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One way of classifying performance attribution methods is to refer to them as transaction
based or holdings based. This paper provides some perspectives on what this distinction
might mean.
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I ntroduction

Performance attribution is a field of knowledge that is very diverse and subject to rapid
change. Itisaso afieldinwhich the terminology can be confusing or inconsistent.

There are various ways of distinguishing between different approaches to doing performance
attribution calculations. One way of characterizing a performance attribution system is to
describe it as transaction based. Thereis no single agreed meaning for thisterm. However, it
is possible to say that the term “transaction based” performance attribution normally implies
one or more of the following three characteristics:

1. The attribution method is based on data that includes purchases and sales (as opposed to
an attribution system that smply uses market values or portfolio weights as the basis for
its calculations).

2. Transaction based attribution may be contrasted with buy and hold attribution. We
provide aworked example below.

3. Transaction based attribution may describe an attribution method that provides some form
of transaction cost measurement (see Akeda 2001 or Laker 2001).

Perhaps the key issue is the first of these. If one does not have any information about

cashflows, there are limits to what one can do about performance measurement. Specificaly,
without knowing a portfolio’s cashflows, it is difficult to measure the portfolio’s performance.

Performance attribution entails a detailed comparison of portfolio performance with
benchmark performance. Hence, the detail with which one can reconstruct portfolio
performance necessarily constrains the detail with which one can do performance attribution.
Thisisthe topic we discuss in the next section.

Role of Cashflows in Performance Measurement

Performance measurement would be very easy if cash flows did not take place. Measuring
portfolio performance would be just as easy as measuring the performance of an index: one
would simply need to divide the closing value by the opening value. For example, suppose
you wanted to know the performance of afund for the three years ending April 30 2001. Ina
world without cashflows, you could do this simply by dividing the portfolio market value for
April 30 2001 by the portfolio market value for April 30 1998. There would be no need for
compounding, or for considering the issue of time weighted returns compared with money
weighted returns.
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As practitioners are well aware, cashflows do in fact happen in portfolios. Thisis the source
of most complexity in performance measurement. In turn, cashflows are therefore aso a
source of complexity in performance attribution.

Most attribution models rely upon the axiom that the total return for a benchmark or portfolio
in any single period is equal to a weighted sum of the assets in that benchmark or portfolio.
Putting this mathematically, attribution models assume that:
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where each asset (either a stock or a sector) is denoted by the subscript j. If these axioms do
not hold, the attribution calculations are unlikely to reconcile with the active return.

Index data is relatively abundant, and it is available from a number of commercia vendors
who can spread the cost of calculating a single index across hundreds of portfolio managers.
Therefore, obtaining weights and returns for the assetsin an index is relatively easy.

However, obtaining weights and returns for every asset in a portfolio is more difficult. Carifio
(1999) observed that “This internal consistency aready is a nontrivial requirement.
Normally, within any given period of measurement (a month, say) there are likely to be cash
flows into or out of the segments due to income or dividends received or due to other
portfolio management transactions. Because the data required for true time-weighted returns
is often not readily available, the segment returns are calculated using some adjustment to
mitigate the effect of cash flows. Accordingly, the associated weights for a given period are
adjusted and do not simply represent relative beginning-of -period market values. The input
data for attribution analysis already is an approximate description of reality.”*

To calculate the returns for an asset held in a portfolio (without relying on returns provided by
a third party), one needs to know the market values and cash flows for that asset. Many
portfolio managers struggle with the practical problems involved in collecting market values
and cashflows at the total portfolio level. Indeed, because these practical problems are so
great, GIPS® doesn't anticipate requiring the use of time weighted returns for portfolios until
1/2/2010. However, the magnitude of the data problem becomes much larger in performance
attribution. For example, if a portfolio manager wishes to attribute a portfolio by industry,
they will require portfolio weights and returns for every industry — perhaps a set of 10 or 20
weights and returns, which must be consistent with equation A. If the portfolio manager
wishes to do stock-level attribution, they will require a consistent set of weights and returns
for every stock held in the portfolio — this may amount to hundreds of stocks in a global
equity portfolio. Thus, the task of gathering weights and returns for performance attribution
may involve collecting one or two orders of magnitude more data than is required simply to
calculate a portfolio return. Any inconsistencies in this data will create errors in the
attribution results.

