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Abstract: This study analyzed the statement “diversification is a free lunch”. We empirically showed
that diversification is only a free lunch under uncertainty or ignorance, confirming Warren Buffett’s
“diversification is protection against ignorance”. Using historical returns of the S&P500 constituents
illustrated that diversification not only decreased the risk but also the returns if the expected returns
could be estimated. The findings of this study highlight that diversification reduces risk but that the
risk reduction is not for free.
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1. Introduction

Diversification is a fundamental concept in finance and is often loosely explained with
“Don’t put all your eggs in one basket”. Importantly, diversification is frequently labeled a
free lunch, and even “the only free lunch”.! The statement seems to be at odds with the
fundamental economic principle proposed by Nobel laureate Milton Friedman that “there
is no such thing as a free lunch”. In other words, nothing is for free.” Extending this idea to
the concept of diversification means that the reduction in risk comes at the cost of lower
returns and is thus not a free lunch.

This study aimed to solve the contradiction between the seemingly common and
widely accepted belief that diversification is a free lunch and the fundamental economic
principle that there is no such thing as a free lunch. We used theoretical arguments and an
empirical analysis to demonstrate that there is no contradiction.

A simple example highlights that diversification is costly. The performance of a
diversified portfolio of 500 stocks represented by the S&P500 increased four-fold between
2009 and 2023 compared with the performance of a single stock represented by Apple,
which increased about 55 times over the same period. Obviously, this comparison is
arbitrary and ex post. Ex ante, in 2009, it was not clear which stock would outperform
the S&P500 over the following 14 years. However, it was clear in 2009 that the risk of any
single stock would be higher than the risk of a diversified portfolio. This explains why the
focus is commonly on risk, as the risk of a diversified portfolio is generally lower than the
risk of any individual stock both ex ante and ex post. Importantly, the fact that the risk can
be reduced through diversification does not automatically imply that this can be achieved
without reducing the return, and thus, at no cost, implying a free lunch. Surprisingly, given
the frequent claims of Markowitz that “Diversification is the only free lunch”, Markowitz
(1952) showed that if expected returns are used, diversification is never superior (p. 89).%

It is also important to note that diversification is not a free lunch if the Sharpe ratio
increases for more diversified portfolios unless the increased Sharpe ratio is based on stable
or higher returns. While Sharpe ratios can increase if the reduction in risk is greater than
the reduction in the expected return, the increased Sharpe ratio cannot be labeled a free
lunch, as it comes at the cost of a lower expected return.
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This paper illustrates that diversification can only be a free lunch if inefficient markets
are assumed. Interestingly, the fundamental principle of a positive risk—return relationship
would also be violated if diversification was a free lunch. Specifically, if diversification
would lower the risk and not lower returns, risk and return would not be aligned. Given
this reasoning and the explicit statements in Markowitz (1952) about diversification, we
wonder whether Markowitz has actually ever said that “diversification is the only free
lunch”. Our skepticism is supported by the lack of any reference to an article, book, website,
or recording as evidence.

The empirical part based on a sample of monthly share prices of the S&P500 con-
stituents over 20 years showed that diversification is not a free lunch if the expected returns
can be estimated. The analysis also identified two special conditions, uncertainty and
ignorance, under which diversification is a free lunch for investors. We showed through
simulations that such ignorance implies portfolios that had the same return but lower risk
with an increasing number of assets in the portfolio. This condition supports the state-
ment by Warren Buffett that “diversification is protection against ignorance”. Importantly,
while the expected returns did not fall with an increasing number of assets in a portfolio
under investor ignorance, i.e., the investor knew nothing about the assets and picked
them randomly, the expected returns were clearly lower compared with more reasonable
alternatives, such as that expected returns could be estimated and were not unknown.
Hence, ignorance whilst delivering a free lunch of diversification is costly.

The analysis further indicated that the statement “there is no such thing as a free lunch”
(Friedman 1975) was based on the implicit and generally silent assumption of uncertainty
or ignorance. If all the benefits and costs of an action are known, any reference to “there is
no such thing as a free lunch” is redundant.*

Given the importance of diversification for investing and risk management, it is not
surprising that there is a large literature on diversification. However, we could not find
any research that focused on the “free lunch of diversification” and analyzed its validity. In
addition, we could not find any research that discussed the role of uncertainty or ignorance
in the context of diversification.

