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What hasthe manager done for me?

A value-based approach to performance analysis

Abstract
In many circumstances it is unsatisfactory to measure portfolio performance using
time-weighted rates of return. There are well known problems with performance
atribution analyss usng time-weighted returns in a multi-interval context, and it is
impossible to measure the contribution of a portfolio’s manager to the wedlth of an
individud investor. This paper shows that measurement of outcomesin terms of value
solves the problems of multi-interva attribution andyss and enables precise
customised assessment to be made of the manager’s contribution for each investor.

Working with values is dso smple and transparent.



Introduction

The use of a benchmark portfolio is ubiquitous in portfolio performance appraisd. The
benchmark enables the rate of return achieved by a fund over a particular period to be broken down
into several components, congsting of the rate of return on the benchmark and of incrementa rates
which capture the effects of active management. This form of andyss was first presented by Fama
(1972) in the context of the capital assat pricing model. He uses a portfolio’s beta as an explicit
measurement of its risk; the benchmark portfolio is defined as a passve portfolio with a beta chosen
by the investor. The managed fund' s rate of return is then explained as the return on the benchmark,
plus the difference for taking more or less risk, plus the difference due to stock selection. Brinson,
Hood and Becbower (1986) re-cast the andyss to reflect industry practice. No explicit risk
measure is employed; ingead, the benchmark is defined as a passive portfolio with an asset
dlocation chosen by the investor, and the rate of return on the managed fund is explained as the
return on the benchmark, plus the difference due to deviation of the fund's asset dlocation from that
of the benchmark, plus the difference due to stock sdection. This atribution framework has since
been extended to identify the incrementd rates of return from risk pogtioning within an asset class
(Brinson, Singer and Beebower, 1991) and from currency sdlection (Allen, 1991; Ankrim and
Hensd, 1994; Singer and Karnosky, 1995).

In al the above work, and in current industry practice, it is taken for granted that outcomes
are measured by rates of return. If performance is assessed over more than one mesasurement
interval, a rate of return is a rate compounded over the intervals, or a geometric mean rate per
interva. Such a ‘time-weighted’ rate of return (TWR) for a fund is unaffected by the amounts of
money an investor injects or withdraws a various dates. The main argument for usng TWRs rests on
the assumptions that the purpose of the analysisisto assess the manager’s skill, and that the manager
does not influence the investor’ s decisions regarding cash inflows and outflows (for example, Sharpe,
Alexander and Bailey, 1999, pp. 827-8). Given these assumptions, it is gppropriate to assgn the
fund's rate of return for each interval an equa weight in cdculating a multi-interva TWR. However,
investors are not only interested in the verdict on the manager’s skill. A natura question for an
investor to ak is ‘Wha has the manager done for me, given my initia invesment and the cash
inflows and outflows by me aong the way? The investor wants to know the manager’ s contribution

to the vaue of, or rate of return on, his or her investment, which is not the same thing as a judgement



regarding the manager’s kill. Attribution analys's provides a better understanding of the manager’s
contribution.

If the assessment period consdts of one intervd, atribution anadyss can equdly well be
conducted in terms of rates of return or vaues, because they are arithmeticaly equivadent, and the
results for a pooled portfolio are gpplicable to each investor. But in a multi-interva context with
intervening cash flows between the start and finish, we can not measure the manager’ s contribution to
the vaue of the portfolio usng TWRs, and dtribution andyss can not be done correctly.
Furthermore, the results of the analyss for the whole portfolio are no longer applicable to different
investors in the portfolio. Even if there are no intervening cash flows, attribution usng TWRs will be
inexact unless the condtituent asset classes held by the portfolio and its benchmark are identica in
every interva. These problems are recognised by performance measurers but, to our knowledge,
they have yet to be resolved satisfactorily.

In this paper, we present a value-based method of andyss which gives correct answers to
the question of the manager’s contribution to an investor’s holding in a multi-interva context, and
which enables precise attribution andysis to be conducted. The value-based method measures the
manager’s contribution by the difference between the find market vaue of the investor’s holding in
the fund, with its associated cash flows over time, and the find value of the equivdent holding in the
fund’'s benchmark. In comparison, the industry standard method measures the manager’s
contribution by the difference between the TWR on the fund and the TWR on its benchmark. The
vaue-based method is a form of money weighting, in that the impact of the manager’s interval-
gpecific decisons on the find vaue of the holding is postively related to the preceding cash flows
made by the investor. But the method we present does not use money-weighted rates of return.

Application is sraightforward, as we shdl demongrate. The data requirements are no more
onerous than they are if TWRs are used. Attribution analysis in terms of contributions to market
vaue is clear and exact, if unfamiliar. It can accommodate multi-currency portfolios and cash flows
associated with expenses and taxes. Attribution can be taken down to the level of individua assets, if
desired. The contribution can be caculated from not holding assets which are in the benchmark, and
from holding assets which are not in the benchmark.

In summary, performance measurement in terms of vaues is advantageous if there is more

than one interval. It enables attribution analysis to be conducted precisdy and transparently, and it



enables each investor to be provided with a customised report of the manager’ s contribution to his or
her holding. Thisinformation can not be provided satisfactorily usng TWRS to measure performance.

The value-based method

Let the start of an assessment period be date t = 0, and the end be t = T. The assessment
period congsts of more than one measurement interval, so T > 1. At the end of each intervad, the
market value of the managed portfolio and of its benchmark is measured, and investors can inject or
withdraw cash. At date O, the vaue of investor i’s holding in managed portfolio P is $Vpg;. This
could be the vaue of an exiding holding in P, or an initid cash investment, or a combination of the
two. Portfolio P is defined at any datet by the proportions held in the condtituent assetsa = 1, 2 ...
n. The proportion held in, or the weight of, asset aiswpy = |pa$pa/SP:, where Ipy is the number of
unitsof a held at date t, $px is the price per unit of a and $P; is the market vaue of the portfalio.
Thus, Py = Wpat, Weat, ... Weng, and Se1"Wee = 1. If performance is being analysed at the level of
asst dlocation, an asset class A can be subdtituted for individua assets of the same class. The
compoasition of the portfolio will change over time due to changes in asset prices, and due to changes
in the units held which result from active investment decisons, from cash inflows and outflows
between the portfolio and investors, and from investment of income received from assets held.