Because this practical data gathering problem is so big, many firms have chosen to simplify
the task. Since returns for many securities are available in the index data, one can dispense
with cash flow information within the portfolio. Using only “snapshots’ of the market values
for each security, one can obtain an approximation to the portfolio return using asset-level
returns from the benchmark:
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By approximating the portfolio return this way, one avoids the need for any information about
transactions within the portfolio. When one uses daily “snapshots’ of market values, this
approach is known as a daily buy-and-hold approach.

Example One in this paper illustrates why equation C is an approximation. For many
practical purposes, the extent of this approximation is small. For example, the Barra Aegis®
system is a performance attribution system that uses a daily buy-and-hold assumption. It is
very rare to find a case where the portfolio return computed using the daily buy-and-hold
assumption differs from the time-weighted portfolio return (calculated independently using
portfolio market values and cash flows) by more than afew basis pointsin any month.

In practice, alot of portfolio managers hold a substantial number of assets that are not in the
benchmark. This can pose a challenge, since buy-and-hold methods require the asset level
returns to be provided. One way of meeting this challenge is for the data vendor or system
vendor to provide asset level returns for a range of assets that are not in the benchmark. For
example, in Australia, the most widely-used domestic equity indices contain 200 or 300
securities. However, in order to provide adequate coverage for all the different assets held in
client portfolios, the Barra Aegis system provides asset level returns for more than 1,700
securities.

It is possible to simplify the data gathering process even further by using portfolio
“snapshots’ that are less frequently than daily. This introduces further approximation into the
calculation, but it does ease the practical burden of assembling input data. Traditionally,
many portfolio managers have used monthly snapshots to compute attribution using monthly
returns.

Overview Of Calculations

In this paper, we present some calculations® for a simple portfolio that holds three stocks over
the period between Day 0 and Day 2. To illustrate concepts in transaction based attribution,
the portfolio contains a single transaction (i.e. a cashflow), on Day 1 (See point 1 in the above
list). We present three different Brinson attributions, each of which becomes progressively
less detailed:

e The first attribution uses the method presented in Laker (2001). This calculation uses
daily data for the portfolio and the benchmark. It also uses the cashflow data to estimate
the effect of transaction costs on the portfolio’ s performance.

e The second attribution introduces an assumption that transaction costs cannot be
separately measured. This is the traditional approach to calculating Brinson attribution.
The transaction costs that were measured separately in the first attribution now appear
mainly as stock selection. This attribution is less detailed than the first in the sense that it
omits any calculation of transaction costs. However, the practical appeal of this
attribution method would be that it doesn’t require any information about cashflows in the
portfolio —instead, adaily “snapshot” of portfolio weightsis sufficient.

e Thethird attribution introduces a buy-and-hold assumption over the period from Day 0 to
Day 2. In other words, the calculation ignores any active changes to portfolio weights
during the analysis period. This attribution is less detailed than the previous attributions
in the sense that it reduces the calculation to a single-period calculation. However, its
practical appeal is that the “snapshots’ of portfolio weights can be less frequent than
daily.
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By doing these different attribution calculations, we illustrate some trade-offs that are
available between attribution methods that require more portfolio data (but which yield more
detailed results), and attribution methods that require less portfolio data (but which yield less
detailed results). Other subtle variations on these themes are also possible.

Data for Worked Examples

The example portfolio holds three securities, and is measured against a benchmark that
contains these same three securities. Sector 1 contains stocks ABC and DEF. Sector 2
consists solely of stock XYZ.

Table 1 shows the stock level index data. Each stock starts equally weighted in the index, but
the weights for Day 2 are dightly different due to the differing stock returnson Day 1. When
the stock level data is summarized to the sector level, it produces the benchmark returns and
weights shown in Table 4.

