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The number of professionally managed funds in the financial markets is increasing. The mutual 
fund market is highly developed with a wide range of products proposed. The resulting competition 
between the different establishments has served to strengthen the need for clear and accurate 
portfolio performance analysis, for which portfolio return alone is not sufficient. This has led to the 
search for methods that would provide investors with information that meets their expectations 
and explains the increasing amount of academic and professional research devoted to performance 
measurement. The topic of performance analysis is still in expansion, meeting the needs of both 
investors and portfolio managers. 

Performance measurement brings together a whole set of techniques, many of which originate 
in modern portfolio theory. Beside models issued from portfolio theory, research in the area of 
performance measurement has also concerned the consideration of real market conditions and 
has developed techniques to fit cases where the restrictive hypotheses of portfolio theory are not 
observed. 

This article presents the state of the art of performance measurement in the area of traditional 
investment, from a simple evaluation of portfolio return to the more sophisticated techniques 
including risk in its various acceptations. It also describes models that take a step away from modern 
portfolio theory and allow a consideration of cases beyond mean-variance theory. It concludes with 
a review of performance persistence studies.
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The number of professionally managed funds in 
the financial markets is increasing. The mutual 
fund market is highly developed with a wide range 
of products proposed. The resulting competition 
between the different establishments has served 
to strengthen the need for clear and accurate 
portfolio performance analysis. Investors wish 
to avail of all the information necessary to carry 
out manager selection over comparable bases. 
They want to know if managers have succeeded 
in reaching their objectives, i.e. if their return 
was sufficiently high to reward the risks taken, 
how they compare to their peers and, finally, 
whether the portfolio management results were 
due to luck or because the manager has real 
skill that can be identified and repeated in 
the future. The portfolio return alone does not 
allow all these questions to be answered. This 
has led to the search for methods that would 
provide investors with information that meets 
their expectations and explains the increasing 
amount of academic and professional research 
devoted to performance measurement. The topic 
of performance analysis is still in expansion, 
meeting the needs of both investors and portfolio 
managers.

Performance measurement brings together 
a whole set of techniques, many of which 
originate in modern portfolio theory1. 
Performance evaluation is closely linked to risk. 
Modern portfolio theory has established the 
quantitative link that exists between portfolio 
risk and return. The Capital Asset Pricing Model 
(CAPM) developed by Sharpe (1964) highlighted 
the notion of rewarding risk and produced 
the first performance indicators, be they risk-
adjusted ratios (Sharpe ratio, information ratio) 
or differential returns compared to benchmarks 
(alphas). Portfolio alpha measurement is at the 
core of portfolio managers’ concerns. Sharpe’s 
model, which explains portfolio returns with the 
market index as the only risk factor, has quickly 
become restrictive. It now appears that one 
factor is not enough and that other factors have 
to be considered. Factor models were developed 
as an alternative to the CAPM, allowing a 
better description of portfolio risks and an 

accurate evaluation of managers’ performance, 
in particular a better evaluation of portfolio 
alpha.

Beside models issued from portfolio theory, 
research in the area of performance measurement 
has also concerned the consideration of real 
market conditions and has developed techniques 
to fit cases where the restrictive hypotheses of 
portfolio theory were not observed.

The choice of a performance measurement 
technique has to reconcile the ease of 
implementation and the accuracy and 
comprehensibility of the resulting information. 
In order to render this information accessible 
to a wide audience, rating agencies, by relying 
on different performance techniques, propose a 
ranking of funds within the various investment 
categories, whereby a certain number of 
stars is attributed to each fund. This aspect 
of performance measurement, which was the 
subject of a separate study2, will not be presented 
here.

After a description of portfolio returns 
estimation, this article presents the state of 
the art of performance measurement in the 
area of traditional investment. As performance 
measurement not only serves to evaluate results 
previously obtained by portfolio managers, but 
also as a predictor for their future results, 
a review of studies concerning performance 
persistence will end this article.

Introduction
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1 - To replace the development 
of performance measurement 
techniques in the setting of 
portfolio theory, please refer to 
Amenc and Le Sourd (2003).

2 - Cf. Amenc N., Le Sourd V., 
“Rating the Ratings”, EDHEC 
Risk and Asset Management 
Research Centre, April 2005.



Calculating return, which is simple for an asset or 
an individual portfolio, becomes more complex 
when it involves mutual funds with variable 
capital, where investors can enter or leave 
throughout the investment period. There are 
several ways to proceed, depending on the area 
that we are seeking to evaluate. After introducing 
the basic formula for calculating the return on a 
portfolio, we then describe the different methods 
that allow capital movements to be taken into 
account, with their respective advantages and 
drawbacks and their improvements. In the setting 
of performance measurement, the frequency 
to which the portfolio is evaluated is also an 
important choice. This will be developed at the 
end of this section.

1.1. Basic formula
The simplest method for calculating the return 
on a portfolio for a given period is obtained 
through an arithmetic calculation. We calculate 
the relative variation of the price of the portfolio 
over the period, increased, if applicable, by 
the dividend payment. The return PtR  of the 
portfolio is given by:
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where:

1−tV  denotes the value of the portfolio at the 
beginning of the period;

tV  denotes the value of the portfolio at the end 
of the period;

tD  denotes the cash flows generated by the 
portfolio during the evaluation period.

However, this formula is only valid for a portfolio 
that has a fixed composition throughout the 
evaluation period. In the area of mutual funds, 
portfolios are subject to contributions and 
withdrawals of capital on the part of investors. 
This leads to the purchase and sale of securities on 
the one hand, and to an evolution in the volume 
of capital managed, which is independent from 
variations in stock market prices, on the other. 
The formula must therefore be adapted to take 
this into account. The modifications to be made 
will be presented below. 

1.2. Taking capital flows into 
account
Calculation methods have been developed to 
take into account the volume of capital and 
the time that capital is present in a portfolio. 
The methods that are currently listed and used 
are the internal rate of return, the capital-
weighted rate of return and the time-weighted 
rate of return. Each of these methods evaluates a 
different aspect of the return. These methods are 
presented in detail below. We then look at how 
these various methods are perceived and used 
through the analysis of various and sometimes 
conflicting viewpoints contained in the academic 
literature.

1.2.1. Capital-weighted rate of return 
method
This rate is equal to the relationship between 
the variation in value of the portfolio during the 
period and the average of the capital invested 
during the period. Let’s first consider the case 
where a single capital flow is produced during 
the period. The calculation formula is as follows:
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where:

0V denotes the value of the portfolio at the 
beginning of the period;

TV denotes the value of the portfolio at the end 
of the period;

tC denotes the cash flow that occurred at date t, 
where tC  is positive if it involves a contribution 
and negative if it involves a withdrawal.

This calculation is based on the assumption that 
the contributions and withdrawals of funds take 
place in the middle of the period. A more accurate 
method involves taking the real length of time 
that the capital was present in the portfolio. The 
calculation is then presented as follows: 
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where T denotes the total length of the period.

1.	Portfolio returns calculation
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Let’s now assume that there are n capital flows 
during the evaluation period. The formula is then 
generalised in the following manner:

∑
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where it  denotes the date on which the i th cash 
flow 

it
C  occurs.

This calculation method is simple to use, but 
it actually calculates an approximate value of 
the true internal rate of return of the portfolio, 
because it does not take the capitalisation of 
the contributions and withdrawals of capital 
during the period into account. If there are a 
large number of capital flows, the internal rate 
of return, which is presented below, will be more 
precise. The advantage of this method, however, 
is that it provides an explicit formulation of the 
rate. 

The capital-weighted rate of returns measures 
the total performance of the fund, so it provides 
the true rate of return from the fund holder’s 
perspective. The result is strongly influenced by 
capital contributions and withdrawals.

1.2.2.	 Internal rate of return method
This method is based on an actuarial calculation. 
The internal rate of return is the discount rate 
that renders the final value of the portfolio equal 
to the sum of its initial value and the capital 
flows that occurred during the period. The cash 
flow for each sub-period is calculated by taking 
the difference between the incoming cash flow, 
which comes from the reinvestment of dividends 
and client contributions, and the outgoing cash 
flow, which results from payments to clients. The 
internal rate of return IR  is the solution to the 
following equation:
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where:
T denotes the length of the period in years (this 
period is divided into n sub-periods);
it denotes the cash flow dates, expressed in 
years, over the period;
V0 is the initial value of the portfolio;

TV is the final value of the portfolio;

it
C is the cash flow on date it , withdrawals of 
capital are counted negatively and contributions 
positively.

As the formula is not explicit, the calculation is 
done iteratively. The internal rate of return only 
depends on the initial and final values of the 
portfolio. It is therefore independent from the 
intermediate portfolio values. However, it does 
depend on the size and dates of the cash flows, 
so the rate is, again, a capital-weighted rate of 
return. 

The internal rate of return method allows us to 
obtain a more precise result than the capital-
weighted rate of return when there are a 
significant number of capital flows of different 
sizes, but it takes more time to implement. The 
capital-weighted rate of return and the internal 
rate of return are the only usable methods if the 
value of the portfolio is not known at the time 
the funds are contributed and withdrawn. 

1.2.3.	 Time-weighted rate of return method
The principle of this method is to break down 
the period into elementary sub-periods, during 
which the composition of the portfolio remains 
fixed. The return for the complete period is then 
obtained by calculating the geometric mean of 
the returns calculated for the sub-periods. The 
result gives a mean return weighted by the length 
of the sub-periods. This calculation assumes that 
the distributed cash flows, such as dividends, are 
reinvested in the portfolio. 

We take a period of length T during which 
capital movements occur on dates niit ≤≤1)( . We 
denote the value of the portfolio just before a 
capital movement by 

it
V  and the value of the 

cash flow by 
it

C . 
it

C  is positive if it involves 
a contribution and negative if it involves a 

1.	Portfolio returns calculation

Performance Measurement for Traditional Investment Literature Survey       �



withdrawal. The return for a sub-period is then 
written as follows:
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This formula ensures that we compare the value 
of the portfolio at the end of the period with 
its value at the beginning of the period, i.e. its 
value at the end of the previous period increased 
by the capital paid or decreased by the capital 
withdrawn. 

The return for the whole period is then given by 
the following formula:
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This calculation method provides a rate of 
return per dollar invested, independently of 
the capital flows that occur during the period. 
The result depends solely on the evolution of 
the value of the portfolio over the period. Gray 
and Dewar (1971) show that the time-weighted 
rate of return is the only well-behaved rate of 
return that is not influenced by contributions or 
withdrawals. To implement this calculation, we 
need to know the value and the date of the cash 
flows, together with the value of the portfolio at 
each of the dates. 

There is one small reservation, however, when 
applying this method. To simplify matters, we 
often assume that the cash flows all occur at 
the end of the month, instead of considering the 
exact dates. In this case, the use of a continuous 
version of the rate smoothes the errors committed. 
It is given by the following formula:
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The time-weighted rate of return enables a 
manager to be evaluated separately from the 
movements of capital, which he does not control. 
This rate only measures the impact of the 

manager’s decisions on the performance of the 
fund. It is thus the best method for judging the 
quality of the manager. It allows the results of 
different managers to be compared objectively. 
It is considered to be the fairest method, and for 
that reason, is recommended by GIPS and used 
by the international performance measurement 
bodies.

1.2.4. Choice of methodology 
The existence of several methods for calculating 
returns, which give different results, shows that 
a return value should always be accompanied by 
more information. It is appropriate to indicate 
the calculation method used, together with 
the total length of time for the historical data 
and the frequency with which the returns were 
measured. 

In the setting of performance evaluation and 
performance attribution, the decision to take 
into account the movements of capital depends 
on what is measured. Several authors have 
considered the various methods of evaluating 
the rate of returns.

Chestopalov and Beliaev (2004/2005) describe an 
analytical approximation method for calculating 
the internal rate of return. They show that 
approximation of the IRR equation using linear 
Taylor expansion at a point with zero rate of 
return results in a Modified Dietz formula, both 
for discrete and continuous compounding. 
This means that separation of performance 
measurement methods into money-weighted 
and time-weighted rates of return is somewhat 
artificial. In fact, the time-weighted rate of 
return presently adopted as the CFA Institute 
standard is derived from the money-weighted 
rate of return as a particular approximation.

Spaulding (2003) also seems to share the opinion 
that the boundary between time-weighted and 
money weighted computation can sometimes be 
slim. He notices that when periods are relatively 
short and cash flows few, especially when market 
volatility is low, time-weighted and money-
weighted tend to be relatively close. But, as we 

1.	Portfolio returns calculation
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lengthen the time periods and increase the cash 
flows, especially with increased market volatility, 
the differences diverge and demonstrate the true 
differences between the two methodologies.

Campisi (2004) explains that performance 
attribution has evolved in parallel with 
performance measurement by accepting the 
time-weighted return as the preferred calculation 
method. In addition, the investment industry 
has accepted the assumption that increasing 
the frequency of calculation leads to improved 
accuracy in both the calculation and attribution 
of return. These assumptions have led to the 
wholesale abandonment of the money-weighted 
return calculation, both for performance 
measurement and performance attribution. He 
argues that while there is an irrefutable case 
for accepting the time-weighted return as the 
preferred method for measuring the return 
of an investment manager, there is an equally 
compelling case for accepting the money-
weighted return as the appropriate method 
for evaluating the source of active return, i.e. 
that the money-weighted return is the correct 
method for performance attribution. He notices 
that time-weighted methodology cannot explain 
the active investment process as it excludes the 
very factors that define the active investment 
process, i.e. volatility, the timing of cash flows 
and the amount of cash flows. Time-weighting 
is appropriate for calculating the active return, 
while money-weighting is appropriate for 
analysing the manager’s contribution to return 
and attribution return. 

According to Campisi, an added benefit of a 
money-weighted methodology is the intuitive 
nature of the calculation. The portfolio’s 
excess return is simply the weighted average 
of the issue alphas or sector alphas, and these 
can be “sliced and diced” to accommodate a 
variety of sector and industry groupings, style 
groupings or other risk factors that describe the 
active process or answer the client’s questions. 
Furthermore, periods of less than one year can be 
calculated in a single step, eliminating the need 
to chain link attribution effects calculated over 

shorter periods, a process that often results in 
residuals that are difficult to resolve or explain 
to clients. Meanwhile, Campisi underlines that 
he does not recommend the money-weighted 
methodology for calculating the manager’s 
return; he recommends money-weighting only 
for evaluating the contribution to return and 
attribution of return.

Illmer and Marty (2003) defend the money-
weighted rate of return against the time-
weighted rate of return (TWR). They decompose 
the money-weighted rate of return (MWR) into 
the three following effects: the benchmark 
effect, the management effect and the timing 
effect. The TWR of the portfolio is calculated by 
assuming no cash flows but considering the active 
asset allocations over the investment period. 
Adversely, the MWR of the portfolio reflects not 
only the active asset allocations but also the 
timing effects of the cash flow decisions. After 
calculating the overall returns of the benchmark 
and the portfolio, the benchmark effect equals 
the benchmark return, the management effect is 
the difference between the TWR of the portfolio 
and the benchmark return, and the timing 
effect is the difference between the MWR and 
TWR of the portfolio. Illmer and Marty show 
that neither the MWR calculation nor the MWR 
decomposition should be neglected but rather 
incorporated into the performance reporting 
and evaluation process. Not considering the 
MWR concept and ignoring the timing effects of 
cash flows bears the risk of misinterpretation and 
incorrect feedback in the investment process. 
The MWR concept still adds value and is by no 
means outdated. All participants are encouraged 
to reintroduce the MWR concept to the area of 
performance measurement as well as to the area 
of performance attribution.

1.	Portfolio returns calculation
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1.3. Evaluation over several periods

1.3.1. Arithmetic mean
The simplest calculation involves computing 
the arithmetic mean of the returns for the sub-
periods, i.e. calculating:

 ∑
=

=
T

t
Pta R

T
R

1

1

where the PtR  are obtained arithmetically 
and T denotes the number of sub-periods. We 
thus obtain the mean return realised for a sub-
period. 

This mean overestimates the result, which can 
even be fairly far removed from the reality when 
the sub-period returns are very different from 
each other. The result also depends on the choice 
of sub-periods. 

The arithmetic mean of the returns from past 
periods does, however, have one interesting 
interpretation. It provides an unbiased estimate of 
the return for the following period. It is therefore 
the expected return on the portfolio and can be 
used as a forecast of its future performance. 

1.3.2. Geometric mean
The geometric mean (or compound geometric 
rate of return) allows us to link the arithmetic 
rates of return for the different periods, in order 
to obtain the real growth rate of the investment 
over the whole period. The calculation assumes 
that intermediate income is reinvested. The mean 
rate for the period is given by the following 
expression:
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The geometric mean gives the real rate of return 
that is observed over the whole period, which is 
not true of the arithmetic mean. 

In general, the return values for successive 
periods are not too different, and the arithmetic 
mean and geometric mean give similar results. 

However, the arithmetic mean always gives a 
value that is greater than the geometric mean, 
unless the tR  returns are all equal, in which 
case the two means are identical. The greater 
the variation in tR , the greater the difference 
between the two means.

We indicated that the arithmetic mean was 
interpreted as the expected return for the 
following period. However, if we are interested 
in the expected return over the long-term, and 
not just in the forthcoming period, it is better 
to consider the geometric rate. According to 
Filbeck and Tompkins (2004), geometric returns 
are the appropriate measure of historical 
performance because they accurately capture 
historic volatility. Assuming that past volatility is 
a predictor of future volatility, geometric returns 
provide a reasonable estimate of future returns.

1.3.3. Arithmetic mean versus geometric 
mean: what the literature says
Jacquier, Kane and Marcus (2003) investigated 
whether one should use arithmetic or geometric 
mean to forecast future fund performance. They 
explain that, as is generally noted in finance 
textbooks, an unbiased forecast of the terminal 
value of a portfolio requires compounding of its 
initial value at its arithmetic mean return for 
the length of the investment period. Despite 
this advice, many in the practitioner community 
seem to prefer geometric averages. They notice 
that compounding at the arithmetic average 
always produces an upwardly biased forecast 
of future portfolio value. This bias does not 
necessarily disappear even if the sample average 
return is itself an unbiased estimator of the true 
mean, the average is computed from a long 
data series, and returns are generated according 
to a stable distribution. In contrast, forecasts 
obtained by compounding at the geometric 
average will generally be biased downward. The 
biases are empirically significant. For investment 
horizon of 40 years, the difference in forecasts 
of cumulative performance can easily exceed 
a factor of 2. And the percentage difference in 
forecasts grows with the investment horizon, as 
well as with the imprecision in the estimate of 

1.	Portfolio returns calculation
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the mean return. Indeed, the geometric average 
is unbiased, however, only in the special case 
when the sample period and the investment 
horizon are of equal length.

