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n the late 1990s, several new groups of investors

started adding credit securities to their debt port-

folios. The European Monetary Union became

a catalyst for increasing both size and liquidity of
the European credit markets, spurring greater demand
for credit products from European portfolio managers.
A reduced stock of outstanding U.S. Treasury securi-
ties also prompted central banks to look for alterna-
tive ways to invest their reserve portfolios. Especially
in Europe, where the European Central Bank provides
the first line of reserves in support of the euro, the
national central banks switched to maximization of total
return as an objective for their portfolios. Over a long
investment horizon, this favors credit securities over
government bonds.

As they begin the process of credit investing, port-
folio managers have been asking some fundamental philo-
sophical questions. If an investor’s objective is
maximization of risk-adjusted return, what style of port-
folio management holds the most promise? Is it yield
curve timing, sector rotation, or security selection? Can
an intuition be developed to understand the relative mer-
its of each style? Can this be quantified?

In Dynkin et al. [1999], we evaluate the relative
merits of different investment styles on a risk/return basis.
Investment strategies are created to isolate the effects of
security selection, yield curve allocation, sector alloca-
tion, and quality allocation in the U.S. investment-grade
corporate bond market.! In each case, a “perfect fore-
sight” approach is used to identify the best performance
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that could be achieved if allocation decisions were based
on knowledge of tuture returns.

While all such strategies turn in unrealistically high
returns, these results can be viewed as an upper bound
on the amount of return per unit of risk that can be
achieved using each mvestment style. We find significant
differences in the information ratios (return per unit of
risk) of the different strategies; security selection out-
performs all the asset allocation strategies.

The extreme nature of the perfect foresight
assumption at the heart of Dynkin et al. [1999] leaves sev-
eral questions. If a strategy outperforms every month under
this unrealistically optimistic assumption, does the variance
of this outperformance constitute a fair measure of the strat-
egy’s true risk of underperformance? To what extent can
these results be applied to the more realistic situation in
which expressing a view can lead to either gains or losses?
What sort of performance can be expected from managers
with a certain amount of skill in cach investment style?

To address these questions, we revisit here the eval-
uation of investment styles using an imperfect foresight
approach. Rather than choosing the single best alloca-
tion decision each month, we now incorporate the
notion that even well-informed investment decisions will
sometinies result in losses or underperformance. The sim-

ulated manager of this study will not be assumed to call
the market correctly every month, but will position the
portfolio to be neutral to the benchmark in every dimen-
sion but one. In this selected dimension, the manager
will express a view that may be right or wrong. This view
leads to the risk of performance differences between the
portfolio and benchmark, known as tracking error.

If the position is chosen purely at random, there
should be no mean outperformance of the benchmark
to justify this risk. A manager who 1s skilled at this task
will choose correctly more often, and the portfolio will
outperform on average.

We simulate the performance of various invest-
ment strategies using historical data from the Lehman
Brothers U.S. investment-grade corporate index, and we
use information ratios to evaluate performance.’
Managerial skill is modeled as follows. In the unskilled
case (0% skill), each decision a manager makes will con-
sist of a random selection from among a discrete set of
possibilities, with equal probabilities assigned to each. In
the perfect foresight case (100% skill), the manager always
chooses a correct decision, which will lead to outper-
tormance (as determined by future results).

We investigate two different approaches to defin-
ing a “correct” decision in this context: one in which
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EXHIBIT 1

CORPORATE INDEX PROFILE BY
DURATION, SECTOR, AND QUALITY
(% OF MARKET VALUE, AS OF 7/1/99)

Oto4 Overdto7 Over?7 Total

Aaa and Aa
Industrials 1.6 1.1 25 5.2
Utilities 0.1 0.2 0.2 0.5
Finance 4.9 2.9 1.7 9.5
Yankees 4.5 34 2.3 10.2
Total Aaa-Aa 111 7.6 6.7 25.4
A
Industrials 4.6 5.5 8.7 18.8
Ulnlities 0.7 0.8 1.0 2.5
Finance 6.6 5.7 3.1 15.4
Yankees 14 2.2 2.8 6.4
Total A 13.3 14.2 15.6 431
Baa
Industrials 4.5 6.9 7.5 18.9
Utilities 1.2 1.4 1.2 3.8
Finance 1.8 1.3 0.3 3.4
Yankees 1.7 2.9 0.8 5.4
Total Baa 9.2 12.5 9.8 31.5
Corporate
Index 33.6 34.3 321 100.0

EXHIBIT 2

CORPORATE INDEX COMPOSITION

BY DURATION AND SECTOR

(Y OF MARKET VALUE, AS OF 7/1/99)

Oto4 Over4to7 Over?7 Total

Industrials  10.7 13.5 18.7 429
Utilities 2.0 2.4 2.4 6.8
Finance 13.3 9.9 5.1 28.3
Yankees 7.6 8.5 59 220
Total 33.6 32.1

34.3 100.0

only the best decision is considered correct, and another
that includes any decision that outperforms the index.
In either case, for skill levels between 0% and 100%, the
selection probabilities for all choices are linearly inter-
polated between these two extremes.

Fox [1999] uses a similar definition of skill to sim-
ulate manager performance at tactical allocation between
stocks and bonds. Fjelstad [1999] applies this simulation-
based approach to duration allocation and sector alloca-
tion in fixed-income portfolios. In both these studies,
the allocation along each dimension is limited to a binary
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decision (long or short duration, overweight or under-
weight corporates relative to governments). Security
selection is not addressed. Sorensen, Miller, and Samak
[1998] simulate manager skill at security selection for
equity portfolios and address the implications for allo-
cation of funds among managers of different classes.’

We explore a set of reasonable investment strate-
gies that isolate one investment style at a time. As the
outcome of a particular strategy in a given month is not
deterministic, the risk and return of each strategy are eval-
uated on a probabilistic basis. The measurement of port-
folio/benchmark performance deviation across all
possible allocaton decisions and over time allows an accu-
rate assessment of the risk of a given strategy. Expected
returns are evaluated as a function of manager skill for
each investment style, using a combination of closed-form
calculations and simulation.

STRATEGY DESIGN

The investment strategies we analyze are designed
to focus on just one form of risk at a time. Thus, our
sector allocation strategy 1s designed to take no risk ver-
sus the index in term structure allocation, quality allo-
cation, or security selection. To control risk in all but the
single dimension in which the strategy expresses a view,
we begin with a detailed analysis of index composition.

Cell Definitions

The investment universe consists of all bonds in
the Lehman Brothers Corporate Index. The index is
divided into cells along three dimensions: duration, sec-
tor, and quality. As shown in Exhibit 1, we use three dura-
tion cells, four broadly defined sectors, and three quality
cells, for a total of 36 cells overall. The index is charac-
terized by the percentage of market capitalization within
each of these cells, as well as the average duration of the
bonds in each cell.

The marginal sums of this three-dimensional mar-
ket view can provide a similar two-dimensional view
along any two of these axes. The last column of Exhibit
1 gives the index composition by sector and quality. The
subtotals in each credit quality level give the breakdown
by quality and duration. The two-dimensional profile by
duration and sector is presented in Exhibit 2.

To isolate the effect of one type of investment
decision, we constrain each portfolio to match the index
exactly according to one of the manager views. The secu-
rity selection strategy is constrained to match the index
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EXHIBIT 3

CONSTRUCTION OF DURATION-NEUTRAL
SECTOR ALLOCATION STRATEGY

(SHORT SINGLE-A CORPORATES, JULY 1999)

Short Single-A
Corporate Index

Duration-Matched
Sector Selection

Composition Strategy
Duration Over Over
Industrials 0.0-2.5 2.5-4.0 Total 0.0-2.5 2.5-4.0 Total
Number of Bonds 31 86 167
Market Value ($M) 25773 25,336 51,109
Percent of Short A 17.5% 17.2% 34.7%
Percent of A Corporates  5.4% 53%  10.7%
Percent of Cell 50.4% 49.6%  100.0% 442%  55.8%
Duration 1.70 333 2.51 2.61
Total Return (%) 0.24 -0.10 0.07 0.05
Utilities
Number of Bonds 13 24 37
Market Value ($ M) 2,759 5,079 7,838
Percent of Short A 1.9% 3.4% 5.3%
Percent of A Corporates  0.6% 1.1% 1.7%
Percent of Cell 35.2% 64.8%  100.0% 429%  57.1%
Duration 1.60 3.37 2.75 2.61
Total Return (%) 0.00 0.22 0.14 0.13
Finance
Number of Bonds 105 130 235
Market Value (§ M) 31,222 41,757 72,979
Percent of Short A 21.2% 28.3% 49.5%
Percent of A Corporates 6.6% 8.8% 15.3%
Percent of Cell 42 8% 57.2% 100.0% 459%  54.1%
Duration 1.82 3.28 2.66 2.61
Total Return (%) 0.07 -0.39 -0.19 -0.18
Yankees
Number of Bonds 18 29 47
Market Value (§ M) 5,304 10,193 15,497
Percent of Short A 3.6% 6.9% 10.5%
Percent of A Corporates 1.1% 2.1% 3.3%
Percent of Cell 34.2% 65.8%  100.0% 39.7%  60.3%
Duration 1.64 3.25 2.70 2.61
Total Return (%) 0.35 -0.16 0.01 0.04
Total
Number of Bonds 217 269 486
Market Value (§ M) 65,058 82,366 147,424
Percent of Short A 44.1% 55.9%  100.0%
Percent of A Corporates  13.7% 17.3%  31.0%
Percent of Cell 44.1% 55.9%  100.0%
Duration 1.75 3.29 2.61
Total Return (%) 0.16 -0.23 -0.06
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weights and durations in each
cell shown in Exhibit 1, by
selecting a small number of the
bonds in each cell. The asset
allocation strategies each match
the index along two of three
dimensions, but vary the alloca-
tions along the third.

For instance, the quality
allocation strategy matches the
index view shown in Exhibit 2,
but achieves the desired alloca-
tion to each duration X sector
cell by adjusting the weights of
the three qualities within the
cell. This ensures that the returns
of the quality allocation strategy
are not colored by inadvertent
secondary exposures to duration
or sector.