Table 1: Raw Data for Each Security in the Index

Closing Stock Prices Opening | ndex Weights
Stock Day O Day 1 Day 2 Day 1 Day2
ABC $1.00 $1.05 $1.02 33.33% 34.54%
DEF $1.00 $0.97 $0.95 33.33% 31.91%
XYZ $1.00 $1.02 $1.03 33.33% 33.55%

Table 2 shows the number of each stock that the portfolio held at the end of each day, as well
as the number sold during the course of each day. Normally, these numbers would be stored
within the portfolio accounting system. However, they are not the numbers that the portfolio
accounting system would provide to the performance system. Instead, the portfolio
accounting system would apply the closing prices to the number held in order to produce
valuations for each holding, as shown in Table 3. Furthermore, instead of focusing on the
number of securities that were sold, it is more useful for a performance measurement system
to receive data showing the net amount (in base currency) of each cashflow. These are also
shown in Table 3.

Note that there was only one cashflow, for security DEF on day 1. Even though that security
closed at a price of 97 cents, the portfolio was able to obtain net proceeds® of $10.00 from
selling 10 units of this security. The first attribution analysis will use this information to
make an explicit measurement of transaction costsin the portfolio.

Table 2: Number Held and Number Sold for Each Security In the Portfolio

Number Held at End of Day Number Sold
Stock Day O Day 1 Day 2 Day 1 Day?2
ABC 30 30 30
DEF 50 40 40 10
XYZ 20 20 20
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Table 3: Market Values and Cashflows For Each Stock On Each Day

Market Values at End of Day Cash Inflow for Each Day
Stock Day O Day 1 Day 2 Day 1 Day2
ABC $30.00 $31.50 $30.90
DEF $50.00 $38.80 $38.00 ($10)
XYZ $20.00 $20.40 $20.60
Table 4: Benchmark Returns and Weights for Each Sector

Benchmark Returns Benchmark Weights

Sector Day 1 Day 2 Total Day 1 Day?2
Sector 1 1.00% -1.98% -1.00% 66.67% 66.45%
Sector 2 2.00% 0.98% 3.00% 33.33% 33.55%
Total 1.33% -0.99% 0.33% 100.00% 100.00%

Using the market values and cash flows shown in Table 3, oneis able to calculate sector-level
portfolio returns and weights. as shownin Table 5.

Table 5: Portfolio Returns and Weights for Each Sector

Portfolio Returns Portfolio Weights
Sector Day 1 Day 2 Total Day 1 Day?2
Sector 1 0.37% -1.99% -1.62% 80.00% 77.51%
Sector 2 2.00% 0.98% 3.00% 20.00% 22.49%
Total 0.70% -1.32% -0.63% 100.00% 100.00%

The information in Table 4 and Table 5 is sufficient to do a Brinson attribution calculation
over Day 1 and Day 2.

Example One (Explicit Transaction Cost Measurement)

This first attribution calculation adds one extra detail to the traditional Brinson calculation:
there is a transaction costs attribute, as described in Laker (2001). Table 6 shows the
attribution results for Day 1, while Table 7 shows the attribution results for Day 2.

As you can see, the effect of transaction costs was zero in each sector on Day 2. Thisis
intuitive, since there were no purchases or sales on that day.

Similarly, on Day 1, the only cashflow was in Sector 1. Hence, it is intuitive that the only
non-zero transaction costs attribute on Day 1 isin Sector 1.

The calculations for Example One are described in equations 4-7. The calculation is exactly
the same as a regular Brinson attribution, except for the following three steps:

1. For each sector j, one caculates not just the portfolio return r]-p, but also another

return designated as rj’f . Thisiswhat the portfolio sector return would have been, if
each holding gave its benchmark return (see below for details). Providing that the
holdings are priced consistently with the index, the only differences between r,” and

rj” will arise due to cashflows. In other words, a cashflow can make the calculated

return for a holding in a stock differ from the index return for that stock (as we
illustrate below).
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2. There is a transaction costs' attribute whose value is given by WJF’(rjp* —rj").

Clearly when r].p* =1, this attribute will necessarily have a value of zero. The

intuition behind this is that transaction costs will be measured as zero for any sector
that has not experienced a cashflow on any particular day.

3. All of the other attributes are calculated perfectly normally, except that wherever one
would normally use rjp, one uses instead rjp*. This way, one is calculating asset
alocation, stock selection, and interaction on the assumption that there were no

cashflows in the portfolio.

These calculations are summarized in equations 4-7. For ease of comparison, equations 1-3
show the standard Brinson model using the same notation.