So they conclude that, when the arithmetic and 
geometric averages must be estimated subject to 
sampling error, neither approach yields unbiased 
forecasts. For typical investment horizons, the 
proper compounding rate is in between the 
arithmetic and geometric values. A weighted 
average of these two competing methods may 
allow an unbiased forecast. The proper weight for 
the geometric rate is the ratio of the investment 
horizon to the sample estimation period. Therefore, 
for short investment horizons, the arithmetic 
average is close to the “unbiased compounding 
rate”, and as the horizon approaches the length 
of the estimation period, the weight on the 
geometric average approaches 1. For even longer 
horizons, both the geometric and arithmetic 
average forecasts will be upwardly biased. The 
percentage differences in forecast grow as the 
investment horizon and the imprecision in the 
estimate of the mean return grow.

1.4. Choice of frequency to 
evaluate performance
The improvements in technology have made 
it easier to monitor the performance of fund 
managers on a high frequency basis: quarterly, 
monthly or even daily. High frequency monitoring 
may have the positive effect of reducing perverse 
manager behaviour such as end-of-year window-
dressing and tournament-induced changes in 
risk levels. However, more frequent investment 
performance monitoring also influences the 
distribution of observed excess returns. So an 
overly frequent measure of performance is not 
always the best choice, as has been underlined 
by some authors. 

DiBartolomeo (2003) notices that in recent years 
it has become more and more commonplace for 
investment performance attribution analysis to 
be carried out with a daily observation periodicity. 
He explains that the justification given for 

changing to daily observation frequency from 
longer periods (such as months) is that these 
analyses are believed to be better equipped to 
accurately reflect the actual investment returns 
on a fund. But, DiBartolomeo argues, such 
beliefs are based on a series of operational, 
mathematical and statistical assumptions that 
are demonstrably false. He asserts that applying 
typical attribution methods to daily data leads 
to analytical conclusions that are highly biased 
and unreliable and details this argument. For 
example, manager evaluation is normally 
performed using time-weighted returns (TWR) 
that are computed to remove the effect of 
cash flows. As the effect of cash flows in the 
data is removed, daily attribution analysis is 
not useful to investors in understanding their 
actual investment results. This argument is also 
developed by Darling and MacDougall (2002), 
who explain that there is information lost by 
using a TWR, and the more frequently the TWR is 
calculated, the more information may be lost. In 
that case, daily analysis can be regarded as less 
useful than monthly analysis. Moreover, lack of 
synchronization over a single day would cause 
an index fund to exhibit spurious active returns 
where none actually existed. Most problems 
of this type disappear in the case of monthly 
observation.

Another argument against measuring 
performance with excessively high frequency is 
related to the imperfections of the assumptions 
made upon the asset returns (investment 
returns are normally distributed; time series 
of returns are identically distributed; there 
is no serial correlation between investment 
returns). Academic literature illustrates that the 
imperfection of the assumptions with respect to 
quarterly or monthly return data is small, while 
for daily data these assumptions are rejected.

For example, Dimson and Jackson (2001) examined 
the impact that frequency of performance 
measurement has on the probability distribution 
of observed outcomes. With more frequent 
monitoring of rolling returns, there is a greatly 
increased probability of observing seemingly 

1.	Portfolio returns calculation
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extreme observations. They demonstrated that if 
performance is appraised by focusing on returns 
to date, it is important to adjust the definition 
of extreme performance for the frequency with 
which returns are monitored. Failure to do so may 
lead to costly actions such as strategy revisions 
or manager terminations, which increase 
transaction costs and have detrimental effects on 
manager incentives. Marsh (1991) also points out 
that the danger with high-frequency monitoring 
is the way it might be used by investors who do 
not understand how to interpret such figures. 
Judgements about manager skill may be distorted 
by frequent monitoring. So it is important that 
investors recognize the impact of high frequency 
monitoring on the frequency with which they 
observe seemingly extreme performance events.

Performing industry-standard attribution 
procedures on a daily basis may lead to analytical 
conclusions that are likely to be biased and 
unreliable, leading to inappropriate management 
actions with respect to investment portfolios.

1.	Portfolio returns calculation
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These measures evaluate funds’ risk-adjusted 
returns, without any reference to a benchmark.

2.1. Sharpe ratio (1966)
This ratio, initially called the reward-to-variability 
ratio, is defined by:
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where:
E RP( ) denotes the expected return of the 
portfolio;
RF denotes the return on the risk-free asset;
σ ( )RP denotes the standard deviation of the 
portfolio returns.

This ratio measures the return of a portfolio in 
excess of the risk-free rate, also called the risk 
premium, compared to the total risk of the 
portfolio, measured by its standard deviation. It 
is drawn from the capital market line, and not 
the Capital Asset Pricing Model (CAPM). It does 
not refer to a market index and is not therefore 
subject to Roll’s (1977) criticism concerning the 
fact that the market portfolio is not observable. 

Since this measure is based on the total risk of 
the portfolio, made up of the market risk and 
the unsystematic risk taken by the manager, it 
enables the performance of portfolios that are 
not very diversified to be evaluated. This measure 
is also suitable for evaluating the performance of 
a portfolio that represents an individual’s total 
investment. 

This ratio has been subject to generalisations 
since it was initially defined. It thus offers 
significant possibilities for evaluating portfolio 
performance, while remaining simple to 
calculate. One of the most common variations 
on this measure involves replacing the risk-free 
asset with a benchmark portfolio. The measure 
is then called the information ratio (cf. Sharpe, 
1994) and will be presented in the next section 
describing relative risk-adjusted measures.
 

2.2. Treynor ratio (1965)
The Treynor ratio is defined by:
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where:
E RP( ) denotes the expected return of the 
portfolio;
RF  denotes the return on the risk-free asset;
βP  denotes the beta of the portfolio.

This indicator measures the relationship between 
the return on the portfolio, above the risk-
free rate, and its systematic risk. This ratio is 
drawn directly from the CAPM. Calculating this 
indicator requires a reference index to be chosen 
to estimate the beta of the portfolio. The results 
can then depend heavily on that choice, a fact 
that has been criticised by Roll.

The Treynor ratio is particularly appropriate for 
appreciating the performance of a well-diversified 
portfolio, since it only takes the systematic risk 
of the portfolio into account, i.e. the share of the 
risk that is not eliminated by diversification. It is 
also for this reason that the Treynor ratio is the 
most appropriate indicator for evaluating the 
performance of a portfolio that only constitutes 
a part of the investor’s assets. Since the investor 
has diversified his investments, the systematic 
risk of his portfolio is all that matters. 

Srivastava and Essayyad (1994) proposed 
Treynor’s index, where beta is a composite 
measure generated by combining the expected 
asset returns from the traditional CAPM and 
the mean-lower partial moment CAPM. Their 
argument is that a composite forecast is more 
accurate than separate forecasts: valuable 
information missing from one model may be 
captured by the other model. They tested this 
measure on U.S.-based international funds and 
found that the composite beta is a statistically 
significant and meaningful parameter. They also 
ranked the performance of the funds using the 
Treynor index with three models (the CAPM, 
the mean-lower partial moment CAPM and a 
combination of the two), but their sample, which 
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was made up of 15 funds, was too small to test 
whether the difference in ranking obtained with 
the different models was significant.

2.3. Measure based on the VaR
The Value-at-Risk (VaR) is an indicator that 
enables to sum up the set of risks associated with 
a portfolio that is diversified over several asset 
classes in a single value. The VaR measures the 
risk of a portfolio as the maximum amount of 
the loss that the portfolio can sustain for a given 
level of confidence. This definition of risk can be 
used to calculate a risk-adjusted return indicator 
for evaluating the performance of a portfolio. 
In order to define a logical indicator, we divide 
the VaR by the initial value of the portfolio and 
thus obtain a percentage loss compared to the 
total value of the portfolio. We then calculate 
a Sharpe-like type of indicator in which the 
standard deviation is replaced with the risk 
indicator based on the VaR, as it was defined or:

 0
P

P

FP

V
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where:

PR denotes the return on the portfolio;

FR denotes the return on the risk-free asset;

PVaR denotes the VaR of the portfolio;
0

PV denotes the initial value of the portfolio.

Note that the calculation of VaR pre-supposes 
the choice of a confidence threshold. So the VaR-
based ratios for different portfolios can only be 
compared for a same confidence level. 

2. Absolute risk-adjusted performance measures
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These measures evaluate funds’ risk-adjusted 
returns in reference to a benchmark.

3.1. Jensen’s alpha (1968)
Jensen’s alpha is defined as the differential 
between the return on the portfolio in excess of 
the risk-free rate and the return explained by the 
market model, or: 

))(()( FMPPFP RRERRE −+=− βα

It is calculated by carrying out the following 
regression: 

PtFtMtPPFtPt RRRR εβα +−+=− )(

The Jensen measure is based on the CAPM. The 
term ))(( FMP RRE −β  measures the return 
on the portfolio forecast by the model. Pα  
measures the share of additional return that is 
due to the manager’s choices. 

The statistical significance of alpha can be 
evaluated by calculating the t-statistic of the 
regression, which is equal to the estimated value 
of the alpha divided by its standard deviation. 
This value is provided with the results of the 
regression. If the alpha values are assumed to 
be normally distributed, a t-statistic greater 
than two indicates that the probability of 
having obtained the result through luck, and 
not through skill, is strictly less than 5%. In this 
case, the average value of alpha is significantly 
different from zero.

Unlike the Sharpe and Treynor measures, the 
Jensen measure contains the benchmark. As with 
the Treynor measure, only the systematic risk is 
taken into account. This method, unlike the Sharpe 
and Treynor ratios, does not allow portfolios with 
different levels of risk to be compared. The value 
of alpha is actually proportional to the level of 
risk taken, measured by the beta. To compare 
portfolios with different levels of risk, we can 
calculate the Black-Treynor ratio3 defined by: 
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The Jensen alpha can be used to rank portfolios 
within peer groups. Peer groups group together 
portfolios that are managed in a similar manner 
and therefore have comparable levels of risk.

The Jensen measure is subject to the same criticism 
as the Treynor measure: the result depends on 
the choice of reference index. In addition, when 
managers practice a market timing strategy, 
which involves varying the beta according to 
anticipated movements in the market, the Jensen 
alpha often becomes negative, and does not then 
reflect the real performance of the manager. 
Performance analysis models taking variations in 
beta into account have been developed by Treynor 
and Mazuy and by Henriksson and Merton.

3.2. Extensions to Jensen’s alpha

3.2.1. Jensen’s alpha based on modified 
versions of the CAPM

3.2.1.1. Black’s zero-beta model (1972)
This version of the CAPM was developed because 
two of the model’s assumptions were called into 
question: the existence of a risk-free asset, and 
therefore the possibility of borrowing or lending 
at that rate, and the assumption of a single rate 
for borrowing and lending. Black showed that 
the CAPM theory was still valid without the 
existence of a risk-free asset, and developed a 
version of the model by replacing it with an asset 
or portfolio with a beta of zero. Instead of lending 
or borrowing at the risk-free rate, it is possible to 
take short positions on the risky assets. 

With the Black model, the alpha is
characterised by:

))()(()()( ZMPPZP RERERERE −+=− βα

3.2.1.2 Brennan’s model (1970) taking taxes into 
account
The basic CAPM model assumes that there are 
no taxes. The investor is therefore indifferent 
to receiving income as a dividend or a capital 

3. Relative risk-adjusted performance measures

Performance Measurement for Traditional Investment Literature Survey       15

3 - Cf. Treynor and Black 
(1973).



gain and investors all hold the same portfolio 
of risky assets. However, taxation of dividends 
and capital gains is generally different, and this 
is liable to influence the composition of the 
investors’ portfolio of risky assets. Taking these 
taxes into account can therefore modify the 
equilibrium prices of the assets. As a response 
to this problem, Brennan developed a version of 
the CAPM that allows the impact of taxes on the 
model to be taken into account.

With the Brennan model, the alpha is characterised 
by:

with: 
                        g
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where:

dT  denotes the average taxation rate for 
dividends;

gT  denotes the average taxation rate for capital 
gains;

MD  denotes the dividend yield of the market 
portfolio;

PD  is equal to the weighted sum of the dividend 
yields of the assets in the portfolio, or 
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iD  denotes the dividend yield of asset i;

ix  denotes the weight of asset i in the 
portfolio.

3.2.2. Model where the risk premium is 
based on total risk
Elton and Gruber (1995) describe a performance 
measure using the same principle as the Jensen 
measure, namely measuring the differential 
between the managed portfolio and a theoretical 
reference portfolio. However, the risk considered 
is now the total risk and the reference portfolio 
is no longer a portfolio located on the Security 
Market Line, but a portfolio on the Capital Market 
Line, with the same total risk as the portfolio to 
be evaluated. 

More specifically, this involves evaluating a 
manager who has to construct a portfolio with 
a total risk of Pσ . He can obtain this level of 
risk by splitting the investment between the 
market portfolio and the risk-free asset. Let A 
be the portfolio thereby obtained. This portfolio 
is situated on the Capital Market Line. Its return 
and risk respect the following relationship:
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since PA σσ = . This portfolio is the reference 
portfolio.

If the manager thinks that he possesses particular 
stock-picking skills, he can attempt to construct 
a portfolio with a higher return for the fixed 
level of risk. Let P be his portfolio. The share of 
performance that results from the manager’s 
choices is then given by: 
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The return differential between portfolio P and 
portfolio A measures the manager’s stock picking 
skills. The result can be negative if the manager 
does not obtain the expected result. 

This measure is called total risk alpha (TRA) in 
Scholtz and Wilkens (2005), who notice that 
both this measure and the Jensen alpha can be 
easily manipulated by means of leverage.

In order to facilitate our understanding of the 
link between the total risk alpha and the Sharpe 
ratio, Gressis, Philippatos and Vlahos (1986) 
propose the following formulation for the total 
risk alpha: )( Miii SRSRTRA −= σ , where SR 
refers to the Sharpe ratio.

3.2.3. Models suited to evaluating market 
timing strategy
The traditional Jensen alpha assumes that 
portfolio risk is stationary. It measures the 
additional return obtained, compared to the level 
of risk taken, by considering the average value 
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of the risk over the evaluation period. The two 
first models presented below enable to take into 
account variations in the portfolio’s beta over 
the investment period in portfolio performance 
evaluation. They actually involve statistical 
tests, which allow for qualitative evaluation of 
a market timing strategy, when that strategy is 
followed for the portfolio. These models allow us 
to measure the portfolio’s Jensen alpha, and to 
assess whether the result was obtained through 
the right investment decisions being taken at 
the right time or through luck. The third model 
presents a decomposition of the Jensen measure, 
due to Grinblatt and Titman (1989b), and which 
enables timing to be evaluated.

3.2.3.1. The Treynor and Mazuy model (1966)
This model used a quadratic version of the CAPM, 
which provides us with a better framework for 
taking the adjustments made to the portfolio’s 
beta into account, and thus for evaluating a 
manager’s market timing capacity. Managers who 
anticipates market evolutions correctly will lower 
their portfolio’s beta when the market falls. Their 
portfolio will thus depreciate less than if they 
had not made the adjustment. Similarly, when 
they anticipate a rise in the market, they increase 
their portfolio’s beta, which enables them to 
make higher profits. The relationship between the 
portfolio return and the market return, in excess 
of the risk-free rate, should therefore be better 
approximated by a curve than by a straight line. 
The model is formulated as follows:

PtFtMtPFtMtPPFtPt RRRRRR εδβα +−+−+=− 2)()(

where:
PtR  denotes the portfolio return vector for the 

period studied;
MtR  denotes the vector of the market returns 

for the same period, measured with the same 
frequency as the portfolio returns;

FtR  denotes the rate of the risk-free asset over 
the same period.

The Pα , Pβ  and δ P  coefficients in the 
equation are estimated through regression. If 
δ P  is positive and significantly different from 

zero, we can conclude that the manager has 
successfully practised a market timing strategy. 

This model was formulated empirically by Treynor 
and Mazuy (1966). It was then theoretically 
validated by Jensen (1972) and Bhattacharya and 
Pfleiderer (1983). 

3.2.3.2. The Henriksson and Merton model 
(1981,1984)4

There are in fact two models: a non-parametric 
model and a parametric model. They are based 
on the same principle, but the parametric model 
seems to be more natural to implement. The non-
parametric model is less frequently mentioned in 
the literature.

The non-parametric version of the model is older, 
and does not use the CAPM. It was developed 
by Merton (1981) and uses options theory. The 
principle is that of an investor who can split 
his portfolio between a risky asset and a risk-
free asset, and who modifies the split over time, 
according to his anticipations on the relative 
performance of the two assets. If the strategy is 
perfect, the investor only holds stocks when their 
performance is better than that of the risk-free 
asset and only holds cash in the opposite case. 
The portfolio can be modelled by an investment 
in cash and a call on the better of the two assets. 
If the forecasts are not perfect, the manager 
will only hold a fraction of options f, situated 
between –1 and 1. The value of f allows us to 
evaluate the manager. To do so, we define two 
conditional probabilities:

1P  denotes the probability of making an 
accurate forecast, given that the stocks beat the 
risk-free asset;

2P  denotes the probability of making an 
accurate forecast, given that the risk-free asset 
beats the stocks.

We then have 121 −+= PPf  and the 
manager has a market timing capacity if f > 0, 
i.e. if the sum of the two conditional probabilities 
is greater than one. 
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f can be estimated by using the following 
formula: 

ttt yI εαα ++=− 101

where:
11 =−tI , if the manager forecasts that the 

stocks will perform better than the risk-free 
asset during month t, otherwise 0;

1=ty , if the stocks actually did perform better 
than the risk-free asset, otherwise 0.