Key papers on this topic are Markowitz (1952) and more recently Booth and Fama
(1992), Chua et al. (2009), Choueifaty and Coignard (2008), Kinlaw et al. (2021), Rudin and
Morgan (2006), Flores et al. (2017), and Yeung et al. (2012), among many others.

Choueifaty and Coignard (2008) studied maximum diversification and confirmed that
constant proportion portfolios earn additional returns labeled diversification returns by
Booth and Fama (1992).

Chambers and Zdanowicz (2014) identified limitations on the diversification return if
there is no mean reversion in the underlying assets.

Rudin and Morgan (2006) created a portfolio diversification index and demonstrated
a declining marginal value of diversification. They also used principal component analysis
to evaluate the effective number of truly independent components within a portfolio.

Chua et al. (2009) emphasized that upside diversification is undesirable. They pro-
posed a portfolio construction technique that produces lower correlations on the downside
and higher correlations on the upside than mean variance optimization portfolios.

Kinlaw et al. (2021) reconsidered Chua et al. (2009)’s “myth of diversification”. They
argued that investors prefer diversification when a portfolio’s main growth engine performs
poorly and unification when it performs well.

Yeung et al. (2012) identified the proponents of diversification, e.g., Harry Markowitz
and William Sharpe, and concentrators, e.g., John Maynard Keynes and Warren Buffett.
The authors analyzed mutual fund performance and found that concentrated portfolios
outperformed diversified portfolios.

Lozza (2001) and Jarrow (1986) analyzed stochastic dominance for portfolio choice and
arbitrage, respectively. Tobin (1958) demonstrated that investors “pay for diversification”
(see also Samuelson 1967), which supports this paper’s main claim that “diversification is
not a free lunch”.
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This study contributes to the literature by demonstrating that diversification is only
a free lunch under special (and arguably extreme) assumptions of uncertainty or igno-
rance. Without uncertainty or ignorance but risk and some knowledge (as opposed to full
ignorance), diversification is not a free lunch.

The findings of this study also contribute to the diversification puzzle (see Lozza et al.
2018; Statman 2004), as lower (sub-optimal) degrees of diversification can be explained
with the fact that diversification comes at the cost of lower returns. Lozza et al. (2018) also
showed that risk-seeking investors invest in a single stock and that different risk attitudes
affect the level of diversification. Finally, Ibragimov (2007) demonstrated that extremely
heavy-tailed risks or returns reverse the stylized fact that diversification is preferable.’

The remainder of this paper is structured as follows: Section 2 provides the theoretical
background and basis for the empirical analysis in Section 3. Section 4 summarizes the
main results and provides concluding remarks.

2. Background

This section provides a theoretical background for the empirical analysis.

If an investor selects the asset with the highest expected return from the set of investible
assets, adding any other asset will reduce the expected return because the added asset has a
lower expected return than the “highest expected return” asset. The fact that it will reduce
the risk (if the correlation is smaller than 1 and the risk of the added asset is lower than the
risk of the first asset) is the essence of diversification but this reduction in risk is not a free
lunch because it comes at a cost.

Using the adage “Don’t put all your eggs in one basket”, if an investor puts all their
eggs in two baskets, the risk will be lower but there is no free lunch, as two baskets must
be more expensive than one basket. And the two baskets would need to be different, as if
they were the same, the correlation would be one and there would be no diversification,
and thus, no risk-reduction benefit.

2.1. Two-Asset Portfolios

Based on a two-asset portfolio, we show that diversification will always dilute returns
unless both assets have the same expected return. In a second step, we demonstrate
that diversification reduces risk if correlations are smaller than 1.° In a third step, we
demonstrate that there is a free lunch on the inefficient part of the efficient frontier.