Table 6: Example 1 Results for Day 1

Asset Stock Interaction | Transaction Total

Allocation Selection Costs
Sector 1 -0.04% -0.67% -0.13% 0.30% -0.54%
Sector 2 -0.09% 0.00% 0.00% 0.00% -0.09%
Total -0.13% -0.67% -0.13% 0.30% -0.63%

To clarify the transaction costs calculation, it will be helpful to illustrate it with some specific
numbers. Since the only transaction was in Sector 1 on Day 1, this will provide a good
illustration. Between the close of business on Day 0 and Day 1, the value of Sector 1 changed
from $80.00 to $70.30. To calculate the correct return in this instance, one needs to take into
account that there was a sale (i.e. a negative cashflow) of $10.00. The portfolio return® for
Sector 1 was therefore:

P $70.30 —$80.00 +$10.00

r =
Sector1 $8000
~ $0.30
~ $80.00
=0.37%
The opening weights for stock ABC in Sector 1 was % = 62.5%. The opening weight for
$30

stock DEF in Sector 1 was % =37.5%. It should be possible to use these weights to take

aweighted sum of the stock level returns, to obtain the sector level return.

If one calculates the returns for stock ABC and stock DEF using the benchmark closing
prices, one obtains the following values®:

$1.05
b P2 5o
"¢ $1.00

$0.97
b _ I 304
°% T $1.00

If one appliesthe stock-level weights to these returns, the result is:
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62.5% x 5.00% + 37.5% x —3.00% = 0.00%

Why doesn’t this reconcile with the portfolio sector return that we just calculated (0.37%)7?
The answer is because the weighted sum calculation we just performed combined benchmark

stock returns with portfolio stock weights. This is how one calculates rZ, ., rather than

.- Theintuition behind rk, . isthat it captures what the portfolio return for Sector 1

would have been, in the absence of any transaction costs. Clearly, it is not the same thing as
the actual portfolio return for Sector 1.

To explore the difference thoroughly, we can calculate the portfolio returns for stocks ABC
and DEF using the same approach that we used to calculate the portfolio return for Sector 1
(i.e. using market values and cashflows rather than using benchmark close prices). The
results are:

. $31.50—$30.00

Mec = 430,00
_ $L50
$30.00

= 5.00%

and
_ $38.80- $50.00 + $10.00

"oer = $50.00

_ -$1.20
~ $50.00
— _2.40%

The difference appearsin stock DEF, because of the cashflow.

If one applies the stock level weights to these stock level portfolio returns, the result one
obtainsis:

1., = 62.5%x5.00% + 37.5%x —2.40% = 0.37%

This does indeed reconcile exactly with the actual portfolio return for Sector 1. The
difference between thisreturn and r Sz;orl is solely attributable to the cashflow in stock DEF.

It is not common to distinguish between portfolio stock returns and benchmark stock returns,
but these numbers illustrate how the digtinction can be useful for gauging the effect of
transaction costs.
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Table 7: Example 1 Results for Day 2

Asset Stock | Interaction | Transaction Total

Allocation Selection Costs
Sector 1 0.11% -0.01% 0.00% 0.00% -0.12%
Sector 2 -0.22% 0.00% 0.00% 0.00% -0.22%
Total -0.33% -0.01% 0.00% 0.00% -0.34%

Table 8 shows the attribution results over both days combined. The transaction costs for
Sector 1 are non-trivial in their magnitude when compared with the other attributes.

It is also interesting to note that Sector 2 shows zero stock selection. This is intuitive, since
one could hardly have generated an active return due to stock selection in a sector where there
is only one stock. Note, however, that if cashflows did take place in Sector 2, a traditional
Brinson model would show the effect of these in the stock selection attribute, while the model
presented in this section would show the effect of these cashflows in the transaction costs
attribute. This reinforces the intuition behind this section’s approach to measuring transaction
COsts.

Table 8: Example 1 Results for Combined Period

Asset Stock Interaction | Transaction Total

Allocation Selection Costs
Sector 1 -0.15% -0.67% -0.13% 0.30% -0.66%
Sector 2 -0.31% 0.00% 0.00% 0.00% -0.31%
Total -0.46% -0.67% -0.13% 0.30% -0.97%

Example Two (No Transaction Cost Measurement)

Example Two is atraditional Brinson attribution. Compared with Example One, it makes the
simplifying assumption that there is no separate measurement of transaction costs. It is
possible to consider the difference between Examples One and Two from a theoretical
perspective, or alternatively by inspecting the results.