To edtablish the outcome from a passive policy of investing in a benchmark, we proceed as
follows. A notiond investment $Vso,, ismadein P’s benchmark portfalio, B, of the same amount as
wasinvested in P: $Vpo; = $Vpo;. The benchmark is defined as B, = Wgyt, Wa2t, ... Wan, and S
=1 Wsa = 1. At any given date, including the start date, an actively managed portfolio P may hold
assets in proportions which differ from those in B, and the condituents may differ; P may have zero
holdings of some assetsin B, and positive holdings of other assets not in B. If an investor injects, or
withdraws, cash in portfolio P at some date t, assets of the same value as the cash are bought, or
s0ld, in the benchmark in line with their weights in the benchmark a date t. The compostion of the
benchmark will change over time due to changes in asset prices and to re-investment of income,* but
it is not affected by active management decisions, nor by the timing of cash inflows and outflows by
investors. The vaue of an investor’s benchmark is specific to the investor, but the benchmark’s
compodgtion iscommon to dl.

An dternative conception of the benchmark is that the weights are fixed over time. This
implies that the benchmark is rebalanced at each date to ensure that weights wgx remain constant,



and that cash inflows or outflows are made by buying or salling assets in proportion to their constant
weights. The question of whether to assume that the benchmark is rebaanced arises in the muilti-
interval context whether one uses TWRs or our proposed value-based method. An assumption of
rebalancing raises the problem of the associated extra transactions costs. We assume in what follows
that the asset weights in the benchmark are dlowed to drift from their Sart-date weights during an
assessment period. This is not redtrictive; a value-based andysis smilar to that presented could be

done under an assumption of rebaancing each date.

Measurement with no intervening cash flows

The manager’s contribution to the wedth of investor i is measured by comparing the end-
date market vaue of the investor’s holding, $Ver ;i with the end-date vaue of the investor’s notiona
haldingini’s benchmark, $Vsi. The difference can be expressed, if desired, as a percentage of the
benchmark vaue: ($Ver, - $VeT,)/$Ver,. This tdls the investor how much vaue the manager hes
gained or lost during the assessment period, per dollar of the investor’s notiona end-date weslth,
had he or she invested in the benchmark. Suppose first that investor i makes no injections or
withdrawals during the assessment period. In this case, the percentage gain or loss for i’s halding in
relaion to the vadue of i’s notiond holding in the benchmark is the same as the percentage gain or
loss for the whole portfolio P in rdation to its benchmark B, ($Vper - $Ve1)/$Ver. Since $/; =
$Vo(1+R),wherel+R = P, (1 + R), the same figure for i could obviously be caculated from
the TWRs on P and B, given the starting values $Vpo = $Vgo. However, attribution andysis can not
be caried out exactly usng rates of return if there are intervas in which the portfolio has zero
holdings of some assets in the benchmark, or in which the portfolio has postive holdings of assets not
in the benchmark. A zero weighting for an asset in one or more intervals means that ether portfolio
or benchmark, or perhaps both, will lack a compounded rate of return for the asset in question for
the assessment period. In addition, when a fund goes short in an asset, or when it uses derivatives, it
may be impossible to caculate a sensible compounded rate of return. These contingencies are not a
problem for the val ue-based method, as will be shown in Example 1 for the case of a zero weighting

in an asdt.



Measurement with intervening cash flows

The value-based method really comes into its own if there are cash injections or withdrawals
by investors during the assessment period. In this case, exact attribution anayss for the whole
portfolio, or for any of the investors holdings, is never possible using rates of return, and the relaive
performance figure for the portfolio based on vaues, ($Ver - $Ve7)/$Ver, IS not the same
conceptudly or numericadly as the figure based on TWRS, (R — Rs)/(1 + Rs). A further
consequence of intervening cash flows is that the TWRS on each investor's holding will, in generd,
differ from each other, and from the return on the whole portfolio. This is ignored in standard
atribution andyss, which reates to the whole portfalio, not to the holdings of specific investors. But
eech investor's holding, together with the whole portfolio, should in principle be given its own
atribution analyss. This can be done using vaues.

The procedure under the value-based method is that, each date on which an investor injects
or withdraws cash, there is a matching notiond cash flow for the investor’'s benchmark and for the
whole portfolio’s benchmark. It is only necessary to know the composition of the benchmark when
there is a cash flow, which need not be every interva. Because the benchmark is precisdy adjusted
for the same cash flows as the portfalio, the effect on the find portfolio value of the timing of the cash
flows is removed. This is gppropriate because such cash flows are the responghbility of the investor,
not the manager. Having outlined value-based performance measurement in genera terms, we now

present an example to illustrate measurement and attribution andysis using values.

Example 1A: no intervening cash; one investor

Table 1 shows the composition and peformance of a managed portfolio and of its
benchmark over an assessment period of two intervals. We assume temporarily that there is no new
money invested at the end of interva 1 (= date 1). Performance is consdered here at the level of
ast alocation, and there are three asset classes available; equity, bonds and cash. The actud
portfolio has an initid value of $1,000 invested 55% in equity with 45% in bonds. The benchmark is
different; the same $1,000 is invested 50% in equity, 40% in bonds and 10% in cash. The returns for
the portfolio are 4.48% in interval 1 and —2.80% in interval 2, giving a two-interval TWR for the
assessment period of 1.55%. The TWR for the benchmark is 2.12%, so the portfolio has
underperformed by —0.56% [= (0.0155 — 0.0212)/1.0212]. In terms of values, the portfolio has a
find vaue of $1,015.46, compared with $1,021.20 for the benchmark. The shortfal of —$5.74,



expressed as a percentage of the benchmark vaue is, of course, -0.56%, exactly the same as the
underperformance derived from the two TWRs.

Table 1 around here

Example 1B: intervening cash; one investor

We now assume that a further $200 isinvested at date 1. The portfolio manager decides to
hold this $200 in cash for the second interval, but the notional $200 invested in the benchmark is
alocated amongst the asset classes in line with the weighting of each dass in the benchmark at date
1. Table 2 shows the benchmark for the new money, and the performance of the new money
compared with its benchmark. The compostion of the benchmark in interval 2 is the same for the
new money as for the existing investment, and has the same return over interva 2 as above in Table
1. The portfolio’s return on the new money is quite different, snce al $200 was retained in cash and
earned 1.25% rather than the —1.95% which the benchmark earned. The ‘portfolio’ consisting of this
new cash aone outperformed the benchmark by +3.26% in interva 2, whether caculated from the
rates of return or from the portfolio’s value added of $6.40 divided by its benchmark vaue of
$196.10.

