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compensation structure 
and portfolio selection in 
a Banking firm
Guy Ford

This paper examines how the structural form of a bank’s compensation payment function 

may impact on incentive-compatibility conditions between the centre of the bank 

(principal) and managers in the bank (agents). If this payment function is asymmetrical, 

with bonuses paid only upon the realisation of gains, then the ranking of prospective 

investment portfolios by managers will be influenced by both the distribution of gains 

in the numerator and the distribution of losses in the denominator of the risk-adjusted 

performance measure (RAPM). If the distribution of gains is uneven, then it may not be 

possible to determine which portfolios managers will select without specific knowledge 

of their utility functions. If the centre is charged with managing both risk and return, 

as opposed to only managing downside risk, then the RAPM upon which managers are 

remunerated should incorporate the preferences of the centre with respect to right tail 

of the distribution of returns in the investment portfolios available to the bank. A reward 

to risk ratio, where the numerator measures upper partial moments in the distribution 

of returns, allows portfolios to be ranked in accordance with the attitude of the centre 

towards variability in upside returns. 
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1. Introduction
How should employees in banking firms be compensated?  It is 
widely accepted that if managers are paid bonuses on  
achieving targets based on volume or profits, without  
appropriate adjustment in the compensation system for the 
risk incurred in writing such business, then any short-term 
gains to bank employees and owners will be at the risk of long-
term viability of the bank. Higher profits may be achieved by 
writing riskier business and market share targets may engen-
der lower lending standards – the seed of the global credit 
crisis of 2007/8. This should be a concern to bank owners, 
creditors and regulators, who effectively underwrite any large 
losses arising from poorly designed compensation structures.     

Acknowledging the moral hazard that arises when bank capital 
is insensitive to the risks in bank balance sheets, regulators 
have progressively introduced capital regulations for banks 
that require banks to hold capital in direct proportion to the 
risk taken in bank activities. It is now the case that the total 
capital held by a bank, over and above the minimum regulato-
ry requirement, is largely driven by the target credit rating of 
the bank.  The target credit rating is linked to the probability 
of the bank defaulting on its senior debt. This implies that for 
a given level of risk, a bank that desires a higher credit rating 
on its senior debt will need to increase its capital. 

The determination of bank capital requirements in terms of 
a solvency standard linked to the probability of bank default 
is not an appropriate representation of the risk preference 
function of bank stakeholders if they are risk averse. This is 
because measures based on the probability of default imply 
a risk-neutral attitude towards risk – large losses with small 
probability may be viewed as equivalent to small losses with 
larger probability, where the expected loss is the same. If 
bank stakeholders are concerned with both the probability 
of loss and the size of loss in the event of default, which we 
would expect to be the case for bank creditors and regulators, 
then capital standards based on loss probabilities are inap-
propriate and may lead to a bank being undercapitalised with 
respect to risk.  

Despite these concerns, the ‘value at risk’ (VaR) measure has 
become the regulatory standard for determining minimum 
capital requirements.1 This is most likely due to the fact that 
VaR encapsulates the key characteristics for insurance against 
default – it measures the size of losses at a given confidence 
level – allowing the bank to determine the capital needed to 
keep the probability of default below the desired confidence 
threshold. From a governance perspective, we must ques-
tion whether using VaR-type methodologies as the basis for 
risk-adjusted performance measurement will guarantee that 
managers will make investment decisions that are aligned with 
the interests of bank stakeholders. If bank stakeholders are 
risk-averse, then risk measures that imply a risk-neutral at-
titude towards risk may result in managers taking investment 
decisions that are sub-optimal for bank stakeholders when 
managers receive bonuses based on achieving a target risk-
adjusted performance measure (RAPM).

This paper argues that in addition to the measure of risk 
implicit in the RAPM, the structure of the bank compensa-
tion payment function also impacts on incentive-compatibility 
conditions between bank stakeholders and managers.  If this 
payment function is asymmetrical, with bonuses paid only 
upon the realisation of gains, we find that the ranking of 
portfolios by managers will be influenced by both the distribu-
tion of gains in the numerator and the distribution of losses 
in the denominator of the RAPM. If the distribution of gains 
is uneven, then it may not be possible to determine which 

portfolios managers will select without specific knowledge of 
their utility functions.

Next we examine whether the way gains are measured in the 
compensation payment function impacts on the  
ranking of portfolios by managers. Gains in market value can 
be measured relative to the face value of loans, or the  
expected value of loans. We find that expected value may be 
the most appropriate basis for measurement given gains in 
market value will have a positive impact on reducing expected 
losses that will have been provisioned for ex-ante.

Finally, we assert that if the centre of a bank is charged with 
managing both risk and return, as opposed to only managing 
downside risk, then the RAPM upon which managers are remu-
nerated should incorporate the preferences of the centre with 
respect to right tail of the distribution of returns. We examine 
if a reward to risk ratio, where the numerator measures upper 
partial moments in the distribution of returns,2 allows portfo-
lios to be ranked in accordance with the attitude of the centre 
towards variability in upside returns.  

We start from the position that the measure ‘downside semi-
deviation’ (DSD) - the square root of the semi-deviation - is an 
incentive-compatible risk measure for the denominator of the 
RAPM because it conforms to the risk-ordering of portfolios in 
terms of third-order stochastic dominance (TSD), where TSD 
implies an investor is concerned with the probability of losses, 
the average size of losses and  fears larger deviations more 
than smaller deviations from a given target threshold3 (see 
Ford, 2006). Further, Barbosa and Ferreira (2004) and Fisher 
(2002) find that DSD meets the broader requirements for a 
coherent risk measure. We then examine the RAPM for five 
hypothetical credit portfolios, which carry the same expected 
returns but which are increasing in risk in terms of TSD princi-
ples. 

Overall we seek outcomes where there is an alignment 
between the interests of the centre of the bank and credit 
portfolio managers. In a decentralised bank, managers have 
greater knowledge of the likely distribution of returns in the 
set of loan portfolios available for investment. It is assumed 
that managers will select the portfolio with the lowest value 
for the risk measure when deciding among competing portfo-
lios carrying the same expected value, on the basis that this 
will provide them with highest RAPM. If management compen-
sation is linked to the RAPM, then managers should be incen-
tivised to select the portfolios that carry the lowest risk for a 
given expected return. This places our focus on the structural 
form of the management compensation function in the bank.  

2. The Bank Compensation Structure 
The optimal compensation function requires a balance be-
tween risk sharing (managers and owners) and incentives. 
Risk-averse managers prefer a larger component of their 
compensation to be fixed, such that losses realised by the firm 
that are associated with random events are borne by owners. 
Conversely, owners can be considered to be less risk-averse 
than managers to the extent that a smaller fraction of their 
wealth is tied to the performance of the firm than for man-
agers who are employed by the firm.4 Consequently optimal 
risk sharing between managers and owners suggests that the 
compensation structure should incorporate a significant fixed 
salary component. Offset against this, however, is the prob-
lem that fixed salaries may not provide strong incentives for 
managers to increase their effort to achieve greater output for 
owners, particularly where greater effort incurs personal costs 
for managers that result in reduced utility. In order to  
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encourage greater effort on the part of managers, and com-
pensate them for potentially reduced personal utility, the 
compensation function should include a pay-for-performance 
component. The optimal compensation function should thus 
trade incentive compensation (to increase effort) against a 
fixed salary (to promote efficient risk sharing).