We do not explicitly discuss inefficient markets, e.g., the combination of two assets
that have the same return but different risk or the same risk and different returns. In these
cases, a combination of the assets, and thus, diversification would be a free lunch, but based
on the assumption that markets are not efficient.” We assumed that markets are efficient
and that the no-arbitrage condition holds.

2.1.1. Returns

Under which conditions can diversification lead to a higher return than the “starting”
asset 1 (R1)? For simplicity, we assumed that the one-asset portfolio consisting of asset 1 is
diversified with an addition of asset 2 (Ry), forming a two-asset portfolio. We allowed for
different weights denoted as w with 0 < w < 1.

wR1+ (1—w)Ry > Ry 1
(w—1)Ry+(1—w)Ry, >0 )
(w—1)Ry > —(1 —w)R; ®3)

(w—1)Ry > (w—-1)Ry 4)

Ry <Ry ®)

The above set of equations show that the return of asset 1 can only be enhanced
if asset 2 has a higher return than asset 1. This implies that diversification cannot be a
free lunch unless a higher-return asset is added, which means that a sub-optimal set of
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assets was used as a starting point and higher-return assets are ignored. In other words,
diversification is only a free lunch if higher-return assets are included in the second stage
but were not considered in the first stage.

Note that this conclusion is based on the implicit assumption that the investor can
precisely predict future returns or that the investor can rank assets correctly, even if the
actual returns are different. If the investor is ignorant, no ranking can be performed.

2.1.2. Risk

Assume two assets with expected returns of 10% and 5% and standard deviations
(risks) of 10% and 5%, respectively. If the correlation between the two assets is 0.5, an equally
weighted portfolio would yield an expected return of 7.5% and a standard deviation (risk)
of 6.61%. If the correlation between the two assets was 1, the risk of the portfolio would be
7.5%, and thus, a linear combination of the two assets’ risks (0.5 x 10% + 0.5 x 5%). This
simple example illustrates that the risk can be reduced under the rather weak assumption
that the correlation between two assets is smaller than 1. However, the lower risk comes at
a cost of a lower return. As mentioned above, similar returns of the two assets but different
risks would imply inefficient markets, which is a rather strong assumption and premise to
achieve a free lunch through diversification.

2.1.3. Efficient Frontier

Figure 1 presents the risk—return relationship for two assets with a correlation of
zero for different weights w (1 — w) from 0 to 1. The graph shows that the risk can be
reduced and the return can be enhanced, consistent with a free lunch of diversification
on the inefficient part of the frontier only (below the dashed horizontal line). However,
on the efficient part of the frontier (above the dashed horizontal line), any risk reduction
implies a reduction in the expected return, inconsistent with the free lunch of diversification.
Graphically, the claim that diversification is a free lunch would be represented by a line
with a zero slope (parallel to the x-axis), implying that a reduction in risk can be achieved
at a constant return, and thus, at no cost. A line with a negative slope would imply that the
reduction in risk can be achieved at an increased return, and thus, at a negative cost.

10

— rnean return and risk, asset 1 (10,10), asset 2 (5,5) ‘

return

risk

Figure 1. Efficient frontier and free lunch on an inefficient frontier. The graph displays the frontier
of two assets with a correlation of zero (black line) and the frontier of two assets with similar
risk and return with a correlation of one (red line). The inefficient part of the frontier (below the
dashed horizontal line) is an area where the risk-return relationship is negative and where the risk
can be reduced and the return can be enhanced, consistent with the free lunch of diversification.
However, to achieve such an outcome, inefficient allocations must be entertained. The efficient
frontier above the dashed line displays a positive risk-return relationship and does not entail the free
lunch of diversification.
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While the graph does not include short sales, leveraged positions through short sales
would extend the efficient frontier on the right and enable higher returns and higher
risk. Hence, short sales do not enhance returns at a constant level of risk, implying no
“free lunch”.

This section demonstrates that for two-asset portfolios, there is no free lunch of
diversification. The following section analyzes the question of whether diversification
empirically entails a free lunch for portfolios of up to 500 stocks.

3. Empirical Analysis

This section presents the empirical analysis results of diversification based on log
returns of the monthly prices of the S&P500 constituents from 31 December 1999 to 31
January 2022. We used all 500 constituents of the S&P500 for the analysis and assumed that
an investor created differently sized, equally weighted portfolios drawing from this set of
500 stocks.