The coefficients in the equation are estimated 
through regression. 0α  gives the estimation 
of 11 P− and 1α gives the estimation of 

121 −+ PP . We then test the hypothesis 
01 >α .

Henriksson and Merton (1981) then developed 
a parametric model. The idea is still the same, 
but the formulation is different. It consists of 
a modified version of the CAPM which takes 
the manager’s two risk objectives into account, 
depending on whether he forecasts that the 
market return will or will not be better than the 
risk-free asset return. The model is presented in 
the following form:

PtFtMttPFtMtPPFtPt RRDRRRR εββα +−+−+=− )()( 21

with:       Dt = 0 , if 0>− FtMt RR
Dt = −1 , if 0<− FtMt RR

The Pα , P1β  and β2 P  coefficients in the 
equation are estimated through regression. 
The β2 P coefficient allows us to evaluate 
the manager’s capacity to anticipate market 
evolution. If β2 P is positive and significantly 
different from zero, the manager has a good 
timing capacity. 

These models have been presented while assuming 
that the portfolio was invested in stocks and 
cash. More generally, they are valid for a portfolio 
that is split between two categories of assets, 
with one riskier than the other, for example 
stocks and bonds, and for which we adjust the 
composition according to anticipations on their 
relative performance. 

Goetzmann, Ingersoll and Ivkovic (2000) have 
studied the bias associated with this model used 
with monthly returns when market timers can 
make daily decisions. Their simulations suggest 
that this measure of timing skill is weak and biased 
downward when applied to the monthly returns 
of a daily timer. They propose an adjustment that 
mitigates this problem without the need to collect 
daily timer returns. Their approach consists in 
using daily returns to an index correlated to the 
timer’s risky asset. Values of a daily put on the 
index are then cumulated over each month to 
form a regressor that captures timing skill.

3.2.3.3. Decomposition of Jensen measure: 
Grinblatt and Titman (1989b)
The Jensen measure has been subject to numerous 
criticisms, the main one being that a negative 
performance can be attributed to a manager 
who practices market timing. As we mentioned 
above, this comes from the fact that the model 
uses an average value for beta, which tends 
to overestimate the portfolio risk, while the 
manager varies his beta between a high beta and 
a low beta according to his expectations for the 
market. Grinblatt and Titman (1989b) present a 
decomposition of the Jensen measure in three 
terms: a term measuring the bias in the beta 
evaluation, a timing term and a selectivity term. 

In order to establish this decomposition, we 
assume that there are n risky assets traded on 
a frictionless market, i.e. no transaction costs, 
no taxes and no restrictions on short selling. 
We assume that there is a risk-free asset. The 
assumptions are therefore those of the CAPM. We 
seek to evaluate the investor’s performance over 
T time periods, by looking at the risk-adjusted 
returns of his portfolio. 

We denote as:

itr , the return on asset i in excess of the risk-free 
rate for period t;

itx , the weight of asset i in the investor’s 
portfolio for period t.

The return on the investor’s portfolio for period t, 
in excess of the risk-free rate, is then given by:
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We denote as Btr the return in excess of the 
risk-free rate of a portfolio that is mean-
variance efficient from an uninformed investor’s 
viewpoint. 

We can then write:
 

itBtiit rr εβ +=

where:
)var(

),cov(

Bt

Btit
i r

rr
=β

and: 0)( =itE ε

The portfolio return is then written as: 
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In order to establish the decomposition, we 
consider the limit, in the probabilistic sense, of 
the Jensen measure, which is written as follows:

BPPP rbrJ ˆˆ −=

where:

pb  is the probability limit of the coefficient 
from the time-series regression of the portfolio 
returns against the reference portfolio series of 
returns;

Pr̂  is the probability limit of the sample mean 
of the Ptr  series;

Br̂  is the probability limit of the sample mean of 
the Btr  series.

Formally, the probability limit of a variable is 
defined as:
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It should be noted that Pb can be different from 

Pβ̂ . This is the case when a manager practices 
market timing. Pβ̂  is then a weighted mean of 
the two betas used for the portfolio, while Pb  
is the regression coefficient obtained, without 
concerning oneself with the fact that the 
manager practices market timing. 

We can write:
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or, by replacing Ptr  with its expression:
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By arranging the terms in the expression, we 
obtain:
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By using this formula in the Jensen measure 
expression, we obtain:
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This expression reveals three distinct terms:

- a term that results from the bias in estimated 
beta:

BPP rb ˆ)ˆ( −β

- a term that measures timing:
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- a term that measures selectivity:
 

Pε̂

If the weightings of the portfolio to be evaluated 
are known, the three terms can be evaluated 
separately. When the manager has no particular 
information in terms of timing, PP b=β̂ .
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3.2.4. Extensions to Jensen’s alpha for 
international portfolios

3.2.4.1. McDonald’s model (1973)
McDonald proposed a performance measure 
which is an extension to the Jensen measure. His 
model applies to a portfolio of stocks invested in 
the French and American markets. It is written 
as follows:
 

PtFttMPFttMPPFtPt eRRRRRR +−+−+Φ=− )()( ,2
*
2,1

*
1 ββ

where:
RM t1, denotes the rate of return of the French 
market in period t;
RM t2, denotes the rate of return of the American 
market in period t;

FtR denotes the rate of return of the risk-free 
asset in the French market in period t;

11
*
1 PP x ββ = and 22

*
2 PP x ββ = , with x1  

and x2  being the proportions of the fund 
invested in each of the two markets and 1Pβ  
and 2Pβ the fund’s coefficients of systematic 
risk compared to each of the two markets.

The overall excess performance of the fund   PΦ
is broken down into:

2211 PPP dxdx +=Φ

where 1Pd and 2Pd denote the excess 
performance of each of the two markets. 

With this method we can attribute the contribution 
of each market to the total performance of the 
portfolio. This in turn allows us to evaluate the 
manager’s capacity to select the best-performing 
international securities and to invest in the most 
profitable markets. 

McDonald’s model only considers investments in 
stocks and represents international investment as 
the American market alone. However, the model 
can be generalised for the case of investment in 
several international markets, and for portfolios 
containing several asset classes. This is what 
Pogue, Solnik and Rousselin propose.

3.2.4.2. Pogue, Solnik and Rousselin’s model 
(1974)
Pogue, Solnik and Rousselin (1974) also 
proposed an extension to the Jensen measure for 
international portfolios. Their model measures 
the performance of funds invested in French and 
international stocks, without any limit on the 
number of countries, and in French bonds. The 
model is written as follows: 

where: 

FtR denotes the interest rate of the risk-free 
asset in the French market; 

WtR denotes the eurodollar rate;
I I IOF t AF t W t, , ,, , denote the returns on the 
three representative indices: the French bond 
market index, the French stock market index and 
the worldwide stock market index for period t; 

POFx , , PAFx , and WPx  denote the proportion 
of the portfolio invested in each market;

POF ,β , PAF ,β and PW ,β denote the systematic 
risk of each subset of the portfolio;

Pα denotes the portfolio’s overall excess 
performance.

The result measures the manager’s capacity to 
choose the most promising markets and his skill 
in selecting the best stocks in each market. 

It is possible to go further in the analysis and 
breakdown of performance, by using multifactor 
models for international investment. 

3.3. Information ratio
The information ratio, which is sometimes 
called the appraisal ratio, is defined by the 
residual return of the portfolio compared to its 
residual risk. The residual return of a portfolio 
corresponds to the share of the return that is 
not explained by the benchmark. It results from 
the choices made by the manager to overweight 
securities that he hopes will have a return greater 
than that of the benchmark. The residual, or 
diversifiable, risk measures the residual return 
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variations. It is the tracking error of the portfolio 
and is defined by the standard deviation of the 
difference in return between the portfolio and 
its benchmark. The lower its value, the closer the 
risk of the portfolio to the risk of its benchmark. 
Sharpe (1994) presents the information ratio as 
a generalisation of his ratio, in which the risk-
free asset is replaced by a benchmark portfolio. 
The information ratio is defined through the 
following relationship:
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where 
B

R denotes the return on the benchmark 
portfolio. 

Managers seek to maximise its value, i.e. to 
reconcile a high residual return and a low 
tracking error. This ratio allows us to check that 
the risk taken by the manager, in deviating 
from the benchmark, is sufficiently rewarded. 
The information ratio is an indicator that 
allows us to evaluate the manager’s level of 
information compared to the public information 
available, together with his skill in achieving 
a performance that is better than that of the 
average manager. As this ratio does not take the 
systematic portfolio risk into account, it is not 
appropriate for comparing the performance of a 
well-diversified portfolio with that of a portfolio 
with a low degree of diversification. 

3.4. M² measure: Modigliani and 
Modigliani (1997)
Modigliani and Modigliani (1997) showed that 
the portfolio and its benchmark must have the 
same risk to be compared in terms of basis points 
of risk-adjusted performance. So they propose 
that the portfolio be leveraged or deleveraged 
using the risk-free asset. They defined the 
following measure:

FFP
P

M
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where:

P

M

σ

σ
 is the leverage factor; 

Mσ denotes the annualised standard deviation 
of the market returns; 

Pσ denotes the annualised standard deviation 
of the returns of fund P;

PR denotes the annualised return of fund P;

FR denotes the risk-free rate.

This measure evaluates the annualised risk-
adjusted performance (RAP) of a portfolio in 
relation to the market benchmark, expressed in 
percentage terms. According to Modigliani and 
Modigliani, this measure is easier to understand 
by the average investor than the Sharpe ratio. 
Modigliani and Modigliani propose the use of 
the standard deviation of a broad-based market 
index, such as the S&P 500, as the benchmark 
for risk comparison, but other benchmarks could 
also be used. For a fund with any given risk and 
return, the Modigliani measure is equivalent 
to the return the fund would have achieved if 
it had the same risk as the market index. The 
relationship therefore allows us to situate the 
performance of the fund in relation to that of 
the market. The most interesting funds are those 
with the highest RAP value. 

The Modigliani measure is drawn directly from 
the capital market line. It can be expressed as the 
Sharpe ratio times the standard deviation of the 
benchmark index: the two measures are directly 
proportional. So Sharpe ratio and Modigliani 
measure lead to the same ranking of funds. 

3.5. Market Risk-Adjusted 
Performance (MRAP) measure: 
Scholtz and Wilkens (2005)
Scholtz and Wilkens (2005) note that, as the RAP 
measure developed by Modigliani and Modigliani 
(1997) uses the standard deviation as risk measure, 
it is relevant only to investors who invest their 
entire savings in a single fund. So they propose a 
measure called market risk-adjusted performance 
(MRAP), following the same principle as Modigliani 
and Modigliani’s measure, but measuring returns 
relative to market risk instead of total risk. As 
a result, the MRAP is suitable for investors who 
invest in many different assets. 
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The idea is to compare funds on the basis of 
measure of market risk that is identical for all 
funds. The natural choice is the beta factor of 
the market index, 1=Mβ . The market risk-
adjusted performance for fund i is obtained by 
(de-)levering it in order to achieve a beta equal 
to one. If the fund’s systematic risk exceeds that 
of the market ( 1>iβ ), this procedure can be 
interpreted as a fictitious sale of some fraction 

id of fund holdings and then an investment 
of the proceeds at the risk-free rate ( 0<id ). 
Similarly, if the fund’s systematic risk falls below 
that of the market index ( 1<iβ ), the procedure 
corresponds to a fictitious loan at the risk-free 
rate, amounting to some fraction id , in order 
to increase investments into the fund ( 0>id ). 
The fraction id  is calculated as follows:

1
1

−=
i

id
β

The market-risk-adjusted performance of fund i 
(MRAPi) is obtained by averaging the return of 
the market risk-adjusted fund (MRAF):
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On this basis, a fund, adjusted for market risk, 
outperformed the market index whenever its 
market risk-adjusted performance exceeds 
the return of the market index. Ranking funds 
according to their MRAPs corresponds to ranking 
them based on their Treynor Ratios, as:

fi rTRMRAPi +=

where TR refers to the Treynor Ratio.
The Treynor Ratio can also be expressed using 
Jensen Alpha (JA):
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This implies that ranking based on MRAP is also 
equivalent to ranking based on alpha-beta ratio.

Like the M² measure, the MRAP measure is easy 
to interpret as it is expressed in basis points. 

3.6. SRAP measure: Lobosco (1999)
This measure, described by Lobosco (1999), 
is a risk-adjusted performance measure that 
includes the management style as defined by 
Sharpe (1992). The SRAP (Style/Risk-Adjusted 
Performance is inspired by the work of Modigliani 
and Modigliani (1997). It is obtained as the 
difference between the RAP measure (or M²) 
for the portfolio and the RAP measure for the 
style benchmark representing the style of the 
portfolio. The first step to calculate the SRAP 
is to identify the combination of indices that 
best represents the manager’s style. The use of a 
style benchmark instead of a broad market index 
enables a better and more accurate evaluation of 
managers’ performance

3.7. Risk-adjusted performance 
measure in multimanagement: 
M3 — Muralidhar (2000, 2001)
Muralidhar has developed a new risk-adjusted 
performance measure that allows us to compare 
the performance of different managers within 
a group of funds with the same objectives 
(a peer group). This measure does contribute 
new elements compared to the Modigliani 
and Modigliani measure. It includes not only 
the standard deviations of each portfolio, but 
also the correlation of each portfolio with the 
benchmark and the correlations between the 
portfolios themselves. The method proposed by 
Muralidhar allows us to construct portfolios that 
are split optimally between a risk-free asset, a 
benchmark and several managers, while taking 
the investors’ objectives into account, both 
in terms of risk and, above all, the relative risk 
compared to the benchmark. 

The principle involves reducing the portfolios 
to those with the same risk in order to be able 
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to compare their performance. This is the same 
idea as in Modigliani and Modigliani (1997) who 
compared the performance of a portfolio and 
its benchmark by defining transformations in 
such a way that the transformed portfolio and 
benchmark had the same standard deviation. 

To create a correlation-adjusted performance 
measure, Muralidhar considers an investor 
who splits his portfolio between a risk-free 
asset, a benchmark and an investment fund. 
We assume that this investor accepts a certain 
level of annualised tracking error compared to 
his benchmark, which we call objective tracking 
error. The investor wishes to obtain the highest 
risk-adjusted value of alpha for a given portfolio 
tracking error and variance. We define as a, b and 

)1( ba −−  the proportions invested respectively 
in the investment fund, the benchmark B and the 
risk-free asset F. The portfolio thereby obtained 
is said to be correlation-adjusted. It is denoted 
by the initials CAP (for correlation-adjusted 
portfolio). The return on this portfolio is given 
by:

)()1()()()( FRbaBbRmanageraRCAPR −−++=

The proportions to be held must be chosen in 
an appropriate manner, so that the portfolio 
obtained has a tracking error equal to the 
objective tracking error and its standard 
deviation is equal to the standard deviation of 
the benchmark. The constraint on tracking error 
creates a unique target correlation between the 
CAP and the benchmark. This target correlation 
with that of the benchmark is given by:
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The coefficients a and b are given by:
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The search for the best return, in view of the 
constraints, leads to the calculation of optimal 
proportions that depend on the standard deviations 
and correlations of the different elements in the 
portfolio. The problem is considered here with a 
single fund, but it can be generalised to the case 
of several funds, to handle the case of portfolios 
split between several managers, and to find 
the optimal allocation between the different 
managers. The formulas that give the optimal 
weightings in the case of several managers have 
the same structure as those obtained in the case 
of a single manager, but they use the weightings 
attributed to each manager together with the 
correlations between the managers.

Once the optimal proportions have been 
calculated, the return on the correlation-adjusted 
portfolio has been fully determined. By carrying 
out the calculation for each fund being studied, 
we can rank the different funds. 

The Muralidhar measure is certainly useful 
compared to the risk-adjusted performance 
measure that had been developed previously. We 
observe that the Sharpe ratio, the information 
ratio and the Modigliani and Modigliani measure 
turn out to be insufficient to allow investors 
to rank different funds and to construct their 
optimal portfolio. These risk-adjusted measures 
only include the standard deviations of the 
portfolios and the benchmark, even though 
it is also necessary to include the correlations 
between the portfolios and between the 
portfolios and the benchmark. The Muralidhar 
model therefore provides a more appropriate risk-
adjusted performance measure, because it takes 
into account both the differences in standard 
deviation and the differences in correlations 
between the portfolios. It produces a ranking of 
funds that is different from that obtained with 
the other measures. In addition, neither the 
information ratio nor the Sharpe ratio indicates 
how to construct portfolios in order to produce 
the objective tracking error, while the Muralidhar 
measure provides the composition of the 
portfolios that satisfy the investors’ objectives. 
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The composition of the portfolio obtained 
through the Muralidhar method enables us to 
solve the problem of an institutional investor’s 
optimal allocation between active and passive 
management, with the possible use of a 
leverage effect to improve the risk-adjusted 
performance.

 
3.8. SHARAD: Muralidhar 
(2001,2002)
Muralidhar underlines that the M² and M3 
measures do not take into account differences 
in data history among portfolios, which requires 
the use of the same data period to compare their 
results, namely the lowest common data period. 
Muralidhar explains that the longer the history, 
the higher the degree of confidence in the 
manager’s skill. So he proposes a new measure 
with all the properties of the M3 measure, but 
which also allows differences in data history to 
be taken into account. He names this measure 
SHARAD for Skill, History and Risk-Adjusted.

Ambarish and Seigel (1996) demonstrate that the 
minimum number of data points, or time History 
H, required for skill to emerge from the noise is 
given by the following relation:
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where:

PR is the return of the manager’s portfolio;

BR is the return of the benchmark;

Pσ is the standard deviation of the manager’s 
portfolio;

Bσ is the standard deviation of the benchmark;
ρ is the correlation of returns between the 
manager’s portfolio and the benchmark;
S is the number of standard deviations for a 
given confidence level.

As H is given by performance history, Muralidhar 
solves for the degree of confidence S. Using the 
information ratio (IR) and tracking error (TE) 

formula, the expression can be rewritten in terms 
of S, where S is a function of IR.
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The confidence in skill is derived from converting 
S to percentage terms for a normal distribution, 
which is equivalent to computing the cumulative 
probability of a unit normal distribution with a 
standard deviation S. If one defines C(S) as the 
cumulative probability of a unit normal with 
standard deviation of S for fund P, C(S) will be 
the measure of confidence in skill.

