is
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Under the assumption that the loss given default is a constant 40% then:


-
the expected loss rate is 40% of the expected default rate (
[image: image16.wmf]a

):


Expected loss = 40% x 
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(6)

-
the capital factor is 40% of the difference between the worst case default rate 
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and the expected default rate (
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):


Capital Factors = 40% 
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A2.3
Illustration of Capital and Expected Loss Model for Loans Accounted for an Accrual Basis

Assume a loan is risk rated (RR) 4 with a tenor of five years. First, one needs to determine the expected default percentage over 5 years. The cumulative default rate, 
[image: image21.wmf]a

, as shown in the adjusted cumulative default table below, is 1.97%. The source of the data associated with deriving the adjusted cumulative default table is the Moody’s default history from 1970 to 1993
. Observe that the expected default percentage in Table A2.1 declines from 1.97% to 1.46% as the tenor of loan declines from 5 years to 4 years.

Table A2.1
“Adjusted Cumulative” Expected Default Rates

Risk Rating
Tenor


1
2
3
4
5
6
7
8
9
10

1
0.002%
0.010%
0.040%
0.080%
0.12%
0.22%
0.33%
0.45%
0.58%
0.73%

2
0.02%
0.04%
0.08%
0.20%
0.32%
0.43%
0.52%
0.64%
0.76%
0.91%

3
0.10%
0.20%
0.28%
0.46%
0.62%
0.83%
1.06%
1.31%
1.61%
1.96%

4
0.23%
0.51%
0.91%
1.46%
1.97%
2.46%
3.09%
3.75%
4.39%
4.96%

5
1.79%
4.38%
6.95%
9.41%
11.85%
13.78%
15.33%
16.75%
18.14%
19.48%

6
4.00%
14.85%
20.38%
24.78%
28.38%
31.88%
34.32%
36.17%
38.38%
39.96%

Second, the expected loss would be estimated as the default rate times the loss given default. For example, if we assume a constant 40% loss given default then the expected loss for our 5 year risk rated 4 loan is simply:


1.97% x 40% = 0.79%

The expected loan losses for RR1 to RR6 are simply a multiple of Table A2.1 by 40%. For convenience, a table of expected loan losses at a 40% loss rate is shown in Table A2.2 below. The expected loan loss rates for RR7 to RR9 are mostly judgmental.

Table A2.2
Adjusted Cumulative Expected Loan Losses (@40%Loss Rate)

Risk Rating
Tenor


1
2
3
4
5
6
7
8
9
10

1
0.00%
0.00%
0.02%
0.03%
0.05%
0.09%
0.13%
0.18%
0.23%
0.29%

2
0.01%
0.02%
0.03%
0.08%
0.13%
0.17%
0.21%
0.26%
0.30%
0.36%

3
0.04%
0.08%
0.11%
0.18%
0.25%
0.33%
0.42%
0.52%
0.64%
0.78%

4
0.09%
0.20%
0.36%
0.58%
0.79%
0.98%
1.24%
1.50%
1.76%
1.98%

5
0.72%
1.75%
2.77%
3.67%
4.74%
5.51%
6.13%
6.70%
7.26%
7.79%

6
1.60%
4.25%
7.08%
9.91%
11.35%
12.75%
13.73%
14.68%
15.35%
15.98%

Next we determine the worst case default and loss rates. For this, we also require an estimate of the standard deviation, 
[image: image22.wmf]b

, of the default rate. The estimate of the standard deviation of the default rate for a loan that is risk rated 4 and has a tenor of 5 years is 1.13% is shown in Table A2.3 below.

