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Abstract
In the Canadian equity manager universe, there is no evidence that tracking error risk is proactively
managed. This is especially surprising given that tracking error is an important measure of active
investment management risk as it provides investors with a tool to estimate the expected variability of
their manager’s value added. This paper examines two different techniques a Canadian equity manager
can employ to manage tracking error risk. The first approach employs an optimization model where the
objective is to control tracking error and to maximize a portfolio’s information ratio, which is an
important measure of the portfolio’s risk‐adjusted active return. However, using an optimizer to control
tracking error is not the ideal solution as it has limited capability in forecasting and effectively managing
tracking error. Instead, we employ an intuitive multi‐strategy allocation process that manages tracking
error with greater certainty providing for superior risk‐adjusted returns and consistent attributes. This
approach is not only valuable for managers but for investors as well for it provides them with a higher
degree of confidence that their investment managers will achieve their investment objectives resulting
in superior value added adjusted for risk.

The Math of Active Investment Management: Why Tracking Error Is
Important for Investors
Tracking error is important for investors as it provides them a tool to measure the active risk of their
portfolios where risk is defined as the variability of the manager’s value added or excess returns relative
to an appropriate benchmark.1 An investor can then assess how much value added was generated
relative to the risk taken. This is known as the information ratio (IR) which from an “ex post” statistical
perspective is defined as the ratio of average excess returns to tracking error:

Where

is the return of the portfolio;

is the return of the benchmark; and tracking error (

the standard deviation of the excess return (

) is

). By definition, this is a key metric for measuring

the success of active investment management for it quantifies the manager’s value added relative to the
risk taken in order to produce these results.

1

The “bible” on quantitative active investment management which provides the academic grounding for the information ratio
can be found in Grinold and Kahn [2000]. For a comparative analysis of the Sharpe ratio to the information ratio see Kidd
(2011). Practical applications of the information ratio can be found in Marmer [2002].
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The information ratio can also be considered on an “ex ante” basis through what is known as the
Fundamental Law of Active Management2 which connects the skill of an investment manager to the
breadth of the strategy. More specifically, from this framework, we can show that the information ratio
can be defined as:
√
Where IC is the information coefficient which measures the portfolio manager’s skill and N is the
breadth of the universe. In order to maintain the same information ratio across all three benchmarks,
the portfolio manager in a more concentrated universe must have a significantly higher level of skill, as
measured by the information coefficient. This skill is usually interpreted as having “better forecasts”,
however, we also believe that this skill must equally include the ability to effectively manage ex‐post
tracking error. The information ratio is now defined as:
√
Hence, managing tracking error in a stable fashion also reflects stability in the information coefficient
and by definition the information ratio, ceteris paribus.

Tracking Error Is Not Proactively Managed In The Canadian Equity
Manager Universe
In the active Canadian equity manager universe, there is little evidence that tracking error is proactively
managed or controlled. Support for this assertion can be seen in Exhibit 1 which displays the median
tracking error over the past two decades for all Canadian large cap equity managers and managers who
classify their investment style as either value or growth. For example, during the dot‐com bubble, the
median large cap manager’s tracking error more than doubled to 13% while during the global financial
crisis it increased more than 150%. Failure to manage and control tracking error risk increases an
investor’s uncertainty with respect to their manager’s expected value added.

2

Refer to Grinold [1989] for the derivation of the Fundamental Law of Active Management
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Exhibit 1 – Tracking Error of Canadian Large Cap, Value and Growth Equity Managers
Canadian Large Cap Manager Median Tracking Error – 3 Year Rolling
Monthly, eVestment Cdn Large Cap Equity Universe, Dec 1991 – Mar 2014
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Tracking error is measured as the annualized standard deviation of excess returns using rolling 3 year monthly returns.
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Employing An Optimizer To Manage Tracking Error
In the US equity market, managers who control tracking error typically employ an optimizer to manage
this risk.3 However, a large volume of academic research4 suggests that ex‐post (or trailing) tracking
error often significantly exceeds the ex‐ante (or estimated) tracking error as forecasted by the risk
model. This underestimation has practical consequences not only for money managers but investors as
well for it increases their uncertainty with respect to both the portfolio’s expected value added and the
potential for underperformance
This issue has been widely recognized by other practitioners. Freeman [2002] noted that “if a manager
is optimizing the long‐short portfolio, he or she better assume that the tracking error forecast (of a risk
model) will be at least 50 percent too low.” Saldanha [2013] noted, “Our desire is that ex‐ante tracking
error will be a good predictor of ex‐post tracking error but could actually look quite different depending
on the selection of risk factors, measurement time interval and of course the model specification
itself…The serious point is that a predictive measure should allow us to take action in advance of an
impending situation. In reality, we’re dealing with a lot of uncertainty and an inexact mechanism.” Qian
and Hua [2004] noted, “Our experience shows that risk‐model tracking error given by most
commercially available risk models routinely and seriously underestimates the ex‐post active risk. This
3

