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uppose you are an active investment manager of

a global balanced portfolio looking back at the

investment decisions you made during the past

year, such as asset allocation, country allocation,
and stock selection. You are sure that during this period
you made more good decisions than decisions that turned
out to be wrong, yet your portfolio still did not outper-
form its benchmark.

This means something went wrong in translating
your investment views into the overweights and under-
weights you implemented relative to the benchmark.
Intuitively, the more value one expects to be able to add
with a particular investment decision, the more impact
this decision should have on performance.

In this article we provide a transparent framework
that formalizes this intuition. Using the tracking error
concept for measuring relative risk, we show how an
active manager should allocate a partial tracking error to
each investment decision so as to maximize total value-
added. If an active manager adopts this framework, one
should not look back with surprise.

Grinold [1989] argues that maximizing value-added
is equivalent to maximizing the information ratio of the
portfolio, i.e., the ratio of active return to tracking error.
Furthermore, he shows that both skill and breadth drive
the information ratio. Skill is measured using the infor-
mation coefficient, which is defined as the correlation of
one’s forecasts with actual outcomes. Breadth 1s the num-
ber of independent forecasts one can make.
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Grinold [1994] shows how forecasts should be trans-
lated into input parameters for a mean/variance optimiza-
tion procedure. A constant information coefficient is
assumed in this analysis, which is not unreasonable when
we focus on one investment decision, such as stock selec-
tion. Our approach is more general in the sense that we look
at different investment decisions, for which a manager may
have structurally difterent forecasting skills.

Goodwin [1998] and Gupta, Prajogi, and Stubbs
[1999] analyze realized information ratios of different classes
of active managers. Apart from this ex post-oriented anal-
ysis, Gupta, Prajogi, and Stubbs also give an example of an
ex ante allocation of assets over difterent classes of managers.
Mean/variance optimization is used to maximize the
expected information ratio, based on assumptions with
respect to future risk and return characteristics. An impor-
tant feature of this approach is that asset allocation and track-
ing error allocation are considered simultaneously.

In our view, strategic asset allocation and benchmark
determination should be treated separately from issues
relating to tracking error allocation. We concentrate our
analysis on the latter.

We extend the literature by deriving a simple rule that
active managers can use to maximize their information
ratio and thus their value-added. Our argument is that one
should strive for an investment structure, with independent
investment decisions. Given such a structure, the optimum
allocation is characterized by partial tracking errors that are
proportional to the expected information ratios of the
investment decisions. Further, we will demonstrate why a
distinction needs to be made between tracking error lim-
its and target tracking errors. This framework is illustrated
with examples that show some interesting practical conse-
quences of an optimum tracking error allocation.

TRACKING ERRORS AND
INVESTMENT DECISIONS

Concepts such as tracking error, partial tracking
error, and investment decision play a key role in the track-
ing error allocation framework, so we must first define
what we mean by these concepts. We then provide a
numerical example that will further clarify the necessity
of a structured tracking error allocation.

The tracking error of a portfolio is defined as the annu-
alized standard deviation of the return differences between
that portfolio and its benchmark index. It measures the
extent by which the portfolio returns deviate from those of
the benchmark. Tracking errors can be measured both ex

2 TRACKING ERROR ALLOCATION

ante (based on present weightings and historical return
data) and ex post (based on realized active returns).

In modern portfolio management, most investment
managers are subject to a limit on ex ante tracking error.
This limit quantifies the maximum potential permitted for
active positions. A portfolio manager can use this poten-
tial for multiple investment decisions. We define an invest-
ment decision as an allocation over certain similar investment
opportunities. For example, the investment opportunities
for a global balanced portfolio can be divided into four
investment decisions as follows:

1. Asset allocation (allocation between equities and
bonds in its simplest form).

2. Country and/or sector allocation within each
asset category.

3. Currency allocation (which can be separated
from country allocation if currency derivatives are
used).

4. Security selection within each country and/or
sector within each asset category.

The tracking error resulting from all investment deci-
sions is the overall tracking error. We define the tracking error
that results from one investment decision in isolation as a par-
tial tracking error. In other words, the overall tracking error
tells you to what extent the overall return of the portfolio
and the benchmark can differ, while the partial tracking errors
explain the composition of the overall tracking error in
terms of the underlying investment decisions.