Table A2.3

Standard Deviation of Default

Risk Rating
Tenor


1
3
5
10

1
0.04%
0.16%
0.28%
0.70%

2
0.12%
0.23%
0.46%
0.78%

3
0.26%
0.43%
0.64%
1.13%

4
0.33%
0.78%
1.13%
1.77%

5
2.10%
4.01%
5.11%
6.26%

6
4.36%
6.37%
7.13%
7.74%

Using these values, the equations developed above are:
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and plugging in numbers for 
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.we get
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The worst case value of y at 99.865% confidence level (
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3

) is then:
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The worst case probability of default, at 99.865% confidence level (for 
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3

) is:
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A table of the worst case probability of default is shown below in Table A2.4

Table A2.4
Worst Case Probability of Default

Risk Rating
Tenor


1
2
3
4
5
6
7
8
9
10

1
0.15%
0.57%
1.51%
2.27%
2.79%
3.66%
4.28%
4.78%
5.22%
5.65%

2
0.95%
1.51%
2.27%
3.52%
4.23%
4.71%
5.03%
5.40%
5.73%
6.09%

3
2.55%
3.52%
4.02%
4.82%
5.34%
5.90%
6.43%
6.94%
7.51%
8.14%

4
3.19%
5.00%
6.09%
7.23%
8.15%
8.97%
9.97%
10.96%
11.89%
12.70%

5
16.44%
22.01%
26.02%
29.49%
32.64%
35.02%
36.87%
38.52%
40.10%
41.60%

6
27.99%
36.30%
42.59%
47.28%
50.95%
54.40%
56.74%
58.98%
60.52%
61.96%

The capital factor prior to adjusting for loss given default is the unexpected loss defined as the difference between the worst case probability of default and the expected default rate:



[image: image33.wmf]18

.

6

97

.

1

15

.

8

=

-

=

-

a

k


The capital factors prior to adjusting for loss given default is shown in Table A2.5 below. One needs to keep in mind that the capital factor represents an amount of capital that needs to be available to cushion unexpected losses over the life of the transaction.

Table A2.5
Capital Factor at a 99.856% Confidence Level (Prior to Adjusting for Loss Given Default)

Risk Rating
Tenor


1
2
3
4
5
6
7
8
9
10

1
0.15%
0.56%
1.47%
2.19%
2.67%
3.44%
3.95%
4.33%
4.64%
4.92%

2
0.93%
1.47%
2.19%
3.32%
3.91%
4.28%
4.51%
4.76%
4.97%
5.18%

3
2.45%
3.32%
3.74%
4.36%
4.72%
5.07%
5.37%
5.63%
5.90%
6.18%

4
2.96%
4.49%
5.18%
5.77%
6.18%
6.51%
6.88%
7.21%
7.50%
7.74%

5
14.65%
17.63%
19.10%
20.08%
20.79%
21.24%
21.54%
21.77%
21.96%
22.12%

6
19.68%
21.45%
22.21%
22.50%
22.57%
22.52%
22.42%
22.27%
22.14%
22.00%

The capital factors adjusted for loss given default = 40% (
[image: image34.wmf]a

k

-
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For example , the capital factor for a RR4 five year loan = 40% x (8.15% - 1.97%) = 40% x 6.18% = 2.47%.

For convenience, a table of capital factors adjusted for 40% loss given default is shown in Table A2.6 below.

Table A2.6  Capital Factors at a 99.856% Confidence Level (at 40% Loss Given Default)

Risk Rating
Tenor


1
2
3
4
5
6
7
8
9
10

1
0.06%
0.22%
0.59%
0.88%
1.07%
1.38%
1.58%
1.73%
1.86%
1.97%

2
0.37%
0.59%
0.88%
1.33%
1.57%
1.71%
1.80%
1.90%
1.99%
2.07%

3
0.98%
1.33%
1.50%
1.74%
1.89%
2.03%
02.15%
2.25%
2.36%
2.47%

4
1.21%
1.79%
2.07%
2.31%
2.47%
2.60%
2.75%
2.88%
3.00%
3.10%

5
5.86%
7.05%
7.64%
8.03%
8.32%
8.50%
8.61%
8.71%
8.78%
8.85%

6
7.87%
8.58%
8.88%
9.00%
9.03%
9.03%
9.03%
9.03%
9.03%
9.03%

7
16.25%
16.25%
16.25%
16.25%
16.25%
16.25%
16.25%
16.25%
16.25%
16.25%

8
20.00%
20.00%
20.00%
20.00%
20.00%
20.00%
20.00%
20.00%
20.00%
20.00%

9
25.00%
25.00%
25.00%
25.00%
25.00%
25.00%
25.00%
25.00%
25.00%
25.00%
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Appendix 3
 Calculating the Expected Terminal Credit Exposure
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is the univariate normal probability density function and 
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. Accordingly,
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If one sets the worst case terminal credit risk at a 97.5% (or a 2( one-sided level of confidence) then  
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  Further, if the notional amount (N) is then multiplied by 
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Observe that  
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where FE, called the fractional exposure, is defined in this application as 2/3 