We considered three scenarios for the analysis of the costs and benefits of diversifica-
tion to answer the question regarding whether diversification is a free lunch.

First, we assumed that investors can accurately predict future returns and, therefore,
rank each asset (constituent of the S&P500) based on its expected return. Markowitz (1952)
referred to this as the “expected return rule”. Second, we assumed that investors were
ignorant and randomly picked assets, and thus, not using any information about the assets
or not knowing anything about the assets. Third, we assumed a scenario where investors
used historical returns to predict future (expected) returns. Each scenario was assigned a
specific label based on the information of investors. In the first scenario, investors had certainty
about future returns; in the second scenario, investors had uncertainty about future returns;
and in the third scenario, investors faced risk and could only imperfectly predict future returns.
The distinction between uncertainty and risk was consistent with Knightian uncertainty
(Knight 1921). We further analyzed the role of rebalancing by considering (i) no rebalancing of
the portfolio over time and (ii) rebalancing every month to ensure equal weights of all assets.
Rebalancing can be considered to enhance diversification, as it ensures equal weights (1/N)
for all assets in the portfolio. No rebalancing allows weights to change significantly and could
result in rather concentrated portfolios toward the end of the investment period.

3.1. Certainty—Expected Returns Rule

Table 1 and Figure 2a demonstrate the effect of diversification by increasing the
number of assets considered in a portfolio from 1 to 5, 10, 20, 50, 100, 200, and 500. Given
the assumed certainty about future expected returns, the assets were ranked and the highest
returning asset was put in a portfolio with one asset. The next four-highest-ranked assets
were included in the portfolio and equally weighted (1/N) to form the portfolio with five
assets, and so forth. Due to the ranking of the assets based on their expected returns, the
average returns of these portfolios fell with an increasing number of assets in a portfolio.

The table and the graphs clearly show that this also held empirically: the returns of
the portfolios fell for an increasing number of assets in the portfolio, indicating a cost of
diversification. As expected, the risk also fell, and fell by more than the return reflected in
an increased Sharpe ratio® between portfolios of size 1 to 50. Portfolios of sizes 100, 200,
and 500 had lower Sharpe ratios, suggesting that the optimal portfolio size was around
50 assets. The maximum Sharpe ratio was 50 for the non-rebalanced portfolio and 20 for
the rebalanced portfolio.

While a focus on returns would suggest a portfolio with one asset only because it
had the highest return, including the standard deviation or the risk of the portfolio into
the decision may lead to portfolios with more than one asset or diversified portfolios. For
example, if the return/risk ratio (Sharpe ratio) is used as a decision rule, porfolios with
more than one asset are considered. Markowitz (1952) argued that this is the difference
between speculating and investing (see p. 87). Relying exclusively on expected returns is
speculating, whereas considering both expected returns and risk is investing.
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Figure 2. Effect of diversification with no rebalancing. The figure shows the mean returns and the
distributions of returns (vertical axis) for portfolios that comprised 1, 5, 10, 20, 50, 100, 200, and
500 stocks. The graphs are based on 10,000 draws of monthly returns in each scenario (certainty,
uncertainty, and risk).
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Table 1. Certainty—expected returns rule. This table shows the average returns and risks of portfolios
with 1, 5, 10, 20, 50, 100, 200, and 500 assets. Panel (A) shows the results of portfolios with no
rebalancing and panel (B) shows the results of portfolios with monthly rebalancing.

