QUANTITATIVE RESEARCH

This research article analyzes the impact of portfolio diversification when applied to a portfolio of stocks and bonds. In
particular, it shows that by spreading the investment on uncorrelated asset classes an investor may achieve a higher
return per unit of risk taken (Sharpe ratio).
The article is structured as follows. The first section introduces the concept of portfolio diversification through Markowitz
Portfolio Theory (MPT). The second section shows how portfolio diversification applies to traditional asset classes like
equities and bonds by building an efficient frontier where an investor can choose his desired portfolio in terms of risk and
return. The final section analyzes the improvement in the efficient frontier and an existing portfolio by allocating to a
hypothetical quant global macro investment strategy investing in all asset classes. The last section concludes with key
takeaways.

This paper is intended for academic and educational purposes and is not an investment recommendation. The hypothetical models discussed in
this paper do not reflect the investment performance of any actual product or strategy in existence during the periods tested and there is no
guarantee that if such product or strategy existed it would have displayed similar performance characteristics. A decision to invest in any product or
strategy should not be based on the information or conclusions contained herein.

JANUARY 2019 | PORTFOLIO DIVERSIFICATION: HOW TO POTENTIALLY GAIN HIGHER RETURNS PER UNIT OF RISK

1.

Introduction to Modern Portfolio Theory (MPT)

3

2.

Efficient Frontier

3

3.

Portfolio diversification applied to stocks and bonds

5

4.

Efficient frontier by allocating to a Quant Global Macro investment

5

5.

Conclusion

6

Appendix 1: Modern Portfolio Theory

7

Disclaimer

8

Andrea is President and Portfolio Manager at Bluesky Capital. Prior to founding Bluesky Capital, Andrea worked as a
Quant at Sauma Capital, a quantitative hedge fund in New York, and as a management consultant at Ernst & Young.
Andrea holds an M.S. in Financial Engineering from Columbia University, and an M.S. in Industrial Engineering from the
University of Rome "La Sapienza".

For more info about our investment products or questions about this paper, you can use the contact information below,
or fill out or info request form.
T: +1 (646) 465-9295
E: info@blueskycapitalmanagement.com
W: www.blueskycapitalmanagement.com

2|9

JANUARY 2019 | PORTFOLIO DIVERSIFICATION: HOW TO POTENTIALLY GAIN HIGHER RETURNS PER UNIT OF RISK

different times during the considered period.
Figure 3 shows the 50-50 portfolio when the 2 assets are
perfectly uncorrelated, in other words their correlation is -1.
Modern Portfolio Theory (MPT) was introduced by Harry
Markowitz in his 1952’s research paper called “Portfolio
Selection”. In substance, it shows that by building a portfolio
invested in multiple uncorrelated assets an investor can
achieve better returns per unit of risk (Sharpe ratio) due to
portfolio diversification. Appendix 1 provides the formulas on
how to compute the expected return and volatility of a portfolio.
A simple illustration of the concept is given in the following
example, where we consider 2 assets having the same amount
of expected return and risk as measured by the volatility of
returns for different levels of correlation.
Figure 1 shows the 2 theoretical assets when they are almost
perfectly correlated (correlation is 0.93). In this case, they
move almost in the same way.
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50-50 Portfolio
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Figure 3 Portfolio diversification inversely correlated assets

As the figure shows, the final portfolio achieves the same
return of the initial assets, but it has no risk at all as measured
by volatility. This is due to the fact that the noise component of
the assets moves exactly opposite to each other, but they still
move in an uptrend. This provides final positive returns with no
risk.
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Table 1 gives the returns and risk stats for the 3 portfolios with
varying levels of correlation.
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Figure 1 Portfolio diversification correlated assets

As the figure show, by building a 50-50 portfolio invested
equally in the 2 assets does not give any diversification benefit,
since the asset move in almost sync.
Figure 2 shows the 50-50 portfolio when the assets are
uncorrelated to each other (correlation is 0).
Asset 1