.  Observe that
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TableA1.2: Capital Factor for Equity


(assume loss given default = 100%)


Internal Rating�
Moody’s Rating�
Capital �
�
1�
AAA�
0.15%�
�
2�
AA�
0.93%�
�
3�
A�
2.45%�
�
4�
BBB�
3.03%�
�
5�
BB�
14.65%�
�
6�
B�
19.68%�
�
7�
CCC�
40.63%�
�
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Figure � SEQ Figure \* ARABIC �13�:  Credit Risk Methodology - Process Flow
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Figure � SEQ Figure \* ARABIC �5�   Integrated Goal Congruent Approach


�





Figure � SEQ Figure \* ARABIC �8�:  Finance/Risk Management Information Architecture
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Figure � SEQ Figure \* ARABIC �10�: Generally Accepted Capital Principles (GACP)
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Figure � SEQ Figure \* ARABIC �9�:  Measure of success – building shareholder value
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Figure � SEQ Figure \* ARABIC �7�:  Integrated Bank Wide Perspective
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Figure � SEQ Figure \* ARABIC �11�:  RAROC Development Stages
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Figure � SEQ Figure \* ARABIC �12�:  The poorer the quality of the credit the larger both the expected loss and attributed capital
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Figure 22: How RAROC Balances Desires of Various Stakeholders
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Figure � SEQ Figure \* ARABIC �6�: :  Impact of Output from RAROC Process
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Figure 14:  Credit exposure of an instrument expressed as different exposure functions
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Figure 15: Distribution of default rates
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Figure 16:  Distribution of recovery rates
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Figure 18:  Combining variables to produce credit loss distributions
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Figure 17:  Creating a credit risk loss distribution summary
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Figure 19: Calculating risk-adjusted capital requirements
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Figure 20:  Integration of Credit and Market Risk
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Figure 21:  The RAROC Process Integrates a Number of Critical Elements
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Figure 23:  Integrated RAROC - Shareholder Value Creation
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Figure A2.1


Default Distribution of RR 4 Loans
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� Figure 3 shows the evolution of performance measurement from primarily a practitioner perspective. 


� One can observe that ROE is tightly linked to ROA through a leverage factor which is calculated as a function of the ratio of total liabilities divided by net worth.


� For details of the process see Appendix 2


� BA stands for banker’s acceptances.


� See Appendix 2 for a detailed analysis of exposures and losses, including tables and assumptions made in quantifying exposures and losses.


� The average worst case credit risk exposure, integrated from 0 to T, equals: 


(� EMBED Equation.2  ���K x  x τ 1/2 dt)/T = (K x  x T3/2)/(3/2) x (1/T) =  2/3 x [K x  x T1/2] = 2/3 x WT


�  See Appendix 3 for a proof.


� For example, the expected credit loss at a given point in time equals: 


	(((CE× DR × (1 - RR) × f(CE, DR, RR)dCEdDRdRR where CE denotes credit risk exposure, DR the default rate, RR the recovery rate, and f(CE, DR, RR) the multivariate probability density function. 


� The approximation is based on the Taylor series expansion, and by omitting higher order terms in the series


� The Moody’s data for short tenors are adjusted to reflect the bank’s own experience for large corporate loans.


� Standard deviation of default probability is typically derived from the equation  � EMBED Equation.3  ���, where � EMBED Equation.3  ���is chosen to fit the data. Often � EMBED Equation.3  ��� is used for rating 1 to 4, and 40 for risk rating 5 and 6. The range can be ±10% of the above values. For example, the probability of default in 5 years for risk rated loan of 4 is � EMBED Equation.3  ��� (see Table 1B). The default standard deviation would then be


	� EMBED Equation.3  ���


or 1.13%.
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