Panel A: No Rebalancing

1 5 10 20 30 50 100 200 500
Mean 0.026 0.019 0.017 0.015 0.015 0.013 0.012 0.010 0.007
SD 0.117 0.083 0.070 0.056 0.051 0.047 0.044 0.042 0.040
Min -0513 -0.393 —-0319 -0.18 —-0.183 —0.191 —-0.190 —-0.203 —0.204
Max 0.638 0.260 0.213 0.164 0.136 0.127 0.125 0.121 0.116
SR 0.221 0.236 0.247 0.277 0.283 0.281 0.270 0.237 0.180
Panel B: Rebalancing

1 5 10 20 30 50 100 200 500
Mean 0.026 0.022 0.021 0.019 0.018 0.016 0.014 0.012 0.007
SD 0.117 0.074 0.062 0.052 0.050 0.048 0.045 0.044 0.043
Min —-0513 —-0.243 -0.169 -0.166 —-0.179 -0.194 —-0.195 -—-0.209 -—0.214
Max 0.638 0.227 0.169 0.165 0.163 0.148 0.143 0.138 0.131
SR 0.221 0.304 0.333 0.361 0.358 0.340 0.320 0.275 0.170

It is also noteworthy that the maximum return fell by more than the minimum return
for an increasing number of assets in a portfolio. In other words, the upside risk fell by
more than the downside risk, highlighting that the symmetry of the standard deviation
was potentially hiding important information for investors. What diversification does is
not only make portfolios more stable by reducing the risk of losses but also reduces the risk
of gains.

We concluded that diversification is not a free lunch because the expected returns fell
for more diversified portfolios.

3.2. Uncertainty—Ignorance

Table 2 and Figure 2b present the results for a scenario of uncertainty and ignorance,
i.e,, the investor did not know anything about any stock and randomly picked stocks. We
used 1000 iterations of random picks for portfolios of size 1, size 5, size 10, etc., to calculate
the total return, mean return, standard deviation of returns, and other statistics, as shown
in Table 2. The graph is based on 10,000 iterations of randomly picked stocks and randomly
picked months of the sample to calculate the equally weighted returns for each of these
portfolios. For each portfolio size, the average return (median) and the distribution of these
averages over all 10,000 draws is illustrated through boxplots. The results presented in the
table are based on the full sample with no rebalancing and rebalancing. In contrast, the
results presented in the graph are based on draws from the monthly return sample. The
random draws from the sample distribution allow for the use of boxplots to illustrate the
distribution of returns for each portfolio size. The number of iterations differ between the
table and the figure because the use of the full sample and the calculation of the total return
and average returns was computationally intensive, which is why only 1000 iterations
were considered.

The boxplots and statistics show that the average return was stable across all con-
sidered portfolios and that the variation in these returns fell with an increased number
of assets in the portfolio. Table 2 shows the variation in the average returns across all
500 stocks for portfolios of size 1 to portfolios of size 500.
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Table 2. Uncertainty—ignorance. This table shows the average returns, SDs, minimums, maximums,
and Sharpe ratios for portfolios with 1, 5, 10, 20, 50, 100, 200, and 500 assets of 1000 random draws,
consistent with uncertainty and ignorance.

Panel A: No Rebalancing, 1000 Draws

1 5 10 20 30 50 100 200 500
Mean 0.008 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007
SD 0.089 0.056 0.049 0.045 0.044 0.043 0.041 0.040 0.040
Min —-0437 —-0267 —0235 —-0.220 -0.216 —-0209 —0.205 —0.205 —0.204
Max 0.340 0.178 0.147 0.135 0.128 0.123 0.117 0.116 0.116
SR 0.100 0.129 0.144 0.158 0.166 0.171 0.173 0.176 0.179
Panel B: Rebalancing, 1000 Draws

1 5 10 20 30 50 100 200 500
Mean 0.011 0.011 0.011 0.011 0.011 0.011 0.011 0.011 0.011
SD 0.075 0.051 0.046 0.044 0.043 0.043 0.042 0.042 0.042
Min -0.284 -0216 —-0.213 -0.213 -0.213 -0215 -0.215 -0.215 -0.215
Max 0.226 0.154 0.145 0.141 0.139 0.137 0.135 0.133 0.131
SR 0.153 0.216 0.233 0.243 0.246 0.249 0.251 0.252 0.252

The relatively stable average return and the decreased risk represented by the standard
deviation and the minimum and maximum returns across all portfolios was consistent
with the free lunch associated with diversification. The larger the portfolio, and thus, the
more diversified the portfolio was, the lower the risk. This was achieved with a constant
return, and thus, no cost. In other words, since there was no cost due to diversification,
diversification was a free lunch in this scenario.

