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_______________________________________________________________________________________________________________________________ Introduction ______________________________________________________________________________________________________________________________

The more precisely the position is determined, the less precisely the momentum is
known in this instant, and vice versa.

Heisenberg, The Uncertainty Principle (1927)

WHY MEASURE PORTFOLIO PERFORMANCE?

Whether we manage our own investment assets or choose to hire others to manage the
assets on our behalf we are keen to know ‘‘how well’’ our collection, or portfolio of
assets are performing.
The process of adding value via benchmarking, asset allocation, security analysis,

portfolio construction and executing transactions is collectively described as the invest-
ment decision process. The measurement of portfolio performance should be part of the
investment decision process, not external to it.
Clearly there are many stakeholders in the investment decision process; this book

focuses on the investors or owners of capital and the firms managing their assets (asset
managers or individual portfolio managers). Other stakeholders in the investment
decision process include independent consultants tasked with providing advice to
clients, custodians, independent performance measurers and audit firms.
Portfolio performance measurement answers the three basic questions central to the

relationship between asset managers and the owners of capital:

(1) What is the return on assets?
(2) Why has the portfolio performed that way?
(3) How can we improve performance?

Portfolio performance measurement is the quality control of the investment decision
process and provides the necessary information to enable asset managers and clients
to assess exactly how the money has been invested and the results of the process.
The US Bank Administration Institute (BAI) laid down the foundations of the per-
formance measurement process as early as 1968. The main conclusions of their study
hold today:

(1) Performance measurement returns should be based on asset values measured at
market value not at cost.



(2) Returns should be ‘‘total’’ returns (i.e., they should include both income and
changes in market value – realized and unrealized capital appreciation).

(3) Returns should be time-weighted.
(4) Measurement should include risk as well as return.

THE PURPOSE OF THIS BOOK

The vocabulary of performance measurement and the multiple methodologies open to
performance analysts worldwide are extremely varied and complex.

My purpose in writing this book is an attempt to provide a reference of the available
methodologies and to hopefully provide some consistency in their definition.

Despite the development and global success of performance measurement standards
there are considerable differences in terminology, methodology and attitude to per-
formance measurement throughout the world.

Few books are dedicated to portfolio performance measurement; the aim of this one
is to promote the role of performance measurers and to provide some insights into the
tools at their disposal.

With its practical examples this book should meet the needs of performance analysts,
portfolio managers, senior management within asset management firms, custodians,
verifiers and ultimately the clients.

Performance measurement is a key function in an asset management firm, it deserves
better than being grouped with the back office. Performance measurers provide real
added value, with feedback into the investment decision process and analysis of struc-
tural issues. Since their role is to understand in full and communicate the sources of
return within portfolios they are often the only independent source equipped to under-
stand the performance of all the portfolios and strategies operating within the asset
management firm.

Performance measurers are in effect alternative risk controllers able to protect
the firm from rogue managers and the unfortunate impact of failing to meet client
expectations.

The chapters of this book are structured in the same order as the performance
measurement process itself, namely:

(1) Calculation of portfolio returns.
(2) Comparison against a benchmark.
(3) Proper assessment of the reward received for the risk taken.
(4) Attribution of the sources of return.
(5) Presentation and communicating the results.

First, we must establish what has been the return on assets and to make some assess-
ment of that return compared with a benchmark or the available competition.

In Chapter 2 the ‘‘what’’ of performance measurement is introduced describing the
many forms of return calculation, including the relative merits of each method together
with calculation examples.

Performance returns in isolation add little value; we must compare these returns
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against a suitable benchmark. Chapter 3 discusses the merits of good and bad bench-
marks and examines the detailed calculation of commercial and customized indexes.
Clients should be aware of the increased risk taken in order to achieve higher rates of

return; Chapter 4 discusses the multiple risk measures available to enhance understand-
ing about the quality of return and to facilitate the assessment of the reward achieved
for risk taken.
Chapter 5 examines the sources of excess return with the help of a number of per-

formance attribution techniques.
Finally, in Chapter 6 we turn to the presentation of performance and consider the

global development of performance presentation standards.

REFERENCE

BAI (1968) Measuring the Investment Performance of Pension Funds for the purpose of Inter

Fund Comparison. Bank Administration Institute.
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_____________________________ The Mathematics of Portfolio Return _____________________________

Mathematics has given economics rigour, alas also mortis.

Robert Helibroner

SIMPLE RETURN

In measuring the performance of a ‘‘portfolio’’ or collection of investment assets we are
concerned with the increase or decrease in the value of those assets over a specific time
period – in other words, the change in ‘‘wealth’’.
This change in wealth can be expressed either as a ‘‘wealth ratio’’ or a ‘‘rate of

return’’.
The wealth ratio describes the ratio of the end value of the portfolio relative to the

start value, mathematically:
VE

VS
ð2:1Þ

where: VE ¼ the end value of the portfolio

VS ¼ the start value of the portfolio.

A wealth ratio greater than one indicates an increase in value, a ratio less than one a
decrease in value.
Starting with a simple example, take a portfolio valued at £100m initially and valued

at £112m at the end of the period. The wealth ratio is calculated as follows:

Exhibit 2.1 Wealth ratio

112

100
¼ 1:12

The value of a portfolio of assets is not always easy to obtain, but should represent a
reasonable estimate of the current economic value of the assets. Firms should
ensure internal valuation policies are in place and consistently applied over time. A
change in valuation policy may generate spurious performance over a specific time
period.
Economic value implies that the traded market value, rather than the settlement

value of the portfolio should be used. For example, if an individual security has been



bought but the trade has not been settled (i.e., paid for) then the portfolio is economic-
ally exposed to any change in price of that security. Similarly, any dividend declared
and not yet paid or interest accrued on a fixed income asset is an entitlement of the
portfolio and should be included in the valuation.