When the term ⎟⎟
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is generally small
 
or insignificant, the IR and length of data history 
will largely determine the confidence in skill. This 
is the case when tracking error is substantial and 
driven largely by low correlation between the 
portfolio and the benchmark (i.e. BP σσ ≅ ). 
As a result, two portfolios with identical 
variances, information ratios and tracking errors, 
but differing only in length of history, will have 
different confidence in skill.

The SHARAD measure for portfolio P is a 
probability-adjusted measure, defined as:

)(*)( PPP CAPRSCSHARAD =

This measure has all the properties of M3 and, in 
addition, it accounts for data period in a manner 
that is consistent with the skill evaluation.

3.9. AP Index: Aftalion and Poncet 
(1991)
This performance indicator is defined as the 
difference between the annual average expected 
return of the portfolio and that of its benchmark, 
from which is deduced the product of the 
difference between the portfolio risk ( Pσ ) and 
the benchmark risk ( Bσ ), multiplied by the price 
of risk PXR:
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AP = [E (RP )−E(RB )]−PXR[σP −σB ]

The excess average return of the portfolio 
compared to its benchmark contributes positively 
in this index, while the excess risk contributes 
negatively. The price of risk, which has the same 
dimension as an average expected return divided 
by a standard deviation, allows the two terms 
in the AP index to have the same dimension. 
It represents the additional return (in percent) 
that investors require on average for each 
additional point of risk. It can be estimated with 
econometric methods using historical data for 
five to ten years.

AP index has the same dimension as Jensen alpha. 
It allows portfolios with the same benchmark to 
be ranked by decreasing AP index. This index 
is an alternative to the Sharpe ratio when risk 
premiums are negative, making negative Sharpe 
ratios difficult to interpret.

The AP index has a form relatively similar to the 
Sharpe’s alpha described by Plantinga and de 
Groot (2001, 2002) and which is given by the 
following formula:

....

€ 

α = E(RP )− Aσ P
2

where:
)( PRE is the expected rate of return of the 

portfolio;

Pσ  is the standard deviation;
A is the parameter driving the level of risk 
aversion.

3.10. Graham-Harvey (1997) 
measures
Graham and Harvey have developed two measures 
to make up for two problems encountered with 
the Sharpe ratio. First, the estimates are not 
precise enough when fund volatilities are too 
different. Second, the calculation of the Sharpe 
ratio is made assuming that the risk-free rate 
is constant and not correlated to risky asset 
returns.

The two measures provide different perspectives. 
The first measure (GH1) is obtained by drawing 
an efficient frontier using a reference index and 
cash. This results in a hyperbola as the variations 
of short-term interest rates are correlated with 
market return. Searching for the point with the 
same volatility as the fund under analysis and 
calculating the difference between the return 
of this portfolio and that of the portfolio being 
analysed provides us with the GH1 measure. The 
second measure (GH2) is obtained by searching 
for the set of portfolios that combines a given 
fund with cash. The difference between the 
return of the portfolio with the same volatility 
as the market index and the market index return 
provides us with the GH2 measure.

The GH2 measure is similar to the M² measure 
proposed by Modigliani and Modigliani (1997). 
However, Modigliani and Modigliani do not 
allow for curvature in the efficient frontier. That 
is, they assume that the cash return has zero 
variance and zero covariance with other assets. 

3.11. Efficiency ratio: Cantaluppi 
and Hug (2000)
While the relative methods of performance 
measurement tend to answer the question “What 
is the performance of a portfolio relative to other 
portfolios?”, the efficiency ratio methodology 
proposed by Cantaluppi and Hug tends to answer 
the question “Which performance could have 
been achieved by the portfolio?”.

To explain how this measure works, Cantaluppi 
and Hug consider two portfolios, named A and 
B, with portfolio A having a higher Sharpe ratio 
than portfolio B. However, portfolio B is on the 
efficient frontier, while portfolio A is not. The 
efficiency ratio is computed as the distance to 
the ex post efficient frontier. The efficiency ratio 
of portfolio A is obtained by dividing its return 
by that of a portfolio with similar volatility, but 
located on the efficient frontier. The efficiency 
ratio of portfolio B is equal to 100%, as it is 
located on the efficient frontier, while that 
of portfolio A is strictly lower than 100% and 
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therefore lower than the portfolio B efficiency 
ratio. A portfolio ranking based on the efficiency 
ratio is thus different from one obtained using 
the Sharpe ratio.

3.12. Investor-Specific 
Performance Measurement (ISM): 
Scholtz and Wilkens (2004)
Scholtz and Wilkens consider the situation of 
an investor holding a portfolio P and wanting 
to invest additional money without changing 
his initial portfolio. The additional amount will 
be put in a portfolio Di. The overall portfolio of 
the investor will then be made up of portfolio 
P in proportion )1( Dw− , and portfolio Di. in 
proportion Dw . Portfolio Di is made up of a 
fund i in proportion iw , and the risk-free rate 
in proportion )1( iw− . 
 
The ISM performance measure is based on classic 
dominance considerations. The starting point is 
that at a predetermined expected return of the 
overall portfolio, the portfolio with the lowest 
variance dominates all the other portfolios with 
higher variance. Given the expected return of 
the overall portfolio +G

μ , an investor can build 
an appropriate overall portfolio for each fund 
and then identify the fund which dominates the 
other ones. The ISM measure is defined as:
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Pμ  as the expected return of the portfolio P;

fr  as the risk free rate;

Investors can compare funds based on the ISM 
measure. This measure depends on the investor-
specific portfolio structure and the investor-
specific expected return of the overall portfolio. 

Hence it is referred to as the investor-specific 
performance measure. A fund j with a higher 
ISM is superior to a fund k with a lower ISM at 
a given portfolio structure and a predetermined 
expected return of the overall portfolio. The 
lower the ISM of a fund, the higher the variance 
of the returns of the overall portfolio for a given 
expected return +G

μ .

If the portfolio P is the market index the formula 
can be rewritten in the following form:
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where: 
Si is the Sharpe ratio of fund i;
Ti is the Treynor ratio of fund i.

It appears that the value of ISMi for different 
expected returns of the overall portfolio 
is determined by the Sharpe ratio and the 
Treynor ratio of fund i. No further fund specific 
information is needed to assess the performance 
of the particular fund. According to the formula 
above, the higher the Sharpe ratio and the 
Treynor ratio of a fund i, the higher the fund’s 
ISM.
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4.1. Critics and limitations of the 
Sharpe ratio
The CAPM assumes either that all asset returns 
are normally distributed and thus symmetrical or 
that investors have mean-variance preferences 
and thus ignore skewness. Assuming only that 
the rate of return on the market portfolio is 
independently and identically distributed and 
that markets are perfect, Leland (1999) shows 
that the CAPM and its risk measures are invalid: 
the market portfolio is mean-variance inefficient, 
and the CAPM alpha mismeasures the value 
added by investment managers.

Cvitanic, Lazrak and Wang (2004) show that the 
typical mean-variance efficiency justification for 
using the Sharpe ratio, valid in a static setting, 
typically fails in a multi-period setting. The trading 
strategy that leads to the most desirable portfolio 
for each quarter and for four consecutive quarters 
is not the same as the strategy that gives the 
highest Sharpe ratio for a year. As a consequence, 
unless the investor’s investment horizon exactly 
matches the performance measurement period 
of the portfolio manager, the portfolio with the 
highest Sharpe ratio is not necessarily the most 
desirable from the investor’s point of view.

4.2. “Double” Sharpe Ratio: Vinod 
and Morey (2001)
One problem with the Sharpe ratio is that its 
denominator is random, as it is computed using a 
data sample of returns on a given history and not 
the whole population of returns. So it is difficult 
to evaluate its risk estimation. Vinod and Morey 
(2001) proposed a modified version of the Sharpe 
ratio, called the Double Sharpe ratio, to take into 
account estimation risk. This ratio is defined as 
follows:
 
                         )( P
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where )( PSσ is the standard deviation of the 
Sharpe ratio estimate, or the estimation risk.

To calculate this standard deviation they use 
bootstrap methodology to generate a great 
number of resamples from the original returns 

sample and derive a series of Sharpe ratios. Using 
the 30 largest-growth mutual funds, Vinod and 
Morey found that the ranking of mutual funds 
by the Sharpe and Double Sharpe ratios can be 
quite different.

4.3. Generalised Sharpe ratio: 
Dowd (2000)
Dowd proposes an approach based on the VaR to 
evaluate an investment decision. Dowd considers 
the case of an investor who holds a portfolio that 
he is thinking of modifying, by introducing, for 
example, a new asset. He will study the risk and 
return possibilities linked to a modification of 
the portfolio and choose the situation for which 
the risk-return balance seems to be sufficiently 
favourable. To do that, he could decide to define 
the risk in terms of the increase in the portfolio’s 
VaR. He will change the portfolio if the resulting 
incremental VaR (IVaR) is sufficiently low 
compared to the return that he can expect. This 
can be formalised as a decision rule based on 
Sharpe’s decision rule. 

Sharpe’s rule states that the most interesting 
asset in a set of assets is the one that has the 
highest Sharpe ratio. By calculating the existing 
Sharpe ratio and the Sharpe ratio for the modified 
portfolio and comparing the results, we can then 
judge whether the planned modification of the 
portfolio is desirable.

By using the definition of the Sharpe ratio, we 
find that it is useful to modify the portfolio if the 
returns and standard deviations of the portfolio 
before and after the modification are linked by 
the following relationship:
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where:
old
PR and 

new
PR denote, respectively, the 

return on the portfolio before and after the 
modification; 

old
PR

σ  and new
PR

σ  denote, respectively, the 
standard deviation of the portfolio before and 
after the modification.
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We assume that part of the new portfolio is 
made up of the existing portfolio, in proportion 

)1( a− , and the other part is made up of asset 
A in proportion a.

The return on this portfolio is written as follows: 
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where AR denotes the return on asset A.

By replacing new
PR with its expression in the 

inequality between the Sharpe ratios, we obtain:
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This relationship indicates the inequality that 
the return on asset A must respect for it to be 
advantageous to introduce it into the portfolio. 
The relationship depends on proportion a. It 
shows that the return on asset A must be at 
least equal to the return on the portfolio before 
the modification, to which is added a factor 
that depends on the risk associated with the 
acquisition of asset A. The higher the risk, the 
higher the adjustment factor and the higher the 
return on asset A will have to be.

Under certain assumptions, this relationship can 
be expressed through the VaR instead of the 
standard deviation. If the portfolio returns are 
normally distributed, the VaR of the portfolio is 
proportional to its standard deviation, or:

                    
WVaR

PR
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where:
α denotes the confidence parameter for which 
the VaR is estimated;
W is a parameter that represents the size of the 
portfolio;

PR
σ is the standard deviation of the portfolio 
returns.

By using this expression of the VaR, we can 
calculate:
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We assume that the size of the portfolio is 
conserved. We therefore have newold WW = . We 
therefore obtain simply, after substituting into 
the return on A relationship:
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The incremental VaR between the new portfolio 
and the old portfolio, denoted by IVaR, is equal 
to the difference between the old and new value, 
or oldnew VaRVaRIVaR −= . 

By replacing the term 
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By defining function Aη as:
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we can write:
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where   )(VaRAη  denotes the percentage 
increase in the VaR occasioned by the acquisition 
of asset A, divided by the proportion invested in 
asset A.
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We assume that part of the new portfolio is 
made up of the existing portfolio, in proportion 

)1( a− , and the other part is made up of asset 
A in proportion a.

The return on this portfolio is written as follows: 

           
old
PA

new
P RaaRR )1( −+=

 
where AR denotes the return on asset A.

By replacing new
PR with its expression in the 

inequality between the Sharpe ratios, we obtain:
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This relationship indicates the inequality that 
the return on asset A must respect for it to be 
advantageous to introduce it into the portfolio. 
The relationship depends on proportion a. It 
shows that the return on asset A must be at 
least equal to the return on the portfolio before 
the modification, to which is added a factor 
that depends on the risk associated with the 
acquisition of asset A. The higher the risk, the 
higher the adjustment factor and the higher the 
return on asset A will have to be.

Under certain assumptions, this relationship can 
be expressed through the VaR instead of the 
standard deviation. If the portfolio returns are 
normally distributed, the VaR of the portfolio is 
proportional to its standard deviation, or:
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where   )(VaRAη  denotes the percentage 
increase in the VaR occasioned by the acquisition 
of asset A, divided by the proportion invested in 
asset A.

Dowd also considers the case where the reference 
is no more the risk-free asset, but a benchmark 
portfolio. In that case, the standard deviation 
of the difference between the portfolio and its 
benchmark is no longer equal to Rpσ , but is 
given by: 

     RbRpRpRbRbRpd σσρσσσ 222 −+=

The decision rule is now to acquire the new 
position if:

Since d is the difference between the relevant 
(i.e., old or new) portfolio return and the 
benchmark return, we can regard the standard 
deviation of d as the standard deviation of the 
return to a combined position that is long the 
relevant portfolio and short the benchmark. 
This combined position has its own VaR, which 
Dembo (1997) calls the benchmark-VaR, or 
BVaR. Assuming normality, the ratio of standard 
deviations in (1) is then equal to the ratio of 
the new to old BVaRs, as given by the following 
equation (2):
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σd
new /σd

old = BVaR new /BVaR old

Substituting (2) in (1) and rewriting it in its BVaR 
form, we obtain:
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RA −Rb ≥ (1+ηA (BVaR ))(Rp
old −Rb )

This rule is an exact analogue of the previous 
rule, but with bA RR − and b

old
p RR − instead 

of AR and old
pR , and the BVaR elasticity instead 

of the earlier VaR elasticity.

The generalized Sharpe ratio is superior to 
the standard Sharpe ratio because it is valid 
regardless of the correlations of the investments 
being considered with the rest of the portfolio. 
Since it is derived in a mean-variance world, it 
should be used cautiously where departures from 
normality are considerable.

4.4. Negative excess returns: 
Israelsen (2005)
Israelsen (2005) notices that the Sharpe ratio and 
information ratio, two performance indicators 
often used to rank mutual funds, may lead to 
spurious ranking when fund excess returns are 
negative. In that case, the fund with the higher 
ratio is not always the best one. This can be easily 
seen in the following example. The argument 
below concerns the information ratio, but is 
similar in the case of the Sharpe ratio.

The table shows that the information ratio of 
fund A is higher than that of fund B, though 
fund B is preferable to fund A as its excess return 
is higher and its tracking error lower. 

Israelsen proposes to correct this anomaly by 
modifying the standard information ratio and 
Sharpe ratio. He introduces an exponent to the 
denominator of these ratios, equal to the fund 
excess return divided by its absolute value. Using 
the previous notations, the modified Sharpe ratio 
is defined as:

       ....

€ 

SP
modified =

E (RP )−RF

σ (RP )(E (Rp )−RF ) /abs (E (Rp )−RF )

and the modified information ratio is defined as:

   ....

€ 

IRP
modified =

E (RP )−E(RB )
σ (RP −RB )(E (Rp )−RF ) /abs (E (Rp )−RF )

We note that these modified ratios coincide 
with the standard ones, when excess returns are 
positive. 

Applying the modified information ratio to the 
example leads to a value of -96.47 for fund A 
and a value of -18.21 for fund B, which reverse 
the ranking comparatively to the standard 
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Excess return 
over the 
S&P 500

Tracking 
error

Information 
ratio

Fund A -6.96 13.86 -0.50

Fund B -3.62 5.03 -0.72

....

€ 

RA −Rb ≥ (Rp
old −Rb )+ (σd

new /σd
old −1)(Rp

old −Rb )/a

(1)

(2)



ratio. The ratios proposed by Israelsen allow us 
to consistently rank funds, whether the fund 
excess returns are positive or negative. As the 
modification in the ratios causes enormous range 
in its size, Israelsen points out that their values 
give no useful information and should only be 
used as a ranking criterion.

4. Some new research on the Sharpe ratio
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5.1. Actuarial approach: Melnikoff 
(1998)
In this approach, the investor’s aversion to 
risk is characterised by a constant (W ) which 
measures his gain-shortfall equilibrium, i.e. the 
relationship between the expected gain desired 
by the investor to make up for a fixed shortfall 
risk. The average annual risk-adjusted return is 
then given by:
 

SWRRAR )1( −−=

where:
S denotes the average annual shortfall rate;
W denotes the weight of the gain-shortfall 
aversion;
R denotes the average annual rate of return 
obtained by taking all the observed returns. 

For an average individual, W is equal to two, which 
means that the individual will agree to invest if 
the expected amount of his gain is double the 
shortfall. In this case, we have simply:

SRRAR −=

5.2. Sortino ratio5

An indicator such as the Sharpe ratio, based on 
the standard deviation, does not allow us to know 
whether the differentials compared to the mean 
were produced above or below the mean. The 
notion of semi-variance brings a solution to this 
problem by taking into account the asymmetry 
of risk. The calculation principle is the same as 
that of the variance, apart from the fact that 
only the returns that are lower than the mean 
are taken into account. It therefore provides a 
skewed measure of the risk, which corresponds 
to the needs of investors, who are only interested 
in the risk of their portfolio losing value. It is 
written as follows:
 
 
 
 
 
                      ....
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1
T

(RPt −R.P )2

0≤t ≤T
RPt <R.P

∑

where PtR denotes the return on portfolio P for 
sub-period t;

PR denotes the mean return on asset P over the 
whole period;
T denotes the number of sub-periods.

The lower partial moment generalises the notion 
of semi-variance. It measures the risk of falling 
below a target return set by the investor. The 
mean return is replaced in this formula by the 
value of the target return below which the 
investor does not wish to drop. This notion can 
then be used to calculate the risk-adjusted return 
indicators that are more specifically appropriate 
for asymmetrical return distributions. The 
best known indicator is the Sortino ratio. It is 
defined on the same principle as the Sharpe 
ratio. However, the risk-free rate is replaced with 
the minimum acceptable return (MAR), i.e. the 
return below which the investor does not wish to 
drop, and the standard deviation of the returns 
is replaced with the standard deviation of the 
returns that are below the MAR, or:
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This measure allows a distinction between 
“good” and “bad” volatility: it does not penalise 
portfolios with returns that are far from their 
mean return, but higher than this mean, contrary 
to the Sharpe ratio.