Theoretically, it is not surprising that the average returns were similar for all portfolio
sizes, as 1000 random draws of any number of assets will always yield an average return
equal to the average of all 500 stocks, i.e., 0.007. The risk fell with increasing portfolio sizes
because the assets were generally not perfectly correlated, with correlation coefficients
smaller than 1.

Our finding is consistent with Warren Buffett’s statement, “diversification is protection
against ignorance”.” It seems that diversification indeed provides protection and that the
risk is clearly lower for more-diversified portfolios than for less-diversified portfolios at
no cost.

However, it is also important to note that the average return under uncertainty was
lower than under certainty for all portfolio sizes, except the portfolio with all 500 stocks.
Hence, diversification was a free lunch under uncertainty but not a free lunch compared
with non-ignorance.

3.3. Risk—Estimate Future (Expected) Returns

Table 3 and Figure 2c present the results for a scenario in which investors estimated
future returns based on historical returns with different (historical) sample sizes and then
formed portfolios accordingly. The historical returns were assumed to be 36 months
(3 years), 72 months (6 years), 108 months (9 years), and 144 months (12 years), as presented
in panels A, B, C, and D in the table, respectively.

The figure only reports the results for 36 months. The results for 72, 108, and
144 months are displayed in Appendix A in Figure Al. Investors were assumed to use
historical returns to predict future returns. The displayed results are based on 1000 draws
from the predicted (out-of-sample) sample period. Specifically, the average returns were
estimated based on the assumed historical data, e.g., 36 months. The returns were ranked
and the assets allocated to the specific portfolios. We then used the future (out-of-sample)
returns (in the 36-month case, the out-of-sample was from month 37 to the end of the
sample) to calculate the total returns, risk, and minimum and maximum returns over the
out-of-sample period.
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Table 3. Risk-estimate future returns. This table shows the average returns, SDs, minimums,
maximums, and Sharpe ratios for portfolios of sizes 1, 5, 10, 20, 50, 100, 200, and 500 assets and for
different histories of returns and corresponding estimation periods (36, 72, 108, and 144 months) to
estimate future returns. Portfolios were not rebalanced over the investment horizon.

Panel A: 36 Months

1 5 10 20 30 50 100 200 500
Mean 0.009 0.012 0.012 0.011 0.011 0.011 0.010 0.008 0.009
SD 0.111 0.056 0.050 0.050 0.048 0.047 0.046 0.045 0.044
Min —0.484 —0.237 —0.235 —0.258 —0.251 —0.224 —0.234 —0.220 -0.217
Max 0.373 0.207 0.169 0.152 0.143 0.138 0.132 0.136 0.132
SR 0.084 0.209 0.228 0.230 0.230 0.226 0.210 0.190 0.192
Panel B: 72 Months

1 5 10 20 30 50 100 200 500
Mean 0.017 0.012 0.008 0.009 0.009 0.009 0.008 0.008 0.007
SD 0.104 0.067 0.065 0.055 0.054 0.052 0.052 0.050 0.046
Min —0.513 —0.330 —0.357 —0.286 —0.268 —0.250 —0.256 —0.255 -0.217
Max 0.356 0.232 0.232 0.184 0.175 0.178 0.160 0.153 0.131
SR 0.168 0.173 0.128 0.159 0.163 0.169 0.160 0.154 0.163
Panel C: 108 Months

1 5 10 20 30 50 100 200 500
Mean 0.019 0.013 0.014 0.013 0.012 0.012 0.012 0.011 0.011
SD 0.081 0.048 0.052 0.050 0.047 0.046 0.043 0.045 0.045
Min —0.193 —0.143 -0.232 —0.248 -0.219 -0.227 —0.208 —-0.212 -0.215
Max 0.324 0.128 0.173 0.170 0.156 0.171 0.141 0.134 0.130
SR 0.229 0.278 0.272 0.250 0.245 0.260 0.268 0.248 0.247
Panel D: 144 Months

1 5 10 20 30 50 100 200 500
Mean 0.015 0.010 0.014 0.011 0.012 0.011 0.011 0.010 0.011
SD 0.085 0.058 0.055 0.046 0.044 0.045 0.044 0.042 0.042
Min —0.193 —0.260 —0.227 —0.216 —0.193 —0.221 —0.233 —0.214 —0.215
Max 0.324 0.152 0.151 0.173 0.156 0.165 0.153 0.136 0.130
SR 0.178 0.179 0.245 0.244 0.272 0.248 0.248 0.252 0.259

This table shows that the average portfolio returns generally fell across all portfolio
sizes and for all scenarios.

