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Financial Analysts Journal60:4 (July/August 2004) included the paperMu |l t i per i od Ar it h
Attribution dMenchero, 2004) That papercompared three different multiperiod attribution
methods, including he fAnoti onal portfolio methodo (a. k. a. t

This paper rgsonds tosome of the arguments presented by Menchero, and offers a different
perspective orseverabf the issues he raises.

This paper is publishedxclusivelyby CompoundingHappens.cEm We arepleased to present
these ideas in the interest of advancing the field of knowledge in performance attribution.

Abstract

Performance attribution seeks to explain the value added in an investment portfolio. Methods for
calculating attributes ovemultiple periods fall into two main approaches. The first approach
applies scaling factors to singberiod attributes in order to obtain multigleriod attributes with

no residual. The second approach is based on the fact that sector attributforedsatea process

of comparing returns for notional portfolios, and it works by compounding those notional returns.

Menchero (2004) used two examples as a basis for arguing that his optimized method (which uses
scaling factors) provides a sound appro&mhcalculating attribution over multiple periods. The
present paper rexamines those examples, and advances arguments for why the notional portfolio
approach could be considered a better solution to the problem.

The chief argument for the notional dottos approach is that it simply uses an exact process of
return compounding to directly calculate multiple period attributes. On the other hand, the scaling
methods produce results that are inconsistent with the arithmetic of compounding.

Comparing theesults from these different approaches, we encounter interesting questions about the
intuitiveness of compounding, the concept of interaction, the problem of calculating sector level
attributes, and the question cofp rwehseetrhveart i Mennoc haenrdo
canceling out are indeed consistent with the arithmetic of return compounding.
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Introduction

Menchero (2004provided an insightful viewpoint on many aspects of the present debate about
multiple period arithmetic attributionThe present paper responds to some of the issues raised by
Menchero, providing another vigeint

As Menchero indicates, the question of how to calculate attribution results over multiple periods is

very relevant to plan sponsors, investment managerd, adhers who have an interest in
understanding how the active bets made within a fund have caused it to perform differently from its
benchmark I n principle, one can use attribution to
time intervals such as21 mont hs or 36 months are more releval
investment style and level of skill. To adequately capture the impact of events over a time interval

of this length, one needs to assemble a set of portfolio and benchmark informat&ivorfer

periods €.g days, weeks, or monthgnd then combine all this informatiower the entire analysis

period. This process of combining data over time is known as the problem of multiple period

attribution.

Compounding and Active Returns

Compounling is the basic principle that has long been used for calculating the cumulative effect of

i nvest ment returns over multiple perieaechof To gi
two periods is 10%, the combined effect over two periods is 2i#ile compounding like all

other calculation$ is to some extent a matter of convention, there is a powerful intuition behind
compounding. If the initial capital at stake was $100, this would grow to $110 over one period, and

$121 over two periodsThus, there is a sing link between the concepts of return compounding,

and cumulative value.

Value Added

Value addedis another basic and important principld the benchmark return was 4% when the
portfolio return was 10%, one would say that the valdéed by the investment manager was 6%.
This corresponds to the fact that theaf value of a $100 investmewbuld have been $104 under

the benchmark return, whereas in fact it was $110, leaving a difference of exactly $6. Once again,
this calculationcould be said to be a matter of convention, but the convention does clearly relate
back to dollars and cents.

In geometric attribution (where one looks at vatoeenpoundedather than valuadded, the active
return would be 5.77%ather than 6%, sincé.+10’/o)/(1+ 4%) =5.7/. Hence the arithmetic

concept of value added is considered by many to be more intuitively appsaicwit relates more
clearly to dollars and cents

A Blind Alley

However, there are limits to the power of intuition. Overrglsi period, 4% of benchmark return

and 6% of value added combine into a total return of 10%. However, over two periods, the
compounded portfolio return is 21%, and the benchmark return is 8.16%, leaving a value added of
12.84%. These percentages allrespond back to dollar amounts (for a fund whose initial value
was $100). So far so good. But it is a blind alley to atterajgulating the tweperiod value added

from the single period number of 6%. Among many possible methods, one could add (@latainin
result of 12%), or one could compound (obtaining a result286%). However, both these
numbers diffematerially from 12.84% (the correatsultfor value added). In the absence of any
compelling reason, it seems fruitless at best to head dowhlitite alley of using single period

value addedneasuremenis order to calculate value added over multiple periods.
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These basic conceptsompounding, value added, and the problem of the blind aies) the heart
of the problem of calculating @nimetic performance attribution.

Intuitiveness

Menchero proposed that a good solution to the multiperiod attribution problem should have three
gualitative characteristics:
1. Intuitiveness The results should accord with a reason
2. Transpaency. The method for calculating the results should be open to public scrutiny.
3. Robustness The calculation should not be unstable in the sense that it normally produces
reasonable resultdyut occasionally produces unreasonable resulEor example, ri his
Appendix A, Menchero presents evidence that the method proposed by Campisi (2002/2003)
will produce Aspurious sign flipso in about 2%
some of the attributes should be positive and some should beveedatit in fact the
multiperiod results come out with signs reversed.

