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ABSTRACT

Are Canadian Small Cap Stocks a Separate Asset Class? —A Mean-vatiance
spanning approach

This paper introduces size based indices of Canadian markets using all firms listed on
the Toronto Stock Exchange from December 31, 1969 to December 31, 2004 to assess the
extent to which small-cap portfolios can enlarge the efficient frontier for investors. Both
traditional and step-down spanning tests are performed. Furthermore, we evaluate the
economic impact of adding Canadian small cap stocks by measuring the changes in the
global minimum vatiance frontier and improvement in the Sharpe Ratio of the optimal
portfolio. Canadian small-cap (as well as micro-cap) portfolios are shown to behave as
separate classes, with performance enhancing effects for the entire period as well as various
subperiods examined. The results are robust to the inclusion of alternative international
indices to the benchmark portfolios, and policy constraints do not necessarily reduce the

benefits from diversification.
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1.7 INTRODUCTION

The starting point for portfolio construction involves defining the asset classes that
will constitute the portfolio and then determining the proportion of the available funds to be
invested in each asset class. The allocation decision typically involves choosing between the
following asset classes: domestic equities, foreign equities, corporate and government bonds,
real estate, private equities, and the risk-free asset. However, portfolio managers also want to
know if adding a non-traditional asset class enhances return-generating potential and
mitigates portfolio risk. In this paper we employ both traditional and step-down mean-
variance spanning tests to study the effects for Canadian investors of adding Canadian small
capitalization stocks to various benchmark portfolios, and find out if Canadian small
capitalization stocks should be considered a separate asset class when making the asset
allocation decision.

Intuitively, adding a separate small cap asset class may enhance the mean-variance
frontier of an existing portfolio for several reasons. Firstly, a substantial amount of work has
been written ever since Banz (1981) and Reiganum (1981) first reported that small cap firms
outperform large cap firms even after controlling for risk. These studies, using a wide range
of methodologies, have covered many different time periods and data sets, but none have
succeeded in explaining satisfactorily the ‘small firm effect” Even though none of the
academic studies have led to a conclusive explanation, the extensive body of literature
validates the hypothesis that size is an important variable in explaining the variation in the
cross-section of expected returns. This evidence leads us to hypothesize that Canadian small
capitalization stocks may provide measurable benefits. Secondly, interest in small-cap stocks
and in size-related investing in general has motivated the creation of small-cap stock indexes

around the wotld. The proliferation of index related products has substantially reduced



transaction costs for investors interested in adding a small cap asset class to their existing
portfolio; thereby removing a potential drag on profits for investors. Finally, empirical
evidence from Reilly and Wright (2002), Eun et al. (2004), Petrella (2005) and Switzer and
Fan (2006), show that the correlations between small-size portfolios and large-size portfolios
are less than one and that the return generating mechanisms for large- and small cap stocks
are quite different. This i1s important since the extent to which risk can be reduced is limited
by the correlation between portfolio returns. Thus, small-cap stocks can potentially offer
Canadian investors significant diversification benefits.

As we show in this paper, Canadian investors that included Canadian small cap firms
as a separate asset class from 1970 to 2004 dramatically enhanced the performance of their
portfolios. Over the same period, and during the subperiods examined, we also find that
Canadian micro caps had a significant positive impact on the mean-variance frontier. Adding
international indices to our study, confirmed that Canadian small cap stocks offer
diversification benefits to investors already invested in the following indices: S&P 500,
Russell 2000, FTSE 100 and MSCI EAFE. We also examine the issue from the perspective
of a Canadian investor who has diversified internationally but with purely large cap indices.
We find that there are additional gains for investors who choose diversify beyond the
traditional large-cap indices and include Canadian small capitalization firms in their
portfolios. For the cases in which mean-variance spanning is rejected we measure the ex-
post diversification gains from expanding the investment opportunity set. In fact, this study
cleatly shows that adding various Canadian size based portfolios can enhance the global
minimum variance portfolio and the ‘optimal’ portfolio, defined as that portfolio on the

efficient frontier with the maximum Sharpe ratio (excess return divided by the standard



deviation). Finally, the magnitude of these benefits is compared subject to different
constraints, such as investors’ ability to take short positions.

The rest of our paper is organized as follows. Section 2 briefly reviews some of the
literature dealing with the small cap anomaly. Section 3 describes the data and the
Huberman-Kandel regression based mean-variance spanning tests that measure the
significance of adding a risky asset to an existing benchmark of risky assets. Section 4 reports
the results of the LM tests, F-tests, and step-down spanning tests performed on each of the
different cases. This section also measures the diversification benefits of each of the cases
identified as having significantly enhanced mean-variance frontiers. Section 5 provides a
summary and conclusions.

2.1 LITERATURE REVIEW

A substantial amount of work has been written about the ‘small firm effect’ over the
past 25 years, since Banz (1981) and Reinganum (1981) first introduced investors to the
possibility that over a long-term investment horizon the returns on small cap stocks can
consistently outperform the returns on large cap stocks. That is, that average returns to small
firms’ stocks are substantially higher than any known capital asset pricing model predicts.

In his study, Banz examined the role of size of a stock and he found that smaller
firms have had higher risk adjusted returns, on average, than larger firms. He documented
that excess returns (alphas) would have been earned over the period 1936-1977 by holding
low capitalization companies. The differential return from buying very small firms versus
very large firms was 19.8% per year. The real payoff from holding small stocks came from
holding the smallest 20% of firms in Banz’s sample of NYSE firms while there is little
difference in return between average sized and large firms. While the return from holding

the smallest firms was large and statistically significant, on average there were periods where



large firms outperformed small firms. The seminal paper by Banz provided the impetus for
subsequent investigations into the small cap effect'.

Once it was established that size may have a substantial role in explaining the
variation of the cross-section of expected returns researchers attempted to explain the
anomaly. Stoll and Whaley (1983) test whether the ‘small firm effect’ is a result of using gross
returns rather than returns after transaction costs. They conclude that, during the period
1960 through 1979, after adjusting for both trading costs and market risk, small stocks earn
lower returns than large stocks if held for two months or less. However, as the length of the
investment horizon 1s increased, the effect is diminished; and the after-transaction-cost
abnormal returns for the small firm portfolio became positive. Therefore, according to Stoll
and Whaley, the existence of abnormal treturns for small size-based portfolios is also
contingent upon the length of the investment horizon.

Another hypothesis advanced to explain the small firm effect is the tax-loss-selling-
pressure hypothesis. Keim (1983) finds that over the period from 1963-1979 about half the
excess returns accruing to holders of small firms are earned in January. Furthermore, based
on Keim’s research, “more than twenty-six percent of the premium is attributable to large
abnormal returns during the first week of January and almost eleven percent is attributable
to the first trading day.” According to the tax-loss-selling-pressure hypothesis, toward the
end of the year investors sell stocks that have declined in price during the year. They do this
to take advantage of the opportunity to write-off capital losses against ordinary income. In
January, the selling pressure ceases and stocks prices rapidly rebound to their “equilibrium”
levels. Berges et al. (1984) examine Canadian stock returns for a January effect and to

determine whether the effect i1s concentrated among firms with small market values. They

' A summary of the original debate on size anomaly can be found in the Special Issue “Symposium on size and
stock returns, and other empirical regularides” of the Journal of Financial Economics (1983, vol. 12, no. 1).



find that there is a significant January effect in Canadian stock returns, and the effect is more
pronounced for firms with smaller values. However, this pattern existed prior to the
introduction of a capital gains tax in Canada; and the relationship between a measure of tax-
loss-selling-pressure and January returns is statistically insignificant. The authors conclude
that the evidence does not support the tax-loss-selling pressure hypothesis as the complete
explanation of the “small firm” effect in either Canada or the U.S.

Chan and Chen (1988) propose that the size effect is an artifact of large
measurement errors in betas that allow firm size to serve as a proxy for true beta. They
report that when more accurate estimates of betas are employed, no size-related differences
in average returns are observed. In contrast, Fama and French (1992, 1993, and 1996) find
that two variables SIZE (stock price times number of shares outstanding) and BE/ME
(book-to-market equity ratio), and not beta (), explain the variation in the cross-section of
portfolio returns.

In Canada, Elfakhani et al. (1998) test for a size effect in the Canadian stock market
using stock returns of firms that traded on the TSE or on the MSE sometime during June
1975 through December 1992. Using cross-sectional regressions of returns on beta and firm
size, they find a significant negative relation between firm market capitalization and average
returns. More generally, this evidence suggests that size-based portfolios could, at least in
principle, perform according to structurally different pattern and, thus form the basis for
portfolio allocation.

The bulk of the early research into the ‘size anomaly’ focused on testing its
robustness under different methodologies and using independent datasets. Unfortunately,
none of this research supplies a satisfactory explanation of the size effect. Most recently,

Dimson and Marsh (1999) conclude that from 1955 to 1989 the long-term outperformance



of smaller U.K. companies over larger companies was approximately 6 percent per year.
Over the subsequent decade, a reversal occurred and smaller companies underperformed
larger companies by a similar margin. Horowitz et al. (2000) investigate the existence of a
size effect for the period 1980-1996 using data from the NYSE, Amex and NASDAQ.
Using three separate methodologies, they find no evidence that small firms have higher
realized returns than do large firms. Reilly and Wright (2002) update the analysis of small-cap
~ performance through the year 2000. They examine the annual returns of six different small-
cap stock indexes for the period 1984-2000, and after adjusting for risk they find that small-
cap stocks have underperformed. However, they also find that over time there have been
two important trends: a negative trend in the correlations between small and large-cap stocks
and lower interest rate sensitivity for small cap stocks. Both trends mean that small-caps are
desirable asset for diversification purposes.

A number of authors believe that the contrasting evidence presented above means
that the small firm effect is cyclical and driven by economic fundamentals. Reinganum
(1992) argues that the relationship between market capitalization and the outperformance of
smaller firms varies over time, and even exhibits predictable patterns. He recognized that
accurately forecasting the performance of small-cap stocks and large-cap stocks could greatly
enhance a portfolio’s performance. To support his hypothesis Reinganum collects data on all
common stocks on the NYSE over a long period (1926-1989). He examines the
autocotrelations of the differential returns between the largest NYSE market cap decile
portfolio and the other nine matket cap portfolios over different investment horizons. The
empirical results show that, over one-year and two-year horizons, the autocorrelations are
positive but not significant, and become negative and significant for longer investment

horizons. The five-year investment horizon’s estimated autocorrelation is the lowest and has



the highest significance. Reinganum concludes that based on the long-term evidence, periods
in which large-cap stocks outperform small-cap ones tend to be followed by periods in
which the relative performance is reversed.

Jensen, Johnson and Mercer (1997, 1998) examine the relationship between the small
firm premium and monetary policy. They measure the small-firm premium across different
time petiods, that are broadly classified as either expansive (the month following a decrease
in the Fed’s discount rate) or restrictive (the month following an increase in the discount
rate). The premium for small firms is positive and highly significant during petiods of
monetary expansion, but insignificant during periods of restrictive monetary policy.

In an attempt to explain why small and large firms have different responses to
economic news, Chan and Chen (1991) look at structural differences between these two
types of firms which may cause them to react differently to the same economic news. They
point out that small firms are more likely to be inefficient producers. Furthermore small
firms are more likely to be highly leveraged and have cash flow problems. They are also
more likely to have limited access to capital markets, particularly during periods of tight
credit conditions. A small cap portfolio will customarily hold a larger number of these types
of firms than a large cap portfolio; therefore the returns will react differently to the same
piece of economic news.

In addition, Christopherson, Ding and Greenwood (2002) look at small-cap excess
returns and find that there is significant inverse relationship between small cap excess
returns and both the level of assets under management and the annual increase in assets
under management. They contend that as assets grow, so does the need for liquidity,

therefore over time small cap portfolio managers will reduce their exposure to the smallest



and generally least efficiently priced segment of the market, and increase their exposure to
more liquid and more efficiently priced mid-cap stocks (with lower excess return potential).

These portfolio managers may be missing out on important return generating
opportunities because new listings in the United States over the past twenty years have been
dominated by smaller firms. This change in the fundamentals of new listings is carefully
documented by Fama and French (2004) who examine the profile of new lstings in the
United States in the 1980s and 1990s. They document that the number of new listings in the
United States explodes after 1979, from about 160 to near 550 per year. Typically, more than
95% of new lists are small (assets below the median for NYSE firms), so small firms
dominate the cross sections of new list profitability. Overall, new listings are more negatively
skewed in their profitability, more positively skewed in their growth, and have lower survival
rates. They show that new lists, which are dominated by small firms, have riskier
fundamentals thus portfolios of firms sorted according to market capitalization will be also
be fundamentally different and may provide diversification benefits.

Eun et al. (2004) address the following question: Are there ‘additional gains’ from
international diversification with small-cap stocks? Using data from the 20-year period
(1980-1999), for ten developed countries with relatively open capital markets they create
three market-capitalization-based funds, namely a large-cap, mid-cap, and small-cap fund for
each country, in order to examine the potential international diversification benefits from
size based investing for a U.S. (or dollar-based) investor. Using mean-variance spanning tests,
Eun et al. find that international small-cap funds are not ‘spanned’ by country stock market
indices. They also find that small-cap fund returns are driven primarily by local and
idiosyncratic factors. In contrast, large-cap funds are made up of multinational firms whose

returns are largely driven by common global factors. Thus, small-cap funds have relatively



low correlations with large-cap funds and amongst each other. Eun et al. conclude that there
are additional gains in implementing a small-cap diversification strategy; but caution that
problems may arise for institutional investors wanting to make block trades since small-cap
markets are much less liquid and these large investors must control transaction costs in order
to obtain the benefits.

Based on the belief that size based portfolios’ returns behave according to
structurally different patterns Petrella (2005) investigates the hypothesis of euro area size-
sorted portfolios as autonomous asset classes using mean-variance spanning tests. He
constructs size-based portfolios according to three separate methodologies: threshold,
quartiles and quintiles, and uses data from euro area stocks from December 31, 1998
through December 31, 2002. In his study the test for spanning of the smallest size portfolio
relative to a set of benchmark assets (including international indices) strongly rejects the
spanning hypothesis.

More recently, Switzer and Fan (2006) apply mean-variance spanning tests to
replicable G-7 small cap portfolios and find that only the Japanese and Canadian small cap
portfolios provide significant diversification benefits for U.S. investors. In this study we
apply a similar methodology in order to determine whether Canadian small cap firms behave
as a separate asset class when benchmarked against Canadian large and mid caps, and two
international benchmarks. To my knowledge, this study is the first to investigate these effects

using Canadian size-based portfolio data.

3.1 DESCRIPTION OF THE DATA
To investigate the effect on portfolio efficiency of including Canadian small cap

stocks as a separate asset class, it is necessaty to obtain time-series of returns on Canadian



large cap, mid cap and small cap companies. These indices must be available using the same
methodology, with no overlap between constituents, and in total return index form. These
requirements were met by several publicly available indices on Canadian large and mid cap
firms; however, existing small cap indices in Canada did not meet the necessary requirements,
based on several dimensions.