Asset 2

50-50 Portfolio

Stats
Correlation
Mean returns
Vol returns
Sharpe

Asset 1

Asset 2

6.25%
13.86%
0.45

6.25%
13.86%
0.45

Corr
0.93
6.41%
14.00%
0.46

Uncorr
0.00
6.25%
9.80%
0.64

Inv Corr
-1.00
6.25%
0.00%
Inf

Table 1 Performance stats 50/50 portfolio vs correlation

As we can see from it, the lower the correlation between 2
assets, the higher the portfolio diversification benefits in terms
of returns per unit of risk taken (Sharpe ratio). For example, in
the case of uncorrelated asset, we achieve an increase In
Sharpe ratio of 0.18, while in the case of inversely correlated
assets we completely eliminate risk, obtaining a volatility of 0.
As the previous example shows, by investing in uncorrelated or
inversely correlated assets we can achieve better expected
returns per unit of risk or reduce the portfolio risk for the same
amount of return. The next section shows this concept and the
benefits of portfolio diversification through the efficient frontier.
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Figure 2 Portfolio diversification uncorrelated assets

As it can be noticed from the figure, the final portfolio has same
expected return, but less risk. This is due to the fact that the
assets don’t move perfectly together, offsetting each other at

Another way to visualize the benefits of portfolio diversification
is by plotting on a chart the amount of risk and expected return
of a portfolio. The efficient frontier is given by the combination
of portfolios that achieve maximum return for any given risk, for
multiple levels of risks considered.
Table 2 shows the risk-return stats of the 2 assets in the
following considered examples.
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Stats
Mean return
Vol return
Sharpe

Asset 1
9%
15%
0.60

perfectly correlated, uncorrelated, and inversely correlated
assets.

Asset 2
5%
6%
0.83

Uncorr

Table 2 Risk-return stats considered assets

0.1

Figure 4 shows the efficient frontier in the case of 2
uncorrelated assets, while Table x shows their performance
stats.
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Figure 6 Efficient frontiers for different levels of correlation
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Figure 4 Efficient frontier uncorrelated assets

As the figure shows, by investing in a portfolio formed by a
combination of uncorrelated assets, an investor can achieve
better return per unit of risk compared to investing in just a
single asset. In this example, an investor who would have
invested only in Asset 2 would have achieved 5% return with
6% risk. By investing in a portfolio containing both assets, the
investor can for example achieve the around 6.2% return for
almost the same level of risk.
Figure 5 shows the Sharpe ratio as a function of the
percentage invested in asset 1 in the portfolio.
Max Sharpe
Portfolio
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As we would expect from the results in the previous section
and as it can be seen from the figure, by investing in
uncorrelated or inversely correlated assets an investor can
achieve the same amount of expected return for less risk, or
increase the expected return by taking the same risk.
Figure 7 shows the impact of correlation on a portfolio invested
equally in the 2 assets.
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Figure 7 Relationship between Sharpe ratio and correlation
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Figure 5 Sharpe ratio vs portfolio composition

As the figure shows, there is a portfolio where an investor can
achieve a max return per amount of risk taken, the max Sharpe
portfolio. In the end, the investor will decide which portfolio to
invest in based on how much risk he is willing to assume.

As we can see from it, the Sharpe ratio increases more than
proportionally as correlation decreases. This shows the
importance of not keeping all the investment in one asset but
on the contrary diversifying a portfolio across multiple
uncorrelated assets.
The next section shows an application of portfolio
diversification when the 2 considered assets are stocks and
bonds.

Figure 6 shows the impact of correlation on the efficient
frontier. In particular, it shows 3 efficient frontiers in case of
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In this example we apply Modern Portfolio Theory to US stocks
and bonds, as represented by the S&P 500 and the Barclays
US Aggregate Bond Index respectively.
Figure 8 shows the performance of these 2 assets from
October 2003 to December 2018.

As the figure shows, since the 2 assets are uncorrelated
between each other, an investor who invests in both can get
better risk-adjusted returns compared to a pure investment in
equities or bonds only. This also shows that US investors, who
are usually predominantly invested in the stock market, may
obtain higher returns per unit of risk by investing a portion of
their portfolio to the bond market.
Figure 10 shows the Sharpe ratio as a function of the
percentage of the portfolio invested in stocks.
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Figure 8 Performance equities and bonds from Oct 2003 to Dec
2018

Table 3 shows the performance stats of the 2 assets during the
considered period.
Performance stats
Mean returns
Vol returns
Sharpe ratio
Correlation

Equities
6.99%
13.44%
0.52

Bonds
3.59%
3.71%
0.97
0.01

Weight Stocks
Figure 10 Sharpe ratio vs percentage portfolio invested in stocks

As the figure shows, during the considered period an investor
would have obtained the max Sharpe portfolio by investing
10% in equities and 90% in bond. This portfolio is quite the
opposite of the typical US investor portfolio. The max Sharpe
portfolio would have achieved a return of 3.93%, with a
volatility of 3.61%.
In this section we considered a portfolio of only 2 asset
classes, stocks and bonds. In the next section we see whether
we can improve our risk-adjusted performance by allocating a
portion of our portfolio to a hypothetical quant global macro
investment strategy investing globally in all asset classes.