It is hard to see hovhésethree qualitativecharacteristiceould not bedesirable. However,it can

be difficult in practice to make judgments about them, particularly when it cinueiding what

is intuitive. I ntui ti on depends upon onedbds assumptions,
Hence, a principle that seems intuitively convincing to one person may not be persuasive to another
person. In this way, intuition can be a&fig, but not infallible, guide toward the truth.

To take an unrelateeixample, in everyday life, it seems intuitive that the sun revolves around the
earth However, a modern scientific view of the wofttie heliocentric theorydays that the earth
andthe other planets revolve around the skwen though the heliocentric view is widely accepted
as true, it is not intuitivéor many people

A much closer example concerns compounding and value addedsorieone familiar with
investment performance callations the arithmetic involved in compounding may seem intuitive,
obvious, and simple.However, to many people, it is far from intuitive. Consider the previous
example, where a fund outperformed its benchmark by 6% in a single period. By how nuldth wo

it outperform over two identical periods? Many people, when asked this question, may not consider
whether the answer depends upon the benchmark return. As we have seen, when the benchmark
return is 4%, the correct answer is clearly 12.88t if the benchmark return was 14%, the value
added over two compounded periods would be 14.04% (since 29996% = 14.04%). This is a
mathematical truth, but many people may not find it intuitive.

Consider one last example of unintuitive compounding andazdded. Suppose the benchmark

return is 0.4% in one period, and 16.8% in the next. Suppose we discoverfigesumeestment

technique that will subtract 200 bps of performance in the first period, but add 200 bps of
performance in the second period/hat will this surefire technique do for our compoumpartfolio

performance over both periods combined? In fact, arithmetic shows us that this technique will cost

the portfolio 37 basis points of performancéhe valuea dded cert ai nl yevehoesnodt
though we might expect it toThis result will help us to make sense of the way that the cumulative

value added iTable2 is 37 basis points less than the cumulative value add&dble1. It will

al so suggest that Mencherods notion of Aintuitiyv
way compounding works.

It is reasonable to demand that a proposed solution is intwifere we consider it good
However,as we will see, some of teoncept s descri bed by Menchero a
inconsistent with the principle of compounding
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Value Added in Funds With No Active SectorAllocation

Before actually looking at some attribution calculations, let us look simply at some compounding
calculations, to explore whether or not they are intuitive.

We are going to examine the portfolio and benchmark returns for four examples that are like
Mencherobs Example 1 and Example 2, except t hat
constrainingthem so there is only one source of value added. Appendix 1 explains in detail how
the totatlevel portfolio returns inTablel andTable2wer e deri ved from Mencher o

In Tablel, weconsi der a portfolio that is the same as
investment mandate constrains the fund manager from making active aémtation bets. To

implement such a constraint, one would simply need to hold esel eass at benchmark weight

at the start of each performance petiod

Tablel: Me n ¢c h e r o 6 s(Subjechtartipel Constrhint obrActive Sector Allocation)

Portfolio Benchmark Portfolio Benchmark Value
Weight Weight Return Return Added
Period 1
Large Cap 20.00% 20.00% 0.00% 10.00%
Mid Cap 35.00% 35.00% 18.00% 18.00%
Small Cap 45.00% 45.00% 2.00% 2.00%
Total 100.00% 100.00% 7.20% 9.20% -2.00%
Period 2
Large Cap 20.00% 20.00% 6.00% 5.00%
Mid Cap 30.00% 30.00% 11.50% 11.50%
Small Cap 50.00% 50.00% 9.50% 9.50%
Total 100.00% 100.00% 9.40% 9.20% 0.20%
Period 3
Large Cap 20.00% 20.00% 10.00% 0.00%
Mid Cap 30.00% 30.00% 6.50% 6.50%
SmallCap 50.00% 50.00% 14.50% 14.5%
Total 100.00% 100.00% 11.20% 9.20% 2.00%
Compounded 30.41% 30.22% 0.19%

The calculations iTablel are simply weighted sums (for obtaining the tdéael returns from the
sectorlevel returns and weightgnd compounding (for obtaininge multipleperiod returns).

I n accordance with Allotae i difN® mMandatee,Setcheor portfo
benchmark weights imablel1 have identical values. Becauseghaewportfolio sector weights in

Tableldi f fer from the portfolio sector weights in |
returns(and hence the value added® also different.In other words, the performance we see in
Tablelis forapot f ol i o t hat di ffers from Mencherobs Exa

allocationhas been eliminated as a source of value added.

Using the method that we confirmed as correct earlier in this paper, the bottom Trablefl

shows the portfolio return and benchmark return compounded over three periods, and then the
cumulative valueadded, taken as the difference between compounded portfolio return and
compounded benchmark return.
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Compound Returns in Mencherods Exampl e

As we siggested earlier, a perhaps unintuitive aspect of investment performance analysis is that one
cannoteasly calculate the value added over multiple periods using sekelynputsthe single

period numbersfor value added. Specifically, the correct resubadepends on the benchmark
returns.