Tables 2 and 3 around here

The next gep is to add together the vaues rdating to the initid investment and to the new
cash. This sum is shown in Table 3. The new cash changes the vaue of the benchmark but not its
composition, so the benchmark including the new cash has the same rate of return in interva 2 asin
Tables 1 and 2, and the same two-interva return of 2.12%. But the return for the portfolio including
the new cash is now —2.15% in interva 2, rather than —2.80%. This is the result of combining the
interval 2 return of —2.80% on the initid investment of $1,000 with the interval 2 return of 1.25% on
the new investment of $200 a date 1. The two-interval TWR for the tota portfolio is now 2.23%,
rather than 1.55%, and the relative performance is (0.0223 — 0.0212)/1.0212 = +0.10%. In
values, the portfolio is worth $1,217.96 compared with $1,217.30 for the benchmark, a difference
of +$0.66. This difference expressed as a percentage of the benchmark vaue gives the relative

performance of +0.05%. Now that we have an intervening cash flow, the performance measure in



relation to the benchmark derived from TWRs does not match the mesasure derived from values. This
means that attribution andys's which seeks to account for the generation of excess vaue of +$0.66
can not be done exactly usng TWRs. The reason for the mismaich is tha TWRs give equa
weighting to the rates of return in each intervad, wheress in redity the rate in interval 2 has more
impact on the find vaue, because there was extra cash invested during interval 2.

It is true thet, in this example, both value-based and standard methods result in a smilar
inference, which is that the managed portfolio did dightly better than its benchmark during the
assessment period. The discrepancy between the relative performance measures would widen were
the intervening cash flows larger. For example, if $10,000 were invested at date 1 instead of $200,
relative performance would be +3.19% using TWRs and +2.90% using vaues. More dramaticaly,
the inferences from the methods can diverge, because they can differ in sgn. That is, the rdative
performance from TWRS can be positive, yet value has been logt in relation to the benchmark, and

viceversa

Example 1C: intervening cash; two investors

To see how the vaue-based method enables investor-specific attribution to be carried out,
and to see how a difference in Sgn can arise compared with the TWR measure, suppose now that
there were two investors in the portfolio, as shown in Table 4. Investor X placed $900 with the
manager a date 0, with no further payments, while Investor Y placed $100 a date O and was
responsible for the entire cash inflow of $200 at date 1. The composition of the whole portfolio, and

the rates of return on each asset class, are exactly the same as before.

Table 4 around here

The dtuation in interva 1 is that X has 90% and Y has 10% of the managed portfolio, so
both earn the rate of return of the portfolio ininterval 1, 4.48%, and the benchmark return for both is
the benchmark return for the portfolio, 4.15%. The Stuation in interval 2 needs a little more
explanation. After Y’s invesment at date 1, the compostion of both portfolios changes. After
interva 1 but before Y’ s investment, the managed portfolio conssts of 56% equity, 44% bonds and
0% cash; X owns 90% and Y owns 10%. After Y’s investment, the portfolio conssts of 47%
equity, 37% bond and 16% cash; X owns 76% and Y owns 24%. Thus, even though X does



nothing, the compaosgition of his portfolio changes, as does Y’s, because of the manager’s decison to
keep the new $200 in cash.? For example, X now has $151.08 in cash. The composition of the
benchmark portfolio does not change as a result of Y’s investment, because the new cash is
dlocated in line with the existing proportions, which are 51% equity, 39% bonds and 10% cash at
date 1.

X’sinitia $900 in the managed portfolio grew to $920.04 by date 2. If the $900 had been
invested in the benchmark, then the final vaue would have been $919.08. Thus the manager added
vaue for X in relation to the benchmark of $0.96, giving a rdaive performance of +0.10%. The
outcome for Y is different. Thefina value for Y is $297.92, compared with $298.22 had Y’ s money
been invested in the benchmark, so the manager lost $0.30, giving a reative performance of —
0.10%. Also, Y suffered an absolute capital 1oss; the $100 invested at date O plus the $200 at date 1
isonly worth $297.92 at date 2.

The results usng TWRs are those for the whole portfolio in Table 3, which means X and Y
both have a two-interval TWR of +2.23%, and both have a relative performance of +0.10%. X’s
portfolio had no intervening cash flow, so the absolute vaue did indeed increase by 2.23%, and the
vaue-based and standard methods produce the same relative performance figure of +0.10%.
However, the results from the standard method for Y’s portfolio are mideading. The redive
performance for Y from TWRsis +0.10%, but in fact Y logt vaue in rdlation to the benchmark. The
absolute TWR for Y is 2.23%, but in fact Y suffered an absolute capital loss. The explanation is that
the managed portfolio did badly in interval 2 both absolutdy and relaively, and TWRs do not
capture the fact that Y invested more money in it a the Sart of interva 2.

Attribution analysisin Example 1C

The am of atribution analyss using vaues is to explain the difference between the vaue of
an investor’s portfolio and that of its benchmark at the end of the assessment period. This difference
is the manager’ s contribution; it is additiona to the impact on the benchmark of the timing of the cash
flows. For example, had Y’ s end-date benchmark value been caculated on the assumption that the
$200 was invested at date O, rather than date 1, then the benchmark value would have been
$306.36 rather than $298.92. The difference of —$7.44 in the benchmark represents a loss
attributable to the later actual payment of $200 at date 1. Since the portfolio’s performance is judged



againg the lower benchmark value of $298.92, the loss is accountable to the investor rather than the

manager.

Tables 5, 6, 7 and 8 around here

The manager’s contribution to value can be andysed in terms of assat adlocation policy,
stock selection and a cross-product term, as usual. Table 5 shows the andlysis for the tota portfolio,
for each interva and for the full assessment period. The analyses for each investor are given in Tables
6 and 7, and the underlying formulas are in Table 8. We present Tables 5, 6 and 7 so that readers
can see how attribution using values works out numericaly, and can satisfy themsdlves thet it delivers
the precison and transparency which we claim for it.