Two small cap indices were considered and rejected, namely the BMO Nesbitt Burns
Small Cap indices and S&P/TSX Small Cap Index. BMO Nesbitt Burns maintains two
Canadian small cap indices: firstly, an unweighted or equally weighted index, which begins in
1969, and secondly a cap-weighted index that begins in December 1986. However, the BMO
Nesbitt Burns Small-Cap indices which consist of 400 companies with an upper
capitalization equal to 0.1% of the total market capitalization of the S&P/TSX Composite
Index suffer serious shortcomings. They are not strictly a passive small-cap benchmark since
there is some discretion in the addition/deletion of firms. And they have a “loser’s bias” due
to BMO Nesbitt Burns maintaining firms whose stock price has declined but 1s stll in the
401 to 450" segment of firms. Most of all, the index lacks consistency in the timing of
rebalancing. Prior to April 1, 1998 the Index was rebalanced monthly, from April 1, 1998 to
October 1, 2000, rebalancing changed to semi-annually, and finally on October 1, 2000, to
the present, BMO Nesbitt Burns switched to quarterly rebalancing. The only other Canadian
small-cap index that was considered was the S&P/TSX Small Cap Index. This index is a
subset of the S&P/TSX Composite Index and suffers from a “large company” tilt because it
is simply the portion of the Composite Index that is neither in the S&P/TSX60 nor in the
S&P/TSX MidCap Index. In addition, this index has only been in existence since 1999, and
tracks the returns of only approximately 100 firms; whereas the BMO Nesbitt Burns Index

includes 400 firms and the total number of TSX listed stocks is over 1,300. In constructing
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our indices, we sought to create a strictly passive benchmark which retains the benefits of
cap weighting, truly represents the return characteristics of the aggregate equity market and is

rebalanced annually throughout the sample period.

32  PORTFOLIO FORMATION

In order to create these indices, market data for all firms listed on the Toronto Stock
Exchange from December 31, 1969 to December 31, 2004 was obtained from the
TSE/Western database. The sample period was selected to cover a sufficiently long period
and includes the effects of several business cycles. We obtained the monthly share prices
(adjusted for dividends or stock splits), and the float adjusted number of shares outstanding
from the database. Firms with missing market data were deleted from the sample and both
of the dual class shares wete included. The sample does not suffer from survivorship bias
since delisted stocks have also been considered up until such time as they were delisted. For
the analysis that follows, securities were grouped into portfolios on the basis of their total
market value. The total market value of each stock was determined at the end of each month
beginning with January 1970 using the following formula:

#I/).ft.f_l X price; = mkleap,
Where, # .f/?.fil_] is the number of shares outstanding at the end of the previous

month for the i* firm, price; and mkicap, are the monthly close on the Toronto Stock

Exchange for the i* firm and its market capitalization at the end of month t, respectively.
The stocks were then ranked according to their total market values at the end of each

December and portfolios were created based on three different methodologies: threshold

approach, size quartiles, and size quintiles. For the threshold approach, the portfolios were

created using the following guidelines. The small cap portfolio included all stocks with a
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market capitalization between 0.00501% and 0.09355% of the total market capitalization, the
mid cap portfolio included all stocks with a market capitalization greater than 0.09355% and
less than or equal to 0.34699% of the total market capitalization, and the large cap portfolio
included firms with market capitalization greater than 0.34699% of the total market
capitalization. These bounds were chosen in order to approximate through time the
following 2004 threshold values: the small cap bound is for stocks with market capitalization
lower than or equal to one billion Canadian dollars, mid cap is for stocks with market
capitalization greater than one billion Canadian dollars and lower than or equal to 3.75
billion Canadian dollars, and large cap stocks have market capitalization greater than 3.75
billion. These values are consistent with the divisions which separate the S&P/TSX
Composite Index into the S&P/TSX 60, Mid-Cap, and Small Cap Indices in 2004, but
enlarge the number of companies in the small cap portion.

In order to create the quartile- and quintile-based portfolios the following steps were
necessary. First, all the firms in the sample are sorted in order of ascending market
capitalization at the end of each calendar year (December 31 of year t). Then, we form
quartile or quintile portfolios for the subsequent calendar year (t+1). Portfolios are
rebalanced on a yearly basis.

33  MEAN-VARIANCE SPANNING TESTS

Whenever new assets are added to a portfolio, in general a shift will occur in the
estimated mean-variance frontier. However, this shift may very well be the result of
estimation error. In order to find out if the observed shift in the mean-variance frontier is
statistically significant we must test for spanning. Spanning tests, first developed by
Huberman and Kandel (1987, HK hereaftert), reveal whether an asset offers additional

diversification opportunities to assets already held in a portfolio. If the minimum-variance

12



frontier of an initial set of K risky assets spans the minimum-variance frontier of a larger set
of N + Krisky assets there is no net benefit of adding a small-cap portfolio to an existing
benchmark portfolio.

HK propose a mean-variance spanning test based on regressions of the test assets on
the benchmark assets:

R=XB+E [1]

where R is a2 T x1 vector of the returns on the test asset; X is a T x (K +l) mattix of the
benchmark asset returns. The coefficient vector is denoted by B = [a, /3]' ; and E is a

T x1vector of error terms ¢, . The null hypothesis of spanning, i.e. that the two minimum
variance frontiers are identical is equivalent to the joint hypothesis:

H,:a,=0,and Zjﬁj =1 2
The Lagrange multiplier (LM) and F-test for small samples (Kan and Zhou [2001]) are used

to test H, . We assume T 2K +2and X'X is nonsingular. In order to obtain exact

distributions of the test statistics, we also assume that the random vector E is uncorrelated
with the returns of the benchmark assets and are independent and identically distributed as
multivaniate normal with mean zero and variance &.

If the null hypothesis is not rejected, and there is spanning, then for every test asset

we can find a portfolio of the K benchmark assets that has the same mean but a lower
variance than the test asset (R and ¢ are uncorrelated and Var[¢ |is positive definite). Hence,
the addition of the test assets N can only add to the variance of portfolios of K benchmark
assets, and not to the expected return. Therefore, mean-variance optimizing investors will
not include such an asset in their portfolio. Adding the test asset will not offer diversification

opportunities relative to those already included in the portfolio of benchmark assets K. This
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also implies that the Sharpe ratios are not statistically different (Le. S, =5, ). If the

spanning test is rejected, then the inclusion of the test assets provides diversification
advantages not available with the benchmark assets alone; thus these test assets should be
included in any well-diversified portfolio.

34  MEASURING THE EFFECTS OF DIVERSIFICATION *

The first measure of the diversification benefit is obtained by comparing the global
minimum variance (GMV) portfolio computed for the benchmark assets and the GMV
portfolio computed for the benchmark and the additional asset(s). This will show if there are
any benefits for investors from adding Canadian small cap stocks to their portfolio by
measuring the reduction in portfolio risk.

Assume that the vector of the K+ N returns previously defined as (Randr) has a
- - 4 .
multivariate normal distribution with mean g4, = ( Hoseoos Mysenns Uy, N) and covatiance

t
matrix Let S be the set of all the real vectors x=(x1,...,xK,...,xK+N) such

K+N

thatx, +---xy +--x;,y =1. The vector of weights in a portfolio is a point inS. A set of

constraints on portfolio weights is represented by a closed convex subset C of §'. For

example, the case in which portfolio holdings are limited to the K benchmark assets can be

represented by C = {x €f:x,=0,K<:< K+N} . Given the above our first measure of

diversification benefits from the GMV portfolios is the following:
W Em;n{ xp Qo | %, eC}—rnin{ x; Qoo |, es} 3]

Positive values of i indicate that adding the test asset improves the new GMV portfolio
relative to the GMV limited to the benchmark assets.
A second measure of the diversification benefit is obtained by using the Sharpe ratio.

The Sharpe Ratio measures the slope of the line from the riskless rate to the tangency

“Lietal (2003) desctibe in detail many of the existing diversification benefits measures.
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portfolio on the efficient frontier. It gives the largest mean return per unit of standard-
deviation risk attainable for the assets in question (Sharpe 1994). According to portfolio
theoty, when a risk-free asset exists and unlimited lending or borrowing is allowed, investors
seek to maximize the Sharpe ratio. Thus, investors will want to know whether the tangency
portfolio from using K benchmark assets is the same as the one from using all N + K risky
assets. In order to answer this question and measure the potential return enhancement
investors can achieve per unit of risk by adding the additional NN assets we calculate the
following:

’ !

x x
A = max —:X—E—IXJGS — max —:C—E—GCeC [4]
W Qg T WEd Qe

- Positive values of A indicate an improvement in the Sharpe ratio from adding the additional
N assets to the portfolio limited to the benchmark assets.
4.1 PRELIMINARY CHARACTERISTICS OF THE PORTFOLIOS

Summary statistics of the 12 portfolios, which are formed as described in Section 3,
are presented in Table 1. We find that the threshold portfolios accurately reflect the fact that
small capitalization stocks are, in terms of numbers, the largest group of stocks traded on the
Toronto Stock exchange. Firstly, the number of firms in the large cap (58, 61, 56, 66, and 60)
and mid cap (82, 84, 81, 86, and 83) portfolios remained relatively constant throughout the
entire period, and are consistent with the number of firms in both the S&P/TSX60 and the
S&P/TSX MidCap Indices. The S&P/TSX60 and the S&P/TSX MidCap ate capitalization
weighted indices that consist of the 60 largest firms and the next 60 largest firms on the
Toronto Stock exchange. Secondly, the number of firms in the small cap portfolio (295, 373,
372, 608, and 500) varied considerably throughout the period, and included more firms than

did the BMO Nesbitt Burns Small Cap Index. Therefore, the small cap portfolio we created
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is more representative of the aggregate small cap equity market than are the BMO indices. In
sum, by looking at the number of firms in each of the threshold portfolios we find that they
are consistent with other publicly available indices and accurately reflect the size-based
divisions in the number of firms on the Toronto Stock exchange over the sample period.

In constructing our portfolios using three different approaches, we sought to
compare results across a wide range of size based portfolios -including Canadian micro cap
stocks; which are rarely considered by professional money managers becagse of liquidity and
capacity constraints. Table 1 also reports the average, standard deviation, smallest, median,
and largest estimates of market capitalization (in million CAD), and are obtained using
monthly observations. The numbers in Table 1 show that the quartile and quintile portfolios
include firms which are much smaller than the small cap portfolio created using the
threshold approach. This confirms that our study will look at portfolios made up of the
smallest listed firms in Canada. Looking more closely at average size of our small cap
portfolio we find that in 1975 and 1982 it is larger than the two smallest quartiles and the
three smallest quintiles. However, in 1989 the small cap portfolio’s average size of $140.5
million is even larger than the 5Q4 portfolio (i.e. the average size of 80% of the firms on the
Toronto Stock Exchange at that time was smaller than the average size of our small cap
portfolio). By 1996, and in 2003, the average size of the small cap portfolio was larger than
the three smallest quartile portfolios and the three smallest quintile portfolios. From
examining the average size of the firms in each of the 12 different portfolios we see that

numerically the Toronto Stock exchange 1s highly concentrated among small firms.

42  ANALYSIS OF THE PORTFOLIO RETURNS
Table 2 reports monthly return characteristics for each of the market value portfolios

for the entire period 1970-2004 (420 months), and each of the subperiods (84 months). For
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every month, a portfolio’s return is calculated as the sum of the market weighted returns of
all the stocks in the portfolio based on the market weight of the previous month. Monthly
returns are less susceptible to the biases from bid-ask effects and thin trading. The arithmetic
and geometric average of monthly returns are calculated and will be used as a proxy for
determining the future N-month portfolio return. The raw monthly portfolio returns provide
mixed evidence of a size effect. For example, when we compare the arithmetic (geometric)
average monthly returns of the threshold portfolios, it is the mid cap portfolio (1.03%
(0.91%)) which outperforms the small cap portfolio (0.92% (0.79%)) and the large cap
portfolio (0.87% (0.73%)) over the entire period. Over the same period, the arithmetic and
geometric average of monthly returns for the quartile, and quintile, portfolios increases
monotonically as the market capitalization the portfolios decline. This could be considered
evidence of a small cap effect within the raw monthly returns. We also examine how the
small cap premium has fared over time, since Dimson and Marsh (1999) show that the small
firm premium may have reversed. Based upon the monthly threshold returns no discernable
pattern emerges which would indicate a small firm effect, or a reversal. In contrast, the
arithmetic and geometric average of quartile, and quintile monthly returns for the two final
subperiods confirm a strong negative relationship when moving from the smallest to the
largest size-based portfolio. Furthermore, based on the raw monthly returns the size
premium has increased from the earliest subpetiod to the latest subperiod.

Table 2 also presents the standard deviation of the portfolios return distributions.
The standard deviation, as a proxy for risk among the size based portfolios, is only relevant
for the quartile-and quintile-based portfolios. In the threshold approach to portfolio
construction, there is a computational bias that implies an underestimation of risk for the

smallest firm’s portfolio since the number of constituents in that particular portfolio is much
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higher than that of the mid or large cap portfolios. Given that the dispersion of portfolio
returns is inversely related to the number of stocks in a portfolio, it is meaningless to
compare risk across portfolios based on the threshold approach. Subsequently, we turn our
attention to the other two approaches to portfolio construction. Column 3 reports the
standard deviation of the return distribution. We find that risk, as measured by the
portfolio’s standard deviation, is highest for the smallest size portfolio, and tends to decrease
as size increases.

The returns for the smallest quartle, and quntie, portfolios exhibit positive
skewness over the entire period. And skewness tends to decrease as market capitalization
increases, whereas the opposite occurs with the threshold method. The third moment is
incorporated in asset pricing models through the work of Kraus and Litzenberger (1976) and
others. Positive skewness in returns can be described as the phenomenon where, after the
returns have been standardized by subtracting the mean, positive returns of a given
magnitude have higher probabilities than negative returns of the same magnitude or vice
versa. Investors typically prefer positive skewness as this situation resembles a lottery payoff
wherein a high payoff may be earned with low probability. If a financial asset’s return
distribution is positively skewed, then, all else constant, investors require a lower expected
return to induce investment. This is not only logical but is also consistent with some
empirical evidence that investors exhibit this preference.” A rationally functioning market
only provides higher return expectations (i.e. an additional risk premium) if market returns
are negatively skewed. In contrast, the positive skewness in the returns of the smallest

quartile, and quintile portfolios should lead to lower return expectations and less of a risk

? Levy and Sarnat (1984) find a strong preference for positive skewness in the study of mutual funds. And
Harvey and Siddique (2000) introduce an asset pricing model that incorporates conditional skewness, and
show that an investor may be willing to accept a negative expected return in the presence of high positive
skewness.
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premium. The fourth moment has received little attention in asset pricing and behaves much
like the second moment. A positive risk premium should be offered to investors as a reward
for bearing higher kurtosis risk. Column 8 shows the kurtosis statistic for the return
distributions of the market value portfolios. The kurtosis of the normal disttibution is 3. The
values from column 8 tend to be greater than three; therefore the return distributions are
considered leptokurtic ~a disttibution that is “peaked,” relative to the normal distribution.
They appear to take less extreme values and exhibit a tendency towards the mean value. Our
examination of the distribution of monthly portfolio returns also reveals strong evidence of
non-normality, with Jarque-Bera tests rejecting the null hypothesis at 0.001 and beyond.*
4.3 CORRELATION RESULTS

Table 3 shows the correlation structure of returns. From this table we find that the
correlations between small-size portfolios and large-size portfolios are all less than one. This
is important since the extent to which risk can be reduced is limited by the correlation
between portfolio returns. Also, diversification benefits vary inversely with the (average)
correlation between portfolio returns. The table is divided into six panels. The first panel
reports the correlation structure of the 12 portfolios over the entire sample period. The
remaining panels cover each of the five subperiods. We compare each of the different
periods in order to look for patterns of changes in correlations among the size-based
portfolios. Panel A shows very significant correlation among the small cap portfolio 4QQ2,
4Q3, 5Q3, and 5Q4 of between 0.91 and 0.97. This sigmificant correlation is also confirmed
in Panel B through F since the correlations remain between 0.86 and 0.99. Whereas the
correlation among the small cap portfolio and the smallest portfolios constructed based on

the quartile, and quintile, approach is much lower -between 0.74 and 0.76 over the entire

The mean vatiance spanning approach ignotes higher moments in the distributon. Expanding the analysis to
account for other moments remains an issue for future investigation.
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period. This would indicate that the smallest portfolios created using the quartile —quintile
approach are different from the small cap threshold portfolio in terms of characteristics, and
that the monthly rates of return do not tend to move together. The correlation coefficients
of the smallest portfolios regardless of the construction method are never lower than 0.64
and the correlation coefficients between the largest portfolios tend to unity. Finally, the
imperfect correlation between small and large cap returns has been declining over the sub-

periods examined.