Table 3 Performance stats equities and bonds

As the table shows, the correlation between the US stocks and
bonds for the selected period is almost 0, denoting that the 2
assets have been uncorrelated.
Figure 9 shows the efficient frontier obtained by combining
stocks and bonds with different weights in the portfolio.

Figure 11 shows the performance of a backtested quantitative
global macro investment strategy compared to US stocks and
bonds on a log scale.
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Figure 9 Efficient frontier equity-bond portfolios
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Equities

Bonds

macro strategy an investor may have achieved higher returns
for the same amount of risk, or less risk for the same amount
of returns (higher Sharpe ratio).

Quant Global Macro

A contributing factor to this result is the low correlation of the
quant global macro strategy to stocks and bonds, as showed
by the correlation matrix in Table 5.
5.00

Correlation matrix
Equities
Stocks
QGM

Equities
1.00
0.01
0.51

Bonds
1.00
0.30

1.00

Table 5 Correlation matrix among Quant Global Macro, equities,
and bonds
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Figure 13 shows the efficient frontier for an unconstrained
investment in the quant global macro product, stocks, and
bonds. This is compared to the 2 previously analyzed efficient
frontiers.

Figure 11 Performance Quant Global Macro investment vs stocks
and bonds

20.00%
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Table 4 shows the performance stats for the 3 investments.
Equities
6.99%
13.44%
0.52

Bonds
3.59%
3.71%
0.97

16.00%
14.00%

QGM
17.88%
15.93%
1.12

Return μ

Performance stats
Mean returns
Vol returns
Sharpe ratio

12.00%
10.00%
8.00%
6.00%

Table 4 Performance stats Quant Global Macro vs equities and
bonds

4.00%
2.00%

As both the figure and table show, the quant global macro
investment portfolio would have achieved superior riskadjusted returns for the considered period compared to both
equities and bonds.
Figure 12 shows the effect on the efficient frontier by allocating
10% of an existing stock and bond portfolio to the quant global
macro investment strategy.
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Risk σ
Figure 13 Improvement in the efficient frontier by unconstrained
investment in Quant Global Macro

As it can be seen from it, the investor could have theoretically
achieved higher risk-adjusted returns by investing a higher
proportion of his portfolio in the quant global macro investment
strategy. This also shows that it is important for an accredited
investor to consider an allocation of his portfolio to alternative
assets, like quantitative hedge funds, which could provide
uncorrelated returns to the equity and bond markets.

60/40
Portfolio

Bonds + 10%
QGM

4.00% Max Sharpe
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QGM

In this research we analyzed the benefits of portfolio
diversification on an existing portfolio. In particular, we have
shown the following:

Bonds
5.00%

10.00%

15.00%

Risk σ



Investing in a diversified portfolio can potentially
increase risk-adjusted returns: by building a
portfolio invested in multiple uncorrelated or inversely
correlated assets that move differently under various
economic conditions, an investor can potentially
achieve greater risk-adjusted returns.



Investors should consider a portfolio invested in
both stocks and bonds: by allocating to both stocks
and bonds like in a 60/40 portfolio, an investor can

Figure 12 Increase in efficient frontier by 10% allocation to Quant
Global Macro investment

As the figure shows, the efficient frontier with the quant global
macro product is superior in terms of returns per unit of risk
compared to the stocks and bonds only frontier. In other words,
by investing 10% of an existing portfolio to the quant global
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achieve a higher Sharpe ratio compared to a portfolio
invested only in stocks.


Investors may improve their efficient frontier by
allocating to a quant global macro investment
strategy: by allocating a portion of an existing
portfolio to a quant global macro investment strategy
may have increase the returns per unit of risk taken of
an existing investment portfolio invested only in
stocks and bonds.