Suppose we have a benchmark consisting of both
equities and bonds in two countries. We have forecasts for
the decisions regarding equity country allocation, bond
country allocation, and currency allocation. With respect
to all other investment decisions, e.g., asset allocation, we
are neutral. One way to implement our view is to use
equal percentage bets for each investment decision.

The percentages we use for this implementation
are summarized in Exhibit 1.

EXHIBIT 1
EQUAL PERCENTAGE ALLOCATION

Benchmark Weights
Country A Country B

Active (relative) Positions
Country A Country B

Equities 25% 25% -10% +10%
Bonds 25% 25% +10% -10%
Currency  50% 50% +10% -10%
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Now suppose country A equities outperform coun-
try B equities by 24%, country A bonds outperform
country B bonds by 8%, and the currency of country A
rises 12% against that of country B. These returns are com-
parable one standard deviation moves, loosely based on
actual market data.

Although our positions are correct for two out of
the three investment decisions, the overall active return
1s negative:

[~10% X 24%] + [10% X 8%)] + [10% X 12%] = —0.4%

In this example, we have forgotten to take into
account two important considerations. First, we should
consider the tracking errors resulting from each decision.
Because equity markets are much more volatile than bond
markets and currencies, the partial tracking error of the
10% equity country allocation bet is much higher than that
of the 10% bond country and currency allocation bets. In
other words, we used equal percentage bets for each deci-
sion, although the risk associated with the bets is definitely
not equal. The effect of the equity country allocation bet
therefore outweighs the two other (successful) bets.

Second, we should take our confidence in each of
the forecasts into account. Clearly, the more confidence
we have in our capability to forecast a particular invest-
ment decision, the higher the tracking error allocated to
that decision should be. The essence of the tracking error
allocation framework is that it formalizes these intuitive
insights.

There are three steps that need to be taken to estab-
lish an optimum tracking error allocation:

1. Identify independent investment decisions.

2. Rank forecasting capabilities.

3. Allocate partial tracking errors to each invest-
ment decision.

IDENTIFYING INDEPENDENT
INVESTMENT DECISIONS

The basis for active management is a good invest-
ment structure. Ideally, all investment opportunities
should be divided into separate investment decisions
that are independent, meaning that the active returns
resulting from each decision are uncorrelated. If this is
the case, then each investment decision can be made
independently from the others—possibly even by dif-
ferent people.
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Because tracking error allocation is the goal of our
analysis, we will not try to provide the best investment
structure. Throughout, we assume an investment struc-
ture with independent investment decisions. The assump-
tion of independence is essential for deriving a transparent
tracking error allocation.

The four decisions in the country example are
investment decisions that are (largely) independent. If
global equities outperform global bonds (asset alloca-
tion), then in general this does not imply anything
about the return difference between equities in coun-
try A and equities in country B (country allocation).
One caveat might be that certain countries have a
higher beta with respect to global developments than
other countries, but imposing a beta-neutrality restric-
tion on the country allocation effectively deals with this
problem. By striving for independence in this way, we
avoid making what is actually an asset allocation deci-
sion in our country allocation decision. Similar argu-
ments can be made for security selection within
countries and/or sectors.

Even if the returns that can be achieved with dif-
ferent investment decisions are correlated to some extent
(which they often will be in practice), this does not auto-
matically imply that the investment decisions are also cor-
related. Since the active returns resulting from an
investment decision are determined by both the returns
of the investment opportunities and the allocation over
these opportunities, it follows that a second condition for
independence is that allocations are independent for each
investment decision.

In other words, if our bond country allocations are,
over time, uncorrelated with our equity country alloca-
tions, then bond country allocation and equity country
allocation are independent investment decisions, regard-
less of the fact that the returns of the underlying invest-
ment opportunities may be correlated.

Although there will never be complete indepen-
dence between and among all investment decisions in
practice, independence can be achieved to a large extent
by design of the investment structure and/or by looking
at different types of variables for different investment
decisions. We would also note that although we assume
independence to derive a transparent tracking error allo-
cation, risk management should always take the full pic-
ture into account, i.e., the overall portfolio tracking error
including all correlation effects.
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RANKING FORECASTING CAPABILITIES

After the investment decisions have been identi-
fied, the next step is to rank our forecasting capabilities.
In step 3, the actual tracking error allocation, a higher par-
tial tracking error will be allocated to investment decisions
for which we have more forecasting capability.