Starting with the results, one can see that there is no difference on Day 2. This is intuitive,
since no transactions took place on Day 2.

On Day 1, the differences appear in stock selection and interaction. Of the 30 basis pointsin
value added due to transaction costs according to Example One, 25 basis points have shifted
into stock selection, and 5 basis points into interaction.

Table 9: Example 2 Results for Day 1

Asset Stock Interaction | Transaction Total

Allocation Selection Costs
Sector 1 -0.04% -0.42% -0.08% N/A -0.54%
Sector 2 -0.09% 0.00% 0.00% N/A -0.09%
Total -0.13% -0.42% -0.08% N/A -0.63%

From a theoretical perspective, this result is not surprising. Stock selection and interaction
both depend on the portfalio return for each sector. If one doesn’t distinguish between rjp

and rjp* , it follows inevitably that any attribute using the portfolio return will be affected both
by stock selection, and by cashflows in the portfaolio.
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Table 10: Example 2 Results for Day 2

Asset Stock Interaction | Transaction Total

Allocation Selection Costs
Sector 1 0.11% -0.01% 0.00% N/A -0.12%
Sector 2 -0.22% 0.00% 0.00% N/A -0.22%
Total -0.33% -0.01% 0.00% N/A -0.34%

The active returns measured by Example One and Example Two areidentical. In each period,
the attribution calculations in Example One and Example Two reconcile exactly with the
calculated active return.

Table 11: Example 2 Results for Combined Period

Asset Stock Interaction | Transaction Total

Allocation Selection Costs
Sector 1 0.15% -0.42% -0.08% N/A -0.66%
Sector 2 -0.31% 0.00% 0.00% N/A -0.31%
Total -0.46% -0.42% -0.08% N/A -0.97%

Example Three (Buy and Hold Assumption)

Example Three introduces a buy-and-hold assumption into the calculation. In other words,
we do the calculation for the entire period in a single step, using the time-weighted returns
over the entire period, and the opening weights at the start of the period. For example, to
calculate the value added by asset allocation in Sector 2 over the period from Day O to Day 2,
we use the weights for Day 0, and the returns over the entire period:

Asset Allocation for Sector 2= (wg —w? )x(r? —r2,, )

total
= (20.00% - 33.00%)x (3.00%— 0.33%)
=-0.36%

No doubt there are a number of different implementations of a buy-and-hold assumption, each
with dlight variations. Hence, this particular example may not accord with every possible
interpretation of the buy-and-hold assumption.

The extra simplicity of a buy-and-hold assumption comes at the cost of inaccuracy.
Specifically, the attributes explain an active return of -103 basis points over the combined
period, even though the time-weighted active return for this period was in fact -97 basis
points. This inaccuracy arises because the buy-and-hold assumption ignores any active
changes to portfolio or benchmark weights over the course of the analysis period. For this
particular set of sample data, there were no active changes to the benchmark weights during
the analysis period: the benchmark weights smply fluctuated in accordance with the relative
returns of each sector. However, the sale of stock DEF on Day 1 caused a decrease in the
portfolio weight of Sector 1, and an increase in the portfolio weight of Sector 2. This is at
variance with the buy-and-hold assumption.

Why would one choose to adopt a buy-and-hold assumption? One possible reason is that
there are less calculations involved. However, a more compelling reason in practice is that
one could economize greatly on the amount of portfolio data that is required. In particular,
one could use occasional snapshots of the portfolio weight for each stock (in this case, there is
a single snapshot at the start of the analysis period), and one could then extrapolate forward
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using the benchmark stock returns to obtain the portfolio returns (and weights) over the whole
analysis period.

This dramatically reduces the burden of assembling portfolio data. Instead of assembling
market values and cashflows every day, one is able to dispense entirely with cashflows, and
the market values are only required for occasiona snapshots (for example, weekly or
monthly). Even though this entails some sacrifice of accuracy, the sacrifice could be
worthwhile for someone who is having great difficulty assembling and reconciling daily
portfolio data.