44  RESULTS

In order to provide a formal test of the effects Canadian small cap stocks have on
portfolio efficiency we begin with mean-variance spanning tests on the size based portfolios
using them as either test assets or benchmark assets. The results are summarized in Table 4,
in which the first column indicates which portfolio is the test asset, and the second column
shows which portfolios are the benchmark assets. Furthermore, column three and four
report, respectively, the alpha and sum of the betas from the HK multivariate regression
(equation 1) relating the returns on the N test assets as dependent variables and K
benchmark assets as independent variables. The fifth column reports the adjusted-R” of the
regression. Similar to Petrella (2005), we report the average Variance Inflation Factors (VIFs)
of all the regressors in column six to detect possible collinearity, which may‘ have a negative
impact on the results of the LM test.

Spanning tests, as they are linear restrictions on the coefficients, can be performed
using either the likelihood ratio (LR) the Wald (W) or the Lagrange multiplier (LM) test. Kan

and Zhou (2001) explain that although LR, W, and LM all have an asymptotic

X2, distribution we must have W > LR > LM in finite samples, therefore to be more
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conservative in the acceptance/rejection decision the LM test is used in this paper. Let U be
the ratio of unconstrained and constrained maximum likelihood estimator of variance.
LM =T(1-U)~y; [5]

Results from the LM test are reported in column seven. For the entire period (Panel
A) the test produces evidence against mean-variance spanning at the 5% level of significance
for all of the combinations of assets based on the threshold approach to portfolio
construction. The results of the test done on the size quartiles and quintiles, rejects the null
hypothesis of spanning at 5% level, only when the smallest (ie., 4Q1 and 5Q1) and largest
(4Q4 and 5Q5) portfolios are used as test assets relative to the benchmark of the remaining
portfolios. When looking at the five sub-periods (Panels B to F) we find that rejection of the
null hypothesis is far more likely to be due to adding the largest portfolio to an investment
set of the remaining portfolios than from adding the smallest portfolio. We reject the null
hypothesis of spanning at the 5% level of significance each time the largest portfolio is the
test asset from December 31, 1976 through December 31, 2004. However, as demonstrated
by Gibbons, Ross, and Shanken (1989) these asymptotic tests could be grossly misleading in
finite samples. Thus, in order to test the robustness of these results we use the finite
distribution of the Wald F-test as written in Kan and Zhou (2001) when N =1 to perform

the following F-test for small samples:

K% _1)(;_-25_%] ~Fyro 6]

The tesults are reported in column eight of Table 4 and are completely consistent
with the LM test in terms of statistical significance. In sum, from the test results presented in
Table 4 we find that adding the largest market capitalization portfolio to the benchmark

assets has a significant impact on the mean-variance frontier over the entire period and in
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four of the five subperiods; whereas, a significant shift in the mean-variance frontier due to
adding the small cap portfolios is only found when we test the entire period.

Adding international benchmark assets to the investment opportunity set should
have an impact on the results obtained in Table 4. Two reasons lie behind this assumption;
firstly, adding international assets will reduce the possibility that our results suffer from
collinearity in the dependent variables, and secondly, including international assets is an
important requirement for efficient portfolio diversification. We begin with a Canadian
investor with a benchmark portfolio that consists of the S&P 500 for US large cap stocks,
Russell 2000 for US small cap stocks, FTSE100 for UK large cap stocks and the MSCI
EAFE portfolio.” We then test the effect of adding the Canadian market capitalization
portfolios by adding the smallest portfolio from each approach to the international
benchmark and if it is significant create a new benchmark which includes the significant test
asset. Each time the spanning hypothesis is rejected, we form a new benchmark to which the
next largest portfolio 1s added untl there is no longer a significant shift in the mean-variance
frontier. The results are shown in Table 5, each of the periods are divided into the three
approaches to portfolio construction. We begin with the threshold approach for the entire
period and find that adding any one of the three size based portfolios (S, M, or L) to the
original benchmark is significant in the spanning test. Therefore we form new benchmark
portfolios which include the international indices and one of the three different threshold
portfolios against which we test adding the next largest portfolio. We find that adding the
medium cap portfolio is not significant, whereas adding the small cap portfolio to the new
benchmark is significant. Furthermore, duting the first and second subperiods, we find that

there is one case which rejects the spanning hypothesis. More specifically, the tests reject the

* Canadian dollar denominated returns are used to eliminate currency effects.
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spanning hypothesi.s only when the small cap portfolio is added to the benchmark of
international assets during the second subpetriod. Our analysis continues with the size
quarties, and size quintiles, when we include the 4Q1, 4Q2, 5Q1 or 5Q2 returns as test
assets, the tests reject spanning in 19 out of 26 cases which provides strong evidence that
diversification benefits exist from adding Canadian micro cap stocks to an internationally
diversified portfolio.’

To further assess the potential of Canadian small-cap stocks as a vehicle for
international diversification we examine the issue from the perspective of a Canadian
investor who has an internationally diversified portfolio of purely large-cap stocks. In order
to accomplish this we modified the initial reference portfolio so that it is a large cap
benchmark portfolio (LCB) made up of the following popular country indices: S&P500
(U.S.), Nikkei 300 (Japan), FTSE100 (U.K.), CAC40 (France), DAX30 (Germany), and the
SPTSX (Canada).” We repeat the same procedure of adding the smallest Canadian size-based
portfolio, from each portfolio construction approach, to the benchmark until the test asset
no longer has a significant impact on the mean-variance frontier. The results are presented
in Table 6 and the sample period covers December 31, 1987 through December 31, 2004.
Looking at the results of the spanning tests on the threshold portfolios during the entire
period, we reject the spanning hypothesis at the 5% level when the small-cap portfolio is the
test asset and the LCB asset. Moreover, we also reject the spanning hypothesis at the 5%
level when the small-cap is the test asset and the international large cap benchmark has had
the Canadian mid-cap portfolio added to it. This provides strong evidence of diversification

benefits for a Canadian investor who adds small-cap stocks to their portfolio. For the size

§ We also performed the same spanning tests as those in Table 5 on benchmark assets which included the
largest size based portfolio from each of the portfolio construction approaches and international indices. This
is so that we could identify any additional cases which offer diversification benefits.

7 Canadian dollar denominated returns.
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quartile portfolios, we find that adding the 4Q1, 4Q2 and 4Q3 to the LCB led to rejecting
the spanning hypothesis at the 5% level. Furthermore, adding the 4Q1 portfolio to a
benchmark which included either the 4Q2 and 4Q3 portfolios with the international large
caps also led to rejecting the spanning hypothesis. The spanning tests performed on the
quintile portfolios confirm that Canadian micro caps have a significant impact on the
efficient frontier. We reject the spanning hypothesis at the 5% level each time the 5Q1, 5Q2,
5Q3, or 5Q4 portfolio is added to LCB. This confirms that adding Canadian micro caps can

be beneficial to an existing portfolio of popular large cap country indices.

Finally, because the test of spanning is a joint test of @, =0, and Z,— g, =1and it

weighs the estimates & and & according to their statistical accuracy, the spanning test
emphasizes J because it can be estimated more accurately than@ . A small difference in the

GMYV portfolio as measured by the second part of the test (Z/ B, =1) is not necessarily

economically significant, may overshadow large changes in the Sharpe ratio which can be of
great economic importance, but more difficult to detect statistically. Kan and Zhou (2001)

propose an alternative step-down test to mitigate this problem. The step-down procedure is

a sequential test. We first testa, =0, , and then test Z B, =1 but conditional on the
7 N Ft7

constrainta, =0y . To test &; =0y we perform the following F-test:

s
>

e

(T—K—N

N ) ~ FN,T—K—N [6]
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Where Y is the unconstrained estimate of 2, and . is the constrained estimate of

2 by imposing the only constraint ofa, =0, . Now to test z/ g, =1 but conditional on

the constrainta = 0, we use the following F-test:

r | (EL, (LN

= li\ N ] NFN,T—K—NH {71

Where i is the constrained estimate of 2, by imposing both the constraints of

a, =0y and Z/ g, =1. Under the step-down procedure, we will accept the spanning

hypothesis if we accept both tests. In other words if we cannot reject

a,=0yand Zj B, =1, then adding the test asset has no beneficial effect on the efficient

frontier. Furthermore, the two-step test allows us to identify what is causing the rejection. If
the rejection is due to the first test, it means that the two tangency portfolios are statistically
very different. If the rejection is due to the second test, it means that the two global
minimum-variance portfolios are statistically very different. Table 7 reports the results of the
above tests on each of the cases identified in Table 5 that offer significant diversification
benefits to investors, and Table 8 reports the results of the step-down test on each of the
cases identified in Table 6.

By looking at the F1-test and the F2-test results in Table 7 we find that rejection of
the spanning hypothesis is usually due to statistically different global-minimum variance
portfolios. More specifically, in the entite petiod from 1986 to 2004 we find that the source
of the spanning hypothesis rejection from adding Canadian size based portfolios is due to an
enhancement of the global minimum variance portfolio in 21 of the 33 cases, rather than an

enhancement of the tangency portfolio which occurs in 9 of the cases. Rejection of the
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spanning hypothesis occurs in the remaining cases due to a significant enhancement to both
the GMV and tangency portfolio. During the first subperiod the results of the step-down
tests show that only the portfolios formed by the smallest firms in our sample lead to
significant enhancement of the tangency portfolio. During the second subperiod we find that
the threshold small cap portfolio enhances the GMV portfolio and the 4Q1 portfolio
enhances the tangency portfolio. Table 9 presents the results of the step-down spanning test
used to identify the source of the diversification benefits from adding the Canadian size
based portfolios to the international large cap benchmark. Overall we find that there are
fewer cases that have significant improvements in either the GMV portfolio or the tangency
portfolio. This 1s not surprising since the LCB includes the returns from the SPTSX, while
the cases which do offer diversification benefits are concentrated within the Canadian small
cap portfolios.

In order to confirm these results we measure the ex post diversification gains from
expanding the investment opportunity set using the Ibbotson optimization software to
compute ¢ and A from equations [3] and [4].° The difference of the standard deviation of the
global minimum variance (GMV) portfolios and the changes in the Sharpe ratio of the
tangency portfolio captures risk reduction effects and improvements in the risk-reward
potential, respectively. Similar to Petrella (2005) we also examine the impact of policy
constraints on the potential diversification benefits of Canadian market capitalization

portfolios:

K+ N
Z x; =1 and ~1<x, £1 (unconstrained) [8a]

i+1

8 The risk-free rate is assumed to be zero. According to Jorion (1985) the zero risk-free rate assumption with
monthly returns reduces the estimation tisk that a positive risk-free rate would have on the tangency portfolio.
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K+N

Z x, =1 and 0 < x, <1 (no short sales) [8b]
i+1
K+N
Z x; =1 and 0<x, <0.5 (upper bound) [8¢]

i1

The diversification benefits are reported in Table 10. In this table we compare each
of the expanded portfolios with an initial portfolio, which consists of the international
indices. Overall, we find that policy constraints reduce the gains of GMV portfolios and the
optimal Sharpe ratio portfolios. Looking at the diversification benefits from the threshold
approach to portfolio construction for the period January 1986 to December 2004, we find
that the GMV portfolio for the investment opportunity set which includes the small cap
portfolio in addition to the mid cap or the large cap portfolio, and international benchmarks
has a lower variance regardless of the policy constraints in place. The threshold approach
provides little evidence of an improvement in the Sharpe Ratio. From Table 8 we find that
the largest improvements occur in the second subperiod from adding the mid cap portfolio
to the mvestment opportunity set. This is also consistent with the results in Table 6 which
showed that the rejection of the spanning hypothesis due to a significant change in the
tangency portfolio occurred at the 5% level only once: when we added the mid cap portfolio
to the benchmark assets of large cap and international indices in the second subperiod. This
also shows that the significance tests of step-down spanning are reflected in the performance
measures reported in Table 8. Secondly, we examine the potential diversification benefits
from the quartile portfolios. Adding the 4Q1 and 4Q3 portfolio to the benchmark portfolio
of international indices has the largest impact when compared with the Sharpe ratio of the
large cap benchmark portfolio. Finally, among the different opportunity sets which include

the quintile portfolios it is the smallest of the quintile portfolios which provides the best
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improvement to the optimal Sharpe ratio portfolio. The potential gains from adding
Canadian micro cap stocks to an existing portfolio can be seen more cleatly by examining
Figure 1 & 2. Figure 1 shows the efficient frontier of the initial benchmark (S&P 500, Russell
2000, FTSE 100, and MSCI EAFE) and the new efficient frontier after the incorporation of
Canadian micro caps (4Q1) as test assets. Figure 2 displays the results of the same
compatison over the period January 1998 to December 2004.
51 CONCLUSION

Identifying sources of diversification benefits for investors is an important goal for
financial academics and spanning tests are a useful tool in the search for those assets which
may enhance the efficient frontier. We examine the diversification effects of adding
various portfolios of Canadian firms grouped by market capitalization to find out if
Canadian small cap stocks should be considered a separate asset class. The results
contribute to the literature in three ways. First, using mean-variance spanning tests we
demonstrate that adding Canadian small capitalization firms to an existing benchmark of
Canadian firms during the December 31, 1969 through December 31, 2004 period does
have a significant impact on the efficient frontier. Second, the benefits are robust to
investors already diversified with international assets. Finally, the ex post diversification

benefits remain despite constraints on investors.
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Table 1 — Summary statistics for Canadian size based portfolios

This table reports descriptive statistics for each of the size based portfolios created according to the threshold, quartile, or quintile
approach; furthermore for companson we also include the entire investment universe and the median portfolios. Column 2 reports the
number of stocks in each of the size based portfolios. Columns 3 through 7 report the average size, standard deviation, smallest stock,
median stock and largest stock respectively. Each panel (A through E) provides a chronological end-of-year snapshot of the portfolios
throughout the sample period which is from December 31, 1969 through December 31, 2004. The data was obtained from the
TSE/Western database and the market capitalization values of each firm is based on the number of shares outstanding at the end of the
previous month multiplied by the monthly close on the Toronto Stock Exchange.