We quantify forecasting capabilities by formulating
expected information ratios for each investment deci-
sion. An expected information ratio is the ratio between
expected outperformance and the corresponding track-
ing error.

One way to establish expected information ratios is
to use the historical track record of individual investment
decisions. If quantitative models play an important role in
the investment process, one might look at long-term
backtest results of these models. One should be very care-
ful when extrapolating historical realizations into the
future, however. See Beckers [1997], who shows that
short-term information ratios entail a large element of
chance, and Goodwin [1998], who stresses that realized
information ratios of different types of asset managers
need not say much about the future. The arguments pre-
sented by these authors also hold true for the determina-
tion of expected information ratios of different investment
decisions.

‘What ultimately matters are the expectations one has
with respect to one’s strengths and weaknesses. In partic-
ular, one should try to quantify the ability to forecast a
decision relative to the other decisions. Actually, the abso-
lute magnitude of the expected information ratios is not
relevant. Only the ratio of each expected information ratio
with respect to the other decisions influences the track-
ing error allocation. Therefore, it is essential that the
expected information ratios express one’s relative fore-
casting ability for a decision.

Suppose, for example, that we expect to be signif-
icantly better at stock selection than country and/or sec-
tor allocation, while we do not expect to be able to add
any value with asset allocation. We might then use an
expected information ratio of 0.5 for stock selection,
0.25 for country and/or sector allocation, and O for asset
allocation. For tracking error allocation purposes, how-
ever, we might just as well use expected information
ratios of 1.0, 0.5, and 0, respectively, because the abso-
lute scaling of the expected information ratios turns out
to be irrelevant. Note that the minimum expected infor-
mation ratio is zero, when we assume no forecasting
power at all.

4 TRACKING ERROR ALLOCATION

ALLOCATING TRACKING ERRORS

Analysis Using a Target
Overall Tracking Error

Given an investment structure with independent
decisions, and given expected information ratios, we can
derive the tracking error allocation that maximizes the
overall information ratio. Define IR, as the expected infor-
mation ratio of investment decision i (i = 1, ..., n) and TE,
as the partial tracking error corresponding to investment
decision i. Let TE serget be the target overall tracking error.

If we assume information ratios greater than or
equal to zero, the problem can be written as:

n
> IRTE,
max =L
TE,,...TE, TEtat;get (1)
. 2 2 2
subject to Y TE; = TE,,, (2)

i=1

Note that IR, times TE, equals the expected active
return resulting from investment decision i. Therefore the
numerator in (1) represents the overall expected active
return. Dividing by the overall tracking error then yields
the overall expected information ratio that we want to
maximize. Equation (2) shows how the partial tracking
errors combine into the overall target tracking error,
using the assumption of independence among the invest-
ment decisions.

It is straightforward to obtain the optimum solution
to this problem:

Equation (3) says that the overall tracking error
should be distributed over the difterent investment deci-
sions in such a way that the partial tracking errors are pro-
portional to the corresponding expected information
ratios. This is one of the key results of our allocation
framework.

A consequence of this result is that every investment
decision with a positive expected information ratio is
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allocated a positive tracking error. In other words, one
should not restrict attention to the best decision or deci-
sions alone, but consider all decisions, including those for
which one expects relatively low information ratios.
Finally, by substituting (3) in (1), we find that the
optimum overall expected information ratio is equal to:

)

Note that the overall expected information ratio is
higher than each of the expected information ratios for
individual investment decisions.

We can illustrate the optimum tracking error allo-
cation by continuing the example. Suppose we have equal
confidence in our forecasts for the equity country allo-
cation, the bond country allocation, and the currency allo-
cation. Each decision should then have an equal tracking
error.

An example of an optimum allocation is given in
Exhibit 2. Note that we take the volatilities of the dif-
ferent investment decisions into account, as mentioned
earlier.