Table 12: Example 3 Results for Combined Period

Asset Stock Interaction | Transaction Total

Allocation Selection Costs
Sector 1 -0.18% -0.42% -0.08% N/A -0.68%
Sector 2 -0.36% 0.00% 0.00% N/A -0.36%
Total -0.53% -0.42% -0.08% N/A -1.03%

Reviewing the Differences in Results

We have seen three different examples of attribution analysis, calculated using the same set of
data. Each attribution produced different results.

As we progressed from Example One to Example Three, each caculation became
progressively less detailed. Example One did a separate calculation for each different day,
and it included an explicit calculation for transaction costs. Example Two dispensed with the
transaction cost measurement. Example Three dispensed with doing a separate calculation on
each day, and ssmply did one calculation over the entire period.

Examples One and Two exactly explained the active return on each single day. Furthermore,
even if one uses a very naive method for combining the results’ over both days —for example,
simply adding the attributes — the results come very close to the known active return over the
two day period. On the other hand, Example Three produced a set of attributes whose sum
differed materially from the known active return. Intuitively, it's easy to see that a buy-and-
hold assumption can introduce inaccuracy into the calculations, since it ignores active
changes to the portfolio or benchmark weights.

What were the chief differences between the different sets of attribution results?

e Example One was distinctive in showing 30 basis points of value added due to transaction
costs. The intuition behind this was that the portfolio sold 10 shares of stock DEF for net
proceeds of $10 on a day where DEF closed a 97 cents. The proceeds of the sale were
therefore 30 cents higher than one would have expected based on the closing price. This
30 cent gain, divided by the $100 opening fund value, is the rationale for showing 30
basis points of value added due to transaction costs’. It may seem puzzling why this
method for measuring transaction costs uses the closing price as a point of comparison
(for example, one could ask why the calculation doesn’'t use opening price or volume
weighted average price (VWAP) as a point of comparison). One reason for this is that
portfolio and benchmark returns are normally calculated using closing prices. This makes
it much easier to estimate transaction costs relative to closing price than any other
yardstick. Another reason is that VWAP is typically unbiased relative to closing price
(Laker 2001): hence, any difference introduced by using closing price rather than VWAP
as a yardstick tends to self-cancel over time. The method for transaction cost
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measurement in Example One is intuitive in the sense that it shows the transaction costs
effect as zero for any sector except on days where a cashflow takes place in a sector.

e The main difference between Example One and Example Two was that the 30 basis
points of transaction costs in Example One had to go elsewhere in Example Two (since a
standard Brinson attribution does not include any measure of transaction costs). It turned
out that 25 basis points went into stock selection, while 5 basis points went into
interaction. The intuition behind this is fairly clear. As defined in the Brinson model,
stock selection depends on the difference between each sector’s portfolio return and its
benchmark return. Essentially, the Brinson model assumes that, if a sector outperforms
its benchmark, this is attributable to superior stock selection. However, since transaction
costs affect each sector’s return, it stands to reason that they will show up in the stock
selection attribute if they are not measured separately. Similarly, the interaction term for
each sector depends on the portfolio’s performance relative to its benchmark. Therefore,
it aso changesif oneignores transaction costs as afactor that influences portfolio returns.

o Example Three assumes that there are no active changes to the portfolio weights during
the course of the analysis period. This simplifying assumption subtracts about 7 basis
points from the results for asset alocation®. Some of this difference appears in the results
for each of the different sectors. Significantly, this difference in the attribution results is
arguably just an error caused by the buy-and-hold assumption. There are two senses in
which one could classify this difference as an error. Firstly, it understates the active
return by about 7 basis points, compared with the known time-weighted active return'®.
Secondly, one could consider this difference in the results as an error because it doesn't
seem susceptible to any intuitive interpretation. For example, if the differences in the
asset alocation results could somehow be interpreted as an indication of the impact of
transaction costs, this would be useful information. But it is hard to find any such
interpretation.

No doubt there are many other dight variations in how to do the calculations.

In particular, one important variation is approximating the portfolio in each single period by
using the externally-provided returns for each asset. For the exampl e discussed in this paper,
this variation would make no difference on Day 2. On Day 1, it would create a 30 basis point
discrepancy. However, for typical portfolios held by portfolio managers, the discrepancy
tends to be only afew basis points per month.