This concepis demonstrated byable2. Thisf und i s si mil ar to Mencher oo
that, once againthe portfolio sector weights have been held equal with the benchmark sector
weights, to reflect a mandate thpbhibits active sectaallocaion.

For eachsubperiod 1-3, the value added ifiable 1 was identical to the value addedTable 2.
However, due to compounding, tlewerdl value added over three periods Tiable 1 is quite
different from Table 2 (positive 19 basis points, compared with minus 18 basis poirEsen
though the precedingalculations have been entiretpnventional using only the universally
accepted concepts of weighted sums, compounding, and value, ddidedesult may not be
intuitive for all readers

Table2: Me n ¢c h e r o 6 s(Subjechtartipel Constiaint obrActive Sector Abcation)

Portfolio Benchmark Portfolio Benchmark Value
Weight Weight Return Return Added
Period 1
Large Cap 20.00% 20.00% 0.00% 10.00%
Mid Cap 20.00% 20.00% 4.00% 4.00%
Small Cap 60.00% 60.00% -4.00% -4.00%
Total 100.00% 100.00% -1.60% 0.40% -2.00%
Period 2
Large Cap 20.00% 20.00% 6.00% 5.00%
Mid Cap 30.00% 30.00% 14.00% 14.00%
Small Cap 50.00% 50.00% 12.00% 12.00%
Total 100.00% 100.00% 11.40% 11.20% 0.20%
Period 3
Large Cap 20.00% 20.00% 10.00% 0.00%
Mid Cap 30.00% 30.00% 16.00% 16.00%
SmallCap 50.00% 50.00% 24.00% 24.00%
Total 100.00% 100.00% 18.80% 16.80% 2.00%
Compounded 3023% 3040% -0.18%

Interpreting These Results As Attribution

Without changing any of these calculations, one can very easike them controversial, by
reconceptualizing them as performance attribution. Specificiliyjnle 1 and Table 2 were
specified so that the only source of active returns was issue selection. Accordingiy,we
measure the value added in these examples, we are also implicitly attributing that value added to
issue selection, since sector allocation (the only other source of active returns) was forbidden.

In other words;Table1 and Table2 provide a set of issue el ecti on cal cul ati ons f
Example 1 and Example 2. In case the reader is troubled by this swift transition into the realm of
performance attributignthe present paper will later prod a more systematic account of how

performance attribution calculations work. This account will clearly exjplsinhowTable1 and

Table2 can properly be considedl as attribution calculations.

Return Compounding and Multiple Period Arithmetic Attribution (RewNa007) Page5 of 19



COPYRIGHT® 20057 Compoundinfla ppens . ¢c o mE

Table3: Issue Selection Results for Different Methods

Method Issue Selectior Issue Selectior

Example 1 Example 2
Notional portfolio 0.19% -0.18%
Logarithmic 0.24% -0.13%
Optimized 0.24% 0.24%

By rearrangi ng s o wesuronfarizdlidable the thredpariodissue selection

results for each of the following attribution methods

T The ANoti onal ,gescribedoyDavies and lmaket (R001JThis is the method
used inTablel andTable2.

T The #ALogar i tdesarbed by Cariid (19899l

T The #AOpt i midesribéd byrvéehchepod2000).

We will defer a detailed discussion of these results until later in this paper. Howeval, init

inspection reveals some clear differences between the results produceddiirése multiperiod

attribution methods:

1 The notional portfolio method produced substantially different results for Example 1 and
Example 2. These differences arose dubeaffect of compounding on the benchmark.

1 The optimized method, in stark contrast, produced identical results for Example 1 and Example
2.

9 The logarithmic method produceesults that seem pantay between the optimized results and
the notional portfoliaesults.

Since these three different calculations are in wide commercial use, it seems important to establish
clearly whether the diversity of results reflects a possibility that there simply is no exact answer to
multiperiod arithmetic attribution, or aime hand, it indicates that investment practitioners need to
carefully evaluate whether any of these calculations should be preferred over the others. We return
later to this theme.

Value Added in Funds with no ActivelssueSelection

We have already seemh at t he performance would have been
the investment manager wasly allowed to use issuelgction betsaas a source of added value

Now we will look at what the performance of those funds would have been if thenmeves
manager was only allowed to use sector allocation as a source of added value.
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Table4:Me n c h e r o 6 s(Subjechtartipel Constrhint obrActive Issue Selection)

Portfolio Benchmark Portfolio Benchmark Value
Weight Weight Return Return Added
Period 1
Large Cap 20.00% 20.00% 10.00% 10.00%
Mid Cap 50.00% 35.00% 18.00% 18.00%
Small Cap 30.00% 45.00% 2.00% 2.00%
Total 100.00% 100.00% 11.60% 9.20% 2.40%
Period 2
Large Cap 20.00% 20.00% 5.00% 5.00%
Mid Cap 40.00% 30.00% 11.50% 11.50%
Small Cap 40.00% 50.00% 9.50% 9.50%
Total 100.00% 100.00% 9.40% 9.20% 0.20%
Period 3
Large Cap 20.00% 20.00% 0.00% 0.00%
Mid Cap 50.00% 30.00% 6.50% 6.50%
SmallCap 30.00% 50.00% 14.50% 14.50%
Total 100.00% 100.00% 7.60% 9.20% -1.60%
Compounded 31.37% 30.22% 1.15%

Table4 shows a performance analysis fde n ¢ h e r 0 6 s, undex thergsduraptioh of strictly

neutral issue selecti@n To reflect the assumption that thrvestment manager could make sector

allocation bets (but strictly no issue selection bets), we simply hold the portfolio sector returns at

the same value as the benchmark sector returns. It is as if the fund was perfectly indexed (with zero
tracking erro ) in each asset cl ass. The portfolio sec
Exampl e 1. These active sector weights generate
sector allocation decisions, while the indexed sector returns capeir@ssumption of no active

issue selection.