Consider, for example, the country A bond over-
weight, which is three times the size of the country A equity
underweight. The partial tracking error of these positions
is the same because the volatility of the equity country allo-
cation decision is assumed to be three times that of the bond
country allocation decision (24% versus 8%).

With the allocation in Exhibit 2, the resulting
returns, for the same one-standard deviation return real-
izations used earlier, are equal for each investment deci-
sion. This leads to a positive active return:

[-5% X 24%] + [15% X 8%] + [10% X 12%] = +1.2%

The equity bet no longer dominates the overall
performance, because instead of using equal percentage

EXHIBIT 2
EQUAL TRACKING ERROR ALLOCATION

Benchmark Weights  Active (relative) Positions
Country A Country B Country A Country B

Equities 25% 25% —5% +5%
Bonds 25% 25% +15% -15%
Currency  50% 50% +10% -10%
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overweights and underweights we have allocated equal
tracking errors to each decision.

Analysis Using Tracking Error Limits

A target tracking error can be seen as the average,
long-term, tracking error. In practice, an overall tracking
error limit is usually given, instead of an overall target
tracking error. It is also desirable to formulate tracking
error limits for individual investment decisions.

A tracking error limit is a restriction on the (ex
ante) tracking error at any particular time and is relevant
for risk management purposes. Therefore, a target track-
ing error is less than or equal to the corresponding track-
ing error limit.

Tracking error limits can be incorporated in the allo-
cation framework by determining for each investment
decision the ratio between the maximum tracking error and
the target tracking error of that decision expected over time.
The ratio has a minimum value of 1.0 if we maintain a con-
stant tracking error for the investment decision. Stock
selection may be an example of such a decision. The more
the tracking error for an investment decision fluctuates, the
higher the ratio will be. This happens when bets are large
at some moments, but small (or even neutral) at others. This
is the case for asset allocation, if we restrict ourselves to tak-
ing prominent bets only when multiple indicators point in
the same direction.

Given an overall tracking error limit TE, ., and
denoting the ratios by f, a restriction can be added to the
problem:

2
(szEt) = TEl%mit (5)

M=

1

Equation (5) shows how the maximum tracking
errors for each investment decision i, f, times TE, com-
bine into the overall tracking error limit. Note that if a
value for the tracking error limit TE, . is specified, the
target overall tracking error TE target should no longer be
seen as an input parameter but instead as a variable in the
optimization problem. The optimum solution is still char-
acterized by target partial tracking errors that are pro-
portional to the expected information ratios. The only
difterence is that the scaling is now such that Equation (5)
is satistied:
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In practice, it may be desirable to impose additional
restrictions on the tracking error allocation. A minimum
partial tracking error may sometimes be necessary, such
as when we want to limit the maximum number of secu-
rities in the portfolio. Other examples are restrictions on
maximum attainable tracking errors because of restrictions
on short-selling, or maximum exposures in certain invest-
ment opportunities.

One can cope with these kinds of restrictions by
including them in the optimization problem and resolv-
ing for the optimum solution. The restricted optimum
solution is again characterized by tracking errors that are
proportional to the expected information ratios, but with
some tracking errors cut off at their maximum or mini-
mum values.

APPLICATION

Let us now apply the complete framework to a
global balanced portfolio. Suppose we distinguish the
investment decisions and corresponding expected infor-
mation ratios shown in Exhibit 3. The information ratios
imply that we are most optimistic about our stock and
bond selection capabilities. The expected information
ratios for the other decisions are lower, but still positive,
except for currency allocation, for which we do not
expect to be able to add any value in this example.

The other required input consists of an overall track-
ing error limit of 5% and assumptions with respect to the
ratios between partial tracking error limits and partial tar-
get tracking errors (f.). For stock selection and bond selec-
tion, we expect to maintain a constant tracking error,
implying factors f that are equal to 1.0. For asset alloca-
tion, equity country allocation, and bond country allo-
cation, the size of our bets fluctuates more over time,
leading to factors f estimated to be equal to 2.0.

Equation (6) is used to calculate the optimum par-
tial target tracking errors and partial tracking error lim-
its. It can be seen that the optimum partial target tracking
errors TE;" are proportional to the expected information
ratios IR,. When they are multiplied by the factors f, the
optimum partial tracking error limits are obtained. With
the optimum tracking error allocation, we are able to reach
an overall expected information ratio of 0.7, which can
be verified using (4). Note that this value is higher than
the information ratio for each individual decision.