Remarkably, the order of returns was mainly preserved for the out-of-sample period.
While the returns were lower than for the case of certainty, the forecasts still yielded higher
returns than for the case of uncertainty and ignorance.

We concluded that diversification came at a cost of lower average returns despite the
lower associated risk, which implies that diversification is not a free lunch.

4. Summary and Concluding Remarks

This study was motivated by the frequently stated claims that diversification is a
free lunch. It contributes to the literature with an explicit analysis of this claim and by
highlighting the cost of diversification and the role of uncertainty and ignorance.

We demonstrated that diversification generally came at a cost through lower returns,
and thus, was not a free lunch. While the risk of diversified portfolios was clearly lower
than that of less-diversified or undiversified portfolios, the return was generally also lower.
There was only one exception. If the investor cannot know (uncertainty) or does not
know (ignorance) the risk and return of stocks and consequently picks stocks randomly;,
diversification is a free lunch. Besides this exception and special case, “there is no such
thing as a free lunch”, as proposed by Milton Friedman. We also note that there seems
to be no evidence that would support the claim that Harry Markowitz actually said that
“diversification is the only free lunch”. Furthermore, our findings are consistent with Warren
Buffett’s “diversification is protection against ignorance”. In contrast, full knowledge makes
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diversification redundant. This may explain why entrepreneurs commonly have relatively
concentrated wealth.

While most of our analysis was based on simulations with monthly share prices of
all constituents of the S&P500, we also provide theoretical arguments why diversification
is not a free lunch. For example, if diversification was a free lunch, it would violate the
fundamental positive risk-return relationship in finance. Specifically, if risk can be reduced
without a cost, risk and return are not positively aligned. We also show that diversification
is a free lunch on the inefficient part of the frontier, which highlights that at least some “free
lunch” claims may be based on the implicit assumption of inefficient markets.

We concluded that diversification is only a free lunch for investors who are ignorant
or uninformed and for inefficient markets. This study can further help to explain why
investors tend to use only a small number of assets to diversify and not a larger number of
assets, which is commonly referred to as the “diversification puzzle”. Transaction costs,
and particularly the need to regularly rebalance a diversified portfolio, may also explain
why investors hold rather undiversified portfolios. If such transaction costs were included,
the case against the free lunch of diversification argument would be even stronger.

It may also be interesting to study the benefits and costs of diversification or diversity
in other fields. For example, is the trade-off between returns and risk reduction for more
diverse portfolios also evident in the returns and risks of biodiversity or diversity of the
work force? We leave these questions for future research.

Funding: This research received no external funding.
Data Availability Statement: Data is contained within the article.

Conflicts of Interest: The author declares no conflicts of interest.

Appendix A

Table A1l. Descriptive statistics of results as reported in Figure 2a—c. This table shows the average
returns, SDs, minimums, maximums, and Sharpe ratios for portfolios with 1, 5, 10, 20, 50, 100, 200,
and 500 assets and 10,000 draws.