The original work on using an optimizer to manage tracking error risk was written by Jorion [2003]. For US equity market
applications of this approach see Thomas [2013] and Warrick [2005].
4
Academic research by Stein [2012], Hwang and Satchell [2001], and Pope and Yadav [1994] suggest that ex‐post (or trailing)
tracking error often significantly exceeds the ex‐ante (or estimated) tracking error as forecasted by the risk model.
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underestimation can have serious practical consequences. For example, an enhanced index product
with low risk‐model tracking error but high standard deviation of IC could be far more risky, because the
true active risk is larger.” Finally, Michaud and Michaud [2008] wrote the book on potential solutions to
addressing optimization errors.
Managing and controlling tracking error risk is especially relevant to Canadian equity investors as the
S&P/TSX Composite Index is a concentrated Index with narrow breadth, skewed to larger companies.
For example, over the past 16 years, the largest 50 stocks by market capitalization within the S&P/TSX
Composite Index represented between 65‐80% of the total index weight. This is much higher than the
S&P 500 Index (45‐60%) and the Russell Global 10000 Index (20‐35%), as indicated in Exhibit 2. In the
narrow and concentrated Canadian environment, an active investment approach would have more
predictable results for investors if tracking error risk was controlled.
Exhibit 2 – Total Weight of the Largest 50 Stocks in the TSX, S&P 500 and Russell Global Indices

Employing A Multi-Strategy Process To Effectively Manage Tracking Error Risk
We propose an alternative approach to managing the tracking error risk in a Canadian equity portfolio
that is both intuitively appealing and more effective than employing an optimizer. More specifically, we
control tracking error by employing a multi‐strategy process, systematically managing the allocation
between two distinct investment strategies: a Large Cap (LC) strategy and a Small‐Mid Cap (SMID)
strategy.
Each strategy has a defined role within the portfolio and is actively managed with unique stock selection
processes. The LC strategy has a relatively lower expected tracking error and excess return and acts as a
risk budget anchor for the overall portfolio. The SMID strategy has a higher expected excess return
along with a higher tracking error. As shown in Table 1, both strategies have an information ratio of 1.1
and are designed to be orthogonal (i.e., to have active returns which are complementary).
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Table 1 – Performance of the Large‐Cap vs. Small‐Mid Cap Strategies Without Optimization

Large Cap
Strategy
12.5%
14.1%
2.9%
2.7%
1.1
100%

Annualized Return
Annualized Risk
Excess Return
Realized Tracking Error
Information Ratio
Turnover
Active Return Correlation
(Testing period: Jan 2003 – Dec 2013)

Small‐Mid
S&P/TSX
Cap Strategy COMP TRI
18.0%
9.6%
16.3%
13.6%
8.4%
7.7%
1.1
93%
‐0.10