As always, the total level portfolio returns in each single period are simply a weighted sum (using
the portfolio sector weights) of the sector level portfolio returns. Alsogsithgle period value
added issimply the difference between the portfolio return and the benchmark return. Finally, the
value added over three periods is simply the difference between the compounded portfolio return
and the compounded benchmark return.

In this particular case, the mpound performance of the benchmark was 30.22%, while the
compound performance of the portfolio was 31.37%. Hence, the value added by the active sector
allocation decisions (with strictly no issue selection) was the difference between these two values,
positive 1.15%.

Table5 shows a similar analysis fortie n c h e r 0 6 s Orfica agarp thigandlysis measures

the value added arising from sector allocation, by using the active sector weights but the benchmark
sector returns.In each single period, the value added was the same Bxdople 1, as showin

Table4. However, once the returns are compounded out, the value added over three periods is
positive 1.52%, rather than the positive 1.15% we inbthin Table 4. This reflects the large
differences between the benchmark returriable4 andTable5.
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Table5:Me n ¢c h e r o 6 s(Subjechtartpel Qestraiht of 0 Active Issue Selection)

Portfolio Benchmark Portfolio Benchmark Value
Weight Weight Return Return Added
Period 1
Large Cap 20.00% 20.00% 10.00% 10.00%
Mid Cap 50.00% 20.00% 4.00% 4.00%
Small Cap 30.00% 60.00% -4.00% -4.00%
Total 100.00% 100.00% 2.80% 0.40% 2.40%
Period 2
Large Cap 20.00% 20.00% 5.00% 5.00%
Mid Cap 40.00% 30.00% 14.00% 14.00%
Small Cap 40.00% 50.00% 12.00% 12.00%
Total 100.00% 100.00% 11.40% 11.20% 0.20%
Period 3
Large Cap 20.00% 20.00% 0.00% 0.00%
Mid Cap 50.00% 30.00% 16.00% 16.00%
SmallCap 30.00% 50.00% 24.00% 24.00%
Total 100.00% 100.00% 15.20% 16.80% -1.60%
Compounded 31.93% 30.40% 1.53%

The value addedéh Table 4 and Table 5 is attributable entirely to sector allocation bets by the
investment manager. Asimmarizedin Table6, t hese are the results for
method. As was the case with issue selection, the threeedifferays of calculating the attribution

results produce somewhat different resulfdis raises the whole issue of how sector attribution

works, which we consider in the following section.

First Principles of Sector Attribution

Even though there is contrersy about how to calculate attributes over multiple periods, there
seems to be complete agreement over the first principles of sector attribution, and how these
principles apply to calculating attributes over a single period.

Portfolio Benchmark
Sector Returns Sector Returns
(V) (1
2 = g Portfolio Active Asset
S g =) Allocation Fund
e () .s ' . b
£’ awop aw; o,
i j
« (1 ()
T = 9 Active Stock Benchmark
E &< .
£58 g Selection Fund
s b A s b Ab
g"’g aw of aw; 9,
i j

Figure 1: Notional Portfolios Described in Brinson et al. (1986).

The key concept in sector attribution was descfitlsdBrinsonet al. (1985) and Brinsoret al.

(1986). The insight is that, by combining sector weights and returns in diffevaps, one can

obtain four different notional portfolio returns, as showFkigurel:

1 The benchmark return (quadrant I) is obtained using benchmark sector weights and benchmark
sector returns. For Mmankadtuenrdoridgsperiedk lawapd.26% 1 t he
(referTable1l andTable4).
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1 The active asset allocation fund (quadrant 1) is obtained using portfolio sector weights and
benchmark sector returns. Rdre n ¢ h e r mople 4, it [@ovided a returmuring period lof
11.60% (refeilable4).

1 The active stock selection fund (quadrant Ill) is obtained using benchmark sector weights and
portfolio sector returns. Fdvile nc her 0 0 s, it pravaledp tetearn during period 1 of
7.20% (refefablel).

1 The actual portfolio return (quadrant 1V) is obtained simply using portfolio sector weights and
portfolio sector returns. Fdle n ¢c h e r 0 6 s, theeactaahportfolio return dimg period 1
was 9.60%refer Table9).

Equations 44 show how one can calculate different components of value adklad these
notional portfolio returns.