Market capitalization (millions of dollars)

Average Standard Smallest Median Largest
Portfolio N. of stocks size deviation stock stock stock
Panel A: December 1975
Investment Universe 581 107.6 542.3 0.0 115 11,186.6
Small cap 295 17.2 133 32 117 57.5
Mid cap 82 115.4 471 58.7 102.6 216.1
Large cap 58 8234 1,548.0 220.3 488.8 11,1866
4Q1 (Smallest) 146 14 0.8 0.0 13 3.1
4Q2 145 7.2 24 32 72 115
4Q3 145 25.9 11.2 11.6 24.2 55.0
4Q4 (Largest) 145 396.6 1,035.4 55.9 1724 11,1866
5Q1 (Smallest) 117 1.1 0.6 0.0 1.0 22
5Q2 116 48 18 22 4.7 8.1
5Q3 116 126 35 8.1 11.6 19.7
5Q4 116 40.8 16.1 20.0 37.2 75.0
5Q5 (Largest) 116 4796 1,143.6 75.5 2182  11,186.6
Median 1 (Smallest) 291 43 3.4 0.0 3.1 115
Median 2 (Largest) 290 2113 754.2 11.6 55.4 11,186.6
Panel B: December 1982

Investment Universe 1,065 547.1 2,912.3 0.1 256  63,152.4
Small cap 372 140.5 122.5 29.3 92.3 538.1
Mid cap 81 1,077.0 439.9 551.1 942.7 1,997.4
Large cap 56 7,827.4 10,259.7 2,030.2 42321 63,152.4
4Q1 (Smallest) 180 26 15 0.2 23 5.7
4Q2 180 11.6 44 5.8 111 20.4
4Q3 179 477 20.2 20.6 44.9 88.4
4Q4 (Largest) 180 670.1 1,405.8 89.2 281.3 13,097.4
5Q1 (Smallest) 144 2.0 1.0 0.2 19 4.1
5Q2 144 7.6 2.3 4.1 7.4 125
5Q3 143 219 6.7 126 20.4 37.1
5Q4 144 721 24.0 373 69.5 128.0
5Q5 (Largest) 144 811.2 1,540.6 129.1 373.4 13,097.4
Median 1 (Smallest) 360 71 56 0.2 5.7 20.4
Median 2 (Largest) 359 359.8 1,041.8 20.6 89.2 13,097.4
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Table 1 — Summary statistics for Canadian size based portfolios (continued)

Market capitalization (millions of dollars)

Average Standard Smallest Median Largest

N. of stocks size deviation stock stock stock

Panel C: December 1989

Investment Universe 1,065 5471 29123 0.1 25.6 63,152.4
Small cap 372 140.5 1225 29.3 923 538.1
Mid cap 81 1,077.0 439.9 551.1 942.7 1,997.4
Large cap 56 7,827.4 10,259.7 2,030.2 4,232.1 63,152.4
4Q1 (Smallest) 267 24 1.3 0.1 22 5.1
4Q2 266 13.2 5.8 5.1 12.2 25.6
4Q3 266 63.6 30.5 26.1 54.1 138.3
4Q4 (Largest) 266 2,111.1 5,547.7 139.5 567.9 63,152.4
5Q1 (Smallest) 213 1.9 0.9 0.1 1.8 35
5Q2 213 79 31 3.6 75 14.0
5Q3 213 27.1 9.1 14.1 25.6 46.0
5Q4 213 105.5 46.8 46.2 93.2 221.6
5Q5 (Largest) 213 2,592.9 6,107.4 223.8 797.0 63,152.4
Median 1 (Smallest) 533 7.8 6.9 0.1 5.1 25.6
Median 2 (Largest) 532 1,087.3 4,050.9 26.1 1389 63,1524

Panel D: December 1996

Investment Universe 1,173 627.1 2,714.7 0.8 75.2 57,718.1
Small cap 608 186.2 158.3 36.9 126.6 683.2
Mid cap . 86 1,269.8 508.2 691.3 1,163.6 2,446.7
Large cap 66 7,674.5 8,783.2 2,620.6 4,863.3 57,718.1
4Q1 (Smallest) 294 11.2 5.6 08 10.7 21.6
4Q2 293 422 14.5 21.7 40.0 75.2
4Q3 293 145.7 52.3 75.5 135.6 268.7
4Q4 (Largest) 293 2,311.5 5,076.7 2780 720.4 57,718.1
5Q1 (Smallest) 235 9.1 42 0.8 9.2 16.9
5Q2 234 28.9 8.1 16.9 28.2 44.4
5Q3 235 76.6 228 44.5 75.2 121.0
5Q4 234 214.8 74.4 1215 191.9 371.9
5Q5 (Largest) 235 2,801.7 5,562.5 3738 1,044.4 57,718.1
Median 1 (Smallest) 587 26.6 19.0 0.8 21.6 75.2
Median 2 (Largest) 586 1,228.6 3,747.0 75.5 273.3 57,718.1
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Table 1 - Summary statistics for Canadian size based portfolios (continued)

Market capitalization (millions of dollars)

Average Standard Smallest Median Largest

N. of stocks size dewviation stock stock stock

Panel E: December 2003

Investment Universe 1,013 1,066.8 3,780.2 0.3 96.2  40,553.3
Small cap 500 260.0 238.3 54.1 155.9 993.2
Mid cap 83 2037.2 777.6 1,011.0 1,827.0 3,749.8
Large cap 60 12,879.2 9,392.7 3,761.1 94532 40,5533
4Q1 (Smallest) 254 155 8.7 0.3 15.1 31.2
4Q2 253 58.6 18.1 31.4 56.6 96.2
4Q3 253 189.9 80.4 97.1 162.8 405.3
4Q4 (Largest) 253 4,007.3 6,767.0 408.4 1,3100 40,5533
5Q1 (Smallest) 203 18.4 7.3 6.6 177 31.2
5Q2 202 413 11.0 24.9 40.1 619
5Q3 203 98.7 24.6 62.4 96.2 148.2
5Q4 202 301.0 1320 148.4 253.8 588.4
5Q5 (Largest) 203 4,871.7 7,302.5 594.6 1,827.0  40,553.3
Median 1 (Smallest) 507 37.0 25.8 0.3 312 96.2
Median 2 (Largest) 506 2,098.6 5,148.2 97.1 4068  40,553.3
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Table 2 — Portfolio Returns

This table reports monthly percentage returns for each of the size based portfolios, a portfolio’s return is calculated as the sum of the
market weighted retums of all stocks in the portfolio based on the market weight of the previous month. The table reports the number of
observations, the time-series arithmetic and geometric average of the returns, the standard deviation, the minimum return, the median
return, the maximum return, the skewness coefficient, kurtosis, and Jarque-Bera staustic for each portfolio. Panel A reports monthly
returns for the entire period 1970-2004 (420 months), whereas Panels B through F cover each of the subperiods (84 months).

Anthmetic  Geometric  Standard Jarque-
N. of obs. average average deviation ~ Min  Median  Max  Skewness  Kurtosis Bera
Panel A: entire period 1970/1 - 2004/12
Small cap 420 0.92 0.79 5.03 -25.98 112 24.61 -0.59 6.60  250.88
Mid cap 420 1.03 0.91 504 -23.54 115 2018 -0.34 560 12579
Large cap 420 0.87 0.73 535 -20.31 0.82 48.05 1.14 17.97  4010.59
4Q1(Smallest) 420 1.81 1.55 7.43 -28.32 131 46.23 0.77 7.64 41784
4Q2 420 1.00 0.84 569 -27.43 110 2812 -0.17 595 15425
4Q3 420 0.94 0.80 532 -27.31 110 37.86 0.13 10.58  1007.07
4Q4(Largest) 420 0.88 0.77 4.67 -21.24 083 16.41 -0.47 536 11274
5Q1(Smallest) 420 1.74 1.43 812 -271.71 1.50  53.06 1.09 887  686.80
5Q2 420 1.24 1.06 588 -27.61 1.31 3371 0.13 6.77  249.52
5Q3 420 1.20 1.04 555 -28.38 124 2345 -0.35 618  185.34
5Q4 420 0.98 0.84 521 -28.34 119 20.06 -0.59 642 22868
5Q5(Largest) 420 0.84 0.72 476 -21.18 0.80 17.38 -0.35 530  100.71
Panel B: first subperiod 1970/1 - 1976/12

Small cap 84 0.74 0.57 5.83 -14.05 074 24.61 0.39 5.78 29.01
Mid cap 84 0.56 0.38 598 -12.87 027 2018 0.43 4.47 10.08
Large cap 84 0.95 0.70 748 -19.88 0.96 48.05 272 2049 117434
4Q1(Smallest) 84 1.23 1.02 6.65 -16.18 136 30.85 0.87 7.27 74.25
4Q2 84 0.81 0.64 6.04 -1235 1.00 2812 0.81 7.04 66.16
4Q3 84 0.69 0.50 6.54 -13.25 0.50 37.86 207 14.47 52096
4Q4(Largest) 84 0.50 0.39 481  -9.83 049 1641 0.16 3.79 2.53
5Q1(Smallest) 84 1.28 1.06 6.83 -16.08 152 31.25 0.85 6.82 61.05
5Q2 84 0.99 0.80 637 -1239 1.27 3371 142 10.28  213.68
5Q3 84 1.02 0.83 626 -15.69 058 21.26 0.27 4.40 7.88
5Q4 84 0.70 0.56 544 -12.58 0.40  20.06 0.43 4.76 13.36
5Q5(Largest) 84 0.57 0.42 545 -10.01 036 17.38 0.60 4.09 8.98
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Table 2 — Portfolio Returns (continued)

Anthmetic  Geometric  Standard Jarque-
N. of obs. average average deviation ~ Min  Median Max  Skewness  Kurtosis Bera
Panel C: second subperiod 1977/1 - 1983/12
Small cap 84 1.72 1.56 5.54 -15.48 246 1242 -0.86 4.02 13.51
Mid cap 84 1.89 1.73 5.59 -18.59 243 1377 -0.73 4.32 13.33
Large cap 84 1.53 1.40 524 -17.34 1.63  14.87 -0.53 4.32 9.78
4Q1(Smallest) 84 1.86 1.57 779 -1879 056 29.70 0.69 5.22 23.60
4Q2 84 1.87 1.69 591  -16.34 293  14.86 -0.64 4.00 9.05
4Q3 84 1.98 1.83 540 -15.89 265 1372 -0.75 3.86 10.27
4Q4(Largest) 84 1.59 1.45 527 -17.54 1.88 14.07 -0.63 4.36 11.82
5Q1(Smallest) 84 1.66 1.29 8.87 -20.42 024 3496 1.00 5.60 37.18
5Q2 84 1.85 1.67 5.90 -15.87 244 16.58 -0.57 4.20 9.46
5Q3 84 1.93 1.77 5.60 -16.17 223 1325 -0.73 4.05 11.11
5Q4 84 203 1.88 563 -17.48 234 1437 -0.76 4.19 12.69
5Q5(Largest) 84 1.56 1.43 525 -17.40 190  13.99 -0.62 4.30 11.16
Panel D: third subperiod 1984/1 - 1990/12

Small cap 84 0.43 0.32 4.60 -2598 039 10.38 -2.16 1437 51524
Mid cap 84 0.72 0.60 4.65 -23.54 048 11.34 -1.36 10.61  227.59
Large cap 84 0.52 0.42 446 -20.31 057 14.27 -0.81 8.05 98.06
4Q1(Smallest) 84 0.52 0.31 6.47 -28.32 075 2318 -0.83 8.49  114.99
4Q2 84 -0.26 -0.38 487 -27.43 <023 1416 -1.78 13.54  431.55
4Q3 84 0.28 0.16 484 -27.31 043 11.00 -2.12 1412 494.12
4Q4(Largest) 84 0.55 0.45 438 -21.24 059 13.44 -1.08 9.43  160.52
5Q1(Smallest) 84 0.61 0.35 7.06 -21.711 095 2745 -0.56 8.08 94.65
5Q2 84 -0.04 -0.18 5.16 -27.61 -0.83  14.80 -1.35 11.78  294.45
5Q3 84 0.55 0.40 5.44 -28.38 049 2345 -0.85 14.35  460.78
5Q4 84 0.27 0.14 493 .28.34 061 1235 -2.19 15.14  580.97
5Q5(Largest) 84 0.55 0.45 439 -21.18 0.54 13.56 -1.05 9.32  154.79
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Table 2 - Portfolio Returns (continued)

Anthmetic  Geometric  Standard Jarque-
N. of obs. average average devianon  Min  Median  Max  Skewness  Kurtosss Bera
Panel E: forth subperiod 1991/1 - 1997/12
Small cap 84 1.18 1.11 371 932 115 11.00 -0.10 3.04 0.16
Mid cap 84 0.91 0.85 354 -749 113 9.03 -0.12 2.62 0.71
Large cap 84 1.01 0.95 342 -558 129  8.14 0.06 214 2.64
4Q1(Smallest) 84 294 2.78 584 -1217 234 2210 0.51 3.73 5.41
4Q2 84 1.43 1.31 505 -10.02 092 13.04 0.18 278 0.58
4Q3 84 1.19 111 3.82 -8.64 106 10.98 -0.15 2.83 0.41
4Q4(Largest) 84 1.05 0.99 3.34 586 121 9.06 0.15 2.32 1.94
5Q1(Smallest) 84 2.96 275 6.81 -12.44 216 34.25 1.31 7.39 90.43
5Q2 84 2.04 191 521 -9.91 146  16.90 0.29 3.22 1.30
5Q3 84 1.44 1.33 465 -11.74 153  14.63 -0.02 3.10 0.04
5Q4 84 1.28 1.21 376 -8.88 140 10.89 -0.20 291 0.58
5Q5(Largest) 84 1.04 0.99 335  -5.85 124 9.12 0.16 2.32 1.99
Panel F: fifth subperiod 1998/1 - 2004/12

Small cap 84 0.52 0.38 519 -20.87 138 1433 -0.75 5.23 25.29
Mid cap 84 1.10 0.97 511 -18.60 1539 1612 -0.40 4.96 15.75
Large cap 84 0.33 0.19 536  -19.02 063 1058 -0.77 4.22 13.52
4Q1(Smallest) 84 2.50 2.07 9.70 -17.09 228 46.23 118 6.89 71.69
4Q2 84 1.16 0.96 6.35 -20.57 217  21.33 -0.24 4.48 8.47
4Q3 84 0.56 0.40 562 -21.82 123 17.60 -0.64 5.34 24.60
4Q4(Largest) 84 0.69 0.55 528 -19.38 093 1445 -0.61 4.87 17.36
5Q1(Smallest) 84 2.20 172 10.39  -18.56 1.93  53.06 1.56 899  158.57
5Q2 84 1.34 1.13 6.55 -18.25 172 24.00 0.06 4.18 4.95
5Q3 84 1.05 0.89 573 -20.14 205 1840 -0.52 4.65 13.18
5Q4 84 0.59 0.42 596 -21.23 129 17.24 -0.41 4.54 10.62
5Q5Largest) 84 0.45 0.32 507 -19.37 078 11.21 -0.88 4.80 21.78
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Table 3 — Returns correlation matrix

This table reports the contemporaneous correlation structure of size-based portfolio returns.

Panel A: entire period 1970/1 - 2004/12
4Q1 4Q2 4Q3 4Q4 5Q1 5Q2 5Q3 5Q4 5Q5

4Q2 0.92 0.81 0.67 0.81 1.00
4Q3 0.95 0.86 0.70 0.76 0.89 1.00
.4Qa | 085 089 08 063 078 081 100
5Q1 0.74 0.64 0.51 0.95 0.81 0.74 0.61 1.00
5Q2 0.89 . 0.78 0.63 0.84 0.96 0.87 0.75 0.80 1.00

5Q3 0.91 0.79 0.66 0.78 0.92 0.90 0.76 0.77 0.87 1.00
5Q4 0.97 0.89 0.74 0.77 091 0.96 0.86 0.76 0.89 0.89 1.00
5Q5 0.83 0.88 0.90 0.61 0.76 0.82 0.97 0.59 0.72 0.75 0.84 1.00

s M L | 4Q1 4Q2 4Q3  4Q4 | 5QI  5Q2  5Q3  5Q4  5Q5

s[ 100 ; ;
M| 08 100 : :
______ L| . .06 070 100 :
Q1| 09 0.86 0.57 1.00 5
4Q2| 099 091 068 095 100 :
4Q3| 088 080 062 085 08 100 :
. 4Q4| 091 091 078 084 050 081 100

sQ1| 095 08 058 099 094 084 08 100

5Q2 0.97 0.89 0.62 0.96 0.98 0.85 0.87 0.95 1.00

5Q3 0.97 0.85 0.67 0.92 0.95 0.90 0.88 0.92 0.92 1.00

5Q4 0.96 0.94 0.72 0.93 0.95 0.92 0.93 0.92 0.94 0.95 1.00

5Q5 0.86 0.84 0.72 0.80 0.85 0.84 0.94 0.79 0.82 0.85 0.89 1.00

Panel C: second subperiod 1977/1 - 1983/12

s M L : 4Q1 4Q2 4Q3 4Q4 | 5Q1  5Q2 5Q3 5Q4  5Q5
s 100 : 5
M| o092 100 E :
______ L| 085 093 100 5
4Q1 0.79 072 0.64 1.00 :
4Q2 0.96 0.89 0.82 0.81 1.00 E
4Q3 0.98 0.93 0.86 077 0.94 1.00 :
4Q4 0.88 0.96 1.00 0.67 0.85 0.89 1.00 !