Holmstrom and Milgrom (1987) show that the optimal com-
pensation function consists of a variable component based on 
performance and a fixed component that is independent of 
performance. Their optimal contract is linear and of the form

Compensation = α z + β

where α is the ratio of pay-to-performance, z is the basis 
upon which the bonus is determined and β is the fixed com-
ponent or base salary. While there are various formulations of 
the optimal pay-to-performance ratio in the principal-agent 
literature,5  the common elements are the responsiveness of 
output to increased effort by the agent, the degree of risk-
aversion of the agent, the level of risk that is beyond the con-
trol of the agent (noise in the performance measure) and the 
aversion of the agent to effort. These feature in the following 
representation of the optimal pay-to performance ratio6: 
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where m is the marginal contribution of agent effort to out-
put, r is the risk-aversion of the agent, v is noise in the per-
formance measure and c is the effort-aversion of the agent. 
The expression shows that the greater the responsiveness of 
firm output to effort, the greater the power of incentives 
in the compensation contract. Conversely, the greater the 
aversion of the agent to risk and effort, the lower the power 
of incentives in the compensation contract. Finally the more 
noise there is in the performance measure, the poorer to job 
it does in tracking the outcome of interest, and the lower the 
power of incentives in the compensation contract.  

In the bank setting, we can express the linear compensation 
function as follows:

Compensation = γ RAPM + β

In this formulation we use γ to designate the ratio of pay-to-
performance, RAPM is the risk-adjusted performance measure 
upon which any bonus is determined, and β remains the fixed 
component of salary. In the current context, this compensa-

tion function indicates that credit portfolio managers receive 
a base salary plus bonus linked to some proportion γ of the 
RAPM of the portfolios under their management.7 

The RAPM for the bank is determined as follows 

DSD
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where the DSD is the downside semi-deviation for the port-
folio under consideration. If the portfolio makes losses over 
the period, the numerator of this equation has a zero value 
and no bonus is paid. This represents the typical asymmetrical 
compensation function.

3. Framework
Consider five hypothetical credit portfolios in Table 1, desig-
nated A to E.

The probability distributions are based on the expected mar-
ket value of the portfolio at the end of one year8. The face 
value of each portfolio is $100 and the credit portfolios are 
assumed to each have the same duration. The expected value 
of each portfolio is equal at $98.99, and losses are measured 
as downside deviations from this expected value.9

Probability distributions for the credit portfolios correspond 
to the expected market value of the portfolio at the end of 
one year. Market values have been used as the measurement 
basis, as opposed to accounting profit or loss, for a number 
of reasons. If we take the view that bank stakeholders are 
interested primarily in the real economic impact of decisions 
made within the bank, then performance should be measured 
in terms of the market values of bank assets and equity. In this 
regard, accounting measures of profit may be less meaningful 
to the extent that they may be distorted by transfer pricing 
assumptions and arbitrary internal cost allocations. Further, a 
market value basis for measurement allows the performance 
of credit portfolio managers to be judged on both an upside 
and downside basis, creating a more efficient alignment of in-
centives between the centre of the bank (principal) and credit 
portfolio managers (agents). 

Subsequent to origination, the market value of a credit port-
folio will change as external market valuations of benchmark 
instruments change and the credit quality of borrowers change 
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Table 1: Probability Distributions: Credit Portfolios A-E

Portfolio A B C D E
Market Value

$0
30 0.4% 0.5%
60 1% 1% 1%
90 2.5% 0.6% 0.5%
97 5% 7.5% 5% 5% 10%
98 15% 10% 10% 10% 6%
99 30% 32.5% 30% 40% 25%
100 40% 40% 40% 41% 53%
101 5% 5% 5% 2% 4%
102 3% 3% 3% 1%
103 1% 1% 1%
104
105
106 2.5% 1%

Expected value $98.99 $98.99 $98.99 $98.99 $98.99
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- borrowers may migrate to lower internal credit ratings (cor-
responding to a decline in the market value of the portfolio) 
or higher internal credit ratings (corresponding to an increase 
in the market value of the portfolio).10 If the performance 
of credit portfolios is measured on the basis of accounting 
income, such portfolios will have virtually no upside, par-
ticularly if they are priced to earn a minimum hurdle rate on 
allocated capital. Here accounting income on the portfolio can 
only turn out to be more than expected if actual loan losses 
ex-post turn out to be less than provisioned. If managers are 
remunerated on this basis, a perverse incentive may be cre-
ated whereby managers deliberately overstate expected losses 
in order to realise bonuses in the expectation that actual 
write-offs turn out to be less than provisioned. If expected 
losses are overstated, this may result in inflated loan prices 
and render the bank uncompetitive in some markets.11  If a 
mark-to-market basis is used for measuring gains and losses on 
credit portfolios, greater scope exists to reward managers for 
positive credit migrations in their portfolios, creating stronger 
incentives to actively manage portfolios for the upside.        

Ford (2006) demonstrates that portfolios A to E are increasing 
in risk according to TSD criteria – the lowest risk portfolio is 
portfolio A, followed by B, C, D and E. This order of ranking 
also calibrates with portfolio efficiency/dominance considera-
tions given each of the five portfolios has the same expected 
value. This means that investors who are risk averse and 
have a preference for positive skewness in the distribution of 
returns (small losses with larger probability are preferred to 
larger losses with smaller probability, where expected losses 
are equal) will rank the portfolios increasing in risk from A 
to E. Table 2 shows the DSD risk measure for the portfolios 
(where losses are based on negative deviations from the ex-
pected value of $98.99).  It confirms that the DSD risk measure 
increases as the risk of the portfolios increases in terms of TSD 
principles.

4. Portfolio Selection
4.1 Gains Measured Relative to Portfolio Face Value

Table 3 presents the RAPM for each of the five portfolios A to 
E, and the probability distribution that applies at each level 
of gains in market value. Gains are measured in terms of 
increases in the market value of the portfolio relative to the 
$100 face value of the portfolio. In the case of portfolio A, for 
example, a $1 gain in market value (relative to the portfolio 

face value) measured against the DSD risk measure of $3.943 
gives a RAPM of 25.4%. This RAPM has a 5% probability of oc-
currence, based on the distributions provided in Table 1. 

Observe from Table 3 that the probability of gain in market 
value for each portfolio appears relatively small. This reflects 
the fact that loan portfolios tend to be characterised by a high 
probability of small losses – expected losses that are provi-
sioned for in the profit and loss statement of the bank. If we 
measured gains relative to the expected value of the loans, 
rather than face value, then the probabilities of gains are 
significantly larger (refer Table 1).12 Further, any increase in 
the market value of a loan will be associated with an upgrade 
in the internal credit rating assigned to the loan. An upgrade 
would occur if credit managers, upon annual review, assess 
that the probability of default on the loan is lower – factors 
guiding this could be improved financial performance of the 
borrower, lower firm leverage, change of management, im-
proved economic conditions, etc.

It is appropriate at this point to note that if gains in loan 
market values are linked to the re-rating of loans by credit 
managers within the bank, there may be scope for credit 
managers to engineer an increase in their annual bonus by 
upgrading loans under their control, even where such upgrades 
may not be fully justified. If information on the performance 
or prospects of individual loans is largely the private domain 
of credit managers, the incentive to overstate positive pros-
pects, in order to upgrade the internal loan credit rating, may 
be significant. Credit managers, for example, may be inclined 
to be selective in the use of data on the performance of the 
borrower, accentuating positive information while ignoring or 
understating negative information. For this reason, the data 
and models used by credit managers to assess default prob-
ability and subsequently rate (and re-rate) loans under their 
control require close scrutiny within the bank, and quality 
judgements on the part of credit managers should require 
evaluation by parties who do not have a pecuniary interest in 
the performance of loans.        