SectorAllocation = il [Equation 1]
Issue Selection = Ml [Equation 2]
Interaction = IVTIET I+ [Equation 3]
Total Value Added = Vil [Equation 4]

Applying these principlestdle nc her o 6 s péErodIntpd resultd weiobtain are:
1 Sector Allocation = 11.60%9.20% = 2.40%

1 Issue Selection = 7.2099.20% =-2.00%

1 Interaction = 9.60% 7.20%- 11.60% + 9.20% = 0%

1 Total Value Added = 9.60%9.20% = 0.40%

These results for period 1 seem entirely uncontrover$iagy can be found in Menchero (20043
reproduced inTable 9). Despite the many articles disputing how to calculate attribution over
multiple periods (including Bonafeds al 2002, Campisi (2002/2003), Carifio (1999), Kirievsky
and Kirievsky (2000), Menchero (2000), and Mirabelli (2000/2001) ), nobody seedisafgree
about how this single period arithmetic calculation should work.

However, the question of how to calculate attribution over multiple periods is extremely
controversial. The present authdrassuggested that the notional portfolio approach apggually
for multiple periodgDavies and Laker (2001), Laker(2002))

TakingMe nc h er o 6 soveEthraemperibds ashn example

1 the benchmark return was 30.22% (réffablel andTable4).

1 the activeasset allocation return (quadrant Il) was 31.37% (Eébie4).
9 The active stock selection return (quadrant Ill) 8@s126 (referTablel).
1 The actual portfolio return (quadrant 1V) wak.63% (refer Table9).

Accordingly, the attribution resulfer Menc her o6s Exampl e 1 wusing the
(rather than Mencherthréeperiodsveré: mi zed met hod) over
Sector Allocation =31.37%6 - 30.2% =1.13%

Issue Seleatin =30.4%6 - 30.226 =0.19%

Interaction =31.68% - 30.42%%6 - 31.3®%6 +30.226 = Q0%

Total Value Added= 31.6%% - 30.226 = 1.44%

= =4 =4 =9
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Table6: Sector Allocation Results for Different Methods

Method Sector Allocation SectorAllocation

Example 1 Example 2
Notional portfolio 1.15% 1.53%
Logarithmic 1.20% 1.57%
Optimized 1.20% 1.20%

As shown inTable 3 and Table 6, the other methods for calculating attribution over multiple
periods poduce different results. Why is this? Essentially, they work by combining value added,
rather than by compounding returriBhe present author has called the notional portfolio method an

fexacto solution (Davi es an becdusekhereis rothiGgingxact L aker

about compounding returns. The other methods all apply scaling factors to single period attributes
in order to avoid a residual. Arguabl vy, they
components of value added &rhit would be perfectly adequate just to use return compounding.

Laker (2004)summarize some of the arguments. However, for the benefit of people who have

read Menchero (2004), the remaining sections of this paper respond specifically to issuds/raised
Menchero.

Metric Preservation

One of the ideas suggested by Mencherofvase t r i ¢ p.r esAhAgs vden omeér o expl ai

periods that have identical relative performance should contribute equally to relative performance
when they ar e’ I|Thimseand texclode denthmarkoreturns as an independent
source of differences in multiplgeriod results For instance, imable3 andTable6, one can see

that the Optimized method produced the saattribution results, even though thenchmark
returnswere very different in these cases

TakeTablel andTable2 as two different examples where the value addezhch single periois

the same, buthe benchmark returns are very differefithe solution for value added over three
periods inTable 1 and Table 2 is simply a matter ofapplying the welknown principle of
compounding. Assuming that theqnciple of compounding is not idoubt surely the only basis
for objecting toTable1 andTable2 as providing the correct solution for issue selection over three
periods would be if one rejected the patithat sector attribution fsndamentally about comparing
the performance of different notional portfolibtowever,Figure1l andEquations 14 show clearly
that sector attribution is indeed defined as a process of comparingtuhesof different notional
portfolios. Since portfolio returns are compoundakile,n @ tperfectly reasonable to use
compounding to calculathe value added ihablel andTable2?

Apparently notifone accepts Mencherods. idea of fimetric

ExaminingTable2, the value added by issue selection in each period is exactly the sanf@abkin
1. However, the benchmark returns are veryed#ht. As we saw earlier, it is in the very nature of
compounding that the compound value addey very wellbe different if the benchmark returns
aresubstantiallydifferent. Indeed, that is whaible2 shows (the compound wa addeds minus

18 bps instead of positive 19 bps in the previous exgmple However , Mencher ob6s

methodis specifically designed so that tbempound value added depends only on value aisded

each periodregardless of the benchmark returnElence, Menchero says the answer is positive 24

bps, just as in the previous exampl e. I ndeed,
linking] coefficients assuredly have the minimum possible deviation from the natural scaling and,
therefore, mthematically represent the most accurate residuale e s °oThis deéms o méan

that Menchero considers it a decisive advantage of the optimized method that it calculates the same
valueadded attributable to issue selection in Example 1 and Exé@npléle other methods do not

(refer back toTable 3 for the comparison). Howevefable 1 and Table 2 show precisely how,
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according to the arithmetic of compounding, the multjgeiod value added by issue selection will
naturally vary in different examples that use different benchmark returns, even if thepgingte
value added numbers in those examples are identical.