The andyss proceeds in three stages. The first stage isto carry out the attribution for interval
1linsameway asin Brinson et a (1986, 1991), but expressed in terms of vaues rather than rates of
return. The second isto carry out the attribution for both intervals combined, which explains how the
gain or loss in rdation to the benchmark has arisen during the assessment period as a whole. The
third is to deduct the attribution vaues for interva 1 from the vaues for the assessment period, to
obtain the vauesfor interval 2.

This procedure is necessary because the relaive value added or lost which we are seeking to
explan is the relative vaue which has arisen during the whole assessment period. The attribution
vaues for the whole period can not be arrived a by adding the vaues for each interva anadysed
separately. A correct attribution analysis for interva 2 would involve re-setting the benchmark at the
dat of interva 2 so that it had the same vaue as the managed portfolio. The find vaues of the
benchmark and of its constituent assets would aso be re-set, so they would no longer match the true
fina benchmark values. This would be an dternative solution to the problem of multi-interva
atribution. The method we present shows a correct attribution analyss for interva 1 and for the
assessment period, but not for interva 2; the vaues for interva 2 are caculated as resduds. The
dternative method would provide correct attribution values for both intervas, but the sum of these
would not provide a correct analysis for the whole period.®

If the assessment period condsts of one intervd, atribution andyss in terms of rates of
return is congstent with analysisin terms of vaues. But if the assessment period conssts of more than

one interva, atribution analyss using rates of return can be problemdtic. In our example, the
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portfolio has no cash in interva 1 but $200 cash in intervd 2, so a rate of return on cash in the
portfolio can not be caculated for the assessment period. This means that performance attribution
can not be done for the assessment period usng TWRs, a least not without fudging the issue
somehow. In contrast, Table 5 shows the contribution from the absence of cash in the portfolio at the
dart, in relation to the benchmark which has 10% in cash.

The attribution caculation in Table 5 is for the tota portfolio. Unless investors inject or
withdraw amounts of cash which are the same as a proportion of their initid investments, the
atribution will be different for each of them and for the total portfolio. The vaue-based method
allows for customised reports to be produced, one for each investor, as Tables 6 and 7 show for X
and Y respectively. The vaues in these tables sum to give the values for the totdl portfolio in Table 5.
The andyss explains the manager’s contribution of $0.96 for X and —$0.30 for Y, relative to the
benchmark. It is precise, accurate to the cent; there are no ‘buckets’ of unexplained contributions to
performance for any investor. Such investor-specific attribution can not be done usng TWRs.

Exactly the same value-based andysis can be done at the leve of individua assets, instead of
asst classes, dthough naturdly the data requirements are greater. It is dso sraightforward to
accommodate expenses and tax payments. These payments are cash outflows from a portfolio which
can be identified and dated. However, we do not pursue these aspects of gppraisa here, but turn
ingtead to the problem of a multi-currency portfolio.

Currency analysis

The currency dimenson adds complexity to the task of performance measurement, and has
yet to be accommodated satisfactorily if the assessment period has more than one interval. Singer
and Karnosky (1995, p. 89), for example, note that ‘multiperiod attributions require an accounting
for changes in active weights and returns over time. While it may be convenient to add monthly
atribution results or to use longer-term average weights and returns, the results can be mideading at
best and often wrong. Multiperiod attributions are best accomplished by creating weighted return
indexes to compute each attribution component.” But use of weighted return indexes will not result in
a clear and exact andysis. We now develop a second example which shows that the value-based

method can accommodate changes in active weights and returns over time clearly and exactly.
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Example 2: two-currency portfolio with cross-currency switch

Table 9 shows the composition and performance of an internationd portfolio and of its
benchmark over an assessment period of two intervals. There are only two asset classes; holdingsin
the USA and in the UK. The portfolio starts with $1,000 and, for smplicity, there are no intervening
cash flows in this example. The portfolio does well in relation to its benchmark in the firg intervd. It
isoverweight in the US, which is advantageous because the manager’ s sock sdection is better in the
US than in the UK, and the dollar appreciates againgt serling. The manager increases the weighting
further towards the US a the end of the first interva, but this turns out to be a bad move. The
manager’s stock sdection in the US deteriorates, and the dollar depreciates againgt sterling in the
second interva. As in Example 1, the performance in relation to the benchmark is the difference
between the find vaue of the portfolio and of its benchmark, which in this case is -$2.07, or —
0.18% of the fina vaue of the notiond holding in the benchmark. Since there is no intervening cash
flow, the rdative performance is exactly the same usng TWRs.

Tables 9, 10 and 11 around here

An aitribution analyss is shown in Table 10 for the full assessment period, with the formulas
given in Table 11. The numbers for the two intervals are not shown. Vaue added is broken down
into three primary components and four cross-product terms, the rationae for this being as follows.

Assume for smplicity that there is only one interva. An asset dass is now a holding in a
foreign market M, the portfolio return on M is Ray, the benchmark return on M is Rsy, and the
return on the whole benchmark is Rs. Let E be the proportionate change in the exchange rate during
the interva. We wish to account for Vpy: — Vewi, the difference between the find holdingsin M of
portfolio P and in its benchmark B.

Vemr = Vewi + (Vemo—Vemo) = [Vemo(1 + Rew) —Vemo(1 + Rem)](1 + E)
Vemr — Vemi = [Vewmo(Rem) = Vemo(Rem)I(1 + E) + (Vemo — Vewo)E

= [(Vpmo - Vemo)(Rem1 —Re1) + Vemo(Rem1— Rewmi)
+ (Vemo - Vewmo)(Rem1 —Rem1)](1 + E)
+ (Vemo — Vemo)E

= [market selection (MS) + stock selection (SS)
+ market selection © stock selection (MS.SS)](1 + E)
+ currency selection [CS = (Vewo — Vewmo)E]

12



= MS+ SS+ CS+ MSSS + MSE

+ SSE + MS.SSE,
as in Tables 10, 11 and 12. Hence, the three primary components are market selection and stock
selection, both ignoring currency, and currency sdection, which captures the exchange rate gain or
loss from market sdlection. The first cross term, MS.SS, is the vaue attributable to market selection
times stock selection, ignoring currency, as in the sngle-currency analysis. The other three cross
terms capture the interaction between the change in the exchange rate and the loca-currency vaue
gained or lost through, respectively, market selection, stock selection and the cross product of these.
If M isthe market of the portfolio’'s master currency, E = 0, and the andlysis reduces to that for the
single-currency case:*