Given the RAPM for the portfolios in Table 1, we ask how a 
credit manager would rank the five portfolios? Will incentive-
compatibility conditions be preserved when we move from 
ranking portfolios solely on risk to ranking portfolios on the 
basis of both risk and potential upside?  Driving these ques-
tions is the observation that while the risk measure that forms 
the denominator of the RAPM is based on downside deviations 
from the target value, only gains in portfolio value feature in 

Table 2: Downside Semi-Deviation: Portfolios A to E

Portfolio A B C D E
DSD (98.99) 3.943 3.949 4.186 4.452 4.966

Table 3: RAPM (Gain/DSD): Portfolios A to E  
(Gains measured relative to face value of portfolio)

Portfolio A Portfolio B Portfolio C Portfolio D Portfolio E
Gain RAPM Prob RAPM Prob RAPM Prob RAPM Prob RAPM Prob

0 91.0% 91.0% 88.5% 97.0% 95.0%
1 25.4% 5.0% 25.3% 5.0% 23.9% 5.0% 22.5% 2.0% 20.1% 4.0%
2 50.7% 3.0% 50.6% 3.0% 47.8% 3.0% 40.3% 1.0%
3 76.1% 1.0% 76.0% 1.0% 71.7% 1.0%
4
5
6 143.6% 2.5% 134.8% 1.0%
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the numerator of RAPM. The portfolios can be ranked solely on 
the basis of stochastic dominance principles because the ex-
pected value of each portfolio is identical. However, when we 
introduce an asymmetrical compensation function that pays 
bonuses only on the realisation of gains, then the distribution 
of gains for each portfolio will feature in the investment deci-
sions of managers. We need to assess the implications of this 
from the perspective of the centre of the bank, and determine 
if the asymmetric compensation function will lead managers 
to make investment decisions that are consistent with the 
desired risk/return profile of the bank.

We consider how a credit manager will rank the portfolios by 
their RAPM, where risk in the denominator is measured by 
the DSD and gains are measured relative to the face value of 
each portfolio. An examination of Table 3 indicates, with the 
exception of portfolios A and B, that it is not immediately 
certain how a credit manager will rank the portfolios without 
making assumptions regarding the attitude of the manager 
towards risk. In the case of portfolios A and B, observe that 
the portfolios have identical distributions for gains relative to 
portfolio face value, with a 9% probability that market value 
gains on the portfolio will be greater than zero. For each point 
on the distributions in gains, portfolio A generates a higher 
RAPM than portfolio B, and we can conclude that portfolio 
A will be preferred ahead of B. We cannot, however, draw 
similar conclusions regarding portfolios C, D and E because 
the distributions in gains are not identical – portfolio C, for 
example, has lower RAPM but a higher probability of gains 
than portfolios A and B, and while D has a lower probability of 
gains, it has, like C, a small probability of a large RAPM. These 
uneven distributions make it not possible to rank the portfolios 
without incorporating assumptions regarding the risk attitudes 
of managers within the bank. For this purpose, we will initially 
use stochastic dominance principles. While this will allow us to 
incorporate different risk attitudes of managers without hav-
ing to specify the precise form of their utility functions, we 
face the potential problem that stochastic dominance allows 
only for a partial ranking of risky prospects, and as such, may 
leave some portfolios unranked. Within the context of RAPM, 

we later recommend a solution that allows for comparison 
against all risky prospects.  

We first assume that the manager prefers more over less,13 
but make no other assumptions regarding the risk attitude of 
the manager. This allows us to use first-order stochastic domi-
nance (FSD) principles to rank the portfolios, as FSD is consist-
ent with investors concerned only that the probability of loss 
of one portfolio is less than another. The relevant calculations 
for portfolio RAPMs under FSD are provided in Appendix 1 and 
the results are summarised in Table 4 below. We find that the 
portfolio combinations that can be ranked by FSD are A/B, 
A/E, B/E, C/D and C/E.14 However there are portfolio combi-
nations that cannot be ranked by FSD because the cumulative 
distribution functions of the portfolios cross. These portfo-
lios are A/C, A/D, B/C, B/D and D/E. As mooted, we cannot 
achieve a discrete ranking of each of the portfolios under FSD. 
This means we cannot determine how managers in the bank 
will rank each of the portfolios without making assumptions 
regarding their risk attitudes, and even this provides no guar-
antee that no portfolios remain unranked.   

We now examine the outcomes for the ranking of portfolios 
when we incorporate the risk preferences of managers. We 
first consider the case where the manager is risk-neutral, and 
then the case where the manager is risk-averse. The risk-neu-
tral manager will rank the portfolios based on the expected 
value for the RAPM. The results are presented in Table 5. We 
observe that portfolio C has the highest expected RAPM at 
6.93%, followed by portfolio A (3.55%), B (3.54%), D (1.80%) 
and E (1.21%). Except for portfolio C, the other portfolios are 
ranked in the same order as corresponding to the DSD risk 
measure. The dominance of portfolio C arises because it car-
ries the potential for an extreme gain in market value of $6, 
corresponding to a large RAPM. For the risk-neutral manager, 
the potential for a large gain outweighs the higher risk of 
portfolio C relative to A and B. While portfolio D also carries 
the potential for an extreme gain, this is offset by the fact 
that the probability of gains for the portfolio is the lowest of 
the five portfolios.    

Compensation structure and Portfolio selection in a Banking Firm

Table 4: Ranking of Portfolio RAPM under Stochastic Dominance Conditions 
(Gains measured relative to face value of portfolio)

First-Order Stochastic Dominance (FSD): Portfolios by RAPM

Portfolio combinations which cannot be  
ranked by FSD

 
A/C  A/D  B/C  B/D  D/E

Portfolio combinations which can be  
ranked by FSD 

A dominates B, E 
B dominates E 
C dominates D, E

Second-Order Stochastic Dominance (SSD): Portfolios by RAPM

Portfolio combinations which cannot be 
ranked by SSD 

D/E 

Portfolio combinations which can be 
ranked by SSD 

A dominates B, D, E 
B dominates D, E 
C dominates A, B, D, E

Refer Appendix 1 for supporting calculations.

Table 5: Expected Value for RAPM: Risk-Neutral Managers  
(Gains measured relative to face value of portfolio)

Portfolio A B C D E
Expected RAPM 3.55% 3.54% 6.93% 1.80% 1.21%
Ranking 2 3 1 4 5
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Now consider the case where managers are risk-averse. We 
use second-order stochastic dominance (SSD) principles to 
determine how risk-averse managers may rank the portfolios, 
given SSD is consistent with a negative second derivative for 
the utility function of the investor.  The relevant calculations 
for portfolio RAPMs under SSD for are also provided in Appen-
dix 1, and the results are summarised in Table 4. We find that 
only one portfolio combination cannot be ranked by SSD – this 
being D/E.15 Significantly, portfolio C stands out as the domi-
nant portfolio for a risk-averse manager, dominating each of 
the other four portfolios by SSD. The dominance of portfolio C 
is again attributed to the potential for a very high RAPM given 
the probability of a large gain in the value of the portfolio. 
This reinforces the risk/reward trade-off implicit in RAPM, 
where portfolio gains are measured against portfolio risks. 

In addition to the dominance of portfolio C, we expect the 
risk-averse manager to select portfolio A ahead of B, D and E, 
and portfolio B ahead of D and E given the dominance of these 
portfolios by SSD. We can thus determine that the risk-averse 
manager will rank portfolio C first, followed by portfolio A 
and then portfolio B. As indicated, we cannot determine the 
ranking of portfolios D and E by RAPM. In the case of portfo-
lios D and E, this implies the investment decision on the part 
of managers will be driven by their specific utility functions. 
These cannot be determined without some form of consulta-
tion with managers. 