5.3. Fouse index
Sortino and Price (1994) described a measure 
using utility theory in a mean-downside risk 
environment — the Fouse index:

2)( δBREFouse −=

where:
B is a parameter representing the degree of risk 
aversion of the investor;
δ  is the downside risk with respect to the 
minimal acceptable rate of return.
This index is equivalent to Sharpe’s alpha6 in a 
mean-downside risk environment.

5. Measures based on downside risk and higher 
moments
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5 - Cf. Sortino and Van der 
Meer (1991).

6 - Cf. Plantinga and de Groot 
(2001).



5.4. Upside potential ratio: Sortino, 
Van der Meer and Plantinga (1999)
This ratio, developed by Sortino, Van der Meer and 
Plantinga, is the probability-weighted average of 
returns above the reference rate. It is defined as:
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where T is the number of periods in the sample, 

tR is the return of an investment in period t,
1=+ι  if MARRt > , 0=+ι  if MARRt ≤ , 
1=−ι  if ..

€ 

Rt ≤ MAR and 0=−ι  if MARRt > . 

The numerator of the Upside Potential ratio is 
the expected return above the MAR and can 
be thought of as the potential for success. The 
denominator is downside risk as calculated in 
Sortino and van der Meer (1991) and can be 
thought of as the risk of failure. An important 
advantage of using the upside potential ratio 
rather than the Sortino ratio is the consistency 
in the use of the reference rate for evaluating 
both profits and losses.

According to Sortino, Miller and Messina (1997), 
more stable estimates of risk are possible by 
employing style analysis. Sharpe (1992) developed 
a procedure for identifying a manager’s style in 
terms of a set of passive indexes which enables 
to construct a style benchmark for the manager. 
Using the distribution of returns of the style 
benchmark, instead of the manager’s return 
distribution, it is possible to calculate downside 
risk using a longer data history than that of the 
manager.

5.5. Symmetric downside-risk 
Sharpe ratio: Ziemba (2005)
The Sharpe ratio relies on mean-variance theory, 
so it is only suited for quadratic preferences or 
normal distributions. Lo (2002) points out that 
care must be used in Sharpe ratio estimations 
when the investment returns are not independent 
and identically distributed (iid). In order to 

penalize a fund manager for losing, but not for 
winning, Ziemba calculates a Sharpe ratio using 
downside variance instead of variance. He defines 
the downside variance as:
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where the ix taken are those below zero. The 
reference is zero instead of the mean of the 
returns, so it measures the downside risk. 

The total variance is computed as twice the 
downside variance. And the corresponding 
Sharpe ratio is given by:
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This measure is closely related to the Sortino 
ratio, which considers downside risk only.

 
5.6. Higher moment measure of 
Hwang and Satchell (1998)
When portfolios returns are not normally 
distributed, higher moments such as skewness 
and kurtosis need to be considered to adjust 
for the non-normality and to account for the 
failure of variance to measure risk accurately. 
In these cases, a higher-moment CAPM should 
prove more suitable than the traditional CAPM 
and so a performance measure based on higher 
moments may also be more accurate. Assuming 
the validity of the three-moment CAPM and a 
quadratic return generating process of the form: 
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rPt −rf = a0p +a1p (rmt −rf )+a2p (rmt −E (rm ))2 +εpt

we can define a performance measure of a 
portfolio under the three-moment CAPM as :
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ap = μp − λ1μm − λ2 (βpm −γpm )
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5.4. Upside potential ratio: Sortino, 
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The numerator of the Upside Potential ratio is 
the expected return above the MAR and can 
be thought of as the potential for success. The 
denominator is downside risk as calculated in 
Sortino and van der Meer (1991) and can be 
thought of as the risk of failure. An important 
advantage of using the upside potential ratio 
rather than the Sortino ratio is the consistency 
in the use of the reference rate for evaluating 
both profits and losses.

According to Sortino, Miller and Messina (1997), 
more stable estimates of risk are possible by 
employing style analysis. Sharpe (1992) developed 
a procedure for identifying a manager’s style in 
terms of a set of passive indexes which enables 
to construct a style benchmark for the manager. 
Using the distribution of returns of the style 
benchmark, instead of the manager’s return 
distribution, it is possible to calculate downside 
risk using a longer data history than that of the 
manager.

5.5. Symmetric downside-risk 
Sharpe ratio: Ziemba (2005)
The Sharpe ratio relies on mean-variance theory, 
so it is only suited for quadratic preferences or 
normal distributions. Lo (2002) points out that 
care must be used in Sharpe ratio estimations 
when the investment returns are not independent 
and identically distributed (iid). In order to 

penalize a fund manager for losing, but not for 
winning, Ziemba calculates a Sharpe ratio using 
downside variance instead of variance. He defines 
the downside variance as:
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where the ix taken are those below zero. The 
reference is zero instead of the mean of the 
returns, so it measures the downside risk. 

The total variance is computed as twice the 
downside variance. And the corresponding 
Sharpe ratio is given by:
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This measure is closely related to the Sortino 
ratio, which considers downside risk only.

 
5.6. Higher moment measure of 
Hwang and Satchell (1998)
When portfolios returns are not normally 
distributed, higher moments such as skewness 
and kurtosis need to be considered to adjust 
for the non-normality and to account for the 
failure of variance to measure risk accurately. 
In these cases, a higher-moment CAPM should 
prove more suitable than the traditional CAPM 
and so a performance measure based on higher 
moments may also be more accurate. Assuming 
the validity of the three-moment CAPM and a 
quadratic return generating process of the form: 
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we can define a performance measure of a 
portfolio under the three-moment CAPM as :
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mγ and mθ are the skewness and kurtosis of the 
market returns, and pmβ and pmγ are beta and 
coskewness respectively. If the market returns are 
normal, then pmβλ =1  and 02 =λ and the 
alpha measure is therefore equivalent to Jensen’s 
alpha. This measure suffers from the same 
limitations as Jensen’s alpha but does account 
for non-gaussiannity.

5.7. Omega measure: Keating and 
Shadwick (2002)
As notified by their authors, the analysis 
underlying the omega measure development is 
to be related with downside risk, lower partial 
moments and gain-loss literature. Keating and 
Shadwick observe that an assumption that 
the two first moments, i.e. mean and variance, 
fully describe a distribution of returns causes 
inaccuracies in performance measurement. 
According to them, performance measurement 
also requires higher moments. They also advocate 
the usefulness of a return level reference, aside 
from the mean return in the description of the 

risk-reward characteristics of a portfolio. In 
response to these observations, they introduce 
a performance evaluation measure called omega 
which incorporates all of the higher moments 
of a returns distribution. Omega also takes into 
account the level of return against which a given 
outcome will be viewed as a gain or a loss, which 
is additional information, even in the case where 
returns are normally distributed.

The principle of the measure consists in 
partitioning returns into loss and gain relative to 
a return threshold corresponding to the minimum 
acceptable return (MAR) for an investor, and 
then considering the probability weighted ratio 
of returns above and below the partitioning. The 
Omega measure is defined as a function of the 
MAR threshold in the following way:

 
            ....
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Ω(MAR) =
(1−F (x ))dx

MAR

b

∫
F (x )dx

a

MAR

∫
where:
(a, b) is the interval of possible returns;
F is the cumulative distribution function for the 
returns.

Omega may be used to rank manager 
performance. The rankings will depend on the 
interval of returns under consideration and will 
incorporate all higher moment effects. Because 
of the additional information it employs, omega 
is expected to produce significant different 
rankings of portfolios compared to those derived 
with Sharpe ratios, alphas or value-at-risk. 

This measure is specifically recommended 
for evaluating portfolios that do not exhibit 
normally distributed return distributions. For this 
reason, it usually appears in a setting of hedge 
fund portfolios. Meanwhile, the issue of not 
normal distribution also exists in the context of 
traditional investment, though to a lesser extent. 
Note that in the cases where higher moments 
are of little significance, the omega measure is in 
accordance with traditional measure and avoids 
the need to estimate means and variances.

5. Measures based on downside risk and higher 
moments
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6. Performance measurement method using a 
conditional beta: Ferson and Schadt (1996)
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6.1. The model
The method is based on a conditional version of 
the CAPM, which is consistent with the semi-
strong form of market efficiency as interpreted 
by Fama (1970). 

The conditional formulation of the CAPM allows 
the return of each asset i to be written as 
follows: 

            1,1,1, )( +++ += titmtimti urIr β
	 (1a)

with:

                    
0)/( 1, =+ tti IuE

 	
(1b)

and:

                
0)/( 1,1, =++ ttmti IruE

	
 (1c)

itr denotes the return on asset i in excess of 
the risk-free rate, or:

Ftitit RRr −=

where FtR denotes the risk-free interest rate for 
period t.

In the same way, mtr denotes the return on the 
market in excess of the risk-free rate, or: 

Ftmtmt RRr −=

These relationships are valid for ni ,...,0= , 
where n denotes the number of assets, and for 

1,...,0 −= Tt , where T denotes the number of 
periods.

tI denotes the vector that represents the public 
information at time t. The beta of the regression, 

)( tim Iβ , is a conditional beta, i.e. it depends on 
the information vector tI . Beta will therefore 
vary over time depending on a certain number of 
factors. When tI  is the only information used, 
no alpha term appears in the regression equation, 
because the latter is null. The error term in the 
regression is independent from the information, 
which is translated by relationship (1b). This 
corresponds to the efficient market hypothesis. 

Using asset return relationships, we can establish 
a portfolio return relationship. By hypothesising 
that the investor uses no information other 
than the public information, we deduce that the 
investor’s portfolio beta Pmβ only depends on 

tI . By using a development from Taylor, we can 
approximate this beta through a linear function, 
or: 

tPPtPm iBbI '
0)( +=β

In this relationship, Pb0 can be interpreted as an 
average beta. It corresponds to the unconditional 
mean of the conditional beta, or:

                     ))((0 tPmP IEb β=

The elements of vector pB  are the response 
coefficients of the conditional beta with respect 
to the information variables tI .

ti denotes the vector of the differentials of tI
compared to its mean, or: 

)(IEIi tt −=

From this we deduce a conditional formulation 
of the portfolio return: 

1,1,
'
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with:
0)/( 1, =+ ttP IuE

and:
0)/( 1,1, =++ ttmtP IruE

The model’s stochastic factor is a linear function 
of the market return, in excess of the risk-free 
rate, the coefficients of which depend linearly 
on tI .

The model thereby developed enables the 
traditional performance measures, which came 
from the CAPM, to be adapted by integrating 
a time component. These applications are 
discussed in the following section.



6.2. Application to performance 
measurement7

6.2.1. The Jensen measure 
The traditional Jensen measure does not provide 
satisfactory results when the risk and return are 
not constant over time. The model proposed 
enables this problem to be solved. 

To evaluate the performance of portfolios, we 
employ an empirical formulation of the model 
which uses the term CPα , or:
 

1,1,
'

1,01, ++++ +++= tPtmtptmPCPtP eriBrbr α

CPα  represents the average difference between 
the excess return of the managed portfolio 
and the excess return of a dynamic reference 
strategy. This model provides a better forecast 
of alpha. A manager with a positive conditional 
alpha is a manager who has a higher return than 
the average return of the dynamic reference 
strategy. 

The first step involves determining the content 
of the information to be used. This is the same 
as using explanatory factors. Ferson and Schadt 
(1996) propose linking the portfolio risk to market 
indicators, such as the market index dividend 
yield )( tDY and the return on short-term T-bills 

)( tTB , lagged by one period compared to the 
estimation period.

The tdy  and ttb variables denote the 
differentials compared to the average of the 
variables tDY  and tTB , or:
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The conditional beta is then written as follows:

ttP tbbdybb 210 ++=β

from which we have the conditional formulation 
of the Jensen model:
 

....

€ 

rP ,t +1 = αcp +b0prm,t +1 +b1pdytrm,t +1 +b2ptbtrm,t +1 +ep,t +1

where cpα represents the conditional 
performance measure, pb0

 denotes the 
conditional beta and pb1  and pb2  measure the 
variations in conditional beta compared to the 
dividend yield and the return on the T-bills. 

The coefficients are evaluated through 
regression from the time-series of the variables.

6.2.2. The Treynor and Mazuy model
The non-conditional approach does not 
draw a distinction between the skill in using 
macroeconomic information that is available to 
everybody and a manager’s specific stock-picking 
skill. The conditional approach allows these to be 
separated. 

The conditional formulation, applied to the 
Treynor and Mazuy model, involves adding a 
conditional term to the first order, or: 

1,
2

1,1,
'

1,01, +++++ ++++= tPtmPtmtPtmPCPtP erriBrbr γα

         

1,
2

1,1,
'

1,01, +++++ ++++= tPtmPtmtPtmPCPtP erriBrbr γα

 where Pγ denotes the market timing coefficient. 
The conditional formulation is only used in the 
part that is shared with the Jensen measure and 
not in the model’s additional term. 

By using an information vector with two 
components, we obtain: 

1,
2

1,1,21,11,01, ++++++ +++++= tPtmPtmtPtmtPtmPCPtP errtbbrdybrbr γα

1,
2

1,1,21,11,01, ++++++ +++++= tPtmPtmtPtmtPtmPCPtP errtbbrdybrbr γα

The coefficients of the relationship are estimated 
through ordinary regressions.
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6.2.3. The Henriksson and Merton model 
The manager seeks to forecast the differential 
between the market return and the expectation 
of the return that is conditional on the available 
information, or:

          
)/( 1,1,1, ttmtmtm IrEru +++ −=

 
Depending on whether the result of this forecast 
is positive or negative, the manager chooses a 
different value for the conditional beta of his 
portfolio.

If the forecast is positive, then:

                 tupuptup iBbI '
0)( +=β

If the forecast is negative, then:

                   tddtd iBbI '
0)( +=β

Henriksson and Merton’s conditional model is 
written as follows: 

 

with:
                       ....

€ 

γc = b0up −b0d

                    
                        ..

€ 

Δ = Bup −Bd

and:

       ....

€ 

rm,t +1
* = rm,t +1I rm,t +1 −E(rm,t +1 /It ) > 0{ }

where {}.I  denotes the indicator function. 

More explicitly, if 0)/( 1,1, >− ++ ttmtm IrEr ,

then:....

€ 

rP ,t +1 = αCP +b0uprm,t +1 +Bup
` itrm,t +1 +uP ,t +1

and if 0)/( 1,1, ≤− ++ ttmtm IrEr , 

then: ....

€ 

rP ,t +1 = αCP +b0drm,t +1 +Bd
` itrm,t +1 +uP ,t +1     

By again taking our example of an information 
vector with two components, the model is 
written:
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rP ,t +1 = αCP +b0drm,t +1 +b1ddytrm,t +1 +b2dtbtrm,t +1

+γcrm,t +1
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* +δ2tbtrm,t +1
* +uP ,t +1
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The market timing strategy is evaluated by 
determining the coefficients of the equation 
through regression. In the absence of market 
timing, cγ  and the components of Δ  are null. 
If the manager successfully practices market 
timing, we must have 0' >Δ+ tc iγ , which 
means that the conditional beta is higher when 
the market is above its conditional mean, given 
the public information, than when it is below its 
conditional mean. 

6.3. Model with a conditional alpha8

The evaluation of conditional performance 
enables the portfolio risk and return to be forecast 
with more accuracy. A better estimation of the 
beta leads to a better estimation of the alpha. 
But to be more specific in evaluating portfolio 
performance, we can assume that the alpha also 
follows a conditional process. This allows us to 
evaluate excess performance that varies over 
time, instead of assuming that it is constant. The 
relationship given by the conditional alpha is 
written as follows:

....

€ 

αCP = aP (it ) = a0P + AP
`it
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The regression equation that enables the Jensen 
alpha to be evaluated is then written:

....

€ 

rP ,t +1 = a0P + AP
`it +b0Prm,t +1 +BP

`itrm,t +1 +uP ,t +1

By again taking the information model that is 
made up of two variables, the alpha component 
is written:

             ....

€ 

αCP = a0P +a1P dyt +a2Ptbt

 
with:
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The model is then written
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rP ,t +1 = a0P +a1Pdyt +a2Ptbt +b0Prm,t +1 +b1Prm,t +1dyt +b2Prm,t +1tbt +uP ,t +1 
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€ 

rP ,t +1 = a0P +a1Pdyt +a2Ptbt +b0Prm,t +1 +b1Prm,t +1dyt +b2Prm,t +1tbt +uP ,t +1

   
The coefficients of the equation are estimated 
through regression.

6.4. The contribution of conditional 
models 
The study of mutual funds shows that their 
exposure to risk changes in line with available 
information on the economy. The use of a 
conditional measure eliminates the negative 
Jensen alphas. Their value is brought back 
to around zero. The viewpoint developed in 
Christopherson, Ferson and Turner (1999) is that a 
strategy that only uses public information should 
not generate superior performance. The methods 
for measuring the performance of market timing 
strategies, such as Treynor and Mazuy’s and 
Henriksson and Merton’s, are also improved by 
introducing a conditional component into the 
model.

6. Performance measurement method using a 
conditional beta: Ferson and Schadt (1996)
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The Roll criticism, by underlining the impossibility 
of measuring the true market portfolio, cast doubt 
over the performance measurement models that 
refer to the market portfolio. Measures that 
were independent from the market model were 
therefore developed to respond to the criticisms 
of the model and propose an alternative. These 
measures are mainly used for evaluating a 
manager’s market timing strategy. 

7.1. The Cornell measure (1979)9

The Cornell measure involves evaluating a 
manager’s superiority as his capacity to pick stocks 
that have a higher return than their normal return. 
This measure does not use the market portfolio. 
The asset returns are the direct references used. 
The difficulty is to define the return that is 
considered to be “normal” for each asset. 