The rate of return, denoted r, describes the gain (or loss) in value of the portfolio
relative to the starting value, mathematically:

r ¼ VE � VS

VS
ð2:2Þ

Rewriting Equation (2.2):

r ¼ VE

VS
� VS

VS
¼ VE

VS
� 1 ð2:3Þ

Using the previous example the rate of return is:

Exhibit 2.2 Rate of return

112

100
� 1 ¼ 12%

Equation (2.3) can be conveniently rewritten as:

1þ r ¼ VE

VS
ð2:4Þ

Hence, the wealth ratio is actually the rate of return plus one.
Where there are no ‘‘external cash flows’’ it is easy to show that the rate of return for

the entire period is the ‘‘compounded return’’ over multiple sub-periods.
Let Vt equal the value of the portfolio after the end of period t then:

V1

VS
� V2

V1
� V3

V2
� � � � � Vn�1

Vn�2
� VE

Vn�1
¼ VE

VS
¼ 1þ r ð2:5Þ

External cash flow is defined as any new money added to or taken from the portfolio,
whether in the form of cash or other assets. Dividend and coupon payments, purchases
and sales, and corporate transactions funded from within the portfolio are not con-
sidered external cash flows.

Substituting Equation (2.4) into Equation (2.5) we establish Equation (2.6):

ð1þ r1Þ � ð1þ r2Þ � ð1þ r3Þ � � � � � ð1þ rn�1Þ � ð1þ rnÞ ¼ ð1þ rÞ ð2:6Þ

This process (demonstrated in Exhibit 2.3) of compounding a series of sub-period
returns to calculate the entire period return is called ‘‘geometric’’ or ‘‘chain’’ linking.
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Exhibit 2.3 Chain linking

Market value Return
(£m) (%)

Start value VS 100
End of period 1 V1 112 12.0
End of period 2 V2 95 �15.18
End of period 3 V3 99 4.21
End of period 4 V4 107 8.08
End value VE 115 7.48

112

100
� 95

112
� 99

95
� 107

99
� 115

107
¼ 115

100
¼ 1:15 or 15:0%

1:12� 0:8482� 1:0421� 1:0808� 1:0748 ¼ 1:15 or 15:0%

MONEY-WEIGHTED RETURNS

Unfortunately, in the event of external cash flows we cannot continue to use the ratio of
market values to calculate wealth ratios and hence rates of return. The cash flow itself
will make a contribution to the valuation. Therefore, we must develop alternative
methodologies that adjust for external cash flow.

Internal rate of return (IRR)

To make allowance for external cash flow we can borrow a methodology from econom-
ics and accountancy, the ‘‘internal rate of return’’ or IRR.
The internal rate of return has been used for many decades to assess the value of

capital investment or other business ventures over the future lifetime of a project.
Normally, the initial outlay, estimated costs and expected returns are well known
and the internal rate of return of the project can be calculated to determine if the
investment is worth undertaking. The IRR is often used to calculate the future rate
of return on a bond and called the yield to redemption.

Simple internal rate of return

In the context of the measurement of investment assets for a single period the IRR
method in its most simple form requires that a return r be found that satisfies the
following equation:

VE ¼ VS � ð1þ rÞ þ C � ð1þ rÞ0:5 ð2:7Þ
where: C ¼ external cash flow.

The Mathematics of Portfolio Return 7



In this form we are making an assumption that all cash flows are received at the mid-
point of the period under analysis. To calculate the simple IRR we need only the start
and end market values, and the total external cash flow as shown in Exhibit 2.4:

Exhibit 2.4 Simple IRR

Market start value $74.2m
Market end value $104.4m
External cash flow $37.1m

104:4 ¼ 74:2� ð1þ rÞ þ 37:1� ð1þ rÞ0:5

We can see r ¼ �7:41% satisfies the above equation:

74:2� ð0:9259Þ þ 37:1� ð0:9259Þ0:5 ¼ 104:4

Modified internal rate of return

Making the assumption that all cash flows are received midway through the period of
analysis is a fairly crude estimate. The midpoint assumption can be modified for all cash
flows to adjust for the fraction of the period of measurement that the cash flow is
available for investment as follows:

VE ¼ VS � ð1þ rÞ þ
Xt¼T

t¼1

Ct � ð1þ rÞWt ð2:8Þ

where: Ct ¼ the external cash flow on day t

Wt ¼ weighting ratio to be applied on day t.

Obviously, there will be no external cash flow for most days:

Wt ¼ TD�Dt

TD
ð2:9Þ

where: TD ¼ total number of days within the period of measurement

Dt ¼ number of days since the beginning of the period including weekends
and public holidays.

In addition to the information in Exhibit 2.4 to calculate the modified internal rate of
return shown in Exhibit 2.5 we need to know the date of the cash flow and the length of
the period of analysis:

Exhibit 2.5 Modified IRR

Market start value 31 December $74.2m
Market end value 31 January $104.4m
External cash flow 14 January $37.1m
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