While the results under SSD are better than for those under 
FSD in the sense that we can rank more portfolios under the 
former, we again cannot determine a discrete ranking of the 
five portfolios by RAPM, thwarted by the limitation that sto-
chastic dominance allows only for a pairwise ranking of risky 
prospects. We address this issue shortly. 

4.2 Gains Measured Relative to Portfolio Expected 
Value

We now assess the ranking of portfolios on the part of  
managers when gains are measured relative to the expected 
value of the portfolios ($98.99) rather than the face value of 
the portfolios ($100). We undertake this in recognition that 
some banks may consider expected value as the appropriate 
base to measure and remunerate gains, reflecting that gains 
in market value have a positive impact on reducing expected 
losses that will have been provisioned for in the profit and loss 
statement.

Table 6 presents the RAPM for each of the five portfolios A to 
E, and the probability distribution that applies at each level 
of gains in market value relative to the expected value of the 
portfolio. In the case of portfolio A for example, there is a 
40% probability that the market value of the portfolio will be 
$100.16 Given the expected value of $98.99, this corresponds 

to a gain in market value of $1.01. The RAPM at a gain of 
$1.01 against the DSD risk measure for the portfolio of $3.943 
is 25.6%.

The use of expected value as the basis for measuring gains 
provides a much larger distribution of gains. We observe from 
the table that the probability of loss is now measured as 
negative deviations from the expected value. The change in 
the distribution of gains will have an impact on how managers 
rank the portfolios. For example, while an unbiased rank-
ing between portfolios A and B was possible when gains were 
measured relative to the face value of portfolios, observe 
from the table that we cannot determining the risk ordering of 
these portfolios without making assumptions regarding the risk 
preferences of managers. This arises because while portfolio 
A has higher expected RAPM than portfolio B at each level of 
gains, relative to B, it also has a lower overall probability of 
gains. We cannot make a judgement over which portfolio will 
be selected without incorporating the risk attitude of manag-
ers.  

Let us consider the ranking of the portfolios by managers when 
risk attitudes vary. To do this we will consider the ranking 
under conditions of FSD, SSD and risk-neutrality on the part of 
managers. The relevant calculations for portfolio RAPMs under 
FSD and SSD are provided in Appendix 2 and the results are 
summarised in Table 7 below. First, none of the five portfolios 
dominates under conditions of FSD when we measure gains 
relative to expected portfolio value. This arises because the 
cumulative probability distributions of each pairwise combina-
tion of portfolios cross. This reinforces that we cannot draw 
any firm conclusions of how managers may act independent of 
their attitude to risk.    

The results for the risk-neutral manager are presented in Table 
8. Again, we observe that portfolio C has the highest expected 
RAPM at 19.43%, followed by portfolio A (16.18%), B (16.16%), 
E (13.06%) and D (11.87%). In this case, the ranking of portfo-
lios D and E is reversed, reflecting that D has a higher overall 
probability of gains when gains are measured relative to the 
expected value of the portfolio. Portfolio C again dominates 
when managers are risk-neutral, partially reflecting one large 
outlier observation for the RAPM (refer Table 6).

Finally, if we assume managers are risk-averse, we find that 
most portfolio combinations cannot be ranked by SSD when 
we use the expected value of the portfolio as the basis for 
measuring gains. The only conclusion we can draw is that risk-
averse managers will have a preference for portfolio C over 
portfolios A and B because C dominates A and B by SSD. Again 
we find that we cannot obtain a discrete ranking among the 
five portfolios on the part of managers without knowing their 
specific utility functions.

Table 6: RAPM (Gain/DSD): Portfolios A to E 
(Gains measured relative to expected value of portfolio)

Portfolio A Portfolio B Portfolio C Portfolio D Portfolio E
Gain RAPM Prob RAPM Prob RAPM Prob RAPM Prob RAPM Prob

0 21.0% 18.5% 18.5% 16.0% 17.0%
0.01 0.2% 30.0% 0.2% 32.5% 0.2% 30.0% 0.2% 40.0% 0.2% 25.0%
1.01 25.6% 40.0% 25.6% 40.0% 24.1% 40.0% 22.7% 41.0% 20.3% 53.0%
2.01 51.0% 5.0% 50.9% 5.0% 48.0% 5.0% 45.2% 2.0% 40.5% 4.0%
3.01 76.3% 3.0% 76.2% 3.0% 71.9% 3.0% 60.6% 1.0%
4.01 101.7% 1.0% 101.5% 1.0% 95.8% 1.0%
5.01
6.01
7.01 167.5% 2.5% 157.5% 1.0%
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5. Upper Moments and Bank Portfolio  
Selection
We have found that DSD is an incentive-compatible risk 
measure when the risk preference function of the centre of 
the bank embodies non-satiety, risk aversion and a preference 
for positive skewness in the distribution of returns. We have 
also found that if managers are compensated on the basis of 
an asymmetric payment function that pays bonuses linked 
to positive RAPM outcomes but no bonus when hurdles are 
not achieved, then it is generally not possible to predict how 
managers will choose among alternative investment prospects 
without knowing the exact specification of their utility func-
tions. While, in the current case, we have five portfolios that 
carry the same expected value, the distribution of gains for 
each portfolio differs considerably. 

Should potential upside be a concern for the centre of the 
bank if the prime objective is to protect bank stakeholders 
against adverse outcomes? This is a critical question, and one 
on which the literature appears largely silent. If the internal 
risk measure implemented by the bank achieves alignment 
between the risk preferences of the centre and the portfolio 
decisions of managers, where risk is defined in terms of the 
downside outcomes, can we ensure incentive-compatibility 
between the centre and managers when the expected upside 
distribution of returns is incorporated into the investment 
decisions of managers? 

The answer to this question requires assessment of the risk 
attitude of the centre with respect to potential portfolio 
gains. One view is that if credit portfolios are priced to earn 
the required return on economic capital, then bank stake-
holders should be satisfied that they are earning a return 
that adequately compensates them for downside risk.  In this 
context, subsequent increases in the market value of credit 
portfolios represent a direct gain to stakeholders, and as 
such, should be a little concern to the centre of the bank. The 
basis of this view is that the centre is charged with managing 
downside risk. An alternative view is that the centre of the 
bank, acting as an agent for bank stakeholders, is charged 
with managing both risk and return. Here the centre should 
govern the investment decisions of managers to ensure that 

returns to stakeholders are maximised, while at the same time 
ensuing risk is appropriately assessed and incorporated into 
pricing and capital requirements. If we are to adopt the first 
view, then we can be satisfied that DSD is the appropriate risk 
basis for determining RAPM within the bank, and our obser-
vation that an asymmetric compensation function will lead 
managers to select portfolios in accordance with their specific 
utility functions is of little consequence. If we are to adopt 
the second view, then it is necessary to incorporate into our 
framework a portfolio risk-ranking mechanism that allows for 
the preferences of the centre with respect to the right tail of 
the distribution of portfolio returns. 

Luce and Weber (1986) present a conjoint expected risk 
model which allows for the separation of the distribution of 
returns in terms of upside and downside probabilities. Their 
model quantifies the perceived risk of a random variable as a 
linear combination of the probability of positive and negative 
outcomes, and the probability of a zero outcome. Addition-
ally, they incorporate the possibility that upside and downside 
variability in returns may have a different effect on perceived 
riskiness by allowing for the conditional expectation of posi-
tive and negative outcomes to each be raised to some power 
function. Sortino, van der Meer and Plantinga (1999) present 
an ‘upside-potential ratio’ which measures the upside poten-
tial for a random variable against the downside variance. 