In practice, the Cornell measure is calculated 
as the average difference between the return 
on the investor’s portfolio, during the period in 
which the portfolio is held, and the return on a 
reference portfolio with the same weightings, 
but considered for a different period than the 
investor’s holding period. The calculation can 
therefore only be carried out when the securities 
are no longer held in the investor’s portfolio, 
i.e. at the end of the investment management 
period. The limitations of this measure relate to 
the number of calculations required to implement 
it and the possibility that certain securities will 
disappear during the period. 

Formally, by using the notation from section 
3.2.3.3., presenting the decomposition of the 
Jensen measure, the asymptotic value of the 
Cornell measure can be written as follows: 

                  BPP rrC ˆˆˆ β−=

 
By replacing Pr̂  with its expression established 
in section 3.2.3.3, or:
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i.e. the sum of the selectivity and timing 
components from the decomposition of the 
Jensen measure. 

The Jensen and Cornell measures both attribute 
a null performance to an investor who has no 
particular skill in terms of timing or in terms of 
selectivity.

7.2. The Grinblatt and Titman 
measure (1989a, b): Positive Period 
Weighting Measure
The Cornell measure does correct the problem of 
the Jensen measure, which wrongly attributes a 
negative performance to managers who practice 
market timing. But this measure requires the 
weightings of the assets that make up the managed 
portfolio to be known. Grinblatt and Titman 
proposed a measure that is an improvement on 
the Jensen measure, enabling the performance 
of market timers to be evaluated correctly, but 
which does not require information on portfolio 
weightings. 

This model is based on the following principle. 
When a manager truly possesses market-timing 
skills, his performance should tend to repeat over 
several periods. The method therefore involves 
taking portfolio returns over several periods, 
and attributing a positive weighting to each of 
them. The weighted average of the reference 
portfolio returns in excess of the risk-free rate 
must be null. This condition translates the fact 
that the measure attributes a null performance 
to uninformed investors.

The Grinblatt and Titman measure is thus defined 
by:

 
               

∑
=

−=
T

t
FtPtt RRwGB

1

)(

7. Performance analysis methods that are not 
dependent on the market model

38       EDHEC RISK AND ASSET MANAGEMENT RESEARCH CENTRE

9 - Cf. also Grinblatt and 
Titman (1989 b).



with:
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and:
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where:

PtR denotes the return on the portfolio for 
period t;

BtR denotes the return on the reference portfolio 
for period t;

FtR denotes the risk-free rate for period t;

tw denotes the weighting attributed to the 
return for period t. 

A positive Grinblatt and Titman measure indicates 
that the manager accurately forecasted the 
evolution of the market. 

This method presents the disadvantage of not 
being very intuitive. In addition, in order to 
implement it we need to determine the weightings 
to be assigned to the portfolio returns for each 
period.

7.3. Performance measure based
on the composition of the portfolio: 
Grinblatt and Titman study (1993)
Grinblatt and Titman also proposed a method 
for evaluating market timing based on studying 
the evolution of the portfolio’s composition. 
The method is therefore fairly different from 
most other performance measurement methods. 
The methodology is similar to Cornell’s (1979). 
The measure is based on the study of changes 
in the composition of the portfolio. It relies on 
the principle that an informed investor changes 
the weightings in his portfolio according to his 
forecast on the evolution of the returns. He 
overweights the stocks for which he expects a 
high return and lowers the weightings of the 
other stocks. A non-null covariance between 
the weightings of the assets in the portfolio 
and the returns on the same assets must ensue. 
The measure is put together by aggregating the 

covariances. 

It is defined by:
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where:

itr  denotes the return on security i, in excess of 
the risk-free rate, for period t;

itx  and ktix −,
denote the weighting of security 

i at the beginning of each of the periods t and 
t k− . 

The expectation of this measure will be null if 
an uninformed manager modifies the portfolio. 
It will be positive if the manager is informed. 

This measure does not use reference portfolios. 
It requires the returns on the assets and their 
weightings within the portfolio to be known. 
Like the Cornell measure, this method is limited 
by the significant number of calculations and 
data required to implement it. 

7.4. Measure based on levels of 
holdings and measure based on 
changes in holdings: Cohen, Coval 
and Pastor (2005)
Cohen, Coval and Pastor (2005) observe that the 
traditional measures that rely solely on historical 
returns are imprecise, because return histories 
are often short. They develop a performance 
evaluation approach in which a fund manager’s 
skill is judged by the extent to which the manager’s 
investment decisions resemble the decisions of 
managers with distinguished performance records. 
They proposed two performance measures that 
use historical returns and holdings of many funds 
to evaluate the performance of a single fund. The 
first measure is based on level of holdings, while 
the second one is based on changes in holdings. 
They compare their new measures with those 
proposed by Grinblatt and Titman (1993), which 
also rely on fund and note that these measures 
do not exploit the information contained in the 
holdings and returns of other funds. This specific 
point is the innovation of their new measures.

7. Performance analysis methods that are not 
dependent on the market model
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7.4.1. Measure based on levels of holdings 
For each stock n, Cohen, Coval and Pastor define a 
quality measure as the average skill of all managers 
who hold stock n in their portfolios, weighted by 
how much of the stock they hold, i.e.
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where:

mα denotes the reference measure of skill 
for manager m. It is supposed to be measured 
against a benchmark taking into account any 
style effects for which the manager should not 
be rewarded (the authors notice that several 
choices of skill measures are possible);

mnw denotes the current weight on stock n in 
manager m’s portfolio;
M is the total number of managers;
N is the total number of stocks.

Stocks with high quality are those that are held 
mostly by highly skilled managers. Managers who 
hold stocks of high quality are likely to be skilled 
because their investment decisions are similar to 
those of other skilled managers.

The measure of a manager’s performance is then 
given by:
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This is the average quality of all stocks in 
the manager’s portfolio, where each stock 
contributes according to its portfolio weight. This 
is a weighted average of the usual skill measure 
across all managers.

The corresponding estimated value is obtained 
by replacing mα  by its estimator mα̂ . 
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The weight assigned to the performance of 
manager j is a loose measure of covariance 
between the weights of managers m and j.

7.4.2. Measure based on changes in holdings 
Cohen, Coval and Pastor also propose to compare 
managers’ trades. Their trade-based performance 
measure judges a manager’s skill by the extent to 
which recent changes in his holdings match those 
of managers with outstanding past performance. 
This measure is also a weighted average of the 
traditional skill measures, but now the weights 
are essentially the covariances between the 
concurrent changes in the manager’s portfolio 
weights and those of the other managers. 
According to the trade-based measure, the 
manager is skilled if he tends to buy stocks that are 
concurrently purchased by other managers who 
have performed well, and if he tends to sell stocks 
that are concurrently purchased by managers 
who have performed poorly. This performance 
measure exploits similarities between changes in 
the managers’ holdings, rather than their levels.

The authors underline that their approach adds 
value only if there is some commonality in the 
managers’ investment decisions. They argue that 
their measures are particularly useful for funds 
with relatively short return histories. A vast 
majority of real-world mutual funds have return 
histories shorter than 20 years. They also found 
that their measures are well-suited for empirical 
applications that involve ranking managers.

They have conducted an empirical study, 
successively using the CAPM alpha, the Fama-
French (1993) alpha, and the four-factor alpha 
following Carhart (1997). Using their measures 
to rank managers, the authors found strong 
predictability in the returns of U.S. equity 
funds. They observe that the persistence in 
performance weakens when the momentum 

7. Performance analysis methods that are not 
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factor is included. They compared the predictive 
power of alpha and their two new measures and 
found that these three measures seem capable of 
predicting fund returns, with an advantage for 
the measure based on levels of holdings. They 
also investigated whether their measures contain 
useful information for forecasting fund returns 
not contained in alpha and found that their 
measure provides information about future fund 
returns that is not contained in the standard 
measures. Their results suggest that the measure 
based on levels of holdings contains significant 
information about future fund returns above and 
beyond alpha and that most of the information 
contained in alpha is already in the measure 
based on levels of holdings. The measure based 
on changes in holdings also adds incremental 
information about future fund returns over 
and above alpha. However, alpha seems to 
contain some incremental information beyond 
this measure. As a result, mutual fund portfolio 
strategies would benefit from combining the 
information in these measures.

They notice that their measures of manager’s 
skill rely on the manager’s most recent holdings 
or trades, without considering his historical 
holdings. The idea is that a manager’s current 
decisions should be more informative than his 
past decisions about future performance. The 
authors suggest that historical holdings could 
contain useful information about managerial 
skill and that it would be interesting to design 
performance measures that exploit similarities in 
historical holdings or trade across managers, and 
perhaps also the correlation between historical 
holdings and subsequent holding returns as in 
Grinblatt and Titman (1993). Since such measures 
use yet more information, they might be able to 
predict fund returns even more effectively than 
the simple measures proposed here.

7. Performance analysis methods that are not 
dependent on the market model
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Factor models have been developed as an 
alternative to the CAPM, following Roll’s (1977) 
criticism. As they rely on fewer hypotheses than 
the CAPM, they may be validated empirically. 
These models enable us to explain portfolio 
returns with a set of factors (various market 
indexes, macroeconomic factors, fundamental 
factors), instead of just the theoretical and non 
observable market portfolio, and thus provide 
more specific information on risk analysis and 
evaluation of managerial performance. These 
models generalised Jensen’s alpha. Their general 
formulation is as follows:
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where:

itR denotes the rate of return for asset i;

iα denotes the expected return for asset i;

ikb denotes the sensitivity (or exposure) of asset 
i to factor k;

ktF denotes the return of factor k with 
0)( =kFE ;

itε denotes the residual (or specific) return of 
asset i, i.e. the share of the return that is not 
explained by the factors, with 0)( =iE ε . 
The residual returns of the different assets 
are independent from each other and 
independent from the factors. We therefore 
have: 0),cov( =ji εε , for ji ≠  and 

0),cov( =ki Fε , for all i and k.

There are several types of factor models.

8.1. Explicit factor models based 
on macroeconomic variables
These models are derived directly from Arbitrage 
Pricing Theory (APT) developed by Ross (1976). 
The risk factors that affect asset returns are 
approximated by observable macroeconomic 
variables that can be forecasted by economists. 
The choice of the number of factors, namely five 
macroeconomic factors and the market factor, 
comes from the first empirical tests carried 
out by Roll and Ross with the help of a factor 
analysis method. The classic factors in the APT 
models are industrial production, interest rates, 

oil prices, differences in bond ratings and the 
market factor. These factors are described in 
Chen, Roll and Ross (1986).

8.2. Explicit factor models based 
on microeconomic factors (also 
called fundamental factors)
This approach is much more pragmatic. The 
aim now is to explain the returns on the assets 
with the help of variables that depend on the 
characteristics of the firms themselves, and 
no longer from identical economic factors for 
all assets. The modelling no longer uses any 
theoretical assumptions but considers a factor 
breakdown of the average asset returns directly. 
The model assumes that the factor loadings of 
the assets are functions of the firms’ attributes, 
called fundamental factors. The realisations of 
the factors are then estimated by regression. 
Here again, the choice of explanatory variables is 
not unique. The factors used are, among others, 
the size, the country, the industrial sector, etc. 
Below are some examples of this kind of models, 
among the most popular.

8.2.1. Fama and French’s three-factor model10

Fama and French have highlighted two important 
factors that characterise a company’s risk, as a 
complement to the market beta: the book-to-
market ratio and the company’s size measured by 
its market capitalisation. They therefore propose 
a three-factor model, which is formulated as 
follows:

)()())(()( 321 HMLEbSMBEbRREbRRE iiFMiFi ++−=−

)()())(()( 321 HMLEbSMBEbRREbRRE iiFMiFi ++−=−

where:
)( iRE denotes the expected return of asset i;

FR denotes the rate of return of the risk-free 
asset;

)( MRE denotes the expected return of the 
market portfolio;
SMB (small minus big) denotes the difference 
between returns on two portfolios: a small-
capitalisation portfolio and a large-capitalisation 
portfolio;

8. Factor models: more precise methods for 
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HML (high minus low) denotes the difference 
between returns on two portfolios: a portfolio 
with a high book-to-market ratio and a portfolio 
with a low book-to-market ratio;

ikb denotes the factor loadings. 

8.2.2. Carhart’s four-factor model (1997)
This model is an extension of Fama and French’s 
three-factor model. The additional factor is 
momentum, which enables the persistence of the 
returns to be measured. This factor was added 
to take the anomaly revealed by Jegadeesh and 
Titman (1993) into account. With the same 
notation as above, this model is written:

)1()()())(()( 4321 YRPRbHMLEbSMBEbRREbRRE iiiFMiFi +++−=−

)1()()())(()( 4321 YRPRbHMLEbSMBEbRREbRRE iiiFMiFi +++−=−

where PR1YR denotes the difference between the 
average of the highest returns and the average 
of the lowest returns from the previous year.

8.2.3. The Barra model
The Barra multifactor model is the best known 
example of commercial application of a 
fundamental factor model. The model uses 
thirteen risk indices11.
The returns are characterised by the following 
factor structure:  
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where:

itR denotes the return on security i in excess of 
the risk-free rate;

ikb denotes the factor loading or exposure of 
asset i to factor k;

kα denotes the return on factor k;
 iu denotes the specific return on asset i.

This model assumes that asset returns are 
determined by the fundamental characteristics 
of the firm. These characteristics constitute the 
exposures or betas of the assets. The approach 
therefore assumes that the exposures are known 
and then calculates the factors.

8.3. Implicit or endogenous factor 
models
The idea behind this approach is to use the asset 
returns to characterise the unobservable factors. 
It is natural to assume that the factors which 
influence the returns leave an identifiable trace. 
These factors are therefore extracted from the 
asset return database through a factor analysis 
method and the factor loadings are jointly 
calculated. To do this, we perform a principal 
component analysis which enables us to explain 
the behaviour of the observed variables using a 
smaller set of non observed implicit variables. 
From a mathematical point of view, this consists 
in turning out a set of n correlated variables in a 
set of orthogonal variables (the implicit factors), 
which reproduce the original information that was 
in the correlation structure. Each implicit factor 
is defined as a linear combination of the initial 
variables. As the implicit variables are chosen for 
their explaining power, it seems natural that a 
given number of explicit factors may explain a 
larger part of the variance-covariance matrix of 
asset returns than the same number of explicit 
factors. This approach was originally used for the 
first tests on the APT model. This type of model is 
used by the firms Quantal and Advanced Portfolio 
Technology (APT). However, the search of implicit 
factors has the drawback of not allowing us to 
identify the nature of the factors, except the first 
one which exhibits a strong correlation with the 
market index.

The explicit factor models appear, at least in 
theory, to be simpler to use, but they assume 
that the factors that generate the asset returns 
are known and that they can be observed and 
measured without errors. As multifactor model 
theory does not specify the number or nature of 
the factors, their choice results from empirical 
studies and there is no unicity. Implicit factor 
models solve the problem of the choice of 
factors, since the model does not make any prior 
assumptions about the number and nature of the 
factors. As they are directly extracted from asset 
returns, it therefore enables the true factors to 
be used: there is no risk of including bad factors, 
or omitting good ones. However, factors are thus 
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mute variables and it may be difficult to give 
them an economic significance.

8.4. Application to performance 
measure
The multifactor models have a direct application 
in investment fund performance measurement. 
In analysing portfolio risk according to various 
dimensions, it is possible to identify the sources 
of risk to which the portfolio is submitted and 
to evaluate the associated reward. The result is 
a better control of portfolio management and 
an orientation of this one toward the good 
sources of risk, which lead to an improvement of 
its performance. These models contribute more 
information to performance analysis than the 
Sharpe, Treynor and Jensen indices. The asset 
returns could be decomposed linearly according 
to several risk factors common to all the assets, 
but with specific sensitivity to each. Once the 
model has been determined, we can attribute the 
contribution of each factor to the overall portfolio 
performance. This is easily done when the factors 
are known, which is the case for models that use 
macroeconomic factors or fundamental factors, 
but becomes more difficult when the nature of 
the factors has not been identified. Performance 
analysis then consists of evaluating whether the 
manager was able to orient the portfolio towards 
the most rewarding risk factors. 

Practically speaking, the implementation of 
factor models is carried out in two stages. First, 
betas are estimated through regression of asset 
returns on factors returns:
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Lambdas are then estimated through cross-
sectional regression for each date t. The dependent 
variables are the returns in excess of the risk-
free rate fit RR − , for ni ,...,1= , assuming 
there are n assets (or funds, or portfolios). The 
dependent variables are the estimated ikβ̂ . The 
following regression is performed for each t:
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The first step is not necessary for factor models 
based on explicit microeconomic factors, where 
the sensitivity is an observed variable. In the case 
of implicit factor models, the sensitivity is one of 
the results calculated by the ACP. 

In the equation above, α̂  is an estimation of the 
excess return coming from the manager’s skill 
and ktλ̂  is an estimation of the risk premium 
associated to the k th risk factor at time t. The ktλ̂  
allows a calculation the average risk premium:
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If the value of kλ  is significantly positive, the 
factor is kept as a rewarding factor. If the value 
of kλ  is not significantly different from zero, 
the factor is discarded. The two step analysis is 
carried out again with the remaining factors.

When the list of factors is established and the 
risk premium calculated, the fund performance 
is given by:
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The APT-based performance measure was 
formulated by Connor and Korajczyk (1986). It 
should be noted that the estimation procedure 
of factor models contains some difficulties. 
There are several methods for estimating the 
factor sensitivities of individual securities and 
several portfolio-formation procedures that use 
the estimated factor loadings and idiosyncratic 
variances. In addition, there are important 
data-analytic choices including the number of 
securities to include in the first-stage estimation 
as well as the periodicity of data appropriate 
for estimating the factor loadings. Lehmann 
and Modest (1986) examined whether different 
methods for constructing reference portfolios 
lead to different conclusions about the relative 
performance of mutual funds and showed that 
alternative APT implementations often suggested 
substantially different absolute and relative 

8. Factor models: more precise methods for 
evaluating alphas

44       EDHEC RISK AND ASSET MANAGEMENT RESEARCH CENTRE



mutual fund rankings. The fund ranking based 
on alpha is very sensitive to the method used to 
construct the APT benchmark.