Building Duration-
Neutral Strategies

In our previous study,
the term structure composition
of the portfolio is constrained
to match the index in per-
centage of market value
assigned to each of the three
cells along the term structure.
As the duration of each sector
within a given cell can vary,
there remains a small duration
exposure in each investment
strategy. In the current study,
we eliminate this duration bias
entirely by matching cell dura-
tions, as well as percentages, to
those of the index.

To accomplish this, each
market cell shown in Exhibit 1
is further divided by duration. An
appropriate blend of the long and
the short half of any cell can then
match the required duration.

For example, Exhibit 3
shows a detailed view of short A-
rated corporates. This cell, as
shown in Exhibit 1, makes up
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13.3% of the index and has an average duration of 2.61.
It we choose to represent this cell in our portfolio by pur-
chasing a single sector according to its market composi-
tion, we would be short duration had we chosen industrials
and long if we had chosen any other sector. By adjusting
the market weights to the long and short halves of the cell,
we can create a set of single-sector investments that matches
the 2.61 duration of the index for the cell.

If the short and long halves of the cell have dura-
tions of D, and D, respectively, the weights needed to
match a benchmark duration of D, are obtained by solv-
ing the set of equations

Xs+ Xy, =1
XsDs+ XD = Dg )

to obtain XL = (Dg- Dg) / (Dy - Dg).

Exhibit 3 shows that for industrials such a posi-
tion would be composed by blending 44.2% of the 0-
2.5 duration cell with 55.8% of the over 2.5-4.0 duraticn
cell, overweighting the longer cell relative to the index.
A similar position in short single-A utilities would require
42.9% ot the 0-2.5 duration cell and 57.1% ot the over
2.5-4.0 duration cell, overweighting the shorter cell.”

The sector allocation strategy explored in this arti-
cle chooses one ot these duration-neutral single-sector
investments within each quality X duration cell, ensur-
ing no incidental curve exposure due to duration dif-
ferences between sectors. This technique is used for

EXHIBIT 4

quality allocation as well. A similar approach is used to
match cell duration in the security selection strategy.

Bet Size

Any allocation strategy consists of two parts. First,
a manager forms a view favoring onc market segment
over another; then, the portfolio is constructed by over-
weighting the selected segment. More or less risk (and
potential for excess return) can be assumed by making
larger or smaller deviations from the benchmark.

We present all the allocation strategies in their purest
form, with an extreme application of manager views to
portfolio composition. Once a decision is made to favor
a particular market segment (cither on a cell-by-cell basis
or for the portfolio as a whole), we shift the entire port-
folio to reflect this view.

We do not imply that this is a realistic approach
to sector allocation. Rather, we assume that managers
will take more moderate stances to implement their
views; we can approximate their performance by blend-
ing the extreme approach with an investment in the
benchmark.

To achieve more moderate levels of risk, the strat-
egy can be applied to only part of the portfolio assets.
Thus, for a bet size b, we can invest a percentage b in
one strategy, leaving a percentage 1-) invested in the
benchmark. Applying any of the strategies in this way
will reduce both the mean outperformance and the track-
ing error by the factor b, leaving the information ratio

IMPERFECT FORESIGHT: REPRESENTING SKILL BY MANIPULATING SECTOR SELECTION
PROBABILITIES (SINGLE-CELL EXAMPLE, SHORT SINGLE-A CORPORATES, JULY 1999)

Sector Selection

Probabilities
by Skill Level
20%
Random  Choose 20%
Index Strategy Selection Any Choose
Percent Dur. (Yrs) Return Return  Qutperf. (No Skill) Winner Best
Industrials 34.7% 2,51 0.07% 0.05% 0.11% 25 27 20
Uulities 5.3% 2.75 0.14% 0.13% 0.18% 25 27 40
Finance 49.5% 2.66 -0.19% -0.18% -0.12% 25 20 20
Yankees 10.5% 2.70 0.01% 0.04% 0.10% 25 27 20
Index Totals  100.0% 2.61 -0.06%
Mean Strategy Outperformance (%) 0.068 0.080 0.091
Standard Deviation of Strategy Outperformance (%) 0.114 0.106 0.112
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unchanged. (The proot of this may be found in Appendix
A.) In this way, we can apply any of the strategies at any
desired level of risk.

ASSET ALLOCATION STRATEGIES

To define each asset allocation strategy, we first
assign probabilities to each allocation decision. The prob-
abilities are a function of a skill parameter that controls
the likelihood of a correct decision. The probability dis-
tribution of strategy performance can then be evaluated
directly from these decision probabilities.

To illustrate the strategy formulation and the cal-
culation of the performance statistics, we take the sec-
tor allocation strategy as an example. Starting with an
explanation of how the strategy works in a single cell in
a single month, we extend the calculation to cover the
entire portfolio and its evolution over time.

Setting the Allocation Probabilities

The construction of a duration-neutral position
in a single sector, as shown in Exhibit 3, forms the basis
tor the sector selection strategy. The index return within
this cell, short single-A corporates, is -0.06%. This rep-
resents the benchmark for the strategy’s performance
within the cell.

The last column of the table shows the returns that
would have resulted from an implementation of this strat-
egy in July 1999. We can see that had we placed our short
single-A allocation entirely in the financial sector, the result-
ing return (-0.18%) would have underperformed by 12
basis points. Had we selected any other sector, we would
have outperformed this portion of the index. Because our
sector allocation strategy matches index weights by qual-
ity and duration, overall strategy outperformance of the
corporate index can be expressed as a weighted sum of such
cell-by-cell outperformance numbers.

We view the strategy outperformance of the index
within each cell as a random variable. Each month, the
strategy will choose one of the four sectors within each
cell. If we assume that many portfolio managers are car-
rying out the same strategy (by making one of the four
possible sector choices), we find that the distribution of
results consists of only four possible events, weighted by
the probabilities of selection.

The success of the strategy may be measured by
the mean outperformance 7 and the standard deviation
of outperformance G. If r. represents the outperformance
of the duration-neutral strategy using sector /, and p, is

PALL 2000

the probability of a manager choosing sector i, the mean
and variance of the outperformance are given by:”

4
r= 2 pini

4
o= a pili;, —7)” (2)

Exhibit 4 illustrates this calculation under three
ditferent sets of sector selection probabilities, corre-
sponding to different assumptions about manager skill.

By Random Selection. In the simplest case, we
assume that the strategy chooses one sector at randomn,
with equal probabilities tor all sectors. If there are n pos-
sibilities, the selection probabilities are given simply by

RANDOM _ ¢
P, =1/n (3)

For the sector allocation problem at hand, in
which the strategy selects one of four sectors, this ran-
dom selection rule gives p;= 25%. As shown in Exhibit
4, this “no skill” strategy outperforms the index by an
average of 6.8 bp for the month, with a standard devi-
ation of 11.4 bp.

The reason that this random selection outperforms
the index on average is clear. The index return is heav-
ily influenced by the negative return in the finance sec-
tor, which makes up 49.5% of the index in this cell. As
the assumed selection probability for finance in our equally
weighted strategy is much lower than this, the strategy out-
performs on average. For months when a single large sec-
tor outperforms the others bv a great deal, thereby
bringing up the index return, this strategy will tend to
underpertorm.

All in all, we expect that this strategy will out-
perform in some months and underperform in oth-
ers, but, over time, it should perform roughly similar
to the index.”

Note that even in a month when the strategy out-
performs on the whole, there is certainly a possibility of
underperformance. The 25% of managers who choose
to purchase only finance bonds in this cell would under-
perform the index by 12 bp. The 11.4 bp standard devi-
ation shown here represents the variation across different
managers implementing the same strategy. This measure
provides a fair assessment of strategy risk, as it reflects
the losses that the strategy would incur if the view that
is implemented turns out to be incorrect.

By Skill at Choosing any Winning Sector. What
is skill? It is not our purpose here to philosophize on
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what abilities, personality =~ EXHIBIT 5
traits, or organizational fac-
tors contribute to the suc-

cess of a particular manager.

SECTOR ALLOCATION EXAMPLE: CALCULATING THE MEAN
AND VARIANCE OF STRATEGY OUTPERFORMANCE
JULY 1999, 20% SKILL; WINNING SECTORS IN EACH CELL)

A manager who consis- Quality Duration Index Strategy Strategy Variance St. Dev.
tently outperforms the Cell Cell Percent Return Return Outperf. OQOutperf. Outperf.
index will be considered  AjyandAa Over0tw4 110 -0.10 -0.05  0.05 0.01 0.09
skillful. From this result-ori-  Aaaand Aa Over4to7 7.6 -0.75  -0.73 0.02 0.00 0.06
ented viewpoint, skill can be Aaa and Aa Over 7 6.8 -1.17 -1.09 0.08 0.03 0.18
defined as the ability to A 0 to 4 133 -0.06  0.02 0.08 0.01 0.11
make correct decisions more A Over4to7 142  -036 -0.49  0.07 002 013
frequently than incorrect A Over7 154  -1.06 -1.12 006  0.03 0.17
ones. The views of a suc- Baa Otod 93 004 -0.01 003 000 007
cessful ‘manager are not Baa Over4to7 126  -040 -0.41  -0.01 0.03 0.17
always borne out to be cor- Baa Over 7 9.9 104 127 013 0.03 0.18
rect, but they are correct
more often than random Total 7 100.0 —0‘575 -0.53 0.02 0.0023 0.05
selection.

With perfect fore-
sight, a manager would always choose correctly. Our pils)=(1=3) pf-f\”“-” s T

“imperfect foresight” technique similarly uses knowl-
edge of future returns to determine which sector allo-
cation decisions are the right ones, but does not assume
that the manager always chooses the best possible sec-
tor. Rather, we simulate the eftect of skill by shifting
the selection probabilities between the two extremes
of random selection and perfect foresight.

We have explored two slighty different inter-
pretations of manager skill. A particular decision may be
deemed correct as long as it outperforms the index, or
only if it is the best of the available choices. By leaving
the number of correct decisions as a variable, the same
set of equations can be used to define the selection prob-
abilities for both these approaches.

For a selection among n choices, in which n, turn
out to be correct decisions (winners) and n; = n — n,
are incorrect (losers), the probabilities under perfect fore-
sight are

PERFECT _
; =

(4)

{1 /1, ifiisacorect decision;
0 othenvise

If more than one decision is deemed correct in a given
month, then the strategy assigns equal probabilities to
each of the correct decisions.