5Q1 0.75 0.69 0.62 0.97 0.80 0.74 0.64 1.00

5Q2 0.96 0.89 0.82 0.86 0.97 0.94 0.85 0.82 1.00

5Q3 0.94 0.87 0.80 0.79 0.96 0.93 0.82 0.77 0.92 1.00

5Q4 0.98 0.95 0.89 0.77 0.94 0.98 0.91 0.73 0.94 0.91 1.00

5Q5 0.87 0.96 1.00 0.66 0.84 0.88 0.99 0.64 0.84 0.81 0.90 1.00

Symbol description

S,M,L  Small cap, mid cap, large cap portfolios
4Qx x-th quartile portfolio

5Qx x-th quintile portfolio
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Table 3 — Returns correlation matrix (continued)

Panel D: third subperiod 1984/1 - 1990/12

s M L ! 4Q1 4Q2 4Q3 4Q4 ' 5Q1  5Q2 5Q3  5Q4  5Q5
s 1.00 : :
M| o095 100 5 :
______ L| .08 08 100 i
4Q1 0.79 0.73 0.64 1.00 :
4Q2 0.91 0.81 0.71 0.71 1.00

5Q1 0.75 0.69 0.60 0.98 0.67 0.75 0.64 1.00

5Q2 0.85 0.76 0.67 0.71 0.96 0.88 0.72 0.65 1.00

5Q3 0.80 0.70 0.62 0.73 0.77 0.82 0.66 0.70 0.75 1.00

5Q4 0.99 0.93 0.83 0.80 0.91 0.99 0.88 0.76 0.86 0.82 1.00

5Q5 0.88 0.92 0.99 0.68 0.76 0.85 1.00 0.64 0.71 0.66 0.87 1.00

Panel E: forth subperiod 1991/1 - 1997/12

4Q1 4Q2 4Q3 4Q4 5Q1 5Q2 5Q3 5Q4 5Q5

O U U I

5Q1 0.68 0.42 0.39 0.93 0.77 0.70 0.45 1.00

5Q2 0.80 0.60 0.37 0.84 0.89 0.82 0.48 0.70 1.00

5Q3 0.89 0.64 0.47 0.76 0.96 0.92 0.57 0.72 0.86 1.00

5Q4 0.98 0.80 0.63 0.72 0.83 0.97 0.74 0.66 0.77 0.87 1.00

5Q5 0.74 0.80 0.98 0.49 0.51 0.70 1.00 0.44 0.47 0.56 0.73 1.00

Panel F: fifth subperiod 1998/1 - 2004/12

s M L | Q1 4Q2 4Q3 4Q4 | 5Q1 5Q2 5Q3 5Q4 5Q5
s 1.00 : :
M 0.87 1.00 ; E
______ L| .06 07 100 E
4Q1 0.64 0.50 0.43 1.00 ;
4Q2 0.87 0.76 0.68 0.80 1.00 :
1Q3 0.96 0.84 0.69 0.73 0.92 1.00 ;
4Q4 0.78 0.82 0.92 051 0.76 0.77 1.00

5Q1 0.68 0.55 0.46 0.92 0.84 0.76 0.53 1.00

5Q2 0.84 0.71 0.63 0.82 0.97 0.89 0.72 0.85 1.00

5Q3 0.90 0.81 0.69 0.76 0.96 0.95 0.75 0.81 0.90 1.00

5Q4 0.95 0.82 0.67 0.72 0.90 0.95 0.80 0.75 0.89 0.88 1.00

5Q5 0.78 0.84 0.99 0.47 0.73 0.76 0.94 0.50 0.68 0.76 0.74 1.00

Symbol description

S,M,L  Small cap, mud cap, large cap portfolios
4Qx x-th quartile portfolio

5Qx x-th quintile portfolio
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Table 4 — Mean-Variance Spanning Tests for Canadian size based portfolios

The table presents the results of the Huberman-Kandel regression based mean-variance spanning tests on the returns of the Canadian size
based portfolios, i.e., the small cap threshold portfolio (S), the mid cap threshold portfolio (M), the large cap threshold portfolio (L), the
quartile portfolios (4Q1, 4Q2, 4Q3, 4Q4) and the quindle portfolios (5Q1, 5Q2, 5Q3, 5Q4, 5Q5) using them as either the test asset or the
benchmark assets. Column 3 (alpha), column 4 (sum of beta) and column 4 (adj-R2) are from the estimation of equation R=XB+E. Mean
VIF indicates the average variance inflation factor for all dependent vanables. The last two columns of the table report the results of the
Lagrange Multiplier (LM) test and F-test of He ¢ = 0, and Z 5, =1 which is equivalent to the joint hypothesis that alpha is equal

to zero and the sum of the betas is equal to one. The reported p-values are exact under the normality assumption on the residuals. The
results are presented for the entire sample period as well as for its five subperiods.

Test Benchmark Alpha Sum of Adj-R2 Mean LM Test F Test
asset asset Beta VIF (p-value) (p-value)
Panel A: entire period 1970/1 - 2004/12
Threshold approach
S M+L -0.01 091 0.80 2.60 17.78 9.22
(0.00) (0.00)
M S+L 0.17 0.95 0.83 218 6.77 3.41
(0.03) (0.03)
L S+ M 0.01 0.85 0.62 498 20.07 10.46
(0.00) (0.00)
Sige Quartiles
4Q1 4Q2 + 4Q3 +4Q4 0.75 1.07 0.66 478 16.25 8.37
| 0.00) (0.00)
4Q2 4Q1 + 4Q3 + 4Q4 -0.12 0.99 0.85 317 1.38 0.68
(0.50 (0.50)
4Q3 4Q1 + 4Q2 + 4Q4 0.03 0.95 0.84 3.27 456 2.28
(0.10) 0.10)
4Qa 4Q1 + 4Q2 + 4Q3 0.21 0.72 0.67 477 95.98 61.61
(0.00) (0.00)
Sige Quintiles
5Q1 5Q2 + 5Q3 + 5Q4 + 5Q5 0.32 1.16 0.67 5.86 14.00 7.15
(0.00) (0.00)
5Q2 5Q1 + 5Q3 + 5Q4 + 5Q5 0.08 0.98 0.84 4.67 1.07 0.53
(0.59) (0.59)
5Q3 5Q1 + 5Q2 + 5Q4 + 5Q5 0.13 0.95 0.83 495 5.74 287
(0.06) (0.06)
5Q4 5Q1 + 502 + 5Q3 + 5Q5 -0.10 0.98 0.89 3.98 2.65 1.32
©.27) ©0.27)
5Q5 5Q1 + 5Q2 + 5Q3 + 5Q4 0.11 0.78 0.70 5.37 66.52 39.05
(0.00) (0.00)
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Table 4 — Mean-Variance Spanning Tests for Canadian size based portfolios (continued)

Test Benchmark Alpha Sum of Adj-R2 Mean LM Test F Test
asset asset Beta VIF (p-value) (p-value)
Panel B: first subperiod 1970/1 - 1976/12
Threshold approach
S M+L 0.21 0.88 0.80 1.97 5.90 3.06
(0.05) (0.05)
M S+L -0.16 0.93 0.81 1.89 2.49 1.24
(0.29) (0.30)
L S+M 0.36 0.93 0.50 494 0.82 0.40
(0.66) 0.67)
Sige Quartiles
4Q1 4Q2 + 4Q3 +4Q4 0.38 1.01 0.90 5.50 2.82 1.37
0.24) (0.26)
4Q2 4Q1 + 4Q3 + 4Q4 -0.12 1.04 0.93 4.20 1.69 0.81
(0.43) (0.45)
4Q3 4Q1 + 4Q2 + 4Q4 -0.19 1.00 0.75 10.20 0.29 0.14
(0.86) 0.87)
4Q4 4Q1 + 4Q2 + 4Q3 0.01 0.73 0.82 8.23 32.01 24.32
(0.00) (0.00)
Sige Quintiles
5Q1 5Q2 + 5Q3 + 5Q4 + 5Q5 0.23 1.05 0.91 10.95 250 1.21
(0.29) (0.30)
5Q2 5Q1 + 5Q3 + 5Q4 + 5Q5 0.02 1.02 093 10.03 0.44 0.21
(0.80) (0.81)
5Q3 5Q1 + 5Q2 + 5Q4 + 5Q5 0.12 1.05 091 11.46 1.96 0.94
(0.38) (0.39)
5Q4 5Q1 + 5Q2 + 5Q3 + 5Q5 0.11 0.91 0.94 9.24 12.70 7.03
(0.00) (0.00)
5Q5 5Q1 + 5Q2 + 5Q3 + 5Q4 -0.01 091 0.79 13.00 3.05 1.49
0.22) ©0.23)
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Table 4 - Mean-Variance Spanning Tests for Canadian size based portfolios (continued)

Test Benchmark Alpha Sum of Adj-R2 LM Test F Test
asset asset (p-value) (p-value)
Panel C: second subperiod 1977/1 - 1983/12
Threshold approach
S M+L -0.01 0.90 0.85 7.73 493 252
0.09) (0.09)
M S+L 0.20 1.04 0.93 3.60 4.52 2.30
(0.10) (0.11)
L S+M -0.12 0.87 0.87 6.59 12.86 7.32
(0.00) (0.00)
Size Quartiles
4Q1 4Q2 +4Q3 +4Q4 -0.19 1.06 0.65 8.48 0.40 0.19
(0.82) (0.83)
4Q2 4Q1 + 4Q3 + 4Q4 -0.11 1.02 0.90 4.53 0.49 0.23
(0.78) 0.79)
4Q3 4Q1 + 4Q2 + 4Q4 0.32 0.94 0.91 4.06 4.95 2.50
(0.08) (0.09)
4Q4 4Q1 + 4Q2 + 4Q3 -0.12 0.87 0.78 7.43 8.46 4.48
0.01) (0.01)
Sige Ouintiles
5Q1 5Q2 + 5Q3 + 5Q4 + 5Q5 -0.50 1.19 0.68 9.41 3.23 1.58
(0.20) 0.21)
5Q2 5Q1 + 5Q3 + 5Q4 + 5Q5 - -0.05 0.98 0.92 6.58 0.52 0.24
077 (0.78)
5Q3 5Q1 + 5Q2 + 5Q4 + 5Q5 0.17 0.90 0.86 8.47 5.11 2.56
(0.08) (0.08)
5Q4 5Q1 + 5Q2 + 5Q3 + 5Q5 0.21 1.03 0.93 591 3.63 1.79
(0.16) 0.17)
5Q5 5Q1 + 5Q2 + 5Q3 + 5Q4 -0.16 0.84 0.81 8.54 13.25 7.40
(0.00) (0.00)
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Table 4 - Mean-Variance Spanning Tests for Canadian size based portfolios (continued)

Test Benchmark Alpha Sum of Adj-R2 Mean LM Test F Test
asset asset Beta VIF (p-value) (p-value)
Panel D: third subperiod 1984/1 - 1990/12
Threshold approach
S M+L -0.24 0.94 0.89 4.03 491 2.51
(0.09) (0.09)
M S+L 0.26 1.01 0.91 3.20 3.22 1.62
(0.20) (0.21)
L S+M -0.06 0.84 0.75 9.52 8.75 4.7
(0.01) (0.01)
Size Onartiles
4Q1 4Q2 + 4Q3 +4Q4 0.16 1.05 0.61 6.82 0.40 0.19
(0.82 (0.83)
4Q2 4Q1 +4Q3 + 4Q4 -0.48 0.90 0.84 3.93 9.20 4.92
(0.01) ©0.01)
4Q3 4Q1 + 4Q2 + 4Q4 0.16 1.03 091 2558 172 0.84
0.42) (0.44)
4Q4 4Q1 + 4Q2 + 4Q3 0.26 0.77 0.73 5.80 17.32 10.39
(0.00) (0.00)
Size Quintiles
5Q1 5Q2 + 5Q3 + 5Q4 + 5Q5 0.22 1.08 0.58 5.76 0.78 037
(0.68) (0.69)
5Q2 5Q1 + 5Q3 + 5Q4 + 5Q5 024 0.88 0.75 4T 453 225
0.10) (0.11)
5Q3 5Q1 + 5Q2 + 5Q4 + 5Q5 0.40 0.85 0.69 5.30 475 237
(0.09) (0.10)
5Q4 5Q1 + 5Q2 +5Q3 + 5Q5 -0.14 1.06 0.92 257 3.38 1.66
(©.18) (0.20)
5Q5 5Q1 + 5Q2 + 5Q3 + 5Q4 0.36 0.76 0.77 4.05 21.34 13.45
(0.00) (0.00)
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Table 4 ~ Mean-Variance Spanning Tests for Canadian size based portfolios (continued)

Test Benchmark Alpha Sum of Adj-R2 Mean LM Test F Test
asset asset Beta VIF (p-value) (p-value)
Panel E: forth subperiod 1991/1 - 1997/12
Threshold approach
S M+L 0.37 0.88 0.64 211 372 1.87
0.16) (0.16)
M S+L -0.11 0.92 0.72 1.68 2.36 1.17
(0.31) (0.31)
L S+M 0.32 0.72 0.52 2.83 12.07 6.80
(0.00) (0.00)
Size Quartiles
4Q1 4Q2 + 4Q3 +4Q4 1.50 1.09 0.64 4.43 15.36 8.95
(0.00) (0.00)
4Q2 4Q1 + 4Q3 + 4Q4 -0.24 1.01 0.80 2.74 0.76 0.36
(0.68) (0.70)
4Q3 4Q1 + 4Q2 + 4Q4 -0.11 0.92 0.85 235 3.90 1.95
0.14) (0.15)
4Q4 4Q1 + 4Q2 +4Q3 0.31 0.66 0.53 4.07 19.84 12.37
(0.00) (0.00)
Sige Quintiles
5Q1 5Q2 + 5Q3 + 5Q4 + 5Q5 111 1.15 0.52 472 6.63 3.38
0.04) (0.04)
5Q2 5Q1 + 5Q3 + 5Q4 + 5Q5 0.47 0.95 0.75 3.86 234 1.13
(0.31) (0.33)
5Q3 5Q1 + 5Q2 + 5Q4 + 5Q5 -0.27 1.00 0.84 3.02 1.66 0.80
(0.44) (0.45)
5Q4 5Q1 + 5Q2 + 5Q3 + 5Q5 0.00 0.94 0.84 3.10 1.33 0.63
0.52) (0.53)
5Q5 5Q1 + 5Q2 + 5Q3 + 5Q4 0.27 0.67 054 4.20 2021 1252
(0.00) (0.00)
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Table 4 — Mean-Variance Spanning Tests for Canadian size based portfolios (continued)