The clear and uneguivoca caculation of the crossterms is a particular benefit of the value
approach. There is no reason to factor these numbers ‘back into’ the three principal numbers of
markets, currency and stock selection. The values of the cross terms are added up over time, and
kept separate from the principa components. Managers usually decide on markets, currency and
stocks and are not thinking about cross terms. Correct attribution of the principal components of
performance should not be muddied by the second-order cross terms which, if factored back in, can
serioudy change the principad components, even turning a podtive contribution negetive or vice
versa,

A problem arises for TWRs when there is a negative market value, for example from going
short, usng derivatives or from sdling assets. In our example there is a switch from the UK to the
US at date 1. Using the vaue-based method, it is possible to quantify and andyse the gain, or in this
case the loss, arising from the switch, something which is not possble usng TWRs. Table 12 shows
the attribution andysis for the switch in value terms. $5.90 was lost, mostly due to the rise of sterling
agang the dollar.

Table 12 around here

A further problem in currency attribution is created by ‘currency tainting’. For example,
suppose that the benchmark of a Far Eastern equity portfolio, reporting in USS, is the relevant
component of the FTSE All-World Index. Some of the Far Eastern portfolio is held in assats
denominated in HK$, which is tied to the US$. The currency-related performance of the benchmark

13



is determined primarily by the Yer/$ exchange rate. If the Yen fdls againg the USS$, the HK$
holding will show a postive currency contribution, when in fact there is no currency benefit from
being in the HK$. This problem is avoided using vaues, since the vaue of the portfolio’'s holding in a
currency is assessed againgt the vaue of the benchmark’s holding, both expressed in the master
currency. Thus, there would be currency contribution of zero for the HK$ holding, which is correct.

Conclusion

The value-based method presented here measures the contribution of a fund manager to an
investor's holding in a managed portfalio, in terms of dollars gained or log in relation to a
benchmark. The method is equivdent to the sandard method usng TWRs if there is one interva in
the assessment period. If there is more than one interval, the vaue-based method has two
advantages:. it solves the problems which can beset atribution andysis when TWRs are used, and it
enables customised performance reports to be provided for each investor, as wdl as for the whole
portfolio. The value added or lost by the manager can be expressed as a percentage of the fund's
fina benchmark value, which will often be a more convenient way of expressng the manager’'s
contribution than is the value added itsdlf. The drawback with our method, other than its unfamiliarity,
is that it does not provide a rate of return which can be compared with the rates achieved by other
funds. The results of avaue-based analys's, whether expressed as vaues or as percentages, may not
be appropriate for use in assessment of the manager’s skill.> Rather, value-based analysis enables the
manager’s contribution to a fund, and to the holdings of the individud investors, to be andysed
correctly.
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Notes

1 A fuller account would include rules regarding trestment of cash receipts from individua

assts, of cash flows arising from use of derivatives, and of expenses and taxes.

2. We are assuming that X and Y do not have segregated portfolios, so their portfolios dways

have the same composition as that of the managed portfolio.

3. The underlying problem hereisthat Ro— Rs ¢ Si=1' (R — Ray), where Ry = Py’ (1 +

Ro) — 1, for Q = P, B. In view of this, the assessment period should be defined in advance,

because a manager’ s behaviour may differ if he knows he will be assessed over oneintervd at atime

rather than over severa intervals combined. Recent papers by Carino (1999) and Menchero (2000)

present adjustments to single-interval returns which reduce the difference between a compounded

return and the sum of its condtituent single-interval returns. The same adjustments could be made to

the single-interva returns expressed in values. However, Carino and Menchero do not consder the

problems caused ether by intervening cash flows or by mismatch between the condtituents of a
portfolio and its benchmark.

4, Ankrim and Hensdl (1994) and Singer and Karnosky (1995) present analyses which isolate
the effect of the interest rate parity relation between exchange and interest rates. Ankrim and Hensdl

do this by splitting the currency selection component into a ‘forward premium effect’ and aterm for

the difference between the actua change in the exchange rate and the rdlevant forward premium.

Singer and Karnosky deduct the local-currency eurodeposit rate from the market rate of return in the

‘market selection’ and *stock sdlection” components. ‘ Currency selection’ is then defined as the sum

of the loca-currency euro-rate and the change in the exchange rate. Both papers dso dlow for

currency hedging. We have not isolated the effect of the interest rate parity relation, nor included a
hedged position, in order to keep the example as Smple as possble. There is no problem in

conducting either an Ankrim-Hansel or a Singer-Karnosky anadlysisin value terms.

5. The value added relative to the benchmark is a measure of the manager’s kill. The issue is
that the effect of manager kill per interva is weighted by the vaue of the fund a the start of the
interval. This need not aways rule out cross-fund comparison. Manager skill can be compared

across funds using vaue added expressed as a percentage of the find benchmark, if the funds
concerned have an initid vaue and intervening cash flows which are the same or which differ by a
scding factor. For example, one may wish to compare a group of mutua funds on the assumption
that each fund starts with $Y and receives a congtant $X per month. Such a comparison would be
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fair; the effect of manager skill in each interva would receive the same weighting across the funds. If
the comparison is fair, there is a case for vaue-weighting the effect of skill. The measure of skill
would be the same as the correct measure of the manager’s contribution to the fund's find vaue.
There are ds0 arguments that it is easier to add value to a small fund than to alarge one. The use of

vaue-based andyds in assessing skill merits further sudy.
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Table 1. Example 1A: A managed portfolio and its benchmark over two intervals

Date 0 Interval 1 Date 1 Date 1 Interval 2 Date 2 Two- Difference
Compos- Rate of Compos-  Allocation  Rate of Compos- interval Value in value
ition return ition of new return ition TWR! added added
cash
Managed portfolio
Equity $550.00 6.50%  $585.75 $0.00 -5.00% $556.46
Bonds $450.00 2.00%  $459.00 $0.00 0.00% $459.00
Cash $0.00 n/a $0.00 $0.00 1.25% $0.00
Total $1,000.00 4.48% $1,044.75 $0.00 -2.80% $1,015.46 1.55% $15.46
Benchmark portfolio
Equity $500.00 6.00%  $530.00 $0.00 —4.60% $505.62
Bonds $400.00 2.50%  $410.00 $0.00 0.50% $412.05
Cash $100.00 1.50%  $101.50 $0.00 2.00% $103.53
Total $1,000.00 4.15% $1,041.50 $0.00 -1.95% $1,021.20 2.12% $21.20 -$5.74
Relative performance’ —0.56% —0.56%