For a manager with skill s, we assume that the
selection probabilities p; (s) are scaled between random
selection and perfect foresight and are given by

26
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n +sup)/n (o +u, )ifiisacorect decision;
( w L) w( 1w L) if ’

(1—3s)/ (”u' +n othenrise

.
©)

As there are n,, correct decisions, the overall prob-
ability of selecting a winning sector is (n,. + sn )/ (1, +np),
which converges to n,,/(h,. + n;) for the unskilled case (s
= () and to 1 for the perfect foresight case (s = 100%).

In the first approach, skill represents the ability to
select a sector that outperforms the index, but not nec-
essarily the best one. At 100% skill, this approach assumes
a weakened form of perfect foresight, in which the man-
ager has equal probabilities of choosing from among all
the outperforming sectors. For lower skill levels, the selec-
tion probabilities are scaled between random selection and
this weakened form of perfect foresight, with increased
probabilities for all sectors that outperform the index and
decreased probabilities for all underperforming sectors.

In the sector allocation example in Exhibit 4, there
are three sectors that outperform the index (industrials,
utilities, and Yankees); only the financial sector under-
performs. Evaluating Equation (5) at 20% skill with n,, =
3 and n; = 1 gives a probability p(20%) = 3.2/12=27%
of choosing any of the winning sectors, and a probabil-
ity of 0.8/4=20% of choosing the underperforming
financial sector. The mean and standard deviation of the
strategy results within this cell for this month are calcu-
lated according to Equation (2).
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Exhibit 4 shows that under this more favorable
set of selection probabilities, the standard deviation of
strategy performance is almost identical to that under
purely random selection, but that the mean return has
increased from 6.8 bp to 8.0 bp.

By Skill at Choosing the Best Sector. The second
approach interprets skill as the ability to choose the best-
performing sector. 100% skill according to this inter-
pretation corresponds to perfect foresight as defined in
Dynkin et al. [1999]. In the example in Exhibit 4, a man-
ager with petfect foresight would choose utilities and out-
perform the index by 18 bp.

Our imperfect foresight technique similarly uses
knowledge of future returns to determine which sector
allocation decisions are the right ones, but it does not
assume that the manager always chooses the best possi-
ble sector. Rather, we simulate the effect of skill by shift-
ing the selection probabilities between the two extremes
of random selection and perfect foresight. These prob-
abilities are given by Equations (4) and (5) in the spe-
cial case that n,=1. Only the single best sector is
considered “correct.”

The probability of choosing the best sector is 25%
with no skill and 100% with perfect foresight. For a man-
ager with 20% skill, the linear interpolation rule of
Equation (5) gives a 40% probability of choosing the best
sector (m,, = 1). The probability of choosing any of the
other sectors is reduced to 20%. This set of probabili-
ties leads to even better performance. Once again, the
standard deviation of strategy performance changes lic-
tle, but mean outperformance is increased to 9.1 bp.

For all the strategies considered, the performance
numbers shown are for the extreme case in which the port-

EXHIBIT 6

SECTOR ALLOCATION: HISTORICAL PERFORMANCE AT
DIFFERENT SKILL LEVELS (AUGUST 1988-JULY 1999, BY
SKILL AT CHOOSING BEST SECTORS IN EACH CELL)

tolio 1s invested entirely in the selected sector within each
cell. At a bet size of 25%, both the mean outperformance
and the standard deviation would be scaled down accord-
ingly. Within the cell shown in Exhibit 4, the standard devi-
ation of outperformance would be about 2.8 bp, with the
mean outperformance ranging from 1.7 bp in the random
case to 2.3 bp for 20% skill at choosing the best sector.

Calculating Mean and Variance of
Overall Portfolio Outperformance

The portfolio is constructed by investing in each
cell a percentage w; corresponding to the percentage of
the market capitalization of the index in that cell. This
sector allocation scheme is applied independently in each
quality/duration cell. The overall portfolio performance
is then the weighted sum of the cell-by-cell results.

That is, if the random variable r, represents the
strategy outperformance of the index within a particu-
lar cell j, characterized by a mean 7, and a standard devi-
ation ©;, the index outperformance of the overall
portfolio is given by

(©)

and the mean and standard deviation of r are given by

r= ?w/.rj

F=Xwr
j i

(7)

This calculation is illustrated in Exhibit 5 for the
sector allocation strategy with 20% skill at choosing any
winning sector in July 1999. As we saw in Exhibit 4,
this strategy achieves a mean return of about 0.08%, with
a standard deviation of 0.11% in the short (0-4 years dura-
tion) single-A cell. This cell makes up 13.3%
of the index and hence the portfolio. In
other cells (such as the Baa over seven years),
this strategy gives a mean return below that
of the index for the particular month.

On the whole, the strategy produces

o' =Iwo;
!

Mean St Dev.over St Dev. Overall

a mean outperformance of 0.02%, with a

Outperf. Managers Over Time Tracking Error Information standard deviation of 0.05%. This represents
Skill  (bplyr.) (bplyr.) (bp/yr.) (bplyr) Ratio the distribution across a population of man-
0% 6.6 398 15.9 429 -0.15 agers of equivalent skill, all pursuing the
10% 27.0 40.6 16.7 43.9 0.62 same strategy for the month.
20% 60.6 40.7 19.9 453 1.34 If we take the strategy outlined above
40% 1279 39.2 30.2 495 2.58 and simulate the results obtained for the
60% 1952 349 4255 55.0 3.55 month at this skill level many times, the mean
80% 2625 26.6 55.4 61.4 427 and standard deviation will converge to these
100% 329.7 0.0 68.6 68.6 4.81

values. Simulation is not necessary for this
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EXHIBIT 7A

SECTOR ALLOCATION RESULTS — CHOOSING
ONE SECTOR PER QUALITY/DURATION CELL,
BY SKILL LEVEL

Sector, Any Winner Per Cell Sector, Best Per Cell

Skill Mean Std. Dev. IR Mean Std. Dev. IR

0% -6.4 429  -0.15 -6.6 429 -0.15
10% 17.9 42.7 0.42 27.0 439  0.62
20% 423 42.8 0.99 60.6 453  1.34
40%  91.0 44.1 2.07 127.9 495 2.58
60% 1397 46.6 3.00 195.2 55.0 3.55
80% 188.4 50.2 3.76 262.5 61.4 427
100%  237.0 54.6 4.34 329.7 68.6  4.81

case, as the calculation shown in Exhibits 4 and 5 is both
more precise and computationally more efficient.

Of course, strategy results will vary over time. The
mean outperformance in a given month might be more
or less than the 2 bp observed in Exhibit 5 for this strat-
egy (we will see that the long-term average is 5 bp per
month), and the standard deviation across sectors (and
hence across managers) will be greater in more volatile
months and less during calm periods. After calculating
the mean and variance of strategy performance as in
Exhibit 5 for each month of available data, overall strat-
egy performance is obtained by analyzing the tinie series
of results. The mean outperformance is given by the aver-
age of the monthly means.

The variance of strategy outperformance is mea-
sured in two ways. First, we calculate the time average of
the variance across managers in a given month (as in
Exhibit 5). This represents the risk of choosing wrongly,
and is related to the magnitude of the performance dif-
ference between the best and worst sectors.

EXHIBIT 7B

Second, we measure the variance over time of the
mean strategy outperformance. This represents the risk due
to the fact that changing market conditions make the strat-
egy more effective in some months than in others.

The sum of these two variance terms gives the
overall variance of strategy outperformance. A proof of
this assertion, as well as a more precise formulation of
this calculation in terms of conditional probabilities, is
given in Appendix B.

Sector Allocation Results

Exhibit 6 shows the results of the sector alloca-
tion strategy over time for different levels of manager skill.
For the 20% skill case, the strategy outperforms the index
by an average of 60.6 bp per vear, with a standard devi-
ation (or tracking error) of 45.3 bp per year. Dividing
the mean outperformance by the tracking error, we
obtain an information ratio of 1.34. Of the 45.3 bp of
tracking error, 40.7 bp 1s due to the variance across man-
agers (or the risk of choosing the wrong sector for a given
month}, and 19.9 bp is due to the volatility of the spread
markets over time.

For reasonable levels of skill, the tracking error is
fairly stable, at about 40-50 bp per year. Mean outper-
formance improves steadily with increasing skill, from near
zero for the random selection case (0% skill) to 329.7 bp
per year for 100% skill. The results shown here are for
the “choosing the best sector” variant of the strategy.

This strategy, when applied at the 100% skill level,
corresponds most closely to the perfect foresight case con-
sidered in Dynkin et al. [1999]. The results obtained there
are a mean monthly outpertormance of 25 bp with a stan-
dard deviation of 21 bp per month, corresponding to an
annualized outpertormance ot 305 bp per year with a

SECTOR ALLOCATION RESULTS—DIFFERENT NUMBER OF DECISIONS,
BY SKILL LEVEL (CHOOSING ANY OUTPERFORMING SECTOR)

One Decision Per Cell

One Decision Per Quality One Decision Overall

Skill Mean Std. Dev. IR Mean Sid. Dev. IR Mean Std. Dev. IR
0% -6.4 429 -0.15 -6.6 58.0 -0.11 -6.6 799 -0.08
10% 17.9 42.7 0.42 14.5 37.8  0.25 125  80.1 0.16
20%  42.3 42.8 0.99 35.6 57.6  0.62 316 80.0 040
40%  91.0 441 2.07 77.8 57.3 1.36 69.8 785 0.89
60% 139.7 46.6 3.00 120.0 57.0 2.10 108.1 755 1.43
80% 188.4 50.2 3.76 162.2 56.9 2.85 146.3 706 2.07
100% 237.0 534.6 4.34 204.3 56.9  3.59 1845 634 2.91
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EXHIBIT 8
QUALITY ALLOCATION RESULTS, BY SKILL LEVEL
(CHOOSING ANY OUTPERFORMING SECTOR)

One Decision Per Cell One Decision Per Sector

bp per vear), buc this effect is
more than counterbalanced by
an increase in the variance

One Decision Overall over time (from 15.9 bp per

Skill Mean Std. Dev. IR Mean Std. Dev. IR Mean 5td. Dev. IR vear to 68.6). The increased

0% =25 331 -0.08 28 450 -0.06 =20 620 -0.03 skill level leads to extreme
0% 171 33.0 052 142 449 032 121 622 019 results in months with large
20% 368 332 111 311 448 069 261 621 0.42 market swings, thus causing a
40%  76.1 346 2.20 65.0 449 145 542 612 089 far greater variance of out-
60% 1154 371 3.12 98.9 450 2.20 822 391 139 performance than would be
80% 1548 404 383 1328 453 293 1103 558 1.8 observed at more realistic skill
100% 1941 444 437 1667 458 364 1384 511 271 levels. The net result is that if

tracking error of 72 bp, for an information ratio of 4.24.