These models provide intuition as to how the risk attitude of 
the centre of the bank with respect to gains can be incorpo-
rated into a framework for the ranking of credit portfolios. 
Drawing on the concept of the upside-potential ratio of Sorti-
no el al (1999), portfolios can be ranked in terms of the ratio 
of upside gains to downside losses, where the benchmark for 
gains and losses is set at some predetermined loss threshold. 
In the analysis that follows, and in keeping with the earlier 
sections of this chapter, we will set the expected portfolio 
value as the benchmark. The resulting ratio, which can be in-
terpreted as the shadow price per unit of risk for gains in port-
folio market value, will permit a discrete ranking of portfolios 
because a single measure will apply to each portfolio. There 
is, however, one major limitation to the upside-potential ratio 
of Sortino et al (1999) – returns above the benchmark are 
weighted linearly. This is a significant limitation because the 
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Table 7: Ranking of Portfolio RAPM under Stochastic Dominance Conditions 
(Gains measured relative to expected value of portfolio)

First-Order Stochastic Dominance (FSD): Portfolios by RAPM

Portfolio combinations which cannot be  
ranked by FSD

A/B  A/C  A/D  A/E  B/C  B/D  B/E  D/C  C/E  
D/E

Portfolio combinations which can be  
ranked by FSD

No portfolio dominates by FSD 

Second-Order Stochastic Dominance (SSD): Portfolios by RAPM

Portfolio combinations which cannot be 
ranked by SSD 

A/B  A/D  A/E  B/D  B/E  C/D  C/E  D/E 

Portfolio combinations which can be 
ranked by SSD

C dominates A, B 

Refer Appendix 2 for supporting calculations.

Table 8: Expected value for RAPM: Risk-neutral managers 
(Gains measured relative to expected value of portfolio)

Portfolio A B C D E
Expected RAPM 16.18% 16.16% 19.43% 11.87% 13.06%
Ranking 2 3 1 5 4
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positive and negative deviations from the target threshold. Let 
us apply this measure to each of the five portfolios that have 
been examined in this chapter. For ρn

-,t(X), we apply a power 
function of n = 2 in order to use DSD as the measure of down-
side risk. In the case of ρn

+,t(X), we allow the order n to vary in 
order to assess the impact of different attitudes on the part of 
the centre to positive deviations on the ranking of portfolios. 
The results are presented in Table 9.

First, let us consider the case where the centre of the bank 
has a preference for small rather than large positive devia-
tions above target. This would be the case if the centre was 
adverse to upside volatility in returns, preferring moderate 
but more consistent portfolio gains, as opposed to large but 
less frequent gains.19 In order to place greater emphasis on 
smaller positive deviations from the target, the order n for 
ρn

+,t(X) should be low and less than unity. In Table 3.14, we use 
n = 0.1 to reflect a strong preference for small portfolio gains, 
and n = 0.5 to assess the impact of a more moderate prefer-
ence for smaller portfolio gains.  

In the case of n = 0.1, we find that portfolio E is the highest 
ranked portfolio, followed by C, B, A and D. It turns out that if 
the centre has an aversion to upside volatility from the target 
threshold, the portfolio with the highest downside risk by DSD 
has the largest ratio of upside per unit of risk. This is not a 
general rule, but rather, reflects the specific distribution of 
gains for E relative to the other portfolios. Table 10 shows the 
cumulative distribution of gains for each of the five portfolios. 

measure does not allow for varying risk attitudes to outcomes 
that are above the target threshold. In the bank case, the risk 
attitude of the centre may be influenced by the magnitude 
of positive deviations from the target threshold. With this in 
mind, we refine the model of Sortino el al (1999) by incorpo-
rating a power function for upside outcomes, in keeping with 
Luce and Weber (1986) and Farinelli and Tibiletti (2003).                    

For a benchmark/target level t and a power function of order 
n, let below-target deviations in the left tail of the distribu-
tion be defined as follows:

ρn
-,t(X) = E 1/n[{(X – t)-}n]

Note that with n = 2 and t = expected value of the portfolio, 
this expression represents the downside semi-deviation (DSD). 
Conversely, for a target level t and a power function of order 
n, let above-target deviations in the right tail of the distribu-
tion be defined as follows:

ρn
+,t(X) = E 1/n[{(X – t)+}n]

These measures represent normalised lower and upper partial 
moments.17 Raising partial moments of order n to the power 
of 1/n ensures ρn

-,t and ρn
+,t are coherent risk measures.18  

For a random portfolio X, the ratio of ρn
+,t(X) to ρn

-,t(X) repre-
sents the ratio of reward to downside risk, where the order n 
for each of the upper and lower partial moments incorporates 
the differential risk attitude of the centre to the magnitude of 

Table 9: Reward to DSD: Portfolios A to E 
(Upside and downside deviations measured relative to expected portfolio value)

Order n Portfolio A Portfolio B Portfolio C Portfolio D Portfolio E

Upside 0.1 0.0239 0.0299 0.0367 0.0268 0.0508
Downside 2.0 3.9430 3.9493 4.1855 4.4519 4.9656
Ratio 0.0061 0.0076 0.0088 0.0060 0.0102
Rank 4 3 2 5 1

Upside 0.5 0.3306 0.3335 0.4111 0.2569 0.3990
Downside 2.0 3.9430 3.9493 4.1855 4.4519 4.9656
Ratio 0.0838 0.0844 0.0982 0.0577 0.0804
Rank 3 2 1 5 4

Upside 1.0 0.6379 0.6382 0.8132 0.5284 0.6483
Downside 2.0 3.9430 3.9493 4.1855 4.4519 4.9656
Ratio 0.1618 0.1616 0.1943 0.1187 0.1306
Rank  2 3 1 5 4

Upside 2.0 1.0211 1.0211 1.5070 0.9952 0.8904
Downside 2.0 3.9430 3.9493 4.1855 4.4519 4.9656
Ratio 0.2590 0.2586 0.3601 0.2236 0.1793
Rank  2 3 1 4 5

Table 10: Portfolios A to E: Distribution of Gains 
(Gains measured relative to expected value of portfolio)

Portfolio A Portfolio B Portfolio C Portfolio D Portfolio E

Gain Prob Cum 
Prob Prob Cum 

Prob Prob Cum 
Prob Prob Cum 

Prob Prob Cum 
Prob

0.01 30.0% 30.0% 32.5% 32.5% 30.0% 30.0% 40.0% 40.0% 25.0% 25.0%
1.01 40.0% 70.0% 40.0% 72.5% 40.0% 70.0% 41.0% 81.0% 53.0% 78.0%
2.01 5.0% 75.0% 5.0% 77.5% 5.0% 75.0% 2.0% 83.0% 4.0% 82.0%
3.01 3.0% 78.0% 3.0% 80.5% 3.0% 78.0% 1.0% 83.0%
4.01 1.0% 79.0% 1.0% 81.5% 1.0% 79.0%
5.01
6.01
7.01 2.5% 81.5% 1.0% 84.0%
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It shows that portfolio E has the largest cumulative probability 
of gains: it has an 83% probability of gains, and all of these 
gains are $3.01 or less. Thus while portfolio E has the largest 
downside risk, this is more than offset by its high probability 
of smaller gains. The ranking of upside to risk changes mark-
edly when we reduce the intolerance to larger gains and apply 
an order of n = 0.5 to positive deviations from the target. The 
highest ranked portfolio is now portfolio C, and portfolio E 
drops to four. The key factor behind C achieving the highest 
ranking is that it has a cluster of small gains and one extreme 
gain of $7.01, occurring with a 2.5% probability. The lower 
intolerance to large positive deviations, associated with an 
increase in the order to 0.5, plus the cluster of smaller gains, 
are the factors contributing to the high ranking for portfolio C.     