Methodology
Testing was conducted in the Canadian stock universe with float‐adjusted market capitalization greater
than $200 million and average dollar volume larger than $1 million per day. The average number of
stocks during the test period ranged from 300 to 400. The benchmark was the TSX Composite Total
Return Index. We used the S&P Capital IQ’s Clarifi risk model and optimizer using weekly data frequency
over an 11 year period from January 2003 to December 2013.
For the multi‐strategy allocation test, the allocation between LC and SMID strategies was fixed to 65%
and 35% respectively in order to obtain a realized tracking error of 3%. The Large Cap universe was
defined as the largest fifty stocks in the testing universe by float‐adjusted market capitalization and the
remainder considered the Small‐Mid Cap universe. Both the LC and SMID strategies were constrained to
a maximum active weight of +/‐ 2% relative to the benchmark.
For the optimization test, we employed the SMID stock selection process on the entire Canadian stock
universe as defined above. These tests were performed using the S&P Clarifi risk model and optimizer
with target annualized tracking errors of 2%, 3% and 5% vs. the TSX Composite Total Return Index.
Results for the optimization test are shown in Table 25.
In comparing the two tests, we analyzed the expected and realized tracking errors, the realized
information ratio and also examined the rolling time‐series of the portfolios’ attributes, such as market
capitalization and active share, to determine the stability and consistency of the portfolios’ attributes
are over time. A summary of the results are shown in Table 3.

5

We also employed a blend of Large and Small‐Mid Cap forecasts in this optimization exercise and results are similar. Further
research regarding tracking error allocation among strategies can be found in references. For tracking error and tactical asset
allocation research see Blitz and Hottinga [2001] and Ammann and Zimmerman [2000].
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Empirical Results
Table 2 shows the comparison of the optimization test results with a target annualized tracking error of
2%, 3% and 5%.
Table 2 – Results of Optimization Tests with Various Tracking Error Targets

Optimization Test
Target Tracking Error
Annualized Return
Annualized Risk
Return/Risk
Excess Return
Realized Tracking Error
Information Ratio
Turnover

5%
16.1%
15.8%
1.02
6.5%
6.3%
1.0
116%

3%
14.2%
14.5%
0.98
4.6%
3.7%
1.2
117%

2%
12.4%
14.0%
0.88
2.8%
2.6%
1.1
115%

S&P/TSX
COMP TRI
9.6%
13.6%
0.70

All of the optimization tests have higher realized tracking errors than the target tracking error used in
the optimizer. The test with a target tracking error of 5% has the best annualized return but also has the
highest realized tracking error at above 6%, yielding an information ratio of 1.0. The test with a target
tracking error of 2% has a relatively lower annualized return compared to the other tests. The optimal
test, based on the highest information ratio, employed a 3% tracking error target. Therefore, we turn
our focus to comparing this optimization test with a tracking error of 3% “TE = 3%” to the multi‐strategy
allocation test.
Table 3 shows the comparison between the optimization test and the multi‐strategy allocation test. The
annualized returns of both tests are similar but the tracking error of the multi‐strategy allocation test is
significantly lower, delivering a superior information ratio of 1.7 vs. 1.2. Note that the information ratio
of the multi‐strategy allocation test is also better than the two individual strategies, shown in Table 1,
due to the risk‐diversification benefit between the two strategies.
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Table 3 – Performance Comparison Between Optimization Test and Asset Allocation Test

Optimization
Test
Target Tracking Error
Annualized Return
Annualized Risk
Return/Risk
Excess Return
Realized Tracking Error
Information Ratio
Turnover

3%
14.2%
14.5%
0.98
4.6%
3.7%
1.2
117%

Multi‐Strategy
S&P/TSX
Allocation
COMP TRI
Test
3%
14.5%
9.6%
14.3%
13.6%
1.01
0.70
4.9%
0.0%
2.9%
1.7
99%

Below are the time‐series graphs of several attributes of the two tests in order to observe their stability
over time (See Exhibits 3, 4 and 5).
Examining the rolling tracking error of the two tests reveals that the tracking error from the optimization
test is not stable as it exceeds 4% on three separate occasions. On the other hand, the tracking error of
the multi‐strategy allocation test remained within 2‐4% over all rolling 12‐month periods.
Exhibit 3 – Rolling 12 Month Tracking Error Comparison

Looking at the market capitalization time series in Exhibit 4, the multi‐strategy allocation test is
consistently below the S&P/TSX Composite Index due to its higher allocation to the Small‐Mid Cap
universe while the market cap of the optimization test oscillates both over and under the TSX’s market
cap line. This provides a view inside the optimizer’s mechanics as it moves toward large cap stocks in an
effort to reduce the tracking error (2004‐05, 2008, 2011‐13).
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Exhibit 4 – Rolling 12 Months Market Cap Comparison