Panel A: Certainty

1 5 10 20 30 50 100 200 500
Mean 0.027 0.023 0.021 0.019 0.017 0.016 0.014 0.012 0.007
SD 0.117 0.073 0.062 0.052 0.049 0.048 0.044 0.043 0.043
Min —0.513 —0.243 —0.169 —0.166 -0.179 —0.194 —0.195 —0.209 —-0.214
Max 0.638 0.227 0.169 0.165 0.163 0.148 0.143 0.138 0.131
SR 0.229 0.316 0.337 0.362 0.356 0.343 0.322 0.278 0.174
Panel B: Uncertainty and Ignorance

1 5 10 20 30 50 100 200 500
Mean 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007
SD 0.096 0.057 0.051 0.047 0.046 0.045 0.044 0.044 0.044
Min -1379  —-0458 —-0359 0330 —0294 0298 0255 0244 0217
Max 1.524 0.358 0.235 0.200 0.192 0.183 0.168 0.150 0.132
SR 0.075 0.120 0.134 0.144 0.148 0.152 0.151 0.153 0.154
Panel C: Risk

1 5 10 20 30 50 100 200 500
Mean 0.011 0.012 0.012 0.011 0.011 0.011 0.010 0.009 0.009
SD 0.111 0.055 0.050 0.048 0.047 0.045 0.044 0.043 0.043
Min —0.484 —0.237 —0.235 —0.258 —0.251 —0.224 —0.234 —0.220 —-0.217
Max 0.373 0.207 0.169 0.152 0.143 0.138 0.132 0.136 0.132
SR 0.103 0.213 0.233 0.236 0.237 0.232 0.217 0.197 0.199
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Figure A1l. Effect of diversification—risk scenario with no rebalancing. The figure shows the mean
returns and the distributions of returns (vertical axis) for portfolios that comprised 1, 5, 10, 20, 50, 100,

200, and 500 stocks.
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Notes

! The Nobel Prize laureate, economist Harry Markowitz, is reported to have said that “Diversification is the only free lunch” in

investing. See also an article in the Financial Times (7 July 2023) https://www.ft.com/content/26b094d4-f2e2-49b2-b8c7-6c7c7
0a75888 (accessed on 23 March 2024) “[...] you can get the same or greater return for the same or less risk, right? More return,
less risk”.

Arbitrage is generally defined as risk-free, and thus, consistent with a free lunch, e.g., a free arbitrage profit at no cost. In reality,
however, arbitrage is not totally risk-free, e.g., most arbitrage opportunities entail counterparty risk.

“The hypothesis (or maxim) that the investor does (or should) maximize discounted return must be rejected. If we ignore market
imperfections the foregoing rule never implies that there is a diversified portfolio which is preferable to all non-diversified
portfolios.” (p. 77).

Consider two scenarios: (i) If X invites you for lunch, you must take into account that X expects a similar invite or a favor in
return in the future consistent with the idea of “there is no such thing as a free lunch”; (ii) if X invites you for lunch and informs
you that you must pay for it in full now or in the future, you need not take into account that X expects an invite or any favor in
return in the future as nothing is offered for free.

Measuring the risk and reward is important in the context of diversification. Cheridito and Kromer (2013) introduced three new
families of risk-reward ratios, and Zakamouline and Koekebakker (2009) focused on portfolio evaluation with a generalized
Sharpe ratio.

Statman (2004) used the assumption of identical expected returns, variances, and correlations to show the risk reduction effects of
diversification. Lozza et al. (2018) used the assumption of identical variances and correlations in Proposition 2.

A market is inefficient if asset 1 has an expected return of 10% with a risk of 10% and asset 2 has an expected return of 12% and
a risk of 8%. In this case, nobody would invest in asset 1, as it is dominated by asset 2, both in terms of returns and risk. The
differences in returns and risk should drive the price of asset 2 up and the price of asset 1 down, aligning the expected returns
with the risk of the two assets. A more efficient market would be characterized by an expected return of 12% for asset 1 and an
expected return of 8% for asset 2.

We assumed a risk-free rate of 0% to calculate the Sharpe ratio.

“We think diversification—as practiced generally—makes very little sense for anyone that knows what they’re doing. Di-
versification is a protection against ignorance”. “There is less risk in owning three easy-to-identify, wonderful businesses
than there is in owning 50 well-known, big businesses.” Warren Buffett, Berkshire Hathaway: Annual Shareholders Meet-
ing (1986). https://www.grahamvalue.com/blog/warren-buffett-and-diversification (accessed on 23 March 2024), https:
/ /youtu.be/55IFdwZ_oQk (accessed on 23 March 2024).
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