Next consider the case where the centre of the bank is indif-
ferent to the magnitude of positive deviations to the target 
threshold. To embody a risk-neutral attitude to the size of 
gains, we set the order n = 1.20 Table 9 shows that Portfolio C 
retains the highest ranking based on return to DSD, followed 
by portfolios A, B, E and D. Again the dominant factor in the 
ranking of portfolio C is the existence of an extreme gain of 
$7.01 with 2.5% probability. 

Finally, consider the case where the centre of the bank has 
a strong preference for large positive deviations from the 
target threshold. In this case, we set the order n = 2, noting 
that an even greater preference for positive outcomes can be 
achieved by setting the order n > 2.  Table 9 shows that the 
ranking of the five portfolios remains largely unchanged, with 
portfolio C dominating, followed by A, B, D and E.  
Interestingly this ranking closely resembles that of ranking 
of the portfolios on a downside risk basis (that is, by TSD), 
with the only difference being that portfolio C ranks ahead 
of portfolio A. The factor that distinguishes portfolio C, when 
upside potential is incorporated into the ranking mechanism, 
is the moderate probability of a very large gain. While portfo-
lio D also has the potential to realise an extreme gain of the 
same magnitude, although with lower probability, it achieves 
a lower overall ranking because it also carries an exposure to 
an extreme loss.21 Portfolio C does not carry the potential for 
extreme losses.

6. Conclusion
The ratio of reward to DSD measures the trade-off of upside 
potential against downside risk and allows for investor risk 
attitudes to the size of gains to be incorporated. In a bank set-
ting, if the risk attitude of the centre with respect to the mag-
nitude of gains is of relevance, then the key question is can 
the ratio be incorporated into the performance compensation 
system such as to increase the likelihood that managers will 
select the portfolios that the centre would have them select? 

The difficulty in answering this question lies in the in the 
observation that the ratio of reward to DSD requires ex-ante 
knowledge of the expected distribution of returns, both upside 
and downside. We have assumed that managers have private 
knowledge on the distribution of returns which is not freely 
available to the centre of the bank. While the centre may 
be able to express its risk preferences with respect to upside 
gains, there is no guarantee that managers will select port-
folios that conform to these preferences, and in this regard, 
we have shown that in terms of RAPM, the selection of credit 
portfolios by managers will be largely driven by their specific 
utility functions. The problem lies somewhat in the nature of 
RAPM themselves, which match ex-ante data on risk against 
ex-post data on gains or profits. If managers are remunerated 
on the basis of RAPM, then it is difficult to form a nexus be-

tween the ratio of reward to DSD, which uses ex-ante data on 
portfolio distributions to rank portfolios, and RAPM, which use 
ex-post data on performance to remunerate managers.       

This leads to a broader issue. DSD is a congruent risk measure 
to the extent that it assigns a value for risk to a portfolio that 
matches the risk preferences of the centre - portfolios that 
the centre would deem riskier are assigned a higher risk value 
when DSD is used to measure risk. If the centre is largely indif-
ferent to the magnitude of gains on portfolios, and DSD is used 
as the basis for measuring risk within the bank, we can expect 
that incentive-compatibility between the centre and  
managers will be upheld because managers should select 
portfolios based on the highest expected RAPM. Portfolios with 
lower risk, as measured by DSD, will have potentially larger 
RAPM, increasing the likelihood that bonuses will be paid to 
managers. 

However, if information on the expected distribution of re-
turns is the private domain of managers, then an accurate es-
timate of the DSD can only be assigned to portfolios, ex-ante, 
if managers are prepared to disclose their private information 
on the distribution of returns. But managers may have little 
incentive to reveal this information if the compensation struc-
ture of the bank is structured such that the data they provide 
may later work against them. While management expectations 
may be genuinely based on the best information they have at 
the time regarding portfolio risk, if it turns out their informa-
tion is not accurate, or factors beyond their control impact on 
the performance of the portfolios under their responsibility, 
then the act of disclosing an ex-ante estimate of DSD may not 
be desirable if this risk value is assigned to the portfolio over 
the measurement period used for determining RAPM. Indeed, 
managers may be incentivised to misrepresent their private  
information to the centre in order to be assigned lower  
ex-ante risk measures for their portfolios.     

If the centre cannot rely on managers to accurately disclose 
their private information on the distribution of portfolio 
gains and losses, then an alternative is to ignore the private 
information of managers and the DSD risk measure for RAPM 
on the basis of historical portfolio distributions. The problem 
with this approach is the historical distribution of returns may 
have little bearing on the expected returns on prospective 
portfolios. If the centre assigns a risk measure (and subse-
quently allocates capital) to credit portfolios on the basis 
of historical return distributions, this may create perverse 
incentives on the part of managers depending on whether or 
not the historical distribution matches the ex-ante distribu-
tion expected by managers. An assignment of risk – in terms of 
a DSD risk measure - that exceeds management expectations 
could encourage managers to reveal their expectations, but 
there is no way for the centre to verify the validity of the data 
provided by management. Further, if the assignment of risk is 
too high relative to the expectations of managers, managers 
may respond by either rejecting investment in the portfolio 
or by engaging in higher risk-taking in order to improve the 
expected RAPM and consequent bonus. Conversely, a lower 
assignment of risk relative to manager expectations may leave 
the bank undercapitalised relative to the true risk in the port-
folios. Managers, however, should not be concerned because a 
lower risk assignment will increase the probability of a higher 
RAPM, and consequent bonus.

Our main proposition is that measuring and rewarding the 
performance of managers on the basis of the RAPM for their 
credit portfolios will be of little use in a bank if the RAPM is 
based on an ex-ante risk measure and managers have weak 
incentives to accurately disclose their private information on 
portfolio risk. In the principal-agent setting, managers have 
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information on expected risk that is not available to the cen-
tre. The fact that management bonuses are typically linked to 
ex-post RAPM means managers may have an incentive to not 
disclose accurate information on expected risk when engaging 
in portfolio selection, in order to favourably influence their 
potential performance bonus. JARAF

Guy Ford, Associate Professor of Management 
(Finance), Director of Academic Programs, Director 
Centre for Managerial Finance in Macquarie Graduate 
School of Management
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Appendix 1

Table 1: First-Order Stochastic Dominance by RAPM (Gain/DSD): Analysis of Portfolios A to E

Probability Distributions Cumulative  Probability
Portfolio A B C D E A1 B1 C1 D1 E1

RAPM
0% 91% 91% 88.5% 97% 95% 91% 91% 88.5% 97% 95%

20.1% 4% 91% 91% 88.5% 97% 99%
22.5% 2% 91% 91% 88.5% 99% 99%
23.9% 5% 91% 91% 93.5% 99% 99%
25.3% 5% 91% 96% 93.5% 99% 99%
25.4% 5% 96% 96% 93.5% 99% 99%
40.3% 1% 96% 96% 93.5% 99% 100%
47.8% 3% 96% 96% 96.5% 99% 100%
50.6% 3% 96% 99% 96.5% 99% 100%
50.7% 3% 99% 99% 96.5% 99% 100%
71.7% 1% 99% 99% 97.5% 99% 100%
76.0% 1% 99% 100% 97.5% 99% 100%
76.1% 1% 100% 100% 97.5% 99% 100%
134.8% 1% 100% 100% 97.5% 100% 100%
143.6% 2.5% 100% 100% 100% 100% 100%