Notes

1. Thetwo-intervd TWR, R, is(1 + R)(1 + R) — 1, where R isthe rate of return over interva t
for the managed portfolio P or its benchmark B.
2. Rddive performance is given by (Re1+2 — Rs142)/(1 + Rs142) — 1 for TWRs, and by (Ve — Vi2)/
Vg, for vaues, where V, isthe vaue of portfolio P or benchmark B at date 2.
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Table 2. Example 1B: New cash for interval 2

Date 1 Date 1 Interval 2 Date 2 Difference
Benchmark Allocation Rate of Compos- Rate Value in value
proportions®  of new Return ition of return added added
cash

Managed portfolio

Equity $0.00 —-5.00% $0.00

Bonds $0.00 0.00% $0.00

Cash $200.00 1.25% $202.50

Total $200.00 1.25% $202.50 1.25% $2.50

Benchmark portfolio

Equity 50.89% $101.78 —4.60% $97.09

Bonds 39.37% $78.73 0.50% $79.13

Cash 9.75% $19.49 2.00% $19.88

Total 100.0% $200.00 -1.95% $196.10 -1.95% -$3.90 $6.40

Relative performance 3.26% 3.26%

Note

1. The benchmark proportions are the value of each asset class in the benchmark at
date 1 divided by the total vaue of the benchmark at date 1, before the new cash
arrives. These numbers are from Table 1.
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Table 3. Example 1B: The managed portfolio with the new cash

Date 0 Interval 1 Date 1 Date 1 Interval 2 Date 2 Two- Difference
Compos- Rate of Compos-  Allocation  Rate of Compos- interval Value in value
ition return ition of new return ition TWR added added
cash
Managed portfolio
Equity $550.00 6.50% $585.75 $0.00 -5.00% $556.46
Bonds $450.00 2.00% $459.00 $0.00 0.00% $459.00
Cash $0.00 n/a $0.00 $200.00 1.25% $202.50
Total $1,000.00 4.48% $1,044.75 $200.00 -2.15% $1,217.96 2.23% $17.96
Benchmark portfolio
Equity $500.00 6.00% $530.00 $101.78 —4.60% $602.71
Bonds $400.00 2.50% $410.00 $78.73 0.50% $491.18
Cash $100.00 1.50% $101.50 $19.49 2.00% $123.41
Total $1,000.00 4.15% $1,041.50 $200.00 -1.95% $1,217.30 2.12% $17.30 $0.66
Relative performance 0.10% 0.05%




Table 4. Example 1C: The managed portfolio with the new cash and two investors

Date 0  Interval 1 Date 1 Date1 Interval 2 Date 2
Holdings  Holdings Two- Difference Relative
Investors’ Rate of before after Rate of  Investors' interval Value invalue  perform-
holdings return  new cash new cash return holdings TWR added added ance
Investor X's portfolio
Equity $495.00 6.50%  $527.18 $442.47 -5.00%  $420.35
Bonds $405.00 2.00%  $413.10 $346.73 0.00%  $346.73
Cash $0.00 n/a $0.00  $151.08 1.25%  $152.97
Total for X $900.00 4.48%  $940.28  $940.28  -2.15%  $920.04 2.23% $20.04
Investor Y’s portfolio
Equity $55.00 6.50% $55.58 $143.28 -5.00%  $136.12
Bonds $45.00 2.00% $45.90 $112.27 0.00%  $112.27
Cash $0.00 n/a $0.00 $48.92 1.25% $49.53
Total for Y $100.00 4.48%  $104.48 $304.48 -2.15%  $297.92 2.23% -$2.08
Total $1,000.00 4.48% $1,044.75 $1,244.75 -2.15% $1,217.96 2.23% $17.96
Investor X's
benchmark
Equity $450.00 6.00%  $477.00 $477.00 -4.60%  $455.06
Bonds $360.00 250%  $369.00 $369.00 0.50%  $370.85
Cash $90.00 1.50% $91.35 $91.35 2.00% $93.18
Total for X $900.00 4.15%  $937.35 $937.35 -1.95%  $919.08 2.12% $19.08 $0.96 0.10%
Investor Y’s
benchmark
Equity $50.00 6.00% $53.00 $154.78 -4.60%  $147.66
Bonds $40.00 2.50% $41.00 $119.73 0.50%  $120.33
Cash $10.00 1.50% $10.15 $29.64 2.00% $30.23
Total for Y $100.00 4.15%  $104.15 $304.15 -1.95%  $298.22 2.12% -$1.78 -$0.30 -0.10%
Total $1,000.00 4.15% $1,041.50 $1,241.50 -1.95% $1,217.30 2.12% $17.30 $0.66 0.05%
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Table 5. Example 1C: Performance attribution for total portfolio in Table 3