The information ratio of 4.81 shown in Exhibit
6 is somewhat better than the perfect foresight result,
mainly because the duration-matching technique reduces
the residual yield curve risk of the sector allocation strat-
egy. Other differences between the two sets of results may
be due to the small differences in the definition of the
cells and in the time periods considered.

The distinction between the two types of variance
displayed in Exhibit 6 is a subtle one. For a single man-
ager with a single time series of returns, an information
ratio will be calculated based on the mean and standard
deviation of this return series. While both sources of
volatility come into play (better decisions are made in
some months than in others, and market volatility levels
change over time), it is not easy to separate the two effects.

The attribution of volatility to these two sources
is shown in Exhibit 6 to illustrate that skill has two dis-
tinct and opposing effects on the volatility of strategy per-
formance. As skill increases, the risk of incorrect decisions
decreases, but the exposure to market volatility increases.

One concern regarding the perfect foresight results
is that the true risk of the strategy might be understated
due to the one-sided nature of the results. At high skill
levels, the strategy outpertorms its benchmark every
month, and the tracking error is merely the standard devi-
ation of this outperformance. This measure does not
reflect the risk of underperformance due to wrong deci-
sions. The use of these numbers to calculate information
ratios implies that this standard deviation of outperfor-
mance could be used as a rough estimate of the risk such
a strategy would entail without perfect foresight.

Exhibit 6 demonstrates that this does not, in fact,
cause risk to be underestimated. It is true that in the case
of 100% skill, the risk due to variance of results across man-
agers is reduced to zero (from a maximum level of 40.7

FALL 20w

the risk estimates of the per-
tect foresight report are inac-
curate, they are more likely to be too high than too low.
Exhibit 7A compares the results achieved by our
two definitions of skill. At all positive skill levels, choos-
ing the best sector in each cell predictably gives higher mean
returns. Choosing any of the outperforming cells produces
lower variance of outperformance, but significantly lower
mean outperformance as well, for a lower information ratio.
It is misleading, however, to compare these two
approaches at equal skill levels, since choosing any out-
perforniing sector is an easier task than choosing the best.
A manager who i1s capable of choosing the best sector
with 10% skill is likely to have more skill at choosing
any winning sector.

Making Fewer Sector Decisions

The strategy we have outlined makes nine inde-
pendent sector decisions, one for each duration/quality
cell. This allows the portfolio to add value when difter-
ent sectors outperform in different quality groups. It also
leads to diversification of the portfolio sector exposures,
helping to minimize the tracking errors versus the index.
We do not know of anyone who manages a portfolio
this way, however. Sector views for long single-A cor-
porates and short single-A corporates are rarely, if ever,
different and certainly not independent.

Consider a strategy in which the entire portfolio
is placed in a single sector, across all quality and dura-
tion cells. We construct four single-sector duration-
matched portfolios within each quality/duration cell, as
before. These are then combined with index weights to
form four single-sector portfolios that match the index
in quality/duration composition. The skill setting
determines the probability of choosing a sector for which
this portfolio outperforms the index. In an intermedi-
ate version of the strategy, independent sector allocation
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decisions are made for each of the three quality groups
and enforced across all duration cells.

Results for these constrained versions of the strat-
egy are shown in Exhibit 7B. The definition of skill in
each case involves choosing any outperforming sector—
either tor the porttolio overall (one decision), within each
quality (three decisions), or within each quality/dura-
tion cell (nine decisions).

When we limit the strategy to a single overall
sector allocation decision, the mean outperformance
worsens somewhat, and the risk increases significantly.
At a skill level of 20%, for example, the tracking error
1s nearly twice as high as for the cell-by-cell allocation.
As a result, the information ratio for choosing a sin-
gle sector with 20% skill is only 0.40, similar to the
results for choosing a winning sector within each cell
at a skill level of 10%.

The three-decision scheme, in which we choose
one sector within each quality group, gives results that fall
between those of the cell-by-cell strategy and the single-
decision strategy. Of course, it is harder to maintain a high
level of skill when making more finer-grained sector calls.

Quality Allocation Results

The quality allocation strategy 1s analogous to that
used for sector allocation. Within each of the twelve sec-
tor/duration cells, the portfolio is concentrated into a
single credit-quality level, matching index weights and
cell durations. The skill setting determines the proba-
bility of choosing any winning quality, or the best qual-
ity, within the cell.

The results, shown in Exhibit 8, are largely sim-
ilar to those obtained for sector allocation. For the most
part, mean outperformance and tracking error are some-
what lower than for sector allocation at similar skill lev-
els. As the differences in tracking error are more
pronounced than the ditferences in mean outperfor-
mance, the information ratios are generally better for
quality allocation than for sector allocation.

We also consider the single-decision case, in
which a single quality level is chosen for the entire port-
folio. Once again, risk is nearly double that of the cell-
by-cell allocation scheme, and returns are lower,
leading to much lower information ratios. Compared
with the single-sector case, both mean outperformance
and tracking error are lower, by about the same amounts.
The resulting information ratios are roughly equivalent
at similar levels of skill.

30 VALUFE OF SKILL IN SECURITY SELECTION VERSUS ASSET ALLOCATION IN CREDIT MARKETS

EXHIBIT 9

DURATION ALLOCATION RESULTS
BY SKILL LEVEL

(CHOOSING ANY WINNING CELL)

Skill Mean Std. Dev. IR
0% 11.0 226.1 0.05
10% 65.4 226.8 0.29
20% 119.8 226.4 0.53
40% 228.6 2224 1.03
60% 3374 213.7 1.58
80% 446.1 199.8 2.23
179.4 3.09

100% 554.9

Yield Curve Allocation

The third type of allocation decision considered is
placement along the vield curve. The entire portfolio is
placed in one of the three duration cells. Each sector/qual-
ity cell is divided into three by duration, and the appro-
priate portion of each of these twelve cells is combined
with index weights to obtain three possible portfolios (short,
medium, and long duration), each matching the sec-
tor/quality composition of the index by market value.

In simulating this strategy, the choice of duration
cell is assumed to be based on projections of Treasury
yield curve movement. When adjusting the probability
of selecting a given cell based on the skill level, the def-
inition of an outperforming duration cell is based on the
analysis of the Treasury index. Nonetheless, the portfo-
lio is assumed to remain all in corporates and to imple-
ment the duration view as an overweight to the
appropriate duration cells relative to the corporate index.?

The performance achieved by this strategy at dif-
ferent skill levels is shown in Exhibit 9. Compared with
the duration-neutral strategies. this strategy entails much
more risk but promises greater potential for returns. At 20%
skill, the strategy achieves a mean annual outperformance
of 119.8 bp and a tracking error of 226.4 bp per year, for
an information ratio of 0.53. This information ratio is not
as good as those obtained for the cell-by-cell versions of
sector and quality allocation at this skill level, but it is bet-
ter than the results for the strategies that commit the port-
folio to a single sector or quality.”

SECURITY SELECTION STRATEGY
In the security selection strategy, the portfolio allo-

cates funds along the three-dimensional grid to match
the percentage of index capitalization and the average
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EXHIBIT 10

SECURITY SELECTION:

HISTORICAL PERFORMANCE AT DIFFERENT
SKILL LEVELS AUGUST 1988-JULY 1999,
CHOOSING 5% OF INDEX BONDS

Mean Overall Information
Outperformance Tracking Error Ratio

Skill (bplyr) (bp/yr) (annualized)
0% 3.4 28.4 0.12
10% 56.3 29.2 1.93
20% 109.4 311 3.52
40% 215.2 37.4 5.75
60% 320.8 46.0 6.98
80% 426.4 55.8 7.64

100% 532.0 66.2

8.03

index duration in each cell exactly. There is no attempt
to outperform the index based on systematic duration
differences or sector exposures. Rather, the manager’s skill
at security selection within each cell is the key to strat-
egy performance.

Unlike the allocation strategies, for which we are
able to calculate exact statistics by summing across the
entire distribution of possible results each month, the per-
tormance of the security selection strategy requires sim-
ulation. The simulation procedure 1s used to generate
10,000 portfolios each month for each set of parameters.

Number of Securities

The most important determinant of the risk of
this strategy is the number of bonds in the portfolio.
The greater the exposure of the portfolio to any sin-
gle security or issuer, the greater the non-systematic
risk. As more securities are purchased, diversification
reduces this risk, and the portfolio will behave more
like the index.

In the simulations, we express the size of the port-
folio as a percentage of the number of bonds in the index.
Within a given cell, the number of bonds that the port-
folio will purchase is computed by taking this percent-
age of the number of index bonds in the cell.

Duration Matching

To ensure that the bonds selected for the portfo-
lio in a given cell match the duration of the index in
that cell, we split each cell in two before selecting bonds.
We choose one set of bonds from those with duration
above the average and another from the set of bonds

FALL 2

below the average cell duration. An appropriate mix of
these two portfolios can always be found to match the
index duration for the cell as a whole.

To make this possible, we choose a minimum of
one bond from each half-cell, regardless of the targeted
number of bonds based on the percentage of the index.

Selection Criterion: Excess Return

In Dynkin et al. [1999], the performance mea-
sure used to select bonds, sectors, and qualities is excess
return over duration-matched Treasuries, over a fore-
sight horizon that varies from one to twelve months.'”
In each strategy, we select the candidates with the high-
est excess returns. We use excess returns, not total
returns, to avoid a duration bias in the selection pro-
cess. That is, in the month of a yield curve rally, we
do not want to favor sectors or securities with a longer
duration.