To summarize this issue, the compounding calculationsrslio Table 1 and Table2 seem to be
inconsistent with the idea of Ametric preservat.i
key question seems to lihis: If the principle of metric preservatids inconsistent with the

principle of compounding, which principle should be sacrificed first?

Interaction

Another key difference between different multiperiod attribution methods istheywdeal with
interaction. This can be a point of confusion, becausany people have a strong preference for not
seeing an interaction term in attribution reports. There are many ways to get rid of the interaction
term. Fundamentally, they involve adding it to issue selectidding it to sectoallocation, or
somehowdistributing it between the two.

However, the issue of whether to get rid of the interaction term is completely separate from the
issue of how one should calculate @sguming thatone does want to see it separately).
Accordingly, the following discssion about howo calculatethe interaction terms not to be
confused with the practical question of whether one should display interaction separately.

According to the first principles of sector attributidiigure 1 and Equatns %4), valueadded is
divided into three separate categories:

1. issue selection;

2. sector allocation; and

3. interaction, which reflects the combined effect of the previous two terms.

Interaction is fundamentally different from the other terms. Issue smiemteasures the value
added by selecting individual securities within sectors. Sector allocation measures the value added
by overweighting or underweighting different sectors. But interaction does not measure the effect
of any single decision: rather,riteasures thextra value arising from theombined effect of issue
selection and sector allocation.

Fora discussiomf theinteractionterm see Laker (2000).

Me n ¢ h e r exénwledbothiiovolved zero interaction within each single peridgdowever,does

that mean that the total interaction term should necessarily be zero over three combined periods?
This is in fact a key point of difference between the notional portfolio method and all other
methods. Because other methods work essentially by gecatlg scaling single period attributes

in order to eliminate a residual, they will never generate azeom interaction term if the single

period interaction terms are all zero. In contrast, the notional portfolio method indeed geherates
bps of inteaction for botrExample 1 and Exampled®er three periods.

Table7: Summary of Attribution Results fd&xample 1

Method Sector Issue Interaction Total Value

Allocation Selection Added
Notional portfolio 1.15% 0.19% 0.09% 1.44%
Logarithmic 1.20% 0.24% 0.00% 1.44%
Optimized 1.20% 0.24% 0.00% 1.44%

Let us consideasimple exampl@ortfolio over two periods:
1 Thebenchmark returns were zeradaheportfolio returrs were10% in each period.
1 Inthe first period, the value adilevas all attributable to issue selection.
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1 Inthe second period, the value added was all attributable to sector allocation.

Clearly, then, there was 10% added from issue selection, and 10% added from sector allocation.

But what happens when we compduthese two periods? The 10% value added from asset

allocation compounds with the 10% value added from issue selection to create 1% of additional

total return attributable to the interaction between asset allocation and issue selection. This shows

without any doubt that there can easily be a-pero interaction term over multiple periods, even

when none of the single periods contains a-reno interaction term.lssue selection and sector

allocation can produce an interaction term either by their samebus operation.¢. within a

single period), or by being compounded together across different periods. This is a fairly self

evident principle, once one reflects uponAtworld in which this principle did not apply would be
reminiscent of the Zenrpover b, AfiThe stone falls into the pond,

This is the same principle that generates 9 bps of interantiexample 1 and Example 2

Banchik (2004/5) shows that indeed active strategies in different periods do indeed lead to what he
descr i bePRericdEffechl Inntteerra c t’i This is gndtiREMay) obsaying that interaction

can arise from the compounding of periods, not just within a single petipde goes on to state,

fi € t h eperind Brinson or the Notional Portfolmethod accumulates only pure effects for
Selection and Interaction, and includes all IPEI effects in the 4petitdd interaction effea®

Under Banchitkhbes npoatriaodniaggm,portf ol i o met hod assi gn:
issue selectio al | t he A p uto sdor alecationpand adl thé InteedotEffecth

Il nteraction (plus the fpureodo interaction arisin
Banchi kéds only quibble with t thaitcombinesonorathanpor t f ol
one kind of i nteract i onPeripdkEffeat-interaction) rint & sirglet i o n an

interaction term. If that is the worst defect in the notional portfolio method, perhaps it has no
defects that need fixing.

Table8: Summary of Attribution Results fondample 2

Method Sector Issue Interaction Total Value

Allocation Selection Added
Notional portfolio 1.53% -0.18% 0.09% 1.44%
Logarithmic 1.57% -0.13% 0.00% 1.44%
Optimized 1.20% 0.24% 0.00% 1.44%

Table7 summarizeghe results for Eample 1 while Table8 summarizea the results for Eample 2