Asset allocation Stock selection Asset allocation x selection Total
Interval 1
Equity $0.92 $2.50 $0.25 $3.68
($550.00 — $500.00)(6.00% — 4.15%) $500.00(6.50% — 6.00%) ($550.00 — $500.00)(6.50% — 6.00%)
Bonds -$0.83 -$2.00 -$0.25 -$3.08
($450.00 — $400.00)(2.00% — 4.15%) $400.00(2.00% — 2.50%) ($450.00 — $400.00)(2.00% — 2.50%)
Cash $2.65 n/a n/a $2.65
($0.00 — $100.00)(1.50% — 4.15%)
Total $2.75 $0.50 $0.00 $3.25
Interval 2
Equity $1.27 -$2.65 $0.18 -$1.19
$2.20 — $0.92 -$0.15 — $2.50 $0.43 — $0.25
Bonds -$0.66 -$2.44 $0.14 -$2.96
-1.48 + $0.83 —$4.44 + $2.00 —$0.11 + $0.25
Cash $3.07 -$0.91 -$0.59 $1.57
$5.72 — $2.65 -$0.91 -$0.59
Total $3.69 -$6.00 -$0.27 -$2.59
Interval 1+2
Equity $2.20 -$0.15 $0.43 $2.48
($550.00 — $500.00)(1.12% — 2.12%) + $500.00(1.17% — 1.12%) + ($550.00 — $500.00)(1.17% — 1.12%) +
($0.00 — $101.78)(~4.60% + 1.95%) $101.78(~5.00% + 4.60%) ($0.00 — $101.78)(~5.00% + 4.60%)
Bonds -$1.48 -$4.44 -$0.11 -$6.04
($450.00 — $400.00)(3.01% — 2.12%) + $400.00(2.00% — 3.01%) + ($450.00 — $400.00)(2.00% — 3.01%) +
($0.00 — $78.73)(0.50% + 1.95%) $78.73(0.00% — 0.50%) ($0.00 — $78.73)(0.00% — 0.50%)
Cash $5.72 -$0.91 -$0.59 $4.22
($0.00 — $100.00)(3.53% — 2.12%) + ($101.50 + $19.49)(1.25% — 2.00%) ($200.00 — ($101.50 + $19.49))
($200.00 — $19.49)(2.00% + 1.95%) (1.25% — 2.00%)
Total $6.44 —$5.50 -$0.27 $0.66

Notes: See Table 8 for formulas. The caculations are shown initaics. Note that value for interval 2 = vaue for interva 1+2 less
vaue for interva 1. All the attribution tables in the paper could be presented in an equivdent bass-point format, in which the
values are expressed as percentages of the find benchmark values.



Table 6. Example 1C: Performance attribution for Investor X in Table 4

Asset allocation Stock selection Asset allocation x selection Total
Interval 1
Equity $0.83 $2.25 $0.23 $3.31
0.9($0.92) 0.9($2.50) 0.9($0.25)
Bonds -$0.74 -$1.80 -$0.23 -$2.77
0.9(-%$0.83) 0.9(-%$2.00) 0.9(-$0.25)
Cash $2.39 n/a n/a $2.39
0.9($2.65)
Total $2.48 $0.45 $0.00 $2.93
Interval 2
Equity $0.96 -$2.02 $0.14 -$0.92
$1.80 — $0.83 $0.23 - $2.25 $0.36 — $0.23
Bonds -$0.48 -$1.84 $0.10 -$2.23
-1.22 + $0.74 —$3.64 + $1.80 —-$0.12 + $0.23
Cash $2.31 -$0.69 -$0.45 $1.18
$5.70 — $2.39 -$0.69 -$0.45
Total $2.80 -$4.55 -$0.21 -$1.97
Interval 1+2
Equity $1.80 $0.23 $0.36 $2.39
0.9($550.00 — $500.00)(1.12% — 2.12%) + 0.9($500.00)(1.17% — 1.12%) + 0.9($550.00 — $500.00)(1.17% — 1.12%) +
(-$84.70 — $0.00)(—4.60% + 1.95%) $0.00 (-$84.70 — $0.00)(~5.00% + 4.60%)
Bonds -$1.22 -$3.64 -$0.12 -$4.99
0.9($450.00 — $400.00)(3.01% — 2.12%) + 0.9($400.00)(2.00% — 3.01%) + 0.9($450.00 — $400.00)(2.00% — 3.01%) +
(—$66.37 — $0.00)(0.50% + 1.95%) $0.00 (-$66.37 — $0.00)(0.00% — 0.50%)
Cash $4.70 -$0.69 -$0.45 $3.56
0.9($0.00 — $100.00)(3.53% — 2.12%) + ($91.35 + $0.00)(1.25% — 2.00%) ($151.08 — $91.35)(1.25% — 2.00%)
($151.08 — $0.00)(2.00% + 1.95%)
Total $5.27 -$4.10 -$0.21 $0.96

Note: See Table 8 for formulas.
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Table 7. Example 1C: Performance attribution for Investor Y in Table 4

Asset allocation Stock selection Asset allocation x selection Total
Interval 1
Equity $0.09 $0.25 $0.03 $0.37
0.1($0.92) 0.1($2.50) 0.1($0.25)
Bonds -$0.08 -$0.20 -$0.03 -$0.31
0.1(-$0.83) 0.1(-%$2.00) 0.1(-%$0.25)
Cash $2.65 n/a n/a $0.27
0.1(-$0.27)

Total $0.28 $0.05 $0.00 $0.33
Interval 2
Equity $0.31 -$0.63 $0.05 -$0.28

$0.40 — $0.09 -$0.38 — $0.25 $0.07 — $0.03
Bonds -$0.18 -$0.60 $0.04 -$0.74

—0.26 + $0.08 —$0.80 + $0.20 $0.01+ $0.03
Cash $0.76 -$0.22 -$0.14 $0.39

$1.02 — $0.27 -$0.22 -$0.14
Total $0.89 -$1.45 -$0.06 -$0.62
Interval 1+2
Equity $0.40 -$0.38 $0.07 $0.09

0.1($550.00 — $500.00)(1.12% — 2.12%) + 0.1($500.00)(1.17% — 1.12%) + 0.1($550.00 — $500.00)(1.17% — 1.12%) +
($84.70 — $101.78)(-4.60% + 1.95%) $101.78(~5.00% + 4.60%) ($84.70 — $101.78)(=5.00% + 4.60%)
Bonds -$0.26 -$0.80 $0.01 -$1.05
0.1($450.00 — $400.00)(3.01% — 2.12%) + 0.1($400.00)(2.00% — 3.01%) + 0.1($450.00 — $400.00)(2.0% — 3.01%) +
($66.37 — $78.73)(0.50% + 1.95%) $78.73(0.00% — 0.50%) ($66.37 — $78.73)(0.00% — 0.50%)
Cash $1.02 -$0.22 -$0.14 $0.65
0.1($0.00 — $100.00)(3.53% — 2.12%) + ($10.15 + $19.49)(1.25% — 2.00%) ($48.92 — $29.64)(1.25% — 2.00%)
($48.92 — $19.49)(2.00% + 1.95%)

Total $1.17 -$1.40 -$0.06 -$0.30

Note: See Table 8 for formulas.