A final example is based on our own practical expe-
riences with implementing an optimum tracking error
allocation. Consider an investment manager who is offer-
ing clients a 100% equity product and a 100% bond prod-
uct. The manager expects to achieve the same information
ratios for both products, but has set a higher target track-
ing error for the 100% equity product, because the clients
for that product have a higher risk tolerance than those
for the 100% bond product. The investment manager
now wants to introduce a 50% equity/50% bond balanced
product, with a target tracking error lying between that
of the two products. A straightforward, practical way of
managing this balanced product might be to invest in the

EXHIBIT 3

APPLICATION OF TRACKING ERROR ALLOCATION FRAMEWORK

TO A GLOBAL BALANCED PORTFOLIO

Expected Optimum Target Factor Tracking Optimum
Information Partial Tracking Error Limit / Tracking Error
Ratio IR, error TE* Target Level f; Limit (f;TE;*)
Asset Allocation 0.2 1.0% 2 2.0%
Equity Country Allocation 0.2 1.0% 2 2.0%
Bond Country Allocation 0.3 1.5% 2 3.0%
Currency Allocation 0.0 0.0% not relevant 0.0%
Stock Selection 0.4 2.0% 1 2.0%
Bond Selection 0.4 2.0% 1 2.0%
Total 0.7 3.5% 5.0%

Note: Input parameters represented in italics, calculated numbers in bold.
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existing 100% equity and 100% bond products and to
implement asset allocation views by changing the weights
in these existing products.

Unfortunately, this approach is suboptimal from a
tracking error allocation point of view. Because the
expected information ratios for the equity and bond parts
of the balanced portfolio are equal, both parts should
have the same target tracking errors. What goes wrong
with the straightforward implementation is that the posi-
tion in the 100% equity product has a much greater
impact on the overall performance than the position in
the 100% bond product, due to the different tracking error
levels of these products.

We encountered this phenomenon when we imple-
mented an optimum tracking error allocation for our
mutual funds and mandates. An important consequence
of the tracking error allocation framework for us has
therefore been to shift tracking error from the equity
part to the bond part of our balanced portfolios, so that
the resulting allocation complies with the framework.

CONCLUSION

A systematic approach to structuring allocation deci-
sions 1is essential for modern active portfolio manage-
ment. If you lack forecasting capability, then a good
allocation framework cannot help you. On the other
hand, poor implementation can wreck the most excellent
forecasting capability.

We have shown that investment managers need to
complete three steps to obtain an optimum allocation
framework:

1. Identify the different investment decisions, striv-
ing for independence as much as possible to avoid
making the same decision at multiple stages in the
investment process.

2. Rank one’s forecasting capabilities by defining an
expected information ratio for each investment
decision.

3. Allocate partial target tracking errors propor-
tionally to the expected information ratios of the
decisions, to achieve a maximum expected port-
folio information ratio. A simple consequence of
this rule is that if we expect the same informa-
tion ratio for two decisions, the percentage of
overweights or underweights should be lower
for the more risky (volatile) decision.
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When implementing the framework, one should
bear in mind that an optimum tracking error allocation
is partly based on subjective estimates, in particular with
respect to the expected information ratios. The assump-
tion of independence between or among investment deci-
sions will also not be satisfied exactly in practice. The aim,
however, is not to derive a set of restrictive tracking error
limits to be meticulously monitored, but rather to pro-
vide a framework for translating intuitive ideas about
capabilities into practical and transparent allocation rules.

A useful side effect of adopting the tracking error
allocation framework is that it helps to achieve consistent
performance for the different portfolios under manage-
ment. The investment decisions can be seen as the build-
ing blocks of active management applied to every portfolio.

An interesting topic for further research is the trans-
lation of our findings to a similar allocation problem: the
allocation of tracking error over asset managers by a plan
sponsor. The issue of independence is particularly inter-
esting. Should a plan sponsor prefer managers with uncor-
related, positively correlated, or negatively correlated
strategies? What are the advantages of specialized mandates
compared to balanced mandates? And is there an optimum
number of active managers?
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