Test Benchmark Alpha Sum of Adj-R2 Mean LM Test F Test
asset asset Beta VIF (p-value) (p-value)
Panel F: fifth subperiod 1998/1 - 2004/12
Threshold approach
S M+L -0.42 0.90 0.76 235 5.83 3.02
(0.05) (0.05)
M S+L 0.67 0.94 0.80 1.93 7.63 4.05
(0.02) (0.02)
L S+M -0.48 0.81 0.57 419 8.09 432
(0.02) 0.02)
Size Quartiles
4Q1 4Q2 + 4Q3 +4Q4 112 1.08 0.64 5.47 3.57 1.77
0.17) (0.18)
4Q2 4Q1 +4Q3 + 4Q4 0.18 1.05 0.89 2.82 1.87 091
0.39) (0.41)
4Q3 4Q1 + 4Q2 + 4Q4 -0.39 0.87 0.85 352 10.78 5.89
(0.00) (0.00)
4Q4 4Q1 +4Q2 + 4Q3 0.25 0.74 0.62 5.86 14.27 8.19
0.00) (0.00)
Size Quintiles
5Q1 5Q2 + 5Q3 + 5Q4 + 5Q5 0.25 1.26 0.75 5.76 5.57 281
(0.06) (0.07)
5Q2 5Q1 + 5Q3 + 5Q4 + 5Q5 0.26 0.98 0.88 4.49 1.28 0.61
(0.53) (0.55)
5Q3 5Q1 + 5Q2 + 5Q4 + 5Q5 0.1 0.92 0.87 4.93 3.20 1.56
(0.20) 0.22)
5Q4 5Q1 + 5Q2 + 5Q3 + 5Q5 -0.43 0.97 0.82 5.46 291 1.42
0.23) (0.25)
5Q5 5Q1 +5Q2 + 5Q3 + 5Q4 -0.02 0.78 0.62 6.30 10.26 5.49
0.01) (0.01)
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Table 5 — Mean-Variance Spanning Tests with international benchmark assets

This table reports the results of two mean-variance spanning tests on the returns of the Canadian size based portfolios and an international
benchmark. Whenever the test asset causes the null hypothesis of spanning to be rejected at the 5% level using an international benchmark
(*) asset we include it in 2 new benchmark asset untl the null hypothesis is no longer rejected. The * in the benchmark asset column
indicates that in addition to the listed portfolio, all the tests include the CAD denominated returns on the following indices: S&P 500,
Russell 2000, MSCI EAFE, and FTSE100. Column 3 (alpha), column 4 (sum of beta) and column 4 (adj-R2) are from the estimation of
equation R=XB+E. Mean VIF indicates the average variance inflation factor for all dependent variables. The last two columns of the table
report the results of the Lagrange Multiplier (LM) test and F-test of Ho. a;, =0, andz 5, =1 which is equivalent to the joint

hypothesis that alpha is equal to zero and the sum of the betas is equal to one. The reported p-values are exact under the normality
assumption on the residuals. The results are presented for the entire sample period as well as for its two subperiods.

Test Benchmark Alpha Sum of Adj-R2 Mean LM Test F Test
asset Asset Beta VIF (p-value) (p-value)
Panel A: entire period 1986/1 - 2004/12
S * 0.02 0.69 0.62 246 40.86 24.35
(0.00) (0.00)
M S+* 0.13 0.98 0.81 2.84 1.19 0.58
(0.55) (0.56)
M * 0.14 0.77 0.63 2.46 25.69 14.16
(0.00) (0.00)
N M+ * -0.09 0.86 0.81 273 18.20 9.63
(0.00) (0.00)
L S+M+* -0.33 0.99 0.74 3.76 4.94 2.45
(0.08) (0.09)
L * -0.29 0.87 0.67 2.46 15.67 8.23
(0.00) (0.00)
S L+* 0.15 0.75 0.68 2.78 30.65 17.24
(0.00) (0.00)
M S+L+* 0.18 0.98 0.82 3.76 2.04 1.00
0.36) 0.37)
4Q1 * 1.64 0.60 0.32 2.46 22.07 11.95
(0.00) (0.00)
4Q2 4Q1 +* -0.58 0.81 0.68 2.48 24.32 13.25
(0.00) (0.00)
4Q3 4Q1 +4Q2 + * -0.19 0.92 0.88 2.84 13.02 6.69
(0.00) (0.00)
4Q4 4Q1 + 4Q2 + 4Q3 + * 014 0.97 0.77 422 1.97 0.96
©.37) (0.38)
4Q2 * 0.13 0.64 0.44 2.46 26.46 14.64
(0.00) (0.00)
4Q1 4Q2 + * 1.50 0.96 0.62 254 19.88 10.60
0.00) (0.00)
4Q3 4Q1 +4Q2 + * -0.19 092 0.88 2.84 13.02 6.69
0.00) (0.00)
4Q4 4Q1 + 4Q2 + 4Q3 + * 0.14 0.97 0.77 422 1.97 0.96
0.37) (0.38)
4Q3 * -0.02 0.70 0.61 2.46 34.87 20.13
(0.00) (0.00)
4Q1 4Q3 + * 1.66 0.99 0.58 2.87 2248 12.14
(0.00) (0.00)
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Table 5 ~ Mean-Variance Spanning Tests with international benchmark assets (continued)

Test Benchmark Alpha Sum of Adj-R2 Mean LM Test F Test
asset asset Beta VIF (p-value) (p-value)
4Q4 * -0.08 0.83 0.66 2.46 18.72 9.97
(0.00) (0.00)
4Q1 4Q4 +* 172 0.78 0.43 274 19.34 10.29
(0.00) (0.00)
4Q2 4Q1+ 4Q4 + * 042 0.86 0.71 2.86 14.31 7.40
(0.00) (0.00)
4Q3 4Q1 + 4Q2 +4Q4 + * 0.04 0.81 0.73 274 9.59 4.83
(0.01) (0.01)
5Q1 * 1.56 0.62 0.29 2.46 16.51 8.70
(0.00) (0.00)
5Q2 5Q1 +* -0.11 0.79 0.66 245 15.09 7.86 .
(0.00) (0.00)
5Q3 5Q1 +5Q2 + * -0.33 0.99 0.74 271 4.94 2.45
(0.08) (0.09)
5Q2 * 0.53 0.64 0.42 2.46 23.68 12.92
(0.00) (0.00)
5Q1 5Q2 +* 1.01 0.99 0.59 2.53 7.61 3.83
0.02) 0.02)
5Q3 5Q1 +5Q2 +* -0.33 0.99 0.74 277 4.94 2.45
(0.08) (0.09)
5Q3 * 0.45 0.61 0.41 2.46 30.88 17.47
(0.00) (0.00)
5Q1 5Q3 +* 1.07 1.04 0.57 251 9.03 4.58
(0.01) (0.01)
5Q2 5Q1 +5Q3 + * -0.04 0.94 0.76 271 1.86 0.91
0.39) (0.40)
5Q4 * 0.01 0.71 0.60 2.46 29.42 16.52
(0.00) (0.00)
5Q1 5Q4 +* 1.55 1.01 0.56 2.84 16.45 8.63
(0.00) (0.00)
5Q2 5Q1 + 5Q4 + * 0.21 0.93 0.76 3.03 277 1.36
(0.25) (0.26)
5Q5 * -0.20 0.85 0.71 2.46 20.14 10.80
(0.00) (0.00)
5Q1 5Q5 +* 1.82 0.82 0.42 2.88 16.65 8.75
(0.00) (0.00)
5Q2 5Q1 + 5Q5 + * 0.02 0.82 0.67 3.01 10.20 517
(0.01) (0.01)
5Q3 5Q1 + 5Q2 + 5Q5 + * 0.07 0.88 0.76 3.22 7.32 3.65
(0.03) (0.03)
5Q4 5Q1 +5Q2 + 5Q3 + 5Q5 + * -0.24 0.96 0.86 3.57 6.28 310
0.04) (0.05)
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Table 5 - Mean-Variance Spanning Tests with international benchmark assets (continued)

Test Benchmark Alpha Sum of Mean LM Test F Test
asset asset Beta VIF (p-value) (p-value)
Panel B: first subperiod: 1991/1 - 1997/12
S * 0.28 0.68 0.36 1.60 5.48 276
(0.06) (0.07)
M * -0.19 0.81 0.38 1.60 418 14.16
0.12) ©.13)
L * -0.21 0.89 0.49 1.60 276 1.34
(0.25) ©.27)
4Q1 * 218 0.64 0.23 1.60 10.41 5.59
(0.01) (0.01)
4Q2 4Q1 +* -0.67 0.81 0.62 1.80 8.28 4.26
©.02) (0.02)
4Q3 4Q1 +4Q2 + * 027 0.89 0.81 213 6.18 3.06
(0.05) (0.05)
4Q2 * 0.70 0.58 0.22 1.60 4.24 210
0.12) (0.13)
4Q3 * 0.32 0.65 0.35 1.60 6.24 3.17
©0.09) (0.05)
4Q1 4Q3 +* 1.81 1.05 0.60 172 17.43 10.22
(0.00) (0.00)
4Q2 4Q1 +4Q3 +* -0.13 1.00 0.79 2.16 0.24 0.11
(0.89) (0.90)
4Q4 * -0.15 0.88 0.51 1.60 283 1.38
(0.24) (0.26)
5Q1 * 237 0.65 0.21 1.60 8.95 471
(0.01) (0.01)
5Q2 5Q1 +* 0.10 0.73 0.55 1.66 3.24 1.57
(0.20) 0.22)
5Q2 * 1.23 0.56 0.24 1.60 5.89 298
(0.05) (0.06)
5Q3 * 0.69 0.58 0.25 1.60 5.23 2.62
(0.07) (0.08)
5Q4 * 0.35 0.70 0.38 1.60 4.88 2.44
(0.09) (0.09)
5Q5 * -0.16 0.88 0.51 1.60 281 1.37
(0.25) (0.26)
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Table 5 — Mean-Vatiance Spanning Tests with international benchmark assets (continued)

Test Benchmark Alpha Sum of Adj-R2 Mean LM Test F Test
asset asset Beta VIF (p-value) (p-value)
Panel C: second subperiad: 1998/1 - 2004/12
S * -0.04 07 0.69 274 8.18 4.26
0.02) 0.02
M S+ 0.57 1.02 0.81 3.36 5.45 2N
0.07) 0.07)
M * 0.54 0.85 0.70 274 5.24 2.63
0.07) 0.08)
L * -0.20 1.01 0.67 274 0.36 0.17
(0.84) (0.84)
4Q1 * 1.93 0.58 0.30 274 6.38 3.25
(0.04) (0.04)
4Q2 4Q1 +* -0.19 1.05 0.80 272 0.56 0.26
(0.76) 0.77)
4Q2 * 0.56 0.88 0.55 274 2.00 0.96
0.37) (0.39)
4Q3 * -0.02 0.78 0.68 274 4.24 2.10
0.12) ©0.13)
4Q4 * 0.15 0.99 0.65 274 0.20 0.10
(0.90) (0.91)
5Q1 * 1.60 0.64 0.29 274 3.95 1.95
(0.14) (©.15)
5Q2 * 0.73 0.86 0.53 274 292 1.42
0.23) (0.25)
5Q3 * 0.50 0.81 0.58 274 3.57 1.75
©.17) (0.18)
5Q4 x 0.0t 0.78 0.64 274 323 1.58
(0.20) 0.21)
5Q5 * -0.08 0.96 0.73 274 0.31 0.15
(0.86) (0.86)
5Q5 * -0.10 0.78 0.73 274 4.55 2.26
(0.10) ©.11)
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Table 6 — Mean-Variance Spanning Tests with International Large Cap benchmark

This table reports the results of the Canadian size based portfolios used as test assets compared with an initial international large cap
benchmark. Whenever the test asset causes the null hypothesis of spanning to be rejected at the 5% level using an international large cap
benchmark (LCB) asset we include it in 2 new benchmark asset until the null hypothesis is no longer rejected. The LCB in the benchmark
asset column indicates that in addition to the listed portfolio, all the tests include the CAD denominated returns on the following indices:
S&P 500, Nikkei 300, CAC40, DAX30, SPTSX and FTSE100. Column 3 (alpha), column 4 (sum of beta) and column 4 (adj-R2) are from
the estimation of equation R=XB+E. Mean VIF indicates the average variance inflation factor for all dependent varables. The last two
columns of the table report the results of the Lagrange Multiplier (LM) test and F-test of Ho 4 i = 0, andz 5] = 4 which 1s

equivalent to the joint hypothesis that alpha is equal to zero and the sum of the betas is equal to one. The reported p-values are exact under
the normality assumption on the residuals. The results are presented for the entire sample period as well as for its two subperiods.

Test Benchmark Alpha Sum of Adj-R2 Mean LM Test F Test
asset asset Beta VIF (p-value) ~(p-value)
Panel A: entire period 1988/1 - 2004/12
S LCB 0.30 0.83 0.73 3.09 14.40 7.48
(0.00) (0.00)
M S+ LCB 0.28 0.97 0.83 377 4.90 241
(0.09) (0.09)
M LCB 0.40 0.90 0.78 3.09 11.20 5.72
(0.00) (0.00)
S M+ LCB 0.10 0.88 0.78 3.83 8.20 4.10
(0.02) 0.02)
L S+M+ LCB -0.04 0.98 0.83 4.31 0.56 0.27
(0.76) ©.77)
L LCB -0.13 1.02 0.82 3.09 1.01 0.49
(0.60) (0.61)
4Q1 LCB 2,27 0.73 0.33 3.09 23.18 12.63
(0.00) (0.00)
4Q2 4Qt + LCB -0.31 0.88 on 3.05 7.30 3.64
0.03) (0.03)
4Q3 4Q1 +4Q2 + LCB -0.09 0.96 0.87 3.36 2.65 1.28
©.27) (0.28)
4Q2 LCB 0.54 0.78 0.52 3.09 10.26 5.22
(0.01) (0.01)
4Q1 4Q2 + LCB 1.70 0.97 0.59 325 20.41 10.90
(0.00) (0.00)
4Q3 4Q1 +4Q2 + LCB -0.09 0.96 0.87 3.36 2.65 1.28
0.27) (0.28)
4Q3 LCB 0.31 0.84 0.68 3.09 10.45 5.32
(0.01) (0.01)
4Q1 4Q3 + LCB 1.81 0.97 0.56 3.62 21.61 11.61
(0.00) (0.00)
4Q2 4Q1+ 4Q3 + LCB -0.10 0.96 0.82 3.69 1.14 0.55
(0.56) (0.58)
4Q4 LCB 0.14 0.98 0.83 3.09 1.35 0.66
(0.51) 0.52

50



Table 6 - Mean-Variance Spanning Tests with International Large Cap benchmark (continued)