In this article, we use measures of future perfor-
mance (foresight) to shift the relevant selection proba-
bilities away from the purely random. For sector and
quality allocation, we choose to use total returns, ensur-
ing duration-neutrality by the method described above.

For security selection, however, the selection pro-
cess occurs before the duration correction. We use our
skill to select the best-performing bonds within each half-
cell and then blend the results. Security selection based
on total returns during a yield curve rally would then
show a bias toward the longer securities in each half-cell,
which would need to be corrected during the weight-
ing phase by more heavily weighting the shorter half-
cell. To avoid this anomaly, we once again use excess
returns as the basis for security selection.

Skill Implementation

Within each half-cell, to simulate the selection of
securities at a certain level of skill, the number of bonds
we need to select is determined in advance, based on the
desired percentage of index bonds. Using our foresight
as to excess returns, we calculate the market-weighted
average performance of all index bonds in the cell, and
divide the bonds into those that perform better than the
average (winners) and those that perform worse (losers).
The probability of selecting each security is calculated
according to Equation (5), based on manager skill and
the numbers of winners and losers available.

Bonds are selected in a sequential fashion to avoid
selecting the same bond twice in a given month. After
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EXHIBIT 11A

SECURITY SELECTION:

HISTORICAL PERFORMANCE FOR
DIFFERENT PORTFOLIO SIZES

AUGUST 1988-JULY 1999—SKILL 10%, BY
PORTFOLIO SIZE, AS % OF INDEX BONDS

% of Mean Overall

Index Outperformance Tracking Error Information
Bonds (bp/yr) (bp/yr) Ratio
2.5% 57.7 39.3 1.47
5.0% 56.3 29.2 1.93
7.5% 545 23.3 2.54
10.0% 33.4 19.8 2.70
15.0% 51.3 159 3.22
20.0% 495 13.5 3.68
25.0% 47.9 11.9 4.03

each bond is selected, it is removed from the pool of avail-
able securities. The numbers of winners and losers
remaining in the pool are updated, and the selection
probabilities are once again interpolated between ran-
dom selection and perfect foresight according to
Equation (5). This procedure is repeated until the desired
number of securities has been selected.

Equal Weighting versus Market Weighting

Once the required number of bonds is chosen
within each half-cell, we need to set the amounts of each
security to be purchased in the portfolio. We consider
two weighting schemes. In market weighting, the selected
securities are weighted by the ratios of their overall mar-
ket capitalizations. Larger issues are given a bigger sharce

EXHIBIT 11B

of the portfolio. This helps make the portfolio more like
the index, which is similarly market-weighted, especially
when many securities are selected.

In equal weighting, we purchase the same mar-
ket value of each sccurity selected within a half-cell. This
method avolds overly large exposures to any single issuer.

Unless otherwise noted, the results reported for
our security selection strategies use market weighting
within each cell to generate portfolios.

Results

Exhibit 10 shows the resules of the security selec-
tion strategy, selecting 5% of the bonds in the index. With
a tracking crror of about 30 bp per year, this strategy gen-
erates a mean outperformance of 56.3 bp per year, for
an information ratio ot 1.93, at a skill level of only 10%.
At 20% skill, the information ratio rises to 3.52. As seen
in the perfect foresight study, the information ratios that
can be achieved by security selection greatly exceed those
obtained by any of the asset allocation strategies.

These results are not directly comparable with
those of our perfect foresight study. In that scudy, our
strategy deterministically chooses the top-perform-
ing bonds in the index. Here, we choose bonds at
random.

Consider a cell with 100 bonds. The “top 3%”
strategy, using perfect foresight, would deterministically
choose the tive best-performing bonds in the cell. With
imperfect foresight, our 5% case chooses five bonds at
random. Even with a 100% skill setting, the strategy
would randomly choose 5 bonds from among the 50 or
so “winners.” The average performance of the strategy

SECURITY SELECTION: MARKET-WEIGHTED VERSUS EQUAL-WEIGHTED WITHIN EACH CELL
SKILL 20%—BY PORTFOLIO SIZE, AS % OF INDEX BONDS

Market-Weighted

Equal-Weighted

% of Mean Overall Mean Overall
Index  Outperformance Tracking Error Outperformance  Tracking Error
Bonds (bp/yr) (bp/y1) IR (bp/yr) (bp/yr) IR
2.5% 111.0 40.6 2.73 111.1 409 2.72
5.0% 109.4 31.1 3.52 109.9 31.3 3.52
7.5% 107.0 257 4.16 108.2 26.6 4.07
10.0% 105.3 225 4.69 106.9 239 +.47
15.0% 1021 18.9 5.39 104.2 211 4.95
20.0% 99.1 16.8 5.91 101.4 193 5.25
25.0% 96.1 153 6.27 98.5 18.3 5.38
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will thus be closer to that of the “top 50%” case using
perfect foresight, but with greater variance.

Exhibic 11A shows the dependence of these resules
on the size of the portfolio at 10% skill. As more securi-
tes are selected in the portfolio, there is a continued decrease
in tracking error because of increased diversification. While
mean outperformance worsens slightly as more securities
are chosen, the information ratio increases steadily with the
number of bonds.!" In Exhibit 11B, we see that the same
effect holds true at 20% skill, whether the bonds selected
within each cell are purchased in equal market values or
weighted according to their market capitalization.

For a small number of bonds, there is little per-
formance difference between these two schemes. (In cells
in which only a single bond is chosen, the two are iden-
tical.) As more bonds are included in the strategy, the
information ratio of the market-weighted scheme
increases faster due to lower tracking error relative to the
market-weighted index. For this reason, we have cho-
sen to concentrate on the market-weighted version of
the strategy; all subsequent results use this approach.

Exhibit 12 provides the results of the security
selection strategy across a wide range of skill levels and
portfolio sizes.

EXHIBIT 12

ANALYSIS OF RESULTS

What is the most appropriate way to compare the
results of these very different investment strategies? One
approach 1s simply to examine the results of all strate-
gies at the same skill level. Exhibit 13 shows that, at 20%
skill, the strategies span a wide range of mean outper-
tormance, tracking error, and information ratios. The
information ratios for security selection strategies far sur-
pass those ot all the allocation strategies. Cell-by-cell sec-
tor and quality allocations outperform the duration
allocation scheme, which in turn surpasses the single-sec-
tor and single-quality strategies.

A slightly different way of looking at the relative
performance of the strategies is to compare the mean out-
performance that can be achieved at a given level of risk.
Let us define the mntrinsic risk of a given strategy as the
tracking error achieved by that strategy at the 0% skill
level. For the security selection strategy using 5% of index
securities, the intrinsic risk is 28.4 bp per year. By choos-
ing an appropriate bet size, as described above, any of
the allocation strategies can be implemented so as to have
the same level of intrinsic risk.

For example, the mtrinsic risk of the duration allo-
cation strategy, which is 226.1 bp at a bet size of 100% (see

SECURITY SELECTION RESULTS, BY SKILL LEVEL AND PORTFOLIO SIZE

2.5% of Index 5% of Index

7.5% of Index 10% of Index

Skill Mean TE IR Mean TE IR Mean TE IR Mean TE IR
0% 46 387 0.12 34 284 0.12 20 224 0.09 1.7 187 0.09
10% 37.7 393 147 563 292 193 545 233 234 534 198 2.70
20% 111.0 406 273 1094 31.1 3.52 107.0 25.7 4.16 105.3 225 4.69
40%  217.2 453 4.80 2152 374 5795 212.1 333 6.37 2093  30.7 6.82
60% 3232 521 6.21 320.8 460 6.98 3173 428 7.41 3138 410 7.66
80%  429.0 60.1 7.14 426.4 558 7.64 4226 535 7.90 418.9 522 8.03
100% 5349 69.1 7.74 532.0 66.2 8.03 528.3 648 8.15 524.8 64.0 8.20

15% of Index 20% of Index 25% of Index

Skill Mean TE IR Mean TE IR Mean TE IR

0% 0.9 147 0.06 05 122 0.04 0.3 105 0.03

10% 51.3 159 3.22 495 135 3.68 479 119 4.03

20%  102.1  18.9 5.39 99.1 168 591 96.1 153 6.27

40% 2045 281 7.27 199.6 263 7.58 195.0 252 7.75

60% 3083 39.1 7.88 3026 376 8.05 296.8 365 8.13

80% 4139 51.1 8.10 408.0 49.7 8.21 4015 486 8.20

100% 5215 63.6 8.20 515.7 62.4 8.26 508.3 60.9 8.35
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Exhibit 9), can be reduced to 28.4 bp by using a bet size
of 13%. This strategy, at a skill level of 20%, will achieve a
mean outperformance of 13% X 119.8 bp, or about 15 bp.

Exhibit 14 compares the strategies (plotting only the
“any winner” variants), with all bet sizes adjusted to achieve
an intrinsic risk of 28.4 bp per year. Mean outperformance
is plotted as a function of skill for each strategy.

The results of Exhibit 14 are divided into three
tiers. Security selection earns far and away the greatest
return for a given skill level, followed by sector and qual-
ity allocation within each cell, followed by the three allo-
cation schemes that make a single decision for the entire
portfolio (duration cell, sector, or quality).

To interpret this graph, one must recognize that
the skill levels of these different strategies are not directly
comparable. One can achieve the unlikely result of 50 bp
of mean annual outperformance for this amount of risk
by applying security selection with 10% skill, sector or
quality allocation per cell with about 35% skill, or one of
the single-decision allocation methods with 75% skill. It
1s not clear which of these is the hardest to achieve.