In terms of Active Share, the multi‐strategy allocation test is also vastly more stable than the
optimization test, as shown in Exhibit 5.
Exhibit 5 – Rolling 12 Months Active Share Comparison
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Additional Advantages of Managing Tracking Error Through A MultiStrategy Process
In addition to a superior information ratio and stable fundamental attributes over time, as shown above,
using a multi‐strategy process to control tracking error provides an opportunity for the portfolio
manager to proactively manage this risk. As the market environment evolves, the tracking error of the
portfolio will change even though active share remains the same.6
More specifically, to proactively control tracking error, the portfolio manager adjusts the allocation
between the two strategies. As shown in Table 4, if the tracking error of the portfolio is too low, the
portfolio manager reduces the allocation of the LC strategy and increases the weight of the SMID
strategy and vice versa. In this example, every 5% increase in the SMID strategy generates a 20‐30 bps
increase in tracking error while adding 20‐30 bps in expected annualized return to the overall portfolio.
The information ratio will stay at a similar level.
Table 4 – Excess Return vs. Tracking Error Based on Different Allocations to LC and SMID strategies

Strategy Allocation
Large Cap
85%
80%
75%
70%
65%
60%
55%
50%
45%
TSX Comp TR

Small‐
Mid Cap
15%
20%
25%
30%
35%
40%
45%
50%
55%

Ann.
Return
13.3%
13.6%
13.9%
14.2%
14.5%
14.8%
15.0%
15.3%
15.6%
9.6%

Ann. STD
14.1%
14.2%
14.2%
14.3%
14.3%
14.4%
14.5%
14.6%
14.8%
13.6%

Ann.
Return
/Risk
0.94
0.96
0.98
0.99
1.01
1.02
1.03
1.05
1.06
0.70

Ann.
Excess
Return
3.8%
4.1%
4.4%
4.6%
4.9%
5.2%
5.5%
5.8%
6.0%

Ann.
Information
Tracking
Ratio
Error
2.3%
2.3%
2.4%
2.6%
2.9%
3.1%
3.5%
3.8%
4.1%

1.64
1.74
1.78
1.76
1.72
1.66
1.59
1.52
1.46

As shown in Exhibit 6, the time series of the rolling tracking error with different combinations of strategy
allocations are stable in all levels over time. Managing tracking error has become an approximately
linear process within a certain strategy allocation range.

6

Macquarie Research [2014] and Hamilton and Brown [2013] conclude that, as the market environment changes, the tracking
error of the portfolio will change even though active share stays the same.
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Exhibit 6 – Rolling Tracking Error with Various Allocations to LC and SMID Strategies

Conclusion
Tracking error is a key risk measure in the assessment of active investment management performance.
In the active Canadian equity landscape there is no evidence that tracking error has been proactively
managed or controlled. A popular industry approach to manage a portfolio’s tracking error risk is to
employ an optimizer with a targeted tracking error. However, research from both academics and
practitioners has shown that approach is suboptimal as realized tracking error is often higher than the
targeted tracking error employed by the optimizer.
Instead, we propose an alternative way to manage the tracking error of a portfolio in the Canadian
equity universe by managing the allocation between two distinct, complementary strategies (Large and
Small‐Mid Cap). We employ an intuitive multi‐strategy allocation process that manages tracking error
with greater certainty providing for superior risk‐adjusted returns and consistent attributes over time.
Consequently, this approach is not only valuable for managers but for investors as well for it provides
them with a higher degree of confidence that their investment managers will achieve their investment
objectives resulting in superior value added adjusted for risk.
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Appendix
Definition of Tracking Error and Active Share
, where

Tracking error is defined as the standard deviation of the excess return

is the return

is the return of the benchmark. Active Share is calculated as the sum of the
of the portfolio and
absolute differences of the weight of each holding in the portfolio versus the weight of each holding in
the benchmark index and dividing by two.

1
2
Where

,

|

is the weight of the holding i in the portfolio and

,

,

,

|

is the weight of the holding i in the

benchmark. Active Share is a measure of how active the portfolio is by calculating how much the
portfolio’s holdings differ from the benchmark index constituents, excluding the effect from the change
of market.
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