Differences
Portfolio B1-A1 C1-A1 D1-A1 E1-A1 C1-B1 D1-B1 E1-B1 D1-C1 E1-C1 E1-D1

RAPM
0% 0% -2.5% 6% 4% -2.5% 6% 4% 8.5% 6.5% -2%

20.1% 0% -2.5% 6% 8% -2.5% 6% 8% 8.5% 10.5% 2%
22.5% 0% -2.5% 8% 8% -2.5% 8% 8% 10.5% 10.5% 0%
23.9% 0% 2.5% 8% 8% 2.5% 8% 8% 5.5% 5.5% 0%
25.3% 5% 2.5% 8% 8% -2.5% 3% 3% 5.5% 5.5% 0%
25.4% 0% -2.5% 3% 3% -2.5% 3% 3% 5.5% 5.5% 0%
40.3% 0% -2.5% 3% 4% -2.5% 3% 4% 5.5% 6.5% 1%
47.8% 0% 0.5% 3% 4% 0.5% 3% 4% 2.5% 3.5% 1%
50.6% 3% 0.5% 3% 4% -2.5% 0% 1% 2.5% 3.5% 1%
50.7% 0% -2.5% 0% 1% -2.5% 0% 1% 2.5% 3.5% 1%
71.7% 0% -1.5% 0% 1% -1.5% 0% 1% 1.5% 2.5% 1%
76.0% 1% -1.5% 0% 1% -2.5% -1% 0% 1.5% 2.5% 1%
76.1% 0% -2.5% -1% 0% -2.5% -1% 0% 1.5% 2.5% 1%
134.8% 0% -2.5% 0% 0% -2.5% 0% 0% 2.5% 2.5% 0%
143.6% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

A → B No FSD No FSD A → E No FSD No FSD B → E C → D C → E No FSD
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Table 2: Second-Order Stochastic Dominance by RAPM (Gain/DSD): Analysis of Portfolios A to E

Probability Distributions Sum of Cumulative  Probability
Portfolio A B C D E A2 B2 C2 D2 E2

RAPM
0% 91% 91% 88.5% 97.0% 95% 91% 91% 88.5% 97% 95%

20.1% 4% 1729% 17295 1681.5% 1843% 1809%
22.5% 2% 2002% 2002% 1947% 2136% 2106%
23.9% 5% 2093% 2093% 2040.5% 2235% 2205%
25.3% 5% 2184% 2189% 2134% 2334% 2304%
25.4% 5% 2280% 2285% 2227.5% 2433% 2403%
40.3% 1% 3432% 3437% 3349.5% 3621% 3592%
47.8% 3% 4200% 4205% 4100.5% 4413% 4392%
50.6% 3% 4296% 4304% 4197% 4512% 4492%
50.7% 3% 4395% 4403% 4293.5% 4611% 4592%
71.7% 1% 6276% 6284% 6128% 6492% 6492%
76.0% 1% 6573% 6582% 6420.5% 6789% 6792%
76.1% 1% 6673% 6682% 6518% 6888% 6892%
134.8% 1% 12073% 12082% 11783% 12235% 12292%
143.6% 2.5% 12773% 12782% 12468% 12935% 12992%

Differences
Portfolio B2-A2 C2-A2 D2-A2 E2-A2 C2-B2 D2-B2 E2-B2 D2-C2 E2-C2 E2-D2

RAPM
0% 0% -2.5% 6% 4% -2.5% 6% 4% 8.5% 6.5% -2%

20.1% 0% -47.5% 114% 80% -47.5% 114% 80% 161.5% 127.5% -34%
22.5% 0% -55% 134% 104% -55% 134% 104% 189% 159% -30%
23.9% 0% -52.5% 142% 112% -52.5% 142% 112% 194.5% 164.5% -30%
25.3% 5% -50% 150% 120% -55% 145% 115% 200% 170% -30%
25.4% 5% -52.5% 153% 123% -57.5% 148% 118% 205.5% 175.5% -30%
40.3% 5% -82.5% 189% 160% -87.5% 184% 155% 271.5% 242.5% -29%
47.8% 5% -99.5% 213% 192% -104.5% 208% 187% 312.5% 288% -22%
50.6% 8% -99% 216% 196% -107% 208% 188% 315% 291.5% -21%
50.7% 8% -101.5% 216% 197% -109.5% 208% 189% 317.5% 295% -20%
71.7% 8% -148% 216% 216% -156% 208% 208% 364% 364% 0%
76.0% 9% -152.5% 216% 219% -161.5% 207% 210% 368.5% 371.5% 3%
76.1% 9% -155% 215% 219% -164% 206% 210% 370% 374% 4%
134.8% 9% -290% 162% 219% -299% 153% 210% 452% 509% 57%
143.6% 9% -305% 162% 219% -314% 153% 210% 467% 524% 57%

A → B C → A A → D A → E C → B B → D B → E C → D C → E No SSD
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APPENDIX 2

Table 1: First-Order Stochastic Dominance by RAPM (Gain/DSD): Analysis of Portfolios A to E

Probability Distributions Cumulative  Probability
Portfolio A B C D E A1 B1 C1 D1 E1

RAPM
0% 21% 18.5% 18.5% 16% 17% 21% 18.5% 18.5% 16% 17%

0.2% 30% 32.5% 30% 40% 25% 51% 51% 48.5% 56% 42%
20.3% 53% 51% 51% 48.5% 56% 95%
22.7% 41% 51% 51% 48.5% 97% 95%
24.1% 40% 51% 51% 88.5% 97% 95%
25.6% 40% 40% 91% 91% 88.5% 97% 95%
40.5% 4% 91% 91% 88.5% 97% 99%
45.1% 2% 91% 91% 88.5% 99% 99%
48.0% 5% 91% 91% 93.5% 99% 99%
50.9% 5% 91% 96% 93.5% 99% 99%
51.0% 5% 96% 96% 93.5% 99% 99%
60.6% 1% 96% 96% 93.5% 99% 100%
71.9% 3% 96% 96% 96.5% 99% 100%
76.2% 3% 96% 99% 96.5% 99% 100%
76.3% 3% 99% 99% 96.5% 99% 100%
95.8% 1% 99% 99% 97.5% 99% 100%
101.5% 1% 99% 100% 97.5% 99% 100%
101.7% 1% 100% 100% 97.5% 99% 100%
157.5% 1% 100% 100% 97.5% 100% 100%
167.5% 2.5% 100% 100% 100% 100% 100%

Differences
Portfolio B1-A1 C1-A1 D1-A1 E1-A1 C1-B1 D1-B1 E1-B1 D1-C1 E1-C1 E1-D1

RAPM
0% -2.5% -2.5% -5 -4% 0% -2.5% -1.5% -1.5% -2.5% 1%

0.2% 0% -2.5% 5% -8% -2.5% 5% -9% 7.5% -6.5% -14%
20.3% 0% -2.5% 5% 44% -2.5% 5% 44% 7.5% 46.5% 39%
22.7% 0% -2.5% 46% 44% -2.5% 46% 44% 48.5% 46.5% -2%
24.1% 0% 37.5% 46% 44% 37.5% 46% 44% 8.5% 6.5% -2%
25.6% 0% -2.5% 6% 4% -2.5% 6% 4% 8.5% 6.5% -2%
40.5% 0% -2.5% 6% 8% -2.5% 6% 8% 8.5% 10.5% 2%
45.1% 0% -2.5% 8% 8% -2.5% 8% 8% 10.5% 10.5% 0%
48.0% 0% 2.5% 8% 8% 2.5% 8% 8% 5.5% 5.5% 0%
50.9% 5% -2.5% 8% 8% -2.5% 3% 3% 5.5% 5.5% 0%
51.0% 0% -2.5% 3% 3% -2.5% 3% 3% 5.5% 5.5% 0%
60.6% 0% 0.5% 3% 4% -2.5% 3% 3% 5.5% 6.5% 1%