Test Benchmark Alpha Sum of Adj-R2 Mean LM Test F Test
asset asset Beta VIF (p-value) (p-value)
5Q1 LCB 222 0.80 0.35 3.09 18.56 9.86
(0.00) (0.00)
5Q2 5Q1 + LCB 0.11 0.83 0.66 3.09 6.44 3.20
(0.04) (0.04)
5Q3 5Q1 + 5Q2 + LCB 0.13 0.85 0.72 3.28 6.85 3.39
(0.03) (0.04)
5Q4 5Q1 + 5Q2 + 5Q3 + LCB -0.18 0.97 0.84 3.49 2.44 1.17
(0.30) 0.31)
5Q2 LCB 0.93 0.75 0.47 3.09 14.48 7.52
(0.00) (0.00)
5Q1 5Q2 + LCB 1.27 1.05 0.59 3.17 10.70 5.42
(0.00) (0.01)
5Q3 5Q1 +5Q2 + LCB 0.13 0.85 0.72 3.28 6.85 3.39
(0.03) (0.04)
5Q4 5Q1 + 5Q2 + 5Q3 + LCB -0.18 0.97 0.84 3.49 2.44 1.17
(0.30) (0.31)
5Q3 1LCB 0.87 0 0.48 3.09 19.07 10.16
(0.00) (0.00)
5Q1 5Q3 + LCB 1.31 1.10 0.56 3.22 11.56 5.89
(0.00) (0.00)
5Q2 5Q1 + 5Q3 + LCB 0.02 0.94 0.74 3.27 1.03 0.50
(0.60) (0.61)
5Q4 LCB 0.36 0.85 0.68 3.09 9.48 4.80
(0.01) (0.01)
5Q1 5Q4 + LCB 1.70 1.02 0.55 3.58 16.26 8.49
(0.00) (0.00)
5Q2 5Q1 + 5Q4 + LCB 0.20 09 0.74 3.63 2.86 1.39
(0.24) (0.25)
5Q5 LCB -0.01 1.00 0.89 3.09 0.03 0.01
0.99) (0.99)
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Table 6 — Mean-Variance Spanning Tests with International Large Cap benchmark (continued)

Test Benchmark Alpha Sum of Adj-R2 Mean LM Test F Test
asset asset Beta VIF (p-value) (p-value)
. Panel B: first subperiod: 1991/1 - 1997/12
S 1.CB 0.59 0.85 0.70 248 6.66 3.32
(0.09) (0.04)
M S+ LCB -0.06 0.99 0.82 3.14 0.20 0.09
(0.90) 0.91)
M LCB 0.04 0.96 0.81 2.48 0.36 0.17
(0.83) (0.85)
L LCB -0.20 1.05 0.77 248 1.17 0.55
(0.56) (0.58)
4Q1 LCB 2.66 0.78 0.38 2.48 18.12 10.59
(0.00) (0.00)
4Q2 4Q1 + LCB -0.28 0.88 0.65 2.55 248 1.15
(0.29) (0.32)
4Q2 LCB 1.14 0.76 0.42 248 6.08 3.00
(0.05) (0.06)
4Q3 LCB 0.61 0.85 0.63 2.48 5.40 2.64
0.07) (0.08)
4Q4 LCB -0.09 1.05 0.87 2.48 1.09 0.51
(0.58) (0.61)
5Q1 1LCB 293 0.76 0.32 248 15.25 8.54
(0.00) (0.00)
5Q2 5Q1 + LCB 0.60 0.84 0.59 2.52 2.36 110
(0.31) (0.34)
5Q2 LCB 1.69 0.75 0.43 248 11.10 5.86
(0.00) (0.00)
5Q1 5Q2 + L(CB 163 0.95 0.51 259 7.01 3.46
(0.03) (0.04)
5Q3 5Q1+5Q2 + LCB -0.28 0.96 0.76 2.69 1.75 0.80
0.42) (0.45)
5Q3 LCB 1.05 0.79 0.45 2.48 6.29 312
(0.04) (0.05)
5Q1 5Q3 + LCB 1.99 0.95 0.52 2.60 11.02 5.74
(0.00) (0.00)
5Q2 5Q1 +5Q3 + LCB 0.56 0.94 0.75 2.70 259 1.19
0.27) 0.31)
5Q4 LCB 0.62 0.87 0.68 2.48 5.92 292
(0.05) (0.06)
5Q5 LCB -0.11 1.05 0.86 248 1.28 0.59
(0.53) (0.55)
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Table 6 ~ Mean-Variance Spanning Tests with International Large Cap benchmatk (continued)

Test Benchmark Alpha Sum of Adj-R2 LM Test F Test
asset asset (p-value) (p-value)
Panel C: second subperiod: 1998/1 - 2004/12
S LCB 0.25 0.86 0.73 5.46 329 1.57
(0.19) 0.21)
M LCB 0.83 0.91 0.76 5.46 9.43 4.87
(0.01) (0.01)
S M + LCB -0.26 0.91 0.81 591 2.81 131
(0.25) 0.27)
L LCB -0.17 0.98 0.85 5.46 0.69 0.32
©.71) (0.73)
4Q1 LCB 2.40 0.52 0.31 5.46 9.71 5.03
(0.01) 0.01)
4Q2 4Q1 + LCB -0.05 1.02 0.82 5.21 0.06 0.03
0.97) ©.97)
4Q2 LCB 0.85 0.84 0.59 5.46 5.07 2.47
(0.08) (0.09)
4Q3 LCB 0.31 0.83 0.69 5.46 3.45 1.65
(0.18) (0.20)
4Q4 LCB 0.27 0.94 0.82 5.46 1.92 0.90
(0.38) (0.41)
5Q1 LCB 2.05 0.50 0.39 5.46 8.20 4.16
©.02) (0.02)
5Q2 5Q1 + LCB 0.13 1.04 0.83 5.39 0.44 0.20
(0.80) 0.82)
5Q2 LCB 1.08 0.81 0.51 5.46 5.95 294
(0.05) (0.06)
5Q3 LCB 0.76 0.80 0.62 5.46 6.40 3.17
(0.04) (0.05)
5Q1 5Q3 + LCB 0.74 0.83 0.72 5.64 2.25 1.05
(032 (0.36)
5Q4 LCB 0.32 0.80 0.67 5.46 3.93 1.89
(0.14) 0.16)
5Q5 LCB 0.00 0.97 0.91 5.46 0.40 0.19
(0.82) (0.83)

33



Table 7 — Step-Down Mean-Variance Spanning Tests with International benchmark

The table presents the results of the step-down mean-variance spanning tests on all cases identified by the Lagrange Multiplier (LM) test
and F-test for which the null hypothesis of spanning was rejected at the 5% level. The test asset is one of the Canadian size based
portfolios, i.e., the small cap threshold portfolio (S), the mid cap threshold portfolio (M), the large cap threshold portfolio (L), the quartile
portfolios (4Q1, 4Q2, 4Q3, 4Q4) and the quintle portfolios (5Q1, 5Q2, 5Q3, 5Q4, 5Q5). The * in the benchmark asset column indicates
that in addition to the listed portfolio, all the tests include the CAD denominated returns on the following indices: S&P 500, Russell 2000,
MSCI EAFE, and FTSE100. The test is a step-down test where F1 is an F-test of 4 ;=04 and F2 s an F-test of

Z 5} = 1 conditional on y ;= 0, The two tests are performed on each of the cases and identify the impact of adding the test

asset to an existing benchmark on 1) the tangency portfolio and 2) the giobal minimum variance portfolio on the efficient frontier. The
tangency portfolio effect is captured in the F1-test and the global minimum variance effect is captured in the F2-test. The reported p-values
are exact under the normality assumption on the residuals. The results are presented for the entire sample period as well as for its two
subperiods.

Test Benchmark Fi-test F2-test
asset asset Statistic (p-value) Statistic (p-value)

Panel A: entire period 1986/1 - 2004/12

Threshold approach

S * 0.01 (0.93) 48.90 (0.00)
M * 0.58 (0.45) 2778 (0.00)
S M+* 0.40 (0.53) 18.90 (0.00)
L * 2.69 (0.10) 13.67 (0.00)
S L+* 0.74 (0.39) 3378 (0.00)
M L+* 2.62 (0.11) 15.73 (0.00)
Size quartiles

4Q1 * 14.08 (0.00) 9.28 (0.00)
4Q2 4Q1+> 6.68 (0.01) 19.32 {0.00)
4Q3 4Q1+4Q2 +* 2.53 (0.11) 10.78 (0.00)
4Q4 * 0.22 (0.64) 19.78 (0.00)
4Q2 * 0.22 (0.64) 29.16 (0.00)
4Q1 4Q2 +* 20.87 (0.00) 0.30 (0.58)
4Q3 * 0.00 (0.96) 40.44 (0.00)
4Q1 4Q3 +* 23.39 (0.00) 0.81 0.37)
4Q1 4Q4+* 18.53 (0.00) 1.89 0.17)
4Q2 4Q1 +4Q4 +* 3.84 (0.05) 10.84 (0.00)
4Q2 4Q4 +* 0.65 0.42) 1231 (0.00)
4Q3 4Q4 +* 0.05 (0.82) 20.05 (0.00)
Size quintiles

5Q1 * 10.19 {0.00) 6.92 (0.01)
5Q2 5Q1+* 0.20 (0.65) 15.58 (0.00)
5Q2 * 3.01 (0.08) 2263 (0.00)
5Q1 5Q2+* 7.27 (0.01) 0.38 {0.54)
5Q3 * 252 0.11) 32.20 (0.00)
5Q1 5Q3 + > 7.82 (0.01) 1.30 {0.26)
5Q4 * 0.00 0.97) 33.19 (0.00)
5Q1 5Q4 +* 16.21 (0.00) 0.99 0.32)
5Q5 * ' 1.50 0.22) 20.05 (0.00)
5Q1 5Q5 +* 16.65 (0.00) 0.79 0.37)
5Q2 5Q1+5Q5 +* 0.01 (0.93) 10.38 (0.00)
5Q3 5Q1 +5Q2+5Q5 +* 0.11 (0.74) 7.20 (0.01)
5Q4 5Q1 + 5Q2 + 5Q3 + 5Q5 + 3.21 (0.07) 296 (0.09)
5Q2 5Q5 +* 5.85 {0.02) 9.81 (0.00)
5Q3 5Q5+* 6.13 (0.01) 14.96 (0.00)
5Q4 5Q5 +* 0.74 (0.39) 14.13 (0.00)
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Table 7 — Step-Down Mean-Variance Spanning Tests with International benchmark (continued)

Test Benchmark Fl-test F2-test
asset asset Statistic (p-value) Statistic (p-value)
Panel B: first subperiod: 1991/1 - 1997/12

Sizge quartiles

4Q1 * 11.17 (0.00) 0.01 (0.93)

4Q2 4Q1 +* 2.54 (©11) 5.87 (0.02)

4Q3 * 0.68 (0.41) 5.68 0.02)

4Q1 4Q3 +* 14.53 (0.00) 5.04 (0.03)

4Q 4Q4 +* 15.77 (0.00) 0.62 (0.43)

Sige quintiles

5Q1 * 9.36 (0.00) 0.05 (0.82)

5Q1 5Q5 +* 13.12 (0.00) 0.79 (0.38)

5Q2 5Q5+ > 6.19 (0.01) 0.44 (0.51)
Panel C: second subperiod: 1998/1 - 2004/12

Threshold approach

S * 0.01 (0.91) 8.62 (0.00)

S L+* 0.01 (0.949) 9.55 (0.00)

M L+* 4.27 (0.04) 231 0.13)

Sizge quartiles

4Q1 * 4.67 (0.03) 1.74 (0.19)

4Q1 4Q4 +* 15.77 (0.00) 0.62 (0.43)
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Table 8 — Step-Down Mean-Variance Spanning Tests with Large Cap International benchmark

The table presents the results of the step-down mean-variance spanning tests on all cases identified by the Lagrange Multiplier (LM) test
and F-test for which the null hypothesis of spanning was rejected at the 5% level. The test asset is one of the Canadian size based
portfolios, i.e., the small cap threshold portfolio (S), the mid cap threshold portfolio (M), the large cap threshold portfolio (L), the quartile
portfolios (4Q1, 4Q2, 4Q3, 4Q4) and the quintle portfolios (5Q1, 5Q2, 5Q3, 5Q4, 5Q5). The LCB in the benchmark asset column
indicates that in addition to the listed portfolio, all the tests include the CAD denominated returns on the following indices: S&P 500,
Nikkei 300, CAC40, DAX30, SPTSX and FTSE100. The test is a step-down test where F1 1s an F-test of ;=04 and F2 is an F-test

of Z 5, =1 conditional on ;=0,- The two tests are performed on each of the cases and identify the impact of adding the test

asset to an existing benchmark on 1) the tangency portfolio and 2) the global minimum vanance portfolio on the efficient frontier. The
tangency portfolio effect is captured in the Fi-test and the global minimum variance effect is captured in the F2-test. The reported p-values
are exact under the normality assumption on the residuals. The results are presented for the entire sample period as well as for its two
subperiods.

Test Benchmark F1-test F2-test

asset asset Statistic p-value Statistic p-value

Panel A: entire period 1988/1 - 2004/12

Threshold approach

s LCB 3.40 ©.07) 11.43 (0.00)
M LCB 7.74 (©.01) 3.59 {0.06)
S M + LCB 0.42 0.52) 7.81 (0.01)
Size quartiles

4Q1 LCB 23.73 (0.00) 1.37 (0.249)
4Q2 4Q1 + LCB 1.81 (0.18) 5.44 (0.02)
4Q2 LCB 3.80 (0.05) 6.54 (0.01)
4Q1 4Q2 + LCB 21.44 (0.00) 0.33 (0.57)
4Q3 LCB 272 0.10) 7.85 (0.01)
4Q1 4Q3 + L.CB 22.83 (0.00) 0.34 (0.56)
Size quintiles

5Q1 LCB 19.28 (0.00) 0.39 (0.53)
5Q2 5Q1+ LCB 0.20 (0.66) 6.21 (0.01)
5Q3 5Q1 +5Q2 + LCB 0.40 (0.53) 6.34 (0.01)
5Q2 LCB 9.39 (0.00) 5.43 (0.02)
5Q1 5Q2+ LCB 9.61 (0.00) 1.18 (0.28)
5Q3 LCB 10.00 (0.00) 9.86 (0.00)
5Q1 5Q3 + LCB 9.42 (0.00) 225 .14
5Q4 LCB 3.40 (0.07) 6.13 (0.01)
5Q1 5Q4 + LCB 16.06 (0.00) 0.85 (0.36)
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Table 8 — Step-Down Mean-Variance Spanning Tests with Large Cap International benchmark

(continued)

Test Benchmark F1-test F2-test

asset asset Statistic p-value Statistic p-value

Panel B: first subperiod: 1991/1 - 1997/12

Threshold approach

S LCB 5.37 {0.02) 1.19 (0.28)

Size guartiles

4Q1 LCB 20.90 (0.00) 0.22 0.64)

Size quintiles

5Q1 LCB 16.87 (0.00) 0.18 (0.68)

5Q2 LCB 11.60 (0.00) 0.11 0.74)

5Q1 5Q2 + LCB 6.27 (0.01) 0.60 (0.44)

5Q3 LCB 5.70 0.02) 0.50 (0.48)

5Q1 5Q3 + LCB 10.28 (0.00) 1.07 (0.30)
Panel C: second subperiod: 1998/1 - 2004/12

Threshold approach

M LCB 8.88 (0.00) 0.78 (0.38)

Size quartiles

4Q1 LCB 7.14 (0.01) 271 (0.10)

4Q1 4Q4 + L(CB 6.05 (0.02) 2.22 0.14)

Sige quintiles .

5Q1 LcB 5.11 (0.03) 3.05 (0.08)

5Q3 LCB 3.74 (0.06) 2.52 0.12)
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Table 9 - Diversification Benefits with International benchmark

Thas table reports the ex-post measures of diversification benefits from expanding the investment opportunity set. For the definition of ¢
and A, respectively refer to equations [3] and [4] in the main body of the paper. GMV is the standard deviation of the global minimum
variance portfolio on the efficient frontier and SR is the maximum Sharpe ratio {excess return divided by the standard dewiation) on the
efficient frontier. Results are separated into three sets of policy constraints: 1) investors are unconstrained and can take long or short
positions up to 100% of total capital, 2) investors cannot take short positions, 3) investors are restrained by a 0.5 weight upper bound in
any single asset. The * in the investment opportunity set column indicates that in addition to the listed portfolio, the optimization considers
the CAD denominated returns on the following indices: S&P 500, Russell 2000, MSCI EAFE, and FTSE100. The results are presented for
the entire sample period as well as for its two subperiods.