8.5. Multi-index models

8.5.1. Elton, Gruber, Das and Hlavka’s model 
(1993)
The Elton, Gruber, Das and Hlavka model is a 
three-index model that was developed in response 
to a study by Ippolito (1989) which shows that 
performance evaluated in comparison with an 
index that badly represents the diversity of the 
assets in the fund can give a biased result. Their 
model is presented in the following form:

PtFtBtPBFtStPSFtLtPLPFtPt RRRRRRRR εβββα +−+−+−+=− )()()(

PtFtBtPBFtStPSFtLtPLPFtPt RRRRRRRR εβββα +−+−+−+=− )()()(

where:
 LtR  denotes the return on the index that 
represents large-cap securities; 

StR denotes the return on the index that 
represents small-cap securities;

BtR denotes the return on a bond index;

Ptε denotes the residual portfolio return that is 
not explained by the model.

This model is a generalisation of the single index 
model. It uses indices quoted on the markets, 
specialised by asset type. The use of several 
indices therefore gives a better description of the 
different types of assets contained in a fund, such 
as stocks or bonds, but also, at a more detailed 
level, the large or small market capitalisation 
securities and the assets from different countries. 
The multi-index model is simple to use because 
the factors are known and easily available.

8.5.2. Sharpe’s (1992) style analysis model
The theory developed by Sharpe stipulates that 
a manager’s investment style can be determined 
by comparing the returns on his portfolio with 
those of a certain number of selected indices. 
Intuitively, the simplest technique for identifying 
the style of a portfolio involves successively 
comparing his returns to those of the different 

style indices. The goodness of fit between the 
portfolio returns and the returns on the index 
is measured with the help of a quantity called 

2R  which measures the proportion of variance 
explained by the model. If the value of 2R  is 
high, the proportion of unexplained variance is 
minimal. The index for which the 2R  is highest is 
therefore the one that best characterises the style 
of the portfolio. But managers rarely have a pure 
style, hence Sharpe’s idea to propose a method 
that would enable us to find the combination of 
style indices which gives the highest 2R  with 
the returns on the portfolio being studied.  

The Sharpe model is a generalisation of the 
multifactor models, where the factors are asset 
classes. Sharpe presents his model with twelve 
asset classes. These asset classes include several 
categories of domestic stocks, i.e. American 
in the case of the model: value stocks, growth 
stocks, large-cap stocks, mid-cap stocks and 
small-cap stocks. They also include one category 
for European stocks and one category for 
Japanese stocks, along with several major bond 
categories. Each of these classes, in a broad 
sense, corresponds to a management style and is 
represented by a specialised index. 

The model is written as follows:
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where:
    ktF  denotes the return on index k;

ikb  denotes the sensitivity of the portfolio to 
index k and is interpreted as the weighting of 
class k in the portfolio;

itε  represents the portfolio’s residual return 
term for period t.

Unlike ordinary multifactor models, where the 
values of the coefficients can be arbitrary, they 
represent here the distribution of the different 
asset groups in the portfolio, without the 
possibility of short selling, and must therefore 
respect the following constraints: 
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These constraints enable us to interpret the 
coefficients as weightings. These weightings are 
determined by a quadratic program, which consists 
of minimising the variance of the portfolio’s 
residual return. A customised benchmark, fitted 
to the portfolio style, is then constructed by 
taking the weighted linear combination of the 
various asset classes. Once the benchmark has 
been constructed for a representative period, the 
manager’s performance is calculated as being the 
difference between the return on his portfolio 
and the return on the benchmark. We thereby 
isolate the share of performance that comes 
from asset allocation and is explained by the 
benchmark. The residual share of performance 
not explained by the benchmark constitutes the 
management’s value-added and comes from 
the stock picking, within each category, that is 
different from that of the benchmark. It is the 
manager’s active return. The proportion of the 
variance not explained by the model, i.e. the

quantity 
)var(

)var(
1 2

it

it

R
R

ε
=− , measures the 

importance of stock picking quantitatively. 

The Sharpe model uses an analysis that is called 
return-based, i.e. based solely on the returns. 
The advantage of this method is that it is 
simple to implement. It does not require any 
particular knowledge about the composition 
of the portfolio. The information on the style 
is obtained simply by analysing the monthly 
or quarterly returns of the portfolio through 
multiple regression. But the major disadvantage 
of this method lies in the fact that it is based on 
the past composition of the portfolio and does 
not therefore allow us to correctly evaluate the 
modifications in style to which it may have been 
subjected during the evaluation period. Another 
possibility for analysing portfolio style consists 
in using a portfolio-based analysis, based on 

portfolio characteristics and which consists in 
analysing each of the securities that make up 
the portfolio. The securities are studied and 
ranked according to the different characteristics 
that allow their style to be described. The results 
are then aggregated at the portfolio level to 
obtain the style of the portfolio as a whole. 
This method therefore requires the present and 
historical composition of the portfolio, together 
with the weightings of the different securities 
that it contains, to be known with precision (cf. 
Daniel, Grinblatt, Titman and Wermers, 1997). As 
an up-to-date composition of funds is not often 
available, this second method is more difficult to 
use and Sharpe’s method remains the most used.

It is tempting to interpret the “skill” or total 
excess return itε  in style analysis as an abnormal 
return measure. There are however two important 
drawbacks to this. First, introducing the 
constraints on the factor weightings (they must 
be positive and sum up to one) into style analysis 
distorts the results of the standard regression. 
As a result, the standard properties desirable in 
linear regression models are not respected. In 
particular, the correlation between the error term 
and the benchmark can be non-null (Deroon, 
Nijman, ter Horst, 2000). Moreover, an analysis 
of that sort does not provide an explanation for 
the abnormal return on a risk-adjusted basis. In 
order to bring a solution to this problem, it is 
possible to use a multi-index model, where the 
market indices are used as factors. This model is 
written in the following way (cf. Amenc, Curtis 
and Martellini, 2003):
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This factor model generalises the CAPM Security 
Market Line. It is in the same vein as the one 
used by Elton et al. (1993) to evaluate managers’ 
fund performance. This equation can be seen 
as a weak form of style analysis consisting of 
relaxing coefficient constraints and including a 
constant term in the regression. Excess returns 
are used. From a practical point of view, this 
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approach enables one to consider benchmark 
construction and performance measurement 
in a unified setting: once the suited indices 
have been selected, they can be used both for 
returns-based style analysis (strong form of style 
analysis with constraints on coefficients) and for 
measuring portfolio abnormal return (weak form 
of style analysis applied to returns in excess of 
risk-free rate). The performance is then given by 
the following formula:
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12 - This calling into question of 
efficient markets is responsible 
for the strong growth in TAA 
(Tactical Asset Allocation) 
techniques.

The question of performance persistence in 
funds is often addressed in two ways. The first 
is linked to the notion of market efficiency. If 
we admit that markets are efficient, the stability 
of fund performance cannot be guaranteed over 
time. Nevertheless, according to MacKinlay and 
Lo (1998), the validity of the random market 
theory is now being called into question, with 
studies showing that weekly returns are, to a 
certain extent, predictable for stocks quoted in 
the United States12. This type of affirmation is, 
however, contested by other university research, 
which continues to promote the theory of 
market efficiency, according to which prices take 
all available information into account, and as 
a result of which active portfolio management 
cannot create added value. 

The second part of the problem posed by the 
existence or non-existence of performance 
persistence is intended to be less theoretical or 
axiomatic and more pragmatic: Are the winners 
always the same? Are certain managers more 
skilful than others? Of course, if certain managers 
beat the market regularly, over a statistically 
significant period, they will prove de facto that 
active investment makes sense and cast doubt 
over the market efficiency paradigm. But that is 
not the purpose of the question. A manager who 
beats the market regularly by taking advantage 
of arbitrage opportunities from very temporary 
inefficiencies will not prove that the market is 
inefficient over a long period. 

Professionals speak more willingly of checking 
whether an investment performance is the fruit 
of the real skill of the manager, and not just luck, 
rather than showing that the markets in which 
they invest are inefficient. In practice, one is 
often tempted to believe that a manager who 
has performed well one year is more likely to 
perform well the following year than a manager 
who has performed poorly. The publication of 
fund rankings by the financial press is based on 
that idea. But the results of studies that tend to 
verify this assumption are contradictory and do 
not allow us to affirm that past performance is a 
good indicator of future performance. The results 

depend on the period studied, but generally it 
would seem that the poorest performances 
have more of a tendency to persist than the 
best performances. The results are also different 
depending on whether equity funds or bond 
funds are involved. The literature describes two 
phenomena that depend on the length of the 
period studied. In the long term (three to five 
years) and the short term (one month or less) we 
observe a reversal of trends: past losers become 
winners and vice versa. Over the medium term 
(six to twelve months), the opposite effect is 
observed: winners and losers conserve their 
characteristics over the following periods and in 
this case there is performance stability. 

Empirical studies carried out to study the 
phenomenon of performance persistence have 
enabled performance measurement models to be 
developed and improved. 

A large amount of both academic and professional 
research is devoted to performance persistence 
in American mutual funds. The results seem 
to suggest that there is a certain amount of 
performance persistence, especially for the worst 
funds. But parts of these studies also suggest 
that managers who perform consistently better 
than the market do exist. In what follows we 
summarise the results of a certain number of 
studies. Kahn and Rudd (1995) present a fairly 
thorough study of the subject, in which they 
also refer to earlier basic research. The earliest 
observations generally lead to the conclusion 
that there is no performance persistence, while 
the most recent articles conclude that a certain 
amount of performance persistence exists. 
The authors, for their part, observed slight 
performance persistence for bond funds, but not 
for equity funds. Their study takes into account 
style effects, management fees and database 
errors. They conclude that it is more profitable 
to invest in index funds than in funds that have 
performed well in the past. 

Among the studies that concluded that there 
was an absence of manager skill in stock 
picking, we can cite Jensen (1968) and Gruber 



(1996). Carhart (1997) shows that performance 
persistence in mutual funds is not a reflection 
of the manager’s superior stock picking skills. 
Instead, the common asset return factors and the 
differences in fees and transaction costs explain 
the predictable character of fund returns. In 
addition, he observes that the ranking of funds 
from one year to another is random. The funds 
at the top of the rankings one year may perhaps 
have a slightly greater chance of remaining 
there than the others. In the same way, the worst 
ranked funds are very likely to be badly placed 
again or even disappear. However, the ranking 
can vary greatly from one year to the next and 
the winning funds of one year could be the losing 
funds of the following year and vice versa. 

Other studies brought to light persistence in 
the performance of mutual funds. This is the 
case of Hendricks, Patel and Zeckhauser (1993), 
who highlighted a phenomenon of performance 
persistence for both good managers and bad 
managers. Malkiel (1995) observed significant 
performance persistence for good managers in 
the 1970s, but no consistency in fund returns 
in the 1980s. His results also suggest that one 
should invest in funds that have performed best 
in the past. These funds perform better than the 
average funds over certain periods, and their 
performance is not worse than that of the average 
funds for other periods. However, he qualifies his 
results slightly with several remarks: the results 
obtained are not robust, the returns calculated 
must be reduced by the amount of the fees and 
the survivorship bias must be taken into account. 
In addition, the performance of the funds for 
the period studied is worse than that of the 
reference portfolios over the same period, both 
before and after deducting management fees. 
He also analyses fund fees to determine whether 
high fees result in better performance. The study 
finds no relationship between the amount of 
fees and the value of returns before those fees 
are deducted. He also concludes, like Kahn and 
Rudd (1995), that it can be much more profitable 
for investors to buy index funds with reduced 
fees, rather than trying to select an active fund 
manager who seems to be particularly skilful. 

Carhart (1997) observed performance persistence 
for managers whose performance was negative. 

Brown, Goetzmann, Ibbotson and Ross (1992) 
showed that short-term performance persisted, 
but that the survivorship bias attached to the 
database (i.e. the fact that funds that perform 
badly tend to disappear) could significantly affect 
the results of performance studies and could in 
particular give an appearance of significant 
persistence. Malkiel (1995) and Carhart (1997) 
also show that the persistence they identified 
could be attributed either to survivorship bias or 
to a poor choice of benchmark. Malkiel (1995) 
observes that around 3% of mutual funds 
disappear every year. As a result, performance 
statistics in the long run do not contain the 
results of the bad funds that have disappeared. 
So the survivorship bias is much more important 
than previous studies suggested. More recent 
studies have thus used databases that are 
corrected for survivorship bias. Malkiel therefore 
concludes that the investment strategy must 
not be based on a belief in return persistence 
over the long-term. A study by Lenormand-
Touchais (1998), carried out on French equity 
mutual funds for the period from January 1 
1990 to December 31 1995, shows that there is 
no long-term performance persistence, unless 
a slight persistence in negative performance is 
counted. In the short term, on the other hand, 
a certain amount of performance persistence 
can be observed, which is more significant when 
the performance measurement technique used 
integrates a risk criterion.

Jegadeesh and Titman (1993) show, with NYSE 
and AMEX securities over the period 1965-1989, 
that a momentum strategy that consists of 
buying the winners from the previous six months, 
i.e. the assets at the top of the rankings, and 
selling the losers from the previous six months, 
i.e. the assets at the bottom of the rankings, 
earns around 1% per month over the following 
six months. This shows that asset returns exhibit 
momentum, which means that the winners of the 
past continue to perform well and the losers of 
the past continue to perform badly. Rouwenhorst 
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(1998) obtains similar results with a sample of 12 
European countries for the period 1980-1995. 

Although the earliest studies were only based 
on performance measures drawn from the 
CAPM, such as Jensen’s alpha, the more recent 
studies used models that took factors other 
than market factors into account. These factors 
are size, book-to-market ratio and momentum. 
Fama and French are responsible for the model 
that uses three factors (market factor, size and 
book-to-market ratio). In an article from 1996, 
Fama and French stress that their model does 
not explain the short-term persistence of returns 
highlighted by Jegadeesh and Titman (1993) and 
suggest that research could be directed towards 
a model integrating an additional risk factor. It 
was Carhart (1997) who introduced momentum, 
which allows short-term performance persistence 
to be measured, as an additional factor. He 
suggests that the “hot hands” phenomenon (i.e. 
a manager’s ability to pick the best performing 
stocks) is principally due to the momentum 
effect over one year described by Jegadeesh 
and Titman (1993). Using a four-factor model, 
Daniel, Grinblatt, Titman and Wermers (1997) 
studied fund performance to see whether the 
manager’s stock picking skill compensated for 
the management fees. The authors conclude that 
performance persistence in funds is due to the use 
of momentum strategies by the fund managers, 
rather than the managers being particularly 
skilful at picking winning stocks. 

Brown and Goetzmann (1995) studied 
performance persistence for equity funds. Their 
results indicate that relative (i.e. measured 
in relation to a benchmark) risk-adjusted 
performance persists. Poor performance also 
tends to increase the probability that the fund 
will disappear. Blake and Timmermann (1998) 
analysed the performance of mutual funds in 
the United Kingdom, underlining the fact that 
most performance studies concern American 
funds and that there are very few on European 
funds. As it happens, the “equity” mutual fund 
management industry in the United Kingdom is 
very advanced and is the one in Europe for which 

we have the most historical data. The study shows 
that equity funds perform slightly worse than 
the market on a risk-adjusted basis. Performance 
seems to persist to the extent that, on average, a 
portfolio made up of funds that have performed 
best in historical terms will perform better in 
the following period than a portfolio made up 
of funds that have performed worst in historical 
terms. 

Elton, Gruber and Blake (1996) confirmed the hot 
hands result previously described by Hendricks, 
Patel and Zeckhauser — that high return can 
predict high return in the short run. However, 
using risk-adjusted returns to rank funds, they 
found that past performance is predictive of 
future risk-adjusted performance in both the 
short term and long term. Moreover, they found 
that there is still predictability even after the 
major impacts of expenses have been removed. 

Jan and Hung (2004) found that short-run mutual 
fund performance is likely to persist in the long 
run. Subsequent-year performance is predicted 
not only by past short-run performance, but 
also by past long-run performance. Their study 
reveals that in the subsequent year the best 
funds significantly outperformed the worst 
funds. Moreover, funds with strong both 
short- and long-run performance significantly 
outperform funds with weak both short- and 
long-run performance. According to them, 
mutual fund investors can likely benefit from 
selecting funds on the basis of not only past 
short-run performance but also past long-run 
performance.

Bollen and Busse (2005) considered persistence 
in mutual fund performance on a short-term 
horizon. Observing that superior performance 
is short-lived, they suggest that a short 
measurement horizon provides a more precise 
method of identifying top performers. So they 
propose to use three-month measurement periods 
with daily returns. They not only investigate 
performance persistence in stock selection but 
also in market timing strategy, which is new 
compared to previous studies. They found that 
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the top decile of funds generates a statistically 
significant abnormal return in the post-ranking 
quarter. Increasing the length of time over 
which they measure risk-adjusted returns, they 
found that the abnormal return of the top decile 
disappears. They also observed that the superiority 
of the top decile over the bottom decile is more 
pronounced when they used risk-adjusted returns 
rather than raw returns. They thus concluded 
that superior performance appears to be a short-
lived phenomenon that is not detectable using 
annual measurement windows. They also notice 
that, although their findings are statistically 
significant and robust to a battery of diagnostic 
tests, the economic significance of persistence in 
mutual fund abnormal returns is questionable. 
After taking into account transaction costs and 
taxes, investors may generate superior returns by 
following a naïve buy-and-hold approach rather 
than a performance-chasing strategy, even if 
short-term performance is predictable.

The different results observed for performance 
persistence according to the periods studied can 
be linked to the fact that more market trends, such 
as seasonal effects and day of the week effects, 
have been observed in recent years. However, if 
performance persistence exists in the short term, 
it is seldom seen over the long term and, as most 
studies stress, only performance persistence 
that is observed over a number of years would 
really allow us to conclude that it is statistically 
significant. In the absence of a period that is 
sufficiently long, it is not possible to distinguish 
luck from skill. 

Finally, the studies that seek to check whether it is 
possible for the manager to add value within the 
framework of an efficient market were carried 
out on funds that were invested in a single asset 
class, generally equities or bonds. While the 
contribution of stock picking to performance in an 
efficient market is questionable, the same cannot 
be said for the contribution of asset allocation to 
performance. All the studies conclude that asset 
allocation is important in building performance 
and often the question of persistence cannot be 
separated from the asset allocation choices. 