According to Modern Portfolio Theory, we can quantify the
amount of expected return and risk in a portfolio by estimating
the return, volatility, and correlation between the assets in the
portfolio. The formula for 2 assets is given below:
(

)

(

)

(

)

√
Where:

(

)
( )

As it can be seen from the formulas, the key inputs determining
a portfolio risk and returns are the volatility, returns, and
correlations of the underlying assets included in the portfolio.
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This report is prepared and circulated for informational and
educational purposes only and is not an offer to sell or the
solicitation of an offer to buy any securities or other
instruments. The information contained herein is not intended
to provide, and should not be relied upon for investment,
accounting, legal or tax advice. This document does not
purport to advise you personally concerning the nature,
potential, value or suitability of any particular sector,
geographic region, security, portfolio of securities, transaction,
investment strategy or other matter. No consideration has been
given to the specific investment needs or risk-tolerances of any
recipient. The recipient is reminded that an investment in any
security is subject to a number of risks including the risk of a
total loss of capital, and that discussion herein does not
contain a list or description of relevant risk factors. As always,
past performance is no guarantee of future results. The
recipient hereof should make an independent investigation of
the information described herein, including consulting its own
tax, legal, accounting and other advisors about the matters
discussed herein. This report does not constitute any form of
invitation or inducement by Bluesky Capital to engage in
investment activity.
The information contained herein reflects, as of the date
hereof, the views of Bluesky Capital Advisors, LLC (together
with its affiliates, “Bluesky Capital”) and sources believed by
Bluesky Capital to be reliable. No representation or warranty is
made concerning the accuracy of any data compiled herein. In
addition, there can be no guarantee that any projection,
forecast, or opinion in these materials will be realized. Certain
information contained in the presentation discusses general
market activity, industry or sector trends, or other broad-based
economic, market or political conditions and should not be
construed as research. The views expressed herein may
change at any time subsequent to the date of issue hereof.
These materials are provided for informational purposes only,
and under no circumstances may any information contained
herein be construed as investment advice or an offer to sell or
a solicitation of an offer to purchase (or any marketing in
connection thereof) any interest in any investment vehicles
managed by Bluesky Capital or its affiliates. The information
contained herein does not take into account your particular
investment objectives, financial situations, or needs, and you
should, in considering this material, discuss your individual
circumstances with professionals in those areas before making
any decisions. Alternative investments can be highly illiquid,
are speculative, and may not be suitable for all investors.
Investing in alternative investments is only intended for
experienced and sophisticated investors who are willing to
bear the high economic risks associated with such an
investment. Investors should carefully review and consider
potential risks before investing. Bluesky Capital may make
investment recommendations and decisions that are contrary
to the views expressed herein, and may sponsor and hold
interests in investment vehicles that have holdings that are
inconsistent with the views expressed herein.

recipient on a confidential basis and is not intended for public
use or distribution. By accepting this report, the recipient
agrees to keep confidential the existence of this report and the
information contained herein. The recipient should not
disclose, reproduce, distribute or otherwise make available the
existence of and/or all or any portion of the information
contained herein to any other person (other than its
employees, officers and advisors on a need-to-know basis,
whom the recipient will cause to keep the information
confidential) without Bluesky Capital’s prior written consent.
This report shall remain the property of Bluesky Capital and
Bluesky Capital reserves the right to require the return of this
report at any time.
This paper is intended for academic and educational purposes
and is not an investment recommendation. The hypothetical
models discussed in this paper do not reflect the investment
performance of any actual product or strategy in existence
during the periods tested and there is no guarantee that if such
product or strategy existed it would have displayed similar
performance characteristics. A decision to invest in any
product or strategy should not be based on the information or
conclusions contained herein.
Some of the images, logos or other material used herein may
be protected by copyright and/or trademark. If so, such
copyrights and/or trademarks are most likely owned by the
entity that created the material and are used purely for
identification and comment as fair use under international
copyright and/or trademark laws. Use of such image, copyright
or trademark does not imply any association with such
organization (or endorsement of such organization) by Bluesky
Capital, nor vice versa.
© 2019 Bluesky Capital Advisors, LLC. All rights reserved.

Bluesky Capital makes no representations, express or implied,
regarding the accuracy or completeness of this information,
and the recipient accepts all risks in relying on this report for
any purpose whatsoever. This report is being furnished to the
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