Unconstrained No short sales Upper bound
Investment opportunity set GMV SR GMV SR GMV SR
<) ® ® ) O] 0]
Entire Period: 1986/1 - 2004/12
Threshold approach
* 4.14% 0.24 415% 0.24 4.15% 0.24
S+ * 3.32% 0.25 3.90% 0.24 3.90% 0.24
(0.82%) .01 (0.25%) (0.00) (0.25%) (0.00)
M+ * 3.91% 0.25 3.97% 0.25 3.97% 0.24
(0.23%) (0.01) (0.18%) (0.00) (0.18%) 0.01)
S+M+* 3.25% 0.25 3.90% 0.25 3.90% 0.24
(0.89%) 0.01) (0.25%) (0.00) (0.25%) (0.01)
L+* 4.05% 0.27 4.06% 0.24 4.06% 0.24
(0.09%) (0.03) (0.09%) (0.00) (0.09%) (0.00)
S+L+* 3.30% 0.29 3.90% 0.24 3.90% 0.24
(0.84%) (0.05) (0.25%) (0.00) (0.25%) (0.00)
Size Ouartiles
* 4.14% 0.24 4.15% 0.24 4.15% 0.24
4Q1 + * 4.01% 0.36 4.04% 0.33 4.04% 0.33
(0.13%) (0.12) (0.10%) (0.08) (0.11%) (0.09)
4Q2+4Q1 + * 3.90% 0.40 3.96% 0.33 3.96% 0.33
(0.24%) (0.16) (0.19%) (0.08) (0.19%) (0.09)
4Q3 + 4Q1 + 4Q2 + * 3.62% 0.42 3.78% 0.33 3.78% 0.33
(0.52%) (0.18) (0.37%) (0.08) (0.37%) (0.09)
4Q2 + * 3.91% 0.25 3.96% 0.24 3.96% 0.24
(0.23%) 0.01) (0.19%) (0.00) (0.19%) (0.00)
4Q3 + * 3.67% 0.25 3.78% 0.24 3.78% 0.24
(0.47%) (0.01) (0.37%) (0.00) (0.37%) (0.00)
4Q1 +4Q3 + * 3.62% 0.41 3.78% 0.33 3.78% 0.33
(0.52%) 0.17) (0.37%) (0.08) (0.37%) (0.09)
4Q4 + * 3.99% 0.25 4.01% 0.24 4.01% 0.24
(0.15%) 0.01) (0.14%) (0.00) (0.14%) (0.00)
4Q1+4Q4 + * 3.95% 0.39 3.99% 0.33 3.99% 0.33
(0.19%) (0.15) (0.16%) (0.08) (0.16%) (0.09)
4Q2+4Q1+4Q4 + * 3.88% 0.41 3.94% 0.33 3.94% 0.33
(0.26%) ©0.17) (0.20%) (0.08) (0.21%) (0.09)
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Table 9 - Diversification Benefits with International benchmark (continued)

Unconstrained No short sales Upper bound
Investment opportunity set GMV SR GMV SR GMV SR
i) & ) & Wi )
Stze Quintiles
* 4.14% 0.24 4.15% 0.24 4.15% 0.24
5Q1 + * 4.05% 0.33 4.07% 031 4.07% 0.31
(0.09%) (0.09) (0.08%) (0.06) (0.08%) 0.07)
5Q2+5Q1+* 3.93% 0.33 3.98% 0.31 3.98% 0.31
(0.21%) 0.09) (0.17%) (0.06) (0.17%) 0.07)
5Q2+ * 3.93% 0.27 3.98% 0.26 3.98% 0.26
(0.21%) 0.03) 0.17%) 0.02 (0.17%) 0.02
5Q3 + * 3.86% 0.27 3.92% 0.26 3.92% 0.26
(0.28%) (0.03) {0.23%) (0.01) (0.23%) 0.02)
5Q1 + 5Q3 + * 3.86% 0.33 3.92% 0.31 3.92% 0.31
(0.28%) 0.09) (0.23%) (0.06) (0.23%) 0.07)
5Q4 + * 3.88% 0.24 3.98% 0.24 3.98% 0.24
(0.26%) (0.00) 0.17%) (0.00) (0.17%) (0.00)
5Q1+5Q4 + * 3.88% 0.37 3.98% 031 3.98% 0.31
(0.26%) 0.13) (0.17%) (0.06) (0.17%) .07
5Q5 + * 4.00% 0.26 4.02% 0.24 4.02% 0.24
(0.14%) 0.02) (0.13%) 0.00) (0.13%) (0.00)
5Q1+ 5Q5 + * 3.98% 0.38 4.01% 0.31 4.01% 0.31
(0.16%) 0.14 (0.14%) (0.06) (0.14%) 0.07)
5Q2 + 5Q1 + 5Q5 + * 3.89% 0.38 3.95% 0.31 3.95% 0.31
(0.25%) 014 (0.20%) (0.06) (0.20%) 0.07)
5Q3+5Q1 +5Q2 +5Q5 +* 3.83% 0.38 3.91% 0.3 3.91% 0.31
(0.31%) 0.14) (0.24%) 0.06) (0.24%) 0.07)
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Table 9 — Diversification Benefits with International benchmark (continued)

Unconstrained No short sales Upper bound
Investment opportunity set GMV SR GMV SR GMV SR
W N @ N ) ®
First Subperiod: 1991/1 - 1997/12
Size Ouartiles
* 2.37% 0.60 2.38% 0.60 2.38% 0.60
4Q1 + * 2.34% 0.74 2.36% 0.71 2.36% 0.71
(0.03%) 0.14) (0.02%) 0.11) (0.02%) 0.12)
4Q2+4Q1 + * 2.31% 0.78 2.34% 0.71 2.34% 0.7
(0.06%) ©0.17) (0.04%) ©.11) (0.04%) 0.12)
4Q3 + 4Q1 +* 2.28% 0.79 232% 071 23%% 071
(0.09%) ©.19) (0.06%) (0.11) (0.06%) ©0.12)
4Q4+4Q1 + * 2.33% 0.80 235% 071 2.35% 071
(0.04%) (0.20) (0.03%) ©0.11) (0.03%) 0.12)
Size Ouintiles
* 2.37% 0.60 2.38% 0.60 2.38% 0.60
5Q1 + * 2.35% 0.72 2.36% 0.69 2.36% 0.69
(0.02%) 0.12) (0.02%) (0.09) (0.02%) 0.10)
5Q1 +5Q5 + * 2.34% 0.77 2.36% 0.69 2.36% 0.69
(0.03%) 0.17) (0.02%) (0.09) (0.02%) (0.10)
5Q2+5Q5+* 2.31% 0.69 2.34% 0.65 2.34% 0.65
(0.06%) 0.09) (0.04%) (0.05) (0.04%) (0.06)
Second Subperiod: 1998/1 - 2004/12
Threshold approach
* 3.19% 0.13 3.20% 0.13 3.22% 0.13
S+ * 3.04% 0.13 3.13% 0.13 3.14% 013
(0.16%) (0.00) (0.07%) (0.00) (0.08%) (0.00)
M+L+* 3.13% 0.28 3.17% 0.22 3.19% 0.19
(0.06%) 0.14) (0.02%) (0.08) (0.03%) (0.06)
S+L+* 3.02% 0.15 3.13% 0.13 3.14% 0.13
(0.18%) (0.02) (0.07%) (0.00) (0.08%) (0.00)
Sige Quartiles
* 3.19% 0.13 3.20% 0.13 3.22% 0.13
4Q1 + * 3.15% 0.28 3.19% 0.26 3.17% 0.26
(0.05%) (0.15) (0.01%) 0.13) (0.05%) ©.13)
4Q1 +4Q4 + * 3.14% 0.28 3.19% 0.26 3.17% 0.26
(0.05%) (0.15) (0.01%) ©0.13) 0.05%)  (0.13)
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Table 10 — Diversification Benefits with Large Cap international Benchmark

This table reports the ex-post measures of diversification benefits from expanding the investment opportunity set. For the definition of ¢
and A, respectively refer to equations [3] and [4] in the main body of the paper. GMV is the standard deviation of the global minimum
variance portfolio on the efficient frontier and SR is the maximum Sharpe ratio {excess return divided by the standard deviation) on the
efficient frontier. Results are separated into three sets of policy constraints: 1) investors are unconstrained and can take long or short
positions up to 100% of total capital, 2) investors cannot take short positions, 3) investors are restrained by a 0.5 weight upper bound in
any single asset. The LCB in the investment opportunity set column indicates that in addition to the listed portfolio, the optimization
considers the CAD denominated returns on the following large cap indices: S&P 500, Nikkei 300, CAC40, SPTSX, DAX30 and FTSE100.
The results are presented for the entire sample period as well as for its two subperiods.

Unconstrained No short sales Upper bound
Investment opportunity set GMV SR GMV SR GMV SR
) &) @ ) ) ®
Entire Period: 1988/1 - 2004/12
Threshold approach
LCB 3.41% 0.29 3.51% 0.26 3.51% 0.24
S+ LCB 3.30% 0.32 3.41% 0.26 ‘ 3.41% 0.24
(0.11%) (0.03) (0.10%) 0.00 (0.10%) 0.00)
M+ LCB 3.37% 0.35 3.49% 0.26 3.49% 0.26
(0.05%) (0.06) (0.02%) 0.01 (0.02%) 0.02
S+M+ LCB 3.30% 0.35 3.41% 0.26 3.41% 0.26
(0.12%) (0.06) (0.10%) 0.01 (0.10%) (0.02)
Sizge Ouartiles
LCB 3.41% 0.29 3.51% 0.26 3.51% 0.24
4Q1 + LCB 3.38% 0.46 3.49% 0.36 3.49% 0.36
(0.04%) 0.17) (0.02%) 0.10 (0.02%) 0.12
4Q2+4Q1+ LCB 3.34% 0.47 3.44% 0.36 3.44% 0.36
(0.07%) 0.19) 0.07%) 0.10 (0.07%) 0.12
4Q2 + LCB 3.35% 0.32 3.44% 0.26 3.44% 0.26
(0.07%} (0.03) 0.07%) 0.01 (0.07%) (0.02)
4Q3 + LCB 3.34% 0.31 3.45% 0.26 3.45% 0.25
(0.08%) (0.02) (0.07%) 0.00 (0.07%) 0.01)
4Q1+4Q3 + LCB 3.34% 0.47 3.45% 0.36 3.45% 0.36
(0.08%) 0.19) (0.07%) 0.10 (0.07%) (0.12)
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Table 10 — Diversification Benefits with Large Cap international Benchmark (continued)

Unconstrained No short sales Upper bound
Investment opportunity set GMV SR GMV SR GMV SR
@ ) _® Q) () »
Size Ouintiles
* 3.41% 0.29 3.51% 0.26 3.51 0.24
5Q1+* 3.40% 0.43 3.50% 0.33 3.50% 0.33
(0.02%) 0.14) (0.01%) (0.08) (0.01%) (0.10)
5Q2+5Q1+* 3.34% 0.41 3.45% 0.33 3.45% 0.33
0.07%) 0.12) (0.06%) (0.08) (0.06%) (0.10)
5Q2 + * 3.35% 0.36 3.45% 0.29 3.45% 0.29
(0.07%) (0.08) (0.06%) 0.03) (0.06%) 0.05)
5Q3 +* 3.30% 0.37 3.40% 0.29 3.40% 0.29
(0.11%) (0.08) (0.11%) (0.03) 0.11%) (0.05)
5Q1+5Q3 +* 3.30% 0.43 3.40% 0.33 3.40% 0.33
(0.12%) (0.15) (0.11%) (0.08) (0.11%) (0.10)
5Q4 + * 3.35% 0.32 3.46% 0.26 3.46% 0.25
(0.06%) (0.03) (0.05%) (0.00) (0.05%) (0.01)
5Q1 +5Q4 + * 3.35% 0.44 3.46% 0.33 3.46% 0.25
(0.06%) 0.15) (0.05%) (0.08) (0.05%) 0.02)
5Q1+5Q2+5Q3 + * 3.29% 0.43 3.40% 0.33 3.40% 0.33
(0.13%) (0.15) (0.11%) (0.08) 0.11%) (010}
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Table 10 — Diversification Benefits with Large Cap international Benchmark (continued)

Unconstrained No short sales Upper bound
Investment opportunity set GMV SR GMV SR GMV SR
(Wl @) W Q) ® )
First Subperiod: 1991/1 - 1997/12
Threshold approach
LCB 2.79% 0.58 2.80% 0.50 2.80% 0.48
S+ LCB 2.72% 0.66 2.75% 0.51 2.75% 0.51
(0.06%) 0.07) (0.05%) 0.02) (0.05%) (0.03)
Size Ouartiles
LCB 2.79% 0.58 2.80% 0.50 2.80% 0.48
4Q1 + LCB 2.76% 0.84 2.78% 0.66 2.78% 0.66
(0.03%) 0.25) (0.03%} (0.16) (0.03%) 0.18)
Size Ouintiles
LCB 2.79% 0.58 2.80% 0.50 2.80% 0.48
5Q1+ LCB 2.76% 0.79 2.78% 0.64 2.78% 0.63
(0.02%) 0.21) (0.02%) (0.14) (0.02%) (0.15)
5Q1 +5Q2 + LCB 2.74% 0.82 2.76% 0.64 2.76% 0.63
(0.05%) (0.23) 0.04%) (0.14) (0.04%) (0.16)
5Q2 + LCB 2.74% 0.74 2.76% 0.58 2.76% 0.58
(0.04%) (0.15) (0.04%) (0.09) (0.04%) (0.10)
5Q3+ LCB 2.74% 0.66 2.76% 0.53 2.76% 0.53
(0.04%) (0.08) (0.04%) (0.03) (0.04%) (0.05)
Second Subperiod: 1998/1 - 2004/12
Threshold approach
LCB 3.34% 0.18 3.64% 0.11 3.73% 0.1
M+ LCB 3.31% 0.36 3.64% 0.22 3.72% 0.18
(0.02%) 0.19) (0.00%) 0.11) (0.01%) (0.07)
Sizt Ouartiles
LCB 3.34% 0.18 3.64% 0.11 3.73% 0.11
4Q1 + LCB 3.27% 0.35 3.61% 0.26 3.69% 0.26
(0.07%) (0.18) (0.04%) (0.15) 0.03%) (0.15)
4Q1+4Q4 + LCB 3.26% 0.36 3.61% 0.26 3.69% 0.26
(0.07%) 0.18) (0.04%) (0.15) (0.03%) 0.15)
Sige Quintiles
LCB 3.34% 0.18 3.64% 0.11 3.73% 0.11
5Q1 + LCB 3.26% 0.31 3.60% 0.22 3.70% 0.22
(0.07%) ©.13) (0.04%) 0.11) (0.03%) 0.11)
5Q3 + LCB 3.28% 0.28 3.59% 0.18 3.66% 0.17
(0.06%) (0.10) (0.05%) (0.08) (0.06%) (0.06)
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FIGURE 1 -Diversification benefits from adding 4Q1 portfolio (1986-2004)
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FIGURE 2-Diversification benefits from adding 4Q1 portfolio (1998-2004)
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