In both cases, the notional portfolio method shovp® of interaction over the combined periods,

whi 1l e the other methods show zero interaction. I
was not caused by any active management decision but, rather, by an artifact of the linking
algorithm. This simple example shows that the compounded notior#blp method does not

produce an exact solution to mdllThisspementseemsat t ri bu
to reflect @ assumption thainteractioncan only arisewithin a single period, and not by the

combined effect of active bets different periods

Interaction is the combined effect of two other decisions (sector allocation and issue selection),
rather than being an independent decision itsel:/
management deci s i oppirt: thes unteraadicon was hgenerated byc theaeffect of

different sector allocation and issue selection decisions in different periods compounding together

to create an additional component of the compound value added, just as we comsideradnt

aga As Banchi k observes, AThe simple reason is tha
types of effect, for example Selection and Allocation, each type of effect compounds with each

other type, creating an Interaction which cannot be clearly attributed ei t he'tf category. o
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When you reflect on the attribution results for either portfolicadgtually quite implausible to
suggest that there would have been no interaction whatsoever between the large sector allocation
bets and the large issue selectiotsbeFor example, inxample 1 the issue selection effect was
minus 2.0% in Period 1, and positive 2.0% in Period 3. The sector allocation effect was positive
2.40% in Period 1, and minus 1.60% in Period 3. In the light of the simplpdiad example
discusse@& moment agat seems clear that compounding these periods together will generate some
interaction.

Menchero writes at some length on this topic of interactiéor example, he stats8 The manager
actively decided every period not to add eathrough the interaction effect. The only meaningful

resul t, therefor e, is that t 1A &he ffirat sentermecin this n e f f e ¢
guotation demands careful scrutiny. Do investment managers ever take active investment decisions

about mi ni mizing an interaction term? This is |
experience suggests that they donot do this: i n

absurd investment objective. The reason why this idea is alsuhét interaction is not an
investment decision: it is the combined effect of two other decisions (issue selectiassabd
allocation). As we have seen, even if the interaction term in each single period is zero, one is still
highly likely to obtain anontzero interaction term over multiple periods (providing there have been
active bets in both issue selection and sector allocatibmjould therefore by quite misguided for

an investment manager to expect that there would be no interaction whatseerenultiple
periods in examples like these.

Once again, Menchero asks, ADid the portfolio m:
over t he t rMeiewapd posimgdhe uestion carries with it the suggestion that

interaction is somthing that an investment manager can directly control, which is not the case. The
investment manager has direct control over issue selection and sector allocation: over time,
however, these separate effects will interact togethemwoltld simply be muddled thinking to

suggestthat interactionis a direct management effect, rattleanthe combined effect of sector

allocation and issue selection.

The results produced fonteractionin these exampleshow that there are very clear differences
between th notional portfolio method (which relies on the principle of compounding returns) and
the other methods (which rely geometricallyscalingthe single period numbers fealue added).

It is hard to see how one could accept the principle of compoungih@lso reject the notional
portfolio method.

The next section raises one reason Wwhifom a practical standpoirit the notional portfolio
methodd oes not solve everybodyébés problems in one fe

SectorLevel Attributes

Me nc her oé lwilliatdesss,anotfer serious limitation of the compounded notional portfolio
method. Although the method provides a means to link attribution effects at the fund level, it does

not provide a way to link at the sector levie(i t i s not 'f Thereseenltobekhed!| e) . 0
possiblepoints of confusion in this statement:

1 Firstly, it would be easy for confusion to arise between how the notional portfolio method
Al i nk[ s] attribution effects at the faonnd | evel
effects. The other methods all take single period value added numbers, and then combine them
using a set okcalingfactors to ensure that no residual remains. In complete contrast, the
notional portfolio method ign exact compounding calculatipnsng returns for the notional
portfolios defined inFigurel. It compounds returns, rather than attempting to somehow link
attribution effects. The phrasefi | [ing] lkattribution effects is not applicable to the notional
portfolio method
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1 Secondly,before considering whether the notional portfolio method leaves open a path for
calculating sectalevel attributes, we need fivst consider wich multiperiod method produces
the totatlevel results that best accord with the principleompounding.

1 Thirdly, saying thathenotional portfoliomethod s fAnot fully | inkabl ed suc
it places some obstacle in the road of obtaining reasonable values for sector level attributes.
This is not the caseThere is no irprinciple difficulty with using exact compounding to obtain
the totallevel solution, then using some kind of approximation to obtain the sector level
solution.This could be implemented quite easily in a software package.

The obvious quest eoprl i s ©hiswbpretly mRBaecase BfDa mn e d

i f you do, d a mrreather iwérds,{ weuadvdcet rorde tsigecific sector level

solution, people may be inclined to object to that particular method. But on the other hand, if

we leave thegquestion open, people may be inclined to suggest that there is no solution.
Menchero seems to argue both of these ways. On the one hand, he tiataine kind of
solution we havalhxamgetshieng walsg diraint hnnmg [ and t
are unstabl e, however, a n . Buf an ¢he other hardiuhse mi s |
statement that the tothle v e | solution fAis not fiudorhepow! i nkabl
prevents one from obtaining sector level results.Frongelloput it, ffa serious shortec
themultiper i od Brinson model is that it ¥By incapabl
the very nature of the problem, it seems quite unlikely that there will be universal agreement on

any particular method fapproximating sector level attributes. However, this does not seem to

be asufficientreason for discarding an exact total level solution.

h
e
e

Conclusion

This paper considers the same examples that Menchero discusses, but it comes to very different
conclusims.