The clear tering effect shown in Exhibit 14 sug-
gests that the number of independent decisions that are
required to implement a strategy s a major determinant
of risk-adjusted performance. The security selection
method, in which the number of decisions is equal to the
number of securities in the portfolio (for 3% of the index,
this averages 178 securities), is by far the best performer.
The quality allocation strategy, with twelve deci-
sions (one per sector/duration cell), and the sec-
tor allocation strategy, with nine decisions (one per
quality/duration cell), form the next performance
tier. The three single-decision allocation strategies
have the lowest information ratios for a given skill

Value of a Single Decision

To form a simplified model of this effect, let us
assume that each strategy (at any given skill level) can be
viewed as an equally weighted sum of # subcomponents
reflecting the individual decisions taken. Let r. be the out-
performance due to a single decision i taken alone, and
let the overall portfolio outperformance be the average
of n such terms:

g,

n ®)

where all the 7 are independent and identically dis-
tributed random variables with mean g, and stan-
dard deviation 0, _. . The outperformance of the overall
strategy will then have a mean f,,.. = My, and a
standard deviation

fn
thmtcgy = Oecsion/ V1

For example, in the sector allocation strategy, the
r, could represent the return ditference between the port-
folio and index components within each of the n =9
quality/duration cells. This model would be precise if:
all the cells have equal weights in the index; the distri-
bution of strategy outperformance at a given skill is the
same 1in each cell; and the results in each cell are inde-
pendent of each other.

EXHIBIT 13

PERFORMANCE OF DIFFERENT INVESTMENT
STYLES WITH IMPERFECT FORESIGHT
AUGUST 1988-JULY 1999, SKILL 20%

level when viewed in this manner.

The reason for this is clear. In the per- Mean Overall
o L _ . Outperf. Tracking Error
formance comparison of Exhlblt 14, the bet sizes Strategy (bplyD) (bplyr) IR
have been chosen to achieve the same level of ;

. . AT Q 2 - I~
risk for each strategy. When an investment strat- D uzpon I 11? g:; “gij ?; ;
egy is the result of many independent decisions, Qu 1y (best per ce ) o - -

- , . . Quality (any winner per cell) 36.8 33.2 1.11
each month’s performance will be a combina- :

. A cessful bets and s Quality (one per sector) 311 4.8 0.69
tion of some successful bets and some unsuc- Quality (one decision) 2.1 621 042
c§ssf'hl. ones. The d1\’§r31ﬁcat10n of the r-15k5 Sector (best per cell) 60.6 453 {34
diminishes the overall risk of the strategy with- Sector (any winner per cell)  42.3 28 0.99
out reducing the expected return. This allows Sector (one per quality) 15.6 57.6 0.62
the strategies with better diversification of risk Sector (one decision) 31.6 80.0 0.40
to take larger positions and achieve greater out- Security (5% of bonds) 109.4 311 332
performance. Security (10% of bonds) 105.3 225 4.69

Security (25% of bonds) 96.1 15.3 6.27
34 VALUE OF SKILL IN SECURITY SELECTION VERSUS ASSET ALLOCATION IN CREDIT MARKETS FALL 2000
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EXHIBIT 14

MEAN OUTPERFORMANCE AS A FUNCTION OF
SKILL FOR DIFFERENT INVESTMENT STYLES —
BET SIZES CHOSEN TO ACHIEVE

EQUIVALENT LEVELS OF RISK

bp/yr.
250 4 s

200 /

150

— Sector {per call), 66%
- Sector {one), 36%
- - - Quality {per cell}, 86%
= Quality (one), 46%
Duration, 13%
— Security {5% of Index} s

100 4

50 1

0%  10%  20%  30%  40%  50%  60%  70%  80%  90%
Skill Level

100%

Although these conditions do not necessarily hold,
it is interesting to look at the per-decision tracking errors
O.nion, 1Miplied by this model for each strategy. While they
are not directly observable, we can back them out of our
observations by multiplying the tracking error 0, by

Vn. Information ratios at the per-decision level can be
computed as

un/u’l.\mrl /Gdé'(‘I\IUH

Exhibit 15 revisits the performance data of Exhibit
13 in light of this analysis. We calculate the implied per-
decision tracking errors as described above to reflect the
number of independent decisions involved in each strat-
egy. Comparing the resulting per-decision information
ratios, we find that the results for the difterent strategies
are much closer than before, with the relative rankings
almost exactly the opposite of our previous results. The
highest per-decision information ratio is achieved by the
duration decision; next are the single-decision versions
of sector and quality allocation. The cell-by-cell sector
and quality decisions come next, closely followed by secu-
rity selection.

How do we reconcile these two diametrically
opposed points of view? Which better represents the
truth, Exhibit 13 or Exhibit 15? Is security selection the
most important or the least important portfolio strategy?

The answer, of course, is both. Exhibit 15 con-
firms the notion that the most important single decision
is the duration call. Yet Exhibit 13 emphasizes the power

FALL 2000

of diversification in reducing risk. When portfolio man-
agers attempt to enhance portfolio return by taking sev-
eral independent risk exposures instead of one large one,
tracking error is reduced. The information ratio is
increased as a result, provided that the same level of skill
(and hence outperformance) can be maintained across
the greater number of decisions.

It is clear from Exhibit 15 that the model of # inde-
pendent sources of risk as implied by Equation (8) does
not provide a perfect adjustment for the number of deci-
sions. In particular, once we have made our adjustment,
we would expect the information ratio per security selec-
tion decision to be independent of the number of bonds
selected. Instead, we seem to have adjusted by too much.

This is consistent with positive correlations
among the various decisions (e.g., correlations between
bonds of the same issuer or industry group). When divid-
ing risk among # positively correlated decisions, the risk
is decreased by less than Va, and our adjustment over-
states the benefit of diversification.

This effect can also explain why the information
ratios per decision seem to be lower for the sector and
quality allocation strategies that make separate decisions
in each cell. The best sector allocation for single-A bonds
may not be the same as that for Baa-rated bonds, but
there is certainly a positive correlation between the two.
The adjusted numbers in Exhibit 15 should thus be
viewed as only a crude approximation.

The presentation of results according to a con-
stant skill level is possibly misleading in another way as
well. The strategies requiring many decisions (e.g., sec-
tor allocation in twelve cells, selection of 961 bonds) are
compared with similar strategies requiring fewer deci-
sions (e.g., single-decision quality allocation, selection of
178 bonds) at the same skill level. In fact, the greatest
challenge lies in making many decisions.

A sector rotation specialist may always have a view
favoring one sector or another on a macro basis. But if
asked to choose a favorite sector separately in each of
nine quality/duration cells, will the analyst be equally
confident of each of these views? It would seem to be
much harder to maintain the same skill level across this
expanded set of decisions.

A similar argument can be made regarding secu-
rity selection. While an analyst may have an excellent track
record concerning the performance results of top picks,
it 1s difficult to maintain the same skill level when it
becomes necessary to select many more securities. Clearly,
for a fixed number of bonds, even a very small improve-
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ment in the skill level of the EXHIBIT 15
securlty selection process
can have a marked effect on

overall performance.

PERFORMANCE OF DIFFERENT INVESTMENT STYLES—
RISK ADJUSTED FOR NUMBER OF INDEPENDENT DECISIONS
AUGUST 1988-JULY 1999, SKILL 20%

To help decide how Mean  Overall No. of Tracking Information
to allocate a fixed research Outperf. Track. Err. IndeRePdent ErrO}‘ per Ratif) per
bu dget, it might be more Strategy (bp/yr)  (bplyr) Decisions Decision Decision
Interesting to compare the Duration 119.8 226.4 1 226.4 0.53
trade-off between skill and Quality (best per cell) 435 342 12 118.6 0.37
the number of decisions. Quality (any winner per cell)  36.8 332 12 115.1 0.32
For instance, we see in Quality (one per sector) 311 44.8 4 89.7 0.35
Exhibit 12 that security Quality (one decision) 26.1 62.1 1 62.1 0.42
selection using 5% of the Sector (best per cell) §O.6 45.3 ? 136.0 0.45
. . 0 . Sector (any winner per cell) 423 42.8 9 128.4 0.33
mdf:x with . 20% S_kln Sector (one per quality) 356 57.6 3 99.7 0.36
achieves an information g o1 (one decision) 36 800 ! 80.0 0.40
ratio of 3.52, while using Security (5% of bonds) 109.4 31.1 178 4149 0.26
20% of the index with 10% Security (10% of bonds) 105.3 225 369 432.2 0.24
skill achieves an information 15.3 961 474.3 0.20

Security (25% of bonds)

ratio of 3.68.

Are there specific sec-
tors in which security selec-
tion 1s most important? Exhibit 16 gives a detailed
breakdown by sector/quality/duration cells of our results
for the security selection strategy using 5% of the bonds
in the index at a 10% skill level. Comparing the tracking
errors achieved by the stracegy in different cells, we find
that certain trends hold in general, but not in every case.

Within a given sector and quality cell, longer-
duration cells tend to have higher risk than their shorter-
duration counterparts. Similarly, lower-quality cells tend
to have higher tracking errors than better qualities. Also,
cells with higher tracking errors tend to ofter a skilled
manager more opportunity for outperformance.

Nevertheless, the information ratios cover a fairly
wide range, from 0.17 for Baa short Yankees to 0.56 for
A short financials. It is noteworthy that these are also the
smallest and the largest cells in the index. Strategy risk
in the larger cells is reduced by the additional diversifi-
cation provided by choosing more securities.

Once again, we divide the information ratio by
the square root of the average number of bonds in the
portfolio to obtain an information ratio per decision.
These numbers have a much tighter distribution, rang-
ing from 0.09 to 0.24.

Diversification of Risk
Among Different Strategies

We have emphasized the role played by the num-
ber of independent decisions within a given strategy in

36

VALUE OF SKILL IN SECURITY SELECTION VERSUS ASSET ALLOCATION IN CREDIT MARKETS

96.1

reducing risk and improving risk-adjusted return. The
same effect is achieved by combining strategies that
express independent views in different dimensions.

Consider a strategy that takes risk in four dimen-
sions simultaneously, at approximately equal levels of
tracking error. Specifically, we allocate 13% of the port-
folio to the duration allocation strategy, 36% to the sec-
tor allocation strategy, and 46% to the quality allocation
strategy (one decision each). (These weights correspond
to the bet sizes used in Exhibit 14 to obtain equivalent
risk levels.) The remaining 5% of the portfolio is neu-
tral to the benchmark. The combination of these strate-
gies will be used to set the portfolio allocations to
sector/quality/duration cells.