Conclusion

The term “transaction based attribution” has no single meaning. Through the examplesin this
paper, we have illustrated how one can use information about transactions (i.e. cashflows) in a
portfolio to separately measure transaction costs in attribution analysis, and also how one can
introduce the smplifying buy-and-hold assumption.

Example One in this paper illustrates a relatively simple extension to the Brinson attribution
model which provides a measure of transaction costs. This measure is susceptible to an
intuitive explanation.

A common theme in many attribution methods that are not transaction based is that they
compute an approximate portfolio return by combining “snapshots’ of portfolio market values
with security-level returns provided by a third party (such as an index vendor or software
vendor). Many portfolio managers find this approximation acceptable, especially because it
simplifies the task of assembling portfolio datafor performance attribution.
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Because performance attribution is a rapidly evolving field, it is unlikely that everyone
attaches the same meaning to the term “transaction based attribution”. No doubt other writers

will be able to identify other shades of meaning in thisterm.

Trade Marks

GIPSisaregistered trade mark of the Association for Investment Management Research.

Aegisisatrademark of Barra, Inc.

Attribution Equations
Regular Brinson Attribution

Asset Allocation for sector j = (ij - WT )x (rjb —r )

Stock selection for sector j =w! ><(rjp - rjb)

Interaction for sector j = (ij —w‘.’)x (rjp —~ rj")

Brinson Attribution Extended to Measure Transaction Costs
Transaction Costsfor sector j = wP x (rip -~ r].p*)

Asset Allocation for sector j = (ij -w )x (rjb 1)

Stock sefection for sector j =wP x (r —r®)
Interaction for sector j = (WJp —wP)x (1P - re)
Definition of Terms

b _ . . . .
w;" = opening portfolio weight of sector j

ij = opening benchmark weight of sector |

r? = portfolio return for sector j

r j” = portfolio return for sector j (assuming benchmark stock returns)

r{ = benchmark return for sector |

ro., =total benchmark return.

Note: the formulafor calculating rj’f is:
rP=> werP

where: |

w” = weight of stock i insector j

r> = benchmark return for stock i

[ Equation 1]

[ Equation 2]

[ Equation 3]

[ Equation 4]

[ Equation 5]

[ Equation 6]

[ Equation 7]
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The only way that this differs from rjp, the portfolio return for sector j, is that it uses the

benchmark stock return r,°, rather than the portfolio stock return r,”. Providing that the

portfolio is priced consistently with the index, these will differ from one another only when a
cashflow takes place in the portfolio.
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! Carifio (1999), p. 5.

? See www. CompoundingHappens.com/TransactionBased.xIsfor a copy of the example spreadsheet. It
includes all of the relevant data and equations.

®By convention, the amounts specified for purchases and sales are net of brokerage and any minor
transaction taxes (e.g. stamp duty) that may be applicablein certain jurisdictions.

* Because of sign conventions, it may be more intuitive to call this attribute “intra-day timing” rather
than “transaction costs’. In this particular case, the portfolio manager had the skill or luck to sell stock
DEF at an average price of $1.00 net of brokerage, on a day where it closed at 97 cents. This added 30
basis points of performance to the portfolio. However, normally one would expect the net selling price
to be biased downwards, due both to explicit costs (e.g. broking) and implicit costs (e.g. market
impact).

> Assumi ng the cashflow took place at the end of the day.

6 The superscript b in these return formulas may seem superfluous. However, the distinction between
benchmark stock returns and portfolio stock returns will soon become clear.

" The question of how to combine attribution results over multiple periods has been somewhat
controversial recently. See, for example, the Journal of Performance Measurement, Fall 2002. It
would probably be unnecessarily confusing to combine a discussion of multiple period attribution with
adiscussion of transaction-based attribution.

8 See Laker (2001) for more detailed explanation of this point.

° All of the attribution results are rounded to the nearest basis point. Therefore, the sum of the
differences in sector-level attributes may differ slightly from the total difference in active return, due to
rounding.

10 This difference is because the buy-and-hold assumption implies a portfolio return that is about 7
basis points lower than the actual portfolio return that one calculates when taking active weight
changes into account.
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