Sector attribution works by comparing the performance of different notional portfolios, as shown in
Figure1l and Equations-#. Since portfolio returns are compoundable, one can exactly calculate
totaklevel attributes ovemultiple periods, simply by compounding the notional portfolio returns.

Mencherobs approach to calculating attributes ovV
compounding, in several ways. The results it produces are quite different &oesthts produced

by compounding. Moreovethe principle of metric preservation seems inconsistent ot
particularproperty of compounding Specifically, this is the property that the multiperiod value

added arising fronx basis points of added e in a single period, depends the benchmark

returnsin each period

Menchero also treats interaction (whighses from a&ombined effect of issue selection and sector
allocation) as if it was a separately controllable management effect. We sugdesiue to the
nature of compounding, it is possible for interaction to be-zewn over multiple periods, even
when it is zero in each single period. This is a clear difference between the notional portfolio
method for calculating multiple performandgriution, and all the other methods.

There is no need to resort to approximations when calculatingleégtl attributes over multiple
periods. However, approximations are necessary when calculating-lseeloattributes. The
guestion of how ta@alculate sectotevel attributes does not have to be confused with the question
of what the correct value is for totielvel attributes. We leave the choice of a method for
calculating sectelevel attributes as an open question.

There are numerous methdds calculatingtotatlevel arithmetic attribution over multiple periods,
all of which give different results (séable7 andTable8). One might therefore be inclined to
infer that there is nexact salition to this problem. However, we suggest that this problem has a
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single exact solution, just as compounding returns is also an exact calculation. This idea potentially
has big implications for the theory and practice of performance attribution.
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Appendi x 1 Mencherods Example 1

Table9s hows Mencherods Example 1, with the compoundc

at the bottom.Tablel andTable4 show exactly the same exple, with one important difference
in each case:

9 Table 1 modifies the example so thaector allocation is excluded as a source of active
returns. In other words, the active return comes solely from issue selection. Conggptuall
this simply means that the portfolio weight for each sector is held equal to the benchmark
sector weight (this reflects neutral asset allocation), while the portfolio sector returns remain
unaltered (this reflects active issue selection). On a mecthdewel, the totalevel portfolio
returns inTablel are a weighted sum of the portfolio sector returns and the benchmark sector
weights. This calculation reflects what the total portfolio return would have been if the only
souce of active returns in the portfolio was issue selection. One can verify this by
comparing the totdevel portfolio returns immable9 andTablel. In each period, the total
level portfolio return inTablel is equal to the totdevel portfolio return inTable9, less the
totaklevel sectorllocation effect inrable9.

9 Table4 modifies the example dbat issue selection is excluded as a source of active returns.
This means that the only source of active return3dble 4 is asset allocation. This is
achieved byholding the sectelevel portfolio weights equal to the sectevel benchmark
weights, then recalculating the tetalel portfolio returns accordingly. To verify this, notice
that the totalevel portfolio return inTable 4 is equal in each period to thetallevel
portfolio return inTable9, less the totalevel issue selection effect irable9.

Instead of doing attribution omable 1 and Table 4, we simply compare the totkdvel porfolio

returns and benchmark returns in each case. Since the only source of active réfabis Iris

issue selection, we consider the active return to be attributable to asset allocation (where else could
the active return haveome from?) Similarly, by comparing the telavel portfolio and
benchmark returns iable 4, we consider that it is possible to measure the effect of asset
allocation.

Table9:Me nc h er o 6 s(adlvexseatopdllogatidh and actii&sueselection)

Portfolio Bench Portfolio Bench Sector Issue Inter- Active
Weight  Weight Return  Return| Allocation Selectior action| Contribution
Period 1
Large Cap 20.00%  20.00% 0.00%  10.00% 0.00% -2.00% 0.00% -2.00%
Mid Cap 50.00%  35.00%  18.00%  18.00% 1.32% 0.00% 0.00% 1.32%
Small Cap 30.00%  45.00% 2.00% 2.00% 1.08% 0.00% 0.00% 1.08%
Total 100.00%  100.00% 9.60% 9.20% 2.40% -2.00% 0.00% 0.40%
Period 2
Large Cap 20.00%  20.00% 6.00% 5.00% 0.00% 0.20% 0.00% 0.20%
Mid Cap 40.00%  30.00%  11.50%  11.50% 0.23% 0.00% 0.00% 0.23%
Small Cap 40.00%  50.00% 9.50% 9.50% -0.03% 0.00% 0.00% -0.03%
Total 100.00%  100.00% 9.60% 9.20% 0.20% 0.20% 0.00% 0.40%
Period 3
Large Cap 20.00%  20.00%  10.00% 0.00% 0.00% 2.00% 0.00% 2.00%
Mid Cap 50.00%  30.00% 6.50% 6.50%| -0.54% 0.00% 0.00% -0.54%
SmallCap 30.00%  50.00%  14.50%  14.50% -1.06% 0.00% 0.00% -1.06%
Total 100.00%  100.00% 9.60% 9.20% -1.60% 2.00% 0.00% 0.40%
Compoundec 3165% 3022%%
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