We further assume that the portfolio is composed
of only 5% of index securities and is thus subject to the
non-systematic tracking error that we observed in our
security selection strategy. Assuming independence of the
results for the different strategies, the mean outperformance
and tracking error of this blended strategy can be calcu-
lated using Equation (7). This blended strategy has a track-
ing error of 55.7 bp per year.

Exhibit 17 shows the performance of this strat-
egy as a tunction of the skill levels at each management
task. In the unskilled case (all skill levels at 0%), the
strategy does no better than the index on average.
When the skill level for any one of the allocation strate-
gies is raised to 10%, we see a modest gain of about 8

FALL 20

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



EXHIBIT 16
PERFORMANCE OF SECURITY SELECTION STRATEGY BY CELL, CHOOSING 5% OF BONDS, 10% SKILL

Avg. %
Avg. No. of Index Avg.Cell Avg.No. Mean Tracking
Duration Bondsin Market Avg.Cell Return Bonds in Outperf. Error IR per
Quality Cell Sector Cell Value Duration (%/mo.) Portfolio (bpfyr) (bp/yr) IR Decision
Aaa-Aa  Short Industrial ~ 62.2 1.8 2.44 0.62 2.4 29.4 106.7  0.28 0.18
Aaa-Aa Med Industrial ~ 57.7 1.8 5.49 0.74 2.1 49.7 1514 033 023
Aaa-Aa Long Industrial ~ 48.5 1.7 9.45 0.82 2.1 119.7 3695 032 0.22
Aaa-Aa  Short Utility 78.7 1.3 2,51 0.59 3.4 553 153.7 0.36  0.19
Aaa-Aa Med Utility 174.5 2.7 5.67 0.75 7.8 68.9 1542 045 0.16
Aaa-Aa Long Utility 1215 24 8.82 0.83 54 68.5 1613 042 0.18
Aaa-Aa Short Finance  156.3 4.2 2.29 0.64 7.0 30.5 650 047 0.18
Aaa-Aa Med Finance 78.1 2.1 5.38 0.74 3.3 56.1 1293 043 0.24
Aaa-Aa Long Finance 431 0.9 9.46 0.82 2.1 109.0 357.2 031 0.21
Aaa-Aa Short Yankees 91.1 3.1 2.56 0.63 3.7 27.2 88.0 031 0.16
Aaa-Aa Med Yankees 94.7 4.3 5.54 0.76 3.8 43.4 163.2 027 0.14
Aaa-Aa Long Yankees 69.6 2.0 9.46 0.85 2.7 66.4 2149 031 0.9
A Short Industrial  187.1 4.9 2.49 0.64 8.3 27.4 711 039 0.13
A Med Industrial  216.7 5.8 5.49 0.75 9.9 50.8 90.6 056 0.18
A Long Industrial  207.3 6.2 9.32 0.84 9.4 69.2 1237 056 0.18
A Short Utility 110.5 1.8 2.45 0.61 4.8 45.0 1227 037 0.17
A Med Utility 214.1 33 5.62 0.76 9.8 64.5 120.8 055 0.17
A Long Urtility 103.3 2.3 8.44 0.84 4.4 74.2 265.5 028 0.13
A Short Finance  304.7 7.6 241 0.65 14.3 225 404 056 0.15
A Med Finance  217.6 5.8 5.40 0.75 9.9 44.9 1013 0.44  0.14
A Long Finance 75.6 2.2 8.79 0.82 3.3 96.3 2482 039 021
A Short Yankees 383 1.1 2.56 0.62 2.0 52.6 196.0 027 0.19
A Med Yankees 60.3 25 5.62 0.73 2.6 60.4 2005 030 0.19
A Long Yankees 53.0 2.5 9.71 0.85 2.7 47.5 1644 029 0.17
Baa Short Industrial  130.0 3.6 2.53 0.67 5.6 47.7 2273 021 0.09
Baa Med Industrial  170.8 4.9 5.49 0.73 7.6 98.8 2645 037 0.14
Baa Long Industrial  128.1 4.2 8.89 0.82 5.7 87.3 3803 023  0.10
Baa Short Utility 118.4 2.2 2.46 0.64 5.0 48.2 140.6  0.34  0.15
Baa Med Utility 196.9 3.2 5.58 0.79 8.9 72.8 1755 0.41 0.14
Baa Long Utility 79.0 1.9 8.54 0.86 33 59.4 2824 021 0.12
Baa Short Finance 85.7 1.9 2.40 0.68 3.4 48.2 196.6 024 0.13
Baa Med Finance 86.3 1.9 541 0.75 33 106.0 3551 030 0.16
Baa Long Finance 20.8 0.5 8.66 0.81 2.0 108.2 456.8 024 0.17
Baa Short Yankees 135 0.4 2.49 0.68 2.0 58.4 353.0 017 0.12
Baa Med Yankees 28.4 0.9 5.64 0.71 2.2 115.3 3450 033 0.23
Baa Long Yankees 20.4 0.5 9.24 0.85 1.9 89.0 3947 023 0.16
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EXHIBIT 17

PERFORMANCE OF A BLENDED INVESTMENT STRATEGY

AT DIFFERENT SKILL LEVELS FOR EACH STYLE

high information ratio is diversification
of risk among several independent
return-enhancing strategies.

Performance : S .

Skill Levels (%) Mean Tracking Information Wh]],e there is .Stlll the question
Duration Sector Quality Security Outperf.  Error Ratio of what skill level 15 reasonable to
o o o (’)’ 15 7 003 expect across a wide range of securi-
10 0 0 0 8.1 557 014 ties, we have unequivocally demon-
0 10 0 0 8.2 557 0.15 strated the importance of security
0 0 10 0 78 55.7 0.14 selection skill. Any systematic improve-
0 0 0 2 12.1 55.8 0.22 ment in the selection process will
0 0 0 4 22.7 55.9 0.41 undoubtedly give a significant boost to

10 10 10 0 21.1 55.8 0.38 portfolio performance.
20 10 10 0 27.6 55.8 0.49 This study deals with a single
10 20 10 0 277 55.8 0.50 asset class (corporate bonds) in a single
10 10 20 0 274 55.8 0.49 market (U.S. fixed-income) over a sin-
10 10 10 Z 31.6 35.9 0.57 gle decade. Care should be used when
;8 ;8 ;8 3 ié 2 ggg 8;/; generalizing these results to other asset

classes (such as mortgages), other mar-

bp per year for any of the three, with information ratios
of about 0.14. If the skill at all three allocation tasks 1s
raised to 10%, the gains combine for an expected out-
performance of 21.1 bp per year and an information
ratio of 0.38.

Comparing these results with those in Exhibits
7-9, we see that even though we have increased our
risk estimate to include the effect of security risk, we
achieve a higher information ratio than with 10% skill
at any of these three single-decision allocation strate-
gies alone.

The effect of a small increase in skill at security
selection is even more striking. Increasing the security selec-
tion skill from 0% to 2% provides more outperformance
than 10% skill at any single allocation dimension; at 4% it
outperforms 10% skill at each of the three allocation strate-
gies. A similar effect is observed if we look at the incre-
mental effect of raising allocation skills from 10% to 20%.

CONCLUSION

At equivalent skill levels, the security selection
strategy gives the highest information ratios of the strate-
gies considered. This is true, in large part, because of the
diversification of risk among the many independent deci-
sions involved in selecting each security in the portfo-
lio. This observation provides a clear message for all
portfolio managers, including the purest of asset alloca-
tors: The single most important element in achieving a

38 VALUE OF SKILL IN SECURITY SELECTION VERSUS ASSET ALLOCATION IN CREDIT MARKETS

kets (such as Europe), or other time

periods. Dynkin et al. [1999] do con-

sider different parts of the economic
cycle and different credit markets. We repeated the per-
fect foresight analysis for Eurobonds and for a recession-
ary time period, and find our conclusions to be quite
robust.

Several interesting issues remain for further
study. This work includes neither a model for transac-
tion costs nor a mechanism for reducing turnover. What
levels of skill are required to produce steady outperfor-
mance once transaction costs are considered? How will
the performance achievable at a given skill level be
affected by constraints on portfolio turnover?

Our previous work under the perfect foresight
assumption underscores the importance of matching the
foresight horizon to the average holding period. In future
research to explore these issues, we will apply the imper-
fect foresight approach to foresight horizons longer than
one month.

Our conclusions should be of particular interest to
new investors in the credit markets, such as European credit
portfolio managers and central banks, who are in the pro-
cess of establishing their investment style.

We do not offer a quantitative model for build-
ing views on market sectors or individual credits, and
none of the strategies studied are thus directly imple-
mentable. Interpretation of these results can influence
portfolio management practice in several ways, however.
First, the results can help guide the formation of an invest-
ment style and an associated research program. In par-
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ticular, our results underscore the importance of skill at
security selection. More generally, they highlight the
importance of diversifying portfolio views among sev-
eral independent sources of risk. This should encourage
risk-conscious managers to pursue multiple avenues of
research simultaneously.

Second, the results of such simulation studies can
be used to help evaluate manager performance. Fox [1999]
and Fjelstad [1999] analyze the observed performance dis-
tributions for managers with known investment styles.
The skill and bet size parameters that produce a simu-
lated distribution most similar to observed performance
may be said to characterize the skill of the manager.

The comparison of information ratios of simulated
strategies and actual manager track records provides
another interesting interpretation. Goodwin [1998]
reports empirically observed information ratios for insti-
tutional money managers benchmarked against the
Lehman Brothers Aggregate Index. Only 20.5% of the
managers in the sample achieve information ratios over
0.5, and only 2.6% reach 1.0 or better. Our results show
that, at least when transaction costs are neglected, such
results can be achieved even at fairly low levels of skill,
where correct views are established only slightly more
often than with random selection.