Table 8. Formulas for attribution analysis for holding in asset class A

Asset allocation Stock selection Asset allocation x selection
Interval 1 (Veao — Veao)(Rear — Rei) Veao(Rear— Reai) (Veao = Veno)(Rear — Rear)
Interval 2 Value for interval 1+2 — value for interval Value for interval 1+2 — value for interval Value for interval 1+2 — value for interval

1 1 1

Interval 1+2
_PO_”fO“O not void in A (Veno = Vero)(Rea1+2— Rei+d) + Veao(Reari2— Reatsd) + (Veao — Veno)(Rpar+2— Rea1s2) +
in interval 1 (DVpar — DVga1)(Reaz — Reo) DVeai(Reaz — Ren2) (DVpa1 — DVga1)(Reaz — Rea2)
Portfolio void in A (Vear + DVea)(Rpaz — Reaz) [DVea1 — (Vear + DVgai)]
interval 1 As above (RPAZ _ RBAZ)
Definitions

Veat = vaue of managed portfolio P held in asset class A at date t, and Vgar = vaue of the benchmark B hdd in A.
Reat = raeof returnon A for P duringinterva t, Rsa:r = rateon A for B, and Rs; = rate on whole benchmark. Ry, =
1+R)(1+R) -1, thetwo-interval TWR. D = changein vaue of holding in asset class due to cash flow or asst re-
dlocation. In the attribution andlyss for an individud investor, the vaues reating to the investor's portfolio and its
benchmark are subgtituted for the vaues rdating to the tota portfolio and its benchmark.

Summary

P’svaue added in relation to B is attributed to: difference between holding of P in A and holding of Bin A, assuming P
matches B in rate of return (= asset dlocation); difference between rates of return on A achieved by P and B, assuming P
matches B in vaue of holding (= stock selection); asset dlocation times difference between rates of return on A of P and
B (= cross-product term).
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Table 9. Example 2: A multi-currency portfolio and its benchmark over two intervals

Date 0 Interval 1 Date 1 Date 1 Interval 2 Date 2

Exchange
rate $/£ 1.60 1.50 157

Rate of Rate of

return Re- return Two- Difference

Compos- (in local Compos-  allocation  (in local Compos- interval Value in value
ition currency) ition of portfolio currency) ition TWR added added

Managed portfolio
US assets $800.00 10.00% $880.00 $100.00 4.00% $1,019.20
UK assets $200.00 8.00% $202.50 -$100.00 5.00% $112.65
Total $1,000.00 8.25% $1,082.50 $0.00 456% $1,131.85 13.18% $131.85
Benchmark portfolio
US assets $600.00 9.00% $654.00 $0.00 5.00% $686.70
UK assets $400.00 8.00% $405.00 $0.00 5.50% $447.21
Total $1,000.00 5.90% $1,059.00 $0.00 7.07% $1,133.91 13.39% $133.91 -$2.07
Relative performance —0.18% —0.18%
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Table 10. Example 2: Performance attribution for interval 1+2

Cross-product terms

Market Market Stock Mkt
selection
selection selection selection x stock sel'n Difference

Market Stock Currency x stock X currency X currency X currency in value

selection selection selection selection change change change added
US assets $0.23 -$0.30 n/a -$1.10 n/a n/a n/a -$1.17
UK assets $0.29 -$2.16 -$0.92 $1.58 $0.27 $0.04 $0.00 -$0.90
Total $0.52 —$2.46 -$0.92 $0.48 $0.27 $0.04 $0.00 -$2.07

Note: See Table 11 for formulas.
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Table 11. Formulas for attribution analysis for multi-currency portfolio

Principal components

Market selection (MS) (Vemo— Vewmo)(Remi+2 — Re1+2) + (DVeui — DVewi)(Reaz — Reo)
Stock selection (SS) Vemo(Remi+2 — Remis2) + DVemi(Remz — Rama)
Currency selection (Vemo— Vemo)Eoz + (DVpyi — DVeu1)E12

Cross-product terms

Market selection x stock (Vemo — Vamo)(Remir2 — Remiso) + (DVemr — DVe)(Remz — Remo)

selection (MS.SS)

MS x currency change (Vemo— Vemo)Remi+2Eo2 + (DVewm1 — DVeun)ReaE12

SS x currency change Vemo(Remi+2 — Remi+2)Eoz + DVemi(Remz — Ram2)Ea12

MS.SS x currency change (Vemo — Vemo)(Remir2 — Remi+2)Eoz + (DVemi — DVe1)(Remz — Rem2)E12
Definitions

As for Table 8, except M for market or country replaces A for asset class. E,.., = proportionate
change in exchange rate between datest and t + n. E = O for the market of the portfolio’'s master
currency, dollars. All rates of return are in the locd currency, and so do not reflect changes in the
exchange rate.

Summary

The multi-currency portfolio P’s value added in relation to its benchmark B is attributed to: difference
between holding of P in amarket M and holding of Bin M, assuming P maiches B in rate of return,
ignoring exchange rate (= market sdection); difference between rates of return on M achieved by P
and B, assuming P matches B in value of holding, ignoring exchange rate (= stock selection); market
selection times change in exchange rate, ignoring returns (= currency selection); market selection times
difference between rates of return on M of P and B, ignoring exchange rate (= 1t cross term); market
selection times change in exchange rate (= 2nd cross term); stock selection times change in exchange
rate (= 3rd cross term); market sdection times difference between rates of returnon M of P and B
times change in exchange rate (= 4th cross term).
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Table 12. Example 2: Performance attribution for cross-currency switch

Date 1 Interval 2 Date 2
Exchange
rate $/£ 1.50 157

Mkt selection Market sel'n  Stock sel'n  Mktselnx  Difference
Value of Rate of Market Stock Currency x stock X currency  xcurrency Xxstock sel'n  invalue

switch return Values selection selection selection selection change change xc'y change added
US assets $100.00 4.00% $104.00 -$0.19 $0.00 n/a -$1.00 n/a n/a n/a -$1.19
UK assets —-$100.00 5.00% -$109.90 -$0.31 $0.00 -$4.67 $0.50 -$0.26 $0.00 $0.02 -$4.71
Total $0.00 —$5.90 —$0.50 $0.00 —$4.67 —$0.50 —$0.26 $0.00 $0.02 —$5.90

Note: See Table 11 for formulas.