Moreover, we can observe that stock markets are 
subject to cycles. Therefore, certain investment 
styles produce better performances during certain 
periods, and worse performances during others. 
The existence of these cycles can thus explain the 
performance of a specialised manager persisting 
over a certain period, if the cycle is favourable, 
and then suffering from a reversal in the trend 
when the cycle becomes unfavourable.
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The table below summarises the results from the main studies presented in this section.
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Authors Type of data/Period/Models Results
Jensen 
(1968)

1945 to 1964 
115 mutual funds

No evidence of performance persistence. 

Brown, Goetzmann, 
Ibbotson, Ross 
(1992)

1976 to 1987 
Investigation of the survivorship 
bias problem.

Short-term performance persistence. 
The survivorship bias attached to the 
database could significantly affect the 
result of performance studies and could in 
particular give an appearance of significant 
persistence.

Hendricks, Patel, 
Zeckhauser 
(1993)

1974 to 1988 
165 of Wiesenberger’s equity 
mutual funds.

Performance persistence for both good and 
bad managers.

Jegadeesh, Titman 
(1993)

1965 to1989
Funds made up of NYSE 
and AMEX securities. 
Three-factor model (the momentum 
factor is not included in the model).

Performance persistence for both good and 
bad managers. 
Assets returns exhibit momentum: the 
winners of the past continue to perform 
well and the losers of the past continue to 
perform badly.
Performance persistence is due to the use 
of momentum strategies.

Brown, Goetzmann 
(1995)

1976 to 1988
Wiesenberger’s equity mutual funds.
Sample free of survivorship bias.

Performance persistence for equity funds 
on a risk-adjusted basis.
Poor performance tends to increase the 
probability that the fund will disappear.

Kahn, Rudd 
(1995)

1983 to 1993 for the equity funds.
1988 to 1993 for the bond funds.

Slight performance persistence for bond 
funds, but not for equity funds.
The analysis takes into account style 
effects, management fees and database 
errors.

Malkiel 
(1995)

1971 to 1991 
Analysis of fund fees.
Study of the survivorship bias.

Significant performance persistence for 
good managers in the 1970s, but no 
consistency in fund returns in the 1980s. 
No long-term persistence. The persistence 
identified could be due to survivorship bias.

Fama, French 
(1996)

1963 to 1993
NYSE, AMEX and NASDAQ stocks.
Three-factor model (market factor, 
size and book-to-market ratio).

Their model does not explain the short-
term persistence of returns highlighted by 
Jegadeesh and Titman (1993). Suggest that 
research could be directed towards a model 
integrating an additional risk factor. 

Gruber
(1996)

1985 to 1994
270 of Wiesenberger’s equity 
mutual funds.
Sample free from survivorship bias.
Single index and four index model.

Evidence of persistence in performance.
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Elton, Gruber and Blake 
(1996)

1977-1993
188 of Wiesenberger’s “common 
stock” funds
Model including the three factors 
of Fama and French plus an index 
to account for growth versus 
value.

High return can predict high return in 
the short run.
Past performance is predictive of 
future risk-adjusted performance, in 
both the short run and long run.

Carhart 
(1997)

1962 to 1993
Equity funds made up of NYSE, 
AMEX and NASDAQ stocks.
Free from survivorship bias.
Four-factor model (Fama and 
French’s three-factor model with 
momentum as additional factor).

Performance persistence for bad 
managers.
Short-term performance persistence 
is due to the use of momentum 
strategies. 
Ranking of fund from one year to 
another is random. 

Daniel, Grinblatt, Titman, 
Wermers (1997)

1975 to 1994
2500 equity funds made up of 
stocks from NYSE, AMEX and 
NASDAQ.
Four-factor model. 
Study of management fees.

Performance persistence is due to the 
use of momentum strategies, rather 
than the managers being particularly 
skilful at picking winning stocks.

Blake,
Timmermann (1998)

1972 to 1995
Mutual funds in the United 
Kingdom.
Three-factor model.

Performance persistence for equity 
funds: on average, a portfolio made up 
of funds that have performed best in 
historical terms will perform better in 
the following period than a portfolio 
made up of funds that have performed 
worst in historical terms.

Lenormand-Touchais 
(1998)

1990 to 1995
French equity mutual funds.

Short-term performance persistence, 
more significant when the 
performance measurement technique 
used integrates a risk criterion.
No long-term performance persistence, 
unless a slight persistence in negative 
performance is counted.

Rouwenhorst 
(1998)

1980 to 1995
A sample of funds from 12 
European countries.

Performance persistence for both 
good and bad managers. Asset returns 
exhibit momentum.

Jan and Hung 
(2004)

January 1961 to June 2000
3316 Equity funds from the CRSP 
Survivor-Bias Free US Mutual Fund 
Database.
Carhart’s four-factor model.

Short-term mutual fund performance 
is likely to persist in the long run.

Bollen and Busse 
(2005)

1985 to 1995
230 of Wiesenberger’s “common 
stock” mutual funds with 
a “maximum capital gain”, 
“growth” or “growth and income” 
investment objective.
Carhart’s four-factor model.

Superior performance is a short-lived 
phenomenon that is observable only 
when funds are evaluated several times 
a year.
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These performance persistence studies do not 
give very conclusive results as to whether 
persistence really exists. Over a long period, 
there is a greater tendency to observe under-
performance persistence on the part of poor 
managers than over-performance persistence 
from good managers. However, the studies do 
not take the investment style followed by the 
managers into account. We do, nevertheless, 
observe that different investment styles are 
not all simultaneously favoured by the market. 
Markets are subject to economic cycles and 
a style that is favourable for one period, i.e. 
which offers a performance that is better than 
that of the market, can be less favourable over 
another period and lead to under-performance 
compared to the market. This can be measured 
by comparing the returns of the different style 
indices with the returns of a broad market index. 
The fact that an investment style performs 
well or badly should not be confused with the 
manager’s skill in picking the right stocks within 
the style that he has chosen. As we mentioned 
a little earlier, a manager’s skill in practising 
a well-defined style should be evaluated in 
comparison with a benchmark that is adapted 
to that style. 

Few studies have addressed the subject of 
performance persistence for managers who 
specialise in a specific style. The results of 
the studies that have been performed are 
contradictory and do not allow us to conclude 
that persistence exists. For example, Coggin, 
Fabozzi and Rahman (1993) carried out a 
study on American pension funds over a period 
from 1983 to 1990. Their study relates to 
identification of both the market timing effect 
and the selectivity effect. They used two broad 
indices: the S&P 500 index and the Russell 3000 
index, and four specialised indices: the Russell 
1000 index for large-cap stocks, the Russell 
2000 index for small-cap stocks, a Russell index 
specialised in value stocks and a Russell index 
specialised in growth stocks. They showed that 
the timing effect and the selectivity effect were 
both sensitive to the choice of benchmark and 
the period of the study. They found a positive 

selectivity effect compared to the specific indices, 
while that effect was negative compared to the 
broad indices. However, they found a negative 
market timing effect in both cases. The study 
shows, therefore, that specialisation is a source 
of value-added. Managers succeed in performing 
better than their reference style index, even if 
they do not manage to beat the market as a 
whole. Over the period studied, the different 
style indices did not all perform in line with 
the market. The performance of the value stock 
index was approximately equal to that of the 
market, which implies that the study period was 
favourable for value stocks. The performance of 
the growth stock index was slightly worse. As 
far as the small-cap stock index was concerned, 
its performance was half as good as that of the 
market index. 

However, Kahn and Rudd (1995, 1997) concluded 
that fund performance was not persistent for a 
sample of 300 US funds over a period from 
October 1988 to October 1995. 

Another interesting study is that of Chan, Chen 
and Lakonishok (1999). This study concerns 
Morningstar funds. The study shows that on 
the whole there is a certain consistency in the 
style of the funds. Nevertheless, funds that have 
performed badly in the past are more liable 
to modify their style than others. This study 
shows that it is preferable to avoid managers 
who change style regularly. They make it more 
difficult to optimise a portfolio that is shared 
between several managers and produce worse 
performances than managers whose style is 
consistent. 

Finally, Ibbotson and Patel (2002) investigated 
U.S. domestic equity funds performance 
persistence after adjusting for the investment 
style of the funds. They measured the skill of 
managers against a benchmark that adjusts for 
the style of the fund. The style adjustment was 
made by using returns-based style analysis to 
construct customized benchmarks. Their results 
indicate that winning funds do repeat good 
performance.



When fund style is in question, the problem 
of fund misclassification has to be considered. 
DiBartolomeo and Witkowski (1997) note that a 
large proportion of mutual funds are misclassified, 
rendering performance comparisons inadequate. 
Mutual fund managers sometimes misclassify 
their investment strategy in order to show more 
competitive results. DiBartolomeo and Witkowski 
find that 40% of mutual funds are misclassified, 
and 9% seriously so. They cite ambiguity of 
classification systems and competitive pressures 
as the major reasons for misclassification. Kim, 
Shukla and Tomas (2000) agree that a majority 
of mutual funds are misclassified (one-third 
seriously misclassified), but they do not find 
evidence that fund managers are gaming their 
objectives (i.e., diverging from stated objectives 
in order to achieve a higher ranking).

9. Performance persistence
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Throughout this paper, we have presented 
the main research available in the area of 
performance evaluation and developed since the 
end of the 1950s. We have seen the evolution 
of performance evaluation from elementary 
measures of returns to more sophisticated 
methods that include the various aspects of risk 
through multifactor models and also take into 
account the non stationarity of risk through 
dynamic evaluation.

Selecting an investment manager is a matter 
of choosing the manager who can produce the 
best numbers in the future. Arnott and Darnell 
(2003) underline that the same set of numbers 
drawn from the past can often present two very 
different pictures. Changing the benchmark, 
changing the fiscal year, risk-adjusting the 
performance can all make a bad product look 
good or a good product look bad. He concludes 
that the quest for a single, simple measure of 
performance often leads to an overly simplistic 
view of the past, which can lead to poor choices 
for the future.

Beside the performance measurement itself, we 
must not forget that the choice of a benchmark 
for the portfolio to be evaluated and the design 
of this benchmark are important elements in 
performance evaluation. Portfolio performance 
is mostly presented as being relative to a 
benchmark, even if the portfolio management 
is said to be benchmark-free. In this specific 
area, some improvements are still possible, in 
order to choose the most accurate benchmark 
to evaluate performance. In particular, we 
observe that most managers do not give all 
the attention required to this choice, and often 
use a market index as benchmark. It is not 
appropriate to compare portfolio performance to 
broad market indexes, which usually constitute 
inefficient investments13. It is necessary to 
derive benchmarks that mimic the portfolio 
to be evaluated in the best possible way, and 
specifically benchmarks that take the manager’s 
skill into account. This choice of benchmark 
defines the level and the kind of risk supported 
by the portfolio during the investment period 
and thus its future performance. 

For this purpose, Kuenzi (2003) proposes the 
use of strategy benchmarks. He chooses this 
term “strategy benchmarks” instead of the 
more common term “custom benchmarks” to 
emphasise the fact that these benchmarks are 
related to a manager’s specific strategy and 
universe of securities. Kuenzi explains that the 
choice of an inappropriate benchmark may 
distort the portfolio risk and performance 
analysis and does not ensure the integrity 
of performance measures. Kuenzi underlines 
that while investors are prepared to bear the 
benchmark risk, managers are supposed to bear 
the active risk. Consequently, the concept of 
risk controls becomes distorted if the manager 
employs a benchmark that is not representative 
of his portfolio’s true neutral weights. Using 
an inappropriate benchmark makes manager 
evaluation more difficult.

More attention could also be given to 
performance persistence evaluation, specifically 
the persistence of a portfolio manager’s skill.

Conclusion
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13 - For more details on this 
subject see N. Amenc, F. Goltz 
and V. Le Sourd, “Assessing 
the Quality of Stock Market 
Indices: Requirements for Asset 
Allocation and Performance 
Measurement”, EDHEC Risk and 
Asset Management Research 
Centre publication, 2006.
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EDHEC is one of the top five business schools 
in France and was ranked 7th in the Financial 
Times Masters in Management Rankings 2006 
owing to the high quality of its academic staff 
(over 100 permanent lecturers from France 
and abroad) and its privileged relationship 
with professionals that the school has been 
developing since it was established in 1906. 
EDHEC Business School has decided to draw 
on its extensive knowledge of the professional 
environment and has therefore concentrated 
its research on themes that satisfy the needs 
of professionals. EDHEC is one of the few 
business schools in Europe to have received 
the triple international accreditation: AACSB 
(US-Global), Equis (Europe-Global) and AMBA 
(UK-Global). EDHEC pursues an active research 
policy in the field of finance. Its Risk and Asset 
Management Research Centre carries out 
numerous research programmes in the areas of 
asset allocation and risk management in both 
the traditional and alternative investment 
universes.

The choice of asset allocation
The EDHEC Risk and Asset Management Research 
Centre structures all of its research work around 
asset allocation. This issue corresponds to a genuine 
expectation from the market. On the one hand, the 
prevailing stock market situation in recent years 
has shown the limitations of active management 
based solely on stock picking as a source of 
performance.

On the other, the appearance of new asset 
classes (hedge funds, private equity), with risk 
profiles that are very different from those of the 
traditional investment universe, constitutes a new 
opportunity in both conceptual and operational 
terms. This strategic choice is applied to all of 
the centre's research programmes, whether they 
involve proposing new methods of strategic 
allocation, which integrate the alternative class; 
measuring the performance of funds while taking 
the tactical allocation dimension of the alphas into 
account; taking extreme risks into account in the 
allocation; or studying the usefulness of derivatives 
in constructing the portfolio.

An applied research approach
In a desire to ensure that the research it carries 
out is truly applicable in practice, EDHEC has 
implemented a dual validation system for the 
work of the EDHEC Risk and Asset Management 
Research Centre. All research work must be part 
of a research programme, the relevance and 
goals of which have been validated from both 
an academic and a business viewpoint by the 
centre's advisory board. This board is made up of 
both internationally recognised researchers and 
the centre's business partners. The management 
of the research programmes respects a rigorous 
validation process, which guarantees both the 
scientific quality and the operational usefulness 
of the programmes.

To date, the centre has implemented six research 
programmes:

Multi-style/multi-class allocation
This research programme has received the support 
of Misys Asset Management Systems, SG Asset 
Management and FIMAT. The research carried out 
focuses on the benefits, risks and integration 
methods of the alternative class in asset allocation. 
From that perspective, EDHEC is making a significant 
contribution to the research conducted in the area 
of multi-style/multi-class portfolio construction.

About the EDHEC Risk 
and Asset Management Research Centre
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40% 
Allocation Stratégique

3.5% Commissions

11% Stock Picking

45.5% 
Allocation tactique

Percentage of variation between funds

Source: EDHEC (2002) and Ibbotson, Kaplan (2000)



Performance and style analysis
The scientific goal of the research is to adapt the 
portfolio performance and style analysis models and 
methods to tactical allocation. The results of the 
research carried out by EDHEC thereby allow portfolio 
alphas to be measured not only for stock picking but 
also for style timing. This programme is part of a 
business partnership with the firm EuroPerformance 
(part of the Fininfo group).

Indices and benchmarking
EDHEC carries out analyses of the quality of indices 
and the criteria for choosing indices for institutional 
investors. EDHEC also proposes an original 
proprietary style index construction methodology 
for both the traditional and alternative universes. 
These indices are intended to be a response to the 
critiques relating to the lack of representativity of 
the style indices that are available on the market. 
EDHEC was the first to launch composite hedge fund 
strategy indices as early as 2003. The indices and 
benchmarking research programme is supported by 
AF2I, Euronext, BGI, BNP Paribas Asset Management 
and UBS Global Asset Management. 

Asset allocation and extreme risks 
This research programme relates to a significant 
concern for institutional investors and their 
managers – that of minimising extreme risks. It 
notably involves adapting the current tools for 
measuring extreme risks (VaR) and constructing 
portfolios (stochastic check) to the issue of the long-
term allocation of pension funds. This programme 
has been designed in co-operation with Inria's 
Omega laboratory. This research programme also 
intends to cover other potential sources of extreme 
risks such as liquidity and operations. The objective 
is to allow for better measurement and modelling of 
such risks in order to take them into consideration 
as part of the portfolio allocation process.

Asset allocation and derivative instruments
This research programme focuses on the usefulness 
of employing derivative instruments in the area 
of portfolio construction, whether it involves 
implementing active portfolio allocation or 
replicating indices. “Passive” replication of “active” 

hedge fund indices through portfolios of derivative 
instruments is a key area in the research carried 
out by EDHEC. This programme is supported by 
Eurex and Lyxor. 

ALM and asset management 
This programme concentrates on the application 
of recent research in the area of asset-liability 
management for pension plans and insurance 
companies. The research centre is working on the 
idea that improving asset management techniques 
and particularly strategic allocation techniques has 
a positive impact on the performance of Asset-
Liability Management programmes. The programme 
includes research on the benefits of alternative 
investments, such as hedge funds, in long-term 
portfolio management. Particular attention is given 
to the institutional context of ALM and notably the 
integration of the impact of the IFRS standards and 
the Solvency II directive project. This programme 
is sponsored by AXA IM.

Research for business
To optimise exchanges between the academic 
and business worlds, the EDHEC Risk and Asset 
Management Research Centre maintains a website 
devoted to asset management research for the 
industry: www.edhec-risk.com, circulates a monthly 
newsletter to over 75,000 practitioners, conducts 
regular industry surveys and consultations, and 
organises annual conferences for the benefit of 
institutional investors and asset managers. The 
centre’s activities have also given rise to the business 
offshoots EDHEC Investment Research and EDHEC 
Asset Management Education. EDHEC Investment 
Research supports institutional investors and asset 
managers in the implementation of the centre’s 
research results and proposes asset allocation 
services in the context of a ‘core-satellite’ approach 
encompassing alternative investments.
EDHEC Asset Management Education helps 
investment professionals to upgrade their skills 
with advanced risk and asset management training 
across traditional and alternative classes.

About the EDHEC Risk 
and Asset Management Research Centre
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