APPENDIX A
INDEPENDENCE OF
INFORMATION RATIO
AND BET SIZE

Denote the return of a given strategy by R and that of the
benchmark by R, The mean (i and variance 07 of the strategy out-
performance are given by

Us = EfRy— Ry
6 = Var(Rs —- Rp)

Now consider an investment scheme in which only a por-
tion b of portfolio assets are committed to the strategy, with the
remainder invested in the benchmark. The return on this investment

is given by
Ry, =bR +(1- bRy
=Ry t h(Rs - Ry

We can easily see that the mean and variance of outperfor-
mance of the strategy at bet size b are given by

p, = ER, -R,)=EbR - Ryj] = bER  ~ Ry = bl
62, = VarRy y— Ry = VarhR — Ry)] = b VarRs — Ry) = bG:

FALL 2000

We find the strategy information ratio

R, =K
0-5

to be independent of bet size:

IRS.b = “S'b = _b—E\—
Osb boy
U
=5 = R
o >
APPENDIX B

DECOMPOSING THE VARIANCE
OF STRATEGY OUTPERFORMANCE

In this appendix, we charactenize the strategy outperformance
by a conditional random distribution. We develop expressions for
the unconditional mean and variance of the distribution, and show
that the variance of outperformance can be viewed as the sum of
two terms: the variance of performance across managers, and the vari-
ance of performance over time.

Let us represent the outperformance of each deterministic
strategy considered by a set of N random variables x;, x, ..., xx.
Using sector allocation as an example, we have N = 4, and the x;
are the outperformances of the four different sectors in our dura-
tion-neutral and quality-neutral strategy. We use a vector x to rep-
resent them.

We assume that the vector random variable x has a proba-
bility distribution function (pdf) f(x) and that each month of his-
torical observation corresponds to a single outcome of this random
variable.

Let the random variable y denote the outperformance of the
portfolio strategy. The process of using imperfect foresight to alter
the probabilities of choosing the different sectors makes the distri-
bution of the strategy outperformance y conditional on the outcome
of the sector return vector x. The strategy outperformance y is thus
a Bayesian process and follows a conditional random distribution.

Let us denote by p(y|x) the conditional pdf of y for given
x. This represents the probability of any particular outcome of the
strategy, given our weighted probabilities for choosing each sector.
Exhibit 4 shows explicitly the conditional pdf for one particular cell
for a given month.

The distributions p(y|x) are in discrete form, due to the finite
number of sectors to choose from. Nevertheless, we will use a contin-
uous representation in this discussion. By using the Dirac function 8(x),
which has the properties that 8(x) = 0 when x # 0 and 1B(xydx =1,
we can use the continuous form of pdf to express a discrete distribu-
tion p(y|x) in terms of the sum of different Dirac functions centered
at different points weighted by the appropriate weights. We can thus

use the continuous representation with no loss of generality.
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Bayesian statistics and conditional probability theory state that
if event x has an unconditional distribution f(x), and event y has a
conditional pdf p(y|x), then the joint pdf of x and y is p(y|x) f(x),

and the unconditional pdf for y is then given by
) = Iply1 ) Fxdx
The conditional mean and variance are defined as

E(y|x) = lyp(y|x)dy
Var(y|x) = Efy = Ety[3)]"ix)
= Ety |x) — [Ety|x)f
= Iypiy 1xidy = dypey |9y

where the notation Efx) denotes the expectation of a random vari-
able v under its pdf. The conditional mean and variance of strategy
outperformance is exactly what we have calculated for each month
of historical data considered in our study. Exhibit 5 shows the details
of this calculation conditioned on X0, the performance vector of
individual sectors in July 1999.

When we consider the overall performance of a strategy over
time, two different measures of variance are of interest. The first con-
siders the variance of the expected strategy performance over time,
Par[E(y | x)]. If a strategy has a small positive expected return every
month, it is less risky in some sense than one that has a large posi-
tive expected return under some market outcomes and a large neg-
ative expected return in others.

The second considers the conditional variance of the strat-
egy performance within each month. This is the variance that we
will see across a population of managers implementing the same
strategy independently under a given market outcome. Taking the
average E[Tar(y|x)] of this conditional variance gives us another
(very ditferent) measure of the long-term variance of strategy out-
performance.

We conjecture that the overall variance of strategy outper-
formance is equal to the sum of these two terms and that the uncon-
ditional mean is equal to the expectation of the conditional means:

E(y) = E[Eyiv)] (B-1)

Varty) = Var[Ely “x)] + E[Varfy |x)] (B-2)
Equation (B-1) is almost obvious:
E(y) = Iyetyydy = ypty |01 x)ddy

= Jdypty 1x)dy) fixpdx

= fE(y [x)fix)dx = E[E(y|x)]

To prove Equation (B-2), we first expand each term separately:

Varly) = EGO)-[E)f = Iygtydy ~ dygtyidy)y

VarfEty |x)] = By ] fixddx = 1Bty 150 fx)dx]
= Jf/)’P()’ [x)dy[ftddy
= fMlypy 1xifixidydxf

B-4

Eflar(yix)] = I arly  x)fixjdx
= [dypty 1xidy = dypty |ody)ficds
= H)"})(}’ [x)ftxsdydy = Wlypey |0y Ffix)dx

(B-5)

We can see that the first item of Equation (B-4) and the sec-
ond item of Equation (B-5) are the same. So when we add the two

equations these terms cancel out, and we have

Var[Efy | x)] + E[Varty|x)] = Jypty [x) ftx)dpdx
- (.U)'p(y [x)xgdydx)- (B-6)
The right-hand sides of Equations (B-3) and (B-6) are the

same, and we have proven our conjecture in Equation (B-2).
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"We use the terms “duration allocation” and “yield curve
allocation” interchangeably to refer to a single strategy in which
the manager chooses to overweight one of three segments along
the vield curve.

>The information ratio (IR) is the mean annual outper-
formance of an investment strategy divided by the annualized stan-
dard deviation of the outperformance. Both risk and return are
measured versus the benchmark. The Sharpe ratio can be con-
sidered the special case of an information ratio with a riskless asset
(cash) as the benchmark.

3All these studies consider the unskilled case to correspond
to a skill of 50%, where skill is defined as the probability of a cor-
rect decision. A skill level of 60% according to this convention cor-
responds to 20% skill by our definition.

“There are two minor differences between the cell defini-
tions used here and those in Dynkin et al. [1999]. The term struc-
ture axis is now defined on the basis of duration cells rather than
average life. This change was made to improve the treatment of
callable bonds and to avoid numerical difficulties in the duration-
matching scheme. Also, the previous report uses four quality cells
for security selection and only three tfor asset allocation. Here, three
quality cells are used throughout.

SOther mechanisms could be used to match duration and
market value within each cell. One alternative method that does not
require subdividing the cell is to blend the selected portion of the
cell (for example, short single-A utdilities) with a cash position.
Equations (1) could be reinterpreted to provide the necessary weights
for bonds and cash, with the cash duration D set to zero. This pro-
cedure has the advantage of nuintaining the relative weights of each
security within a cell, although, when the duration of the selected
sector in a given cell is shorter than the target duration, it requires

= H)f”p(}' |x)f(x)dxdy — (ﬂyp(y |x) flx)dxdy) (B-3)  leveraging the portfolio with a negative cash position. The method
we use never requires such leveraging.
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“The quantities defined in Equadons (2} are actually the con-
ditional mean and variance of the strategy, given a particular market
outcome. A more formal treatment may be found in Appendix B.

“An alternative to the base case (no skill) assumption would
be to use index weights as the sector selection probabilities. This
would have some advantage in that the mean outperformance of the
strategy would be close to zero every month. This would imply a
connection between sector views and market weights, however. We
prefer to match the index carefully along two dimensions, but to leave
the manager free of indexation constraints in the dimension in which
a view is to be expressed.

®This implementation of a duration view in an all-corporate
portfolio carries with it an implicit spread view as well. While the
portfolio matches benchmark allocations to each sector by percent of
market value, a position that is long duration in this way will be long
spread duration as well. This does not bias the results, however, since
the implementation of skill is based solely on Treasury index returns,
offering no information on the direction of spread movement.

“The information ratio of 0.29 shown in Exhibit 9 for dura-
tion allocation at 10 skill agrees perfectly with the results of Fjelstad
[1999]. For the task of choosing one of two duration cells to over-
weight, with a 55% probability of choosing correctly, she reports a
mean outperformance and tracking error that correspond to an infor-
mation ratio of (.29,

"Excess return is a common measure for comparing the per-
formance of different spread products on a duration-adjusted basis.
There are several different ways to compute excess returns. Qur pro-
cedure is as follows. We segment the Treasury universe into half-year
duration cells and calculate the market-weighted average total return
and average duration for each cell. To calculate the excess return of
a given bond, we look up our bond's duration in this array of Treasury
durations and returns, and interpolate between the nearest two entries
to find the appropriate Treasury return. This Treasury return is then
subtracted from the bond’s return to obtain the excess return.

"'Mean outperformance declines as more bonds are used
because several bonds are chosen sequentally from each cell without
replacement. At each stage, as described above, the probability of choos-
ing a winner at a skill level s is (. + sn,)/(n, + #;). When choosing
with skill has improved the chances of picking winners in the early rounds,
the remaining pool of securities has a higher concentration of losers, lim-
iting the potential outperformance.

Consider a cell with four bonds, two winners and two losers.
On the first pick, the unskilled manager will have a 50% chance of
selecting a winner. If a winner is picked, the probability of choos-
ing another on the next pick will have decreased to one-in-three.
If the first pick is a loser, the probability of selecting a winner on
the second try is two-in-three. The four possible outcomes of choos-
ing two bonds from the four are given by:

2 12
Z p =-= p =
3 23

t
N | —
-

The resulting probability of choosing two winners is one-
in-six, and the probability of choosing one winner sums to two-in-
three. The mean number of winners out of the two bonds is, thus,
exactly one, and the mean performance of the strategy in the unskilled
case is exactly the same for choosing two bonds as it is for choosing
one. The probability of choosing a winner at the second pick is never
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the same as it was on the first, but the lack of skill on the first pick
makes it equally likely that the probability of picking a winner on
the second pick is higher or lower. In the skilled case, because the
probability of choosing a winner on the first pick is higher. the over-
all probability of choosing a winner on the second pick will be lower.
For example, for 20% skill, we have

b= 2402x2)14+0.2x2Y) 2.4 14
242 +2 ; 4 3
24 16
i 4 3
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Ij/ll'_ii
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In this case, the probability of choosing two winners 15 28%;
the probability of choosing one winner is 61%; and the mean num-
ber of winners selected out of the two bonds is 1.17. The mean per-
formance will be somewhat worse than that of a strategy that picks
one bond at 20% skill, with 0.6 winners on average.
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