No FSD No FSD No FSD No FSD No FSD No FSD No FSD No FSD No FSD No FSD
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Table 2: Second-Order Stochastic Dominance by RAPM (Gain/DSD): Analysis of Portfolios A to E

Probability Distributions Sum of Cumulative  Probability
Portfolio A B C D E A2 B2 C2 D2 E2

RAPM
0% 21% 18.5% 18.5% 16% 17% 21% 18.5% 18.5% 16% 17%

0.2% 30% 32.5% 30% 40% 25% 93% 88% 85.5% 88% 76%
20.3% 53% 10344% 10399% 9834% 11344% 8571%
22.7% 41% 11568% 11563% 10998% 12729% 10851%
24.1% 40% 12282% 12277% 11717% 14087% 12181%
25.6% 40% 40% 13087% 13082% 13044.5% 15542% 13606%
40.5% 4% 26646% 26641% 26231% 29995% 27765%
45.1% 2% 30832% 30827% 30302% 34459% 32319%
48.0% 5% 33471% 33466% 32873.5% 37330% 35190%
50.9% 5% 36110% 36110% 39585% 40201% 38061%
51.0% 5% 36206% 36206% 35678.5% 40300% 38160%
60.6% 1% 45422% 45422% 44654.4% 49804% 47665%
71.9% 3% 56270% 56270% 55223% 60991% 58965%
76.2% 3% 60398% 60401% 59372.5% 65248% 63265%
76.3% 3% 60497% 60500% 59469% 65347% 63365%
95.8% 1% 79802% 79805% 78287.5% 84652% 82865%
101.5% 1% 85445% 85449% 83845% 90295% 88565%
101.7% 1% 85644% 85649% 84040% 90493% 88765%
157.5% 1% 141444% 141449% 138445% 145736% 144565%
167.5% 2.5% 151444% 151449% 148198% 155736% 154565%

Differences
Portfolio B2-A2 C2-A2 D2-A2 E2-A2 C2-B2 D2-B2 E2-B2 D2-C2 E2-C2 E2-D2

RAPM
0% -2.5% -2.5% -5% -4% 0% -2.5% -1.5% -2.5% -1.5% 1%

0.2% -5% -7.5% -5% -17% -2.5% 0% -12% 2.5% -9.5% 12%
20.3% -5% -510% 1000% -1773% -505% 1005% -1768% 1510% -1263% -2773%
22.7% -5% -570% 1161% -717% -565% 1166% -712% 1731% -147% -1878%
24.1% -5% -565% 1805% -101% -560% 1810% -96% 2370% 464% -1906%
25.6% -5% -42.5% 2455% 519% -37.5% 2460% 524% 2497.5% 561.5% -1936%
40.5% -5% -415% 3349% 1119% -410% 3354% 1124% 3764% 1534% -2230%
45.1% -5% -530% 3627% 1487% -525% 3632% 1492% 4157% 2017% -2140%
48.0% -5% -597.5% 3859% 1719% -592.5% 3864% 1724% 4456.5% 2316.5% -2140%
50.9% 0% -525% 4091% 1951% -525% 4091% 1951% 4616% 2476% -2140%
51.0% 0% -527.5% 4094% 1954% -527.5% 4094% 1954% 4621.5% 2481.5% -2140%
60.6% 0% -767.5% 4382% 2243% -767.5% 4382% 2243% 5149.5% 3010.5% -2139%
71.9% 0% -1047% 4721% 2695% -1047% 4721% 2695% 5768% 3742% -2026%
76.2% 3% -1025.5% 4850% 2867% -1028.5% 4849% 2864% 5875.5% 3892.5% -1983%
76.3% 3% -1028% 4850% 2868% -1031% 4849% 2865% 5878% 3896% -1982%
95.8% 3% -1514.5% 4850% 3063% -1517.5% 4849% 3060% 6364.5% 4577.5% -1787%
101.5% 4% -1600% 4850% 3120% -1604% 4846% 3116% 6450% 4720% -1730%
101.7% 5% -1604% 4849% 3121% -1609% 4844% 3116% 6453% 4725% -1728%
157.5% 5% -2999% 4292% 3121% -3004% 4287% 3116% 7291% 6120% -1171%
167.5% 5% -3247% 4292% 3121% -3251% 4287% 3116% 7538% 6367% -1171%

No SSD C → A No SSD No SSD C → B No SSD No SSD No SSD No SSD No SSD
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Footnotes
See Yamai and Yoshiba (2002), p.61.1. 

The numerator measures downside risk using the DSD.2. 

More formally, TSD implies non-satiety, risk aversion and a preference for positive skewness in the distribution of returns in an investment portfolio.3. 

The implicit assumption is that owners are able to diversify their risks more effectively than managers, who tend to derive a large proportion of their income from 4. 
single firms.

See Campbell (1995), Varian (1992), Holmstrom and Milgrom (1987), Milgrom and Roberts (1992), Besanko, Dranove and Stanley (1996) and Salanie (1997).5. 

See Besanko, et al. (1996), p.657.6. 

This may be based on directly on the RAPM, or incorporate adjustments to the RAPM such as the excess return above the predetermined hurdle rate or the risk-7. 
free rate. For the purposes of this paper we assume that performance is assessed on RAPM relative to a minimum hurdle rate.   

The one year period is in keeping with the measurement horizon over which a bank’s solvency standard is determined for the purposes of calculating economic 8. 
capital under the Bank for International Settlement’s (Basel II) revised framework for the international convergence of capital measurement and capital standards.  

Expected losses are thus equal to $100 - $98.99 = $1.01. For accounting purposes, this is typically treated as a provision in the profit and loss statement of the 9. 
bank.

Estimating credit quality migrations is typically based on ratings transition matrices, which show the probability of a given credit-quality borrower moving 10. 
from one ratings band to another within a one-year period. These matrices are published by ratings agencies and are derived from historical patterns, to which 
smoothing techniques are applied. See Day (2003) chapter 15 and Bessis (2002) chapter 49 for more detailed descriptions and examples. 

For further discussion related to marking-to-market credit portfolios, see Kealhofer (2002).11. 

For example, in the case of portfolio A, the cumulative probability of gains in excess of the expected value of $98.99 is 79%. Comparable figures for portfolios B to 12. 
E, respectively, are 81.5%, 81.5%, 84% and 83%. 

For all strictly increasing utility functions, the manager will prefer a portfolio X over Y where the expected utility of X is greater than the expected utility of Y. 13. 

The expression A/D refers to the ranking of portfolio A against D, and so on. The first portfolio (here A) will be the dominant portfolio if stochastic dominance 14. 
applies.

This arises because the sum of cumulative probability of the distribution functions for portfolios D and E cross. 15. 

Refer Table 1.16. 

For further discussion, see Farinelli and Tibiletti (2003).17. 

See Fischer, T. (2002).  18. 

This could be the preferred position for the centre of the bank if large but infrequent gains impacted unrealistically on the expectations of bank shareholders. 19. 

This corresponds to the upside-potential ratio of Sortino et al (1999). 20. 

Refer Table 3.21. 




