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Where Correlation Fails

Conventional statistics hide important realities that investors need to know

For more than seven decades, investors have turned to the
correlation coefficient as a way to ensure they’re putting their An example of two assets with a +50% correlation
proverbial eggs into multiple baskets. Statistically, it is a but whose returns diverge over longer horizons

normalized measure of the average co-movement between 30% | ___ Asset A

assets that ranges between -1 and 1. A negative correlation 20% | ——AssetB

means that one asset is likely to zig when the other zags, 10% -

whereas a positive one means the two assets tend to move in

tandem. But does this measure, also known as the Pearson 0%

correlation, capture what investors actually care about? -10% -

In this paper, we argue that the answer is often no. There are ~20% 1

two reasons for this. Both reasons challenge the notion that -30% -

returns are “lID,” a critical pre-condition without which we 0 2 4 6 Ti?nelp())er:ilozd 14 16 18 20

must interpret the correlation coefficient distrustfully. _ _ o _
This hypothetical example shows two imaginary assets with

. . . . +50% correlation over monthly intervals and -20% correlation
The first reason has to do with the notion of divergence, an over bi-monthly intervals. This divergence occurs because the

assets have negative autocorrelation and negative lagged cross-

example of which is shown in the chart. Investors often correlation with each other. Source: State Street Global Markets.

measure correlations using monthly data and assume that

they also hold over one-year, five-year or ten-year periods.

They have good reason for this: it’s exactly what happens if returns come from a well-behaved IID distribution. Unfortunately,
in the real world, this assumption often fails which means short- and long-interval correlations can diverge. A high (low)
correlation over short intervals does not guarantee that assets will move in tandem (opposition) over longer ones.

The second reason has to do with a fundamental misconception about diversification. The fact is, investors don’t always want
it. Sure, they want it on the downside, in order to offset the poor performance of one or more assets. But on the upside they
prefer all assets to rise in unison, which is the opposite of diversification. Put differently, they’d be perfectly happy to place
their eggs, quite conveniently, in a single basket provided nobody steals it. Our research shows that correlations can vary
through time based on a range of conditions including the level of interest rates, the degree of turbulence in financial markets,
and the performance of major equity markets. And oftentimes, they are characterized by upside diversification and downside

unification, which is precisely the opposite of what investors want.

So what is an investor to do? We introduce the notion of co-occurrence which aligns with what investors really care about:
whether assets co-move (or not) over an investment horizon. Co-occurrence is the atomic unit of correlation; it is to
correlation as a single period return obsevation is to the standard deviation. Then we introduce full-scale optimization as a
means to build portfolios that implicitly account for the challenges outlined above and are designed to achieve the kind of
diversification that investors really want.

For more on this topic, see our 2023 journal article: “Co-occurrence: A New Perspective on Portfolio Diversification” by Will
Kinlaw, Mark Kritzman, and David Turkington.
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Our goal is to bridge the worlds of financial theory and practice with innovative investment research for asset managers and
owners. We focus on two fundamental drivers of performance to help State Street’s clients exceed their performance goals and
manage risk:

INFORMATION ADVANTAGE: Our extensive indicator suites provide investors with powerful and practical market intelligence.

RESEARCH ADVANTAGE: We partner with renowned academics to develop impactful new ideas for portfolio construction, risk
management, and investment strategies.

-
Learn more about our thought leadership, publications, interactive tools and indicators at * ll'lElghtS

Disclaimers and Important Risk Information

This communication is provided only to professional clients or eligible counterparties or their equivalent by State Street Bank and Trust Company or, where applicable and
permissible, its bank and non-bank affiliates (“State Street”). State Street Bank and Trust Company is authorized and regulated by the Federal Reserve Board, registered with the
Commodity Futures Trading Commission as a Swap Dealer, and is a member of the National Futures Association. State Street Bank International GmbH (“SSBI”) is regulated by
the European Central Bank (“ECB”), the German Federal Financial Supervisory Authority (“BaFin”) and the Deutsche Bundesbank. Details about the extent of SSBI’s regulation by
the ECB, the BaFin and Deutsche Bundesbank are available from us on request. Products and services described herein may not be available in all jurisdictions or through all State
Street entities. Activities described herein may be conducted from offshore. Information provided is of a general nature only and has not been reviewed by any regulatory
authority.

This communication is intended for general marketing purposes, and the information contained herein has not been prepared in accordance with legal requirements designed to
promote the independence of investment research. It is for clients to determine whether they are permitted to receive research of any nature. Market commentary provided by
trading desks is not investment research. This communication is not intended to suggest or recommend any transaction, investment, or investment strategy, does not constitute
investment research, nor does it purport to be comprehensive or intended to replace the exercise of an investor’s own careful independent review and judgment regarding any
investment decision.

This communication is not intended for retail clients, nor for distribution to, and may not be relied upon by, any person or entity in any jurisdiction or country where such
distribution or use would be contrary to applicable law or regulation. This communication or any portion hereof may not be reprinted, sold or redistributed without the prior
written consent of State Street. This communication and the information herein does not constitute investment, legal, or tax advice and is not a solicitation to buy or sell securities
or any financial instrument nor is it intended to constitute a binding contractual arrangement or commitment by State Street of any kind. The information provided does not take
into account any particular investment objectives, strategies, investment horizon or tax status.

The views expressed herein are the views of State Street as of the date specified and are subject to change, without notice, based on market and other conditions. The information
provided herein has been obtained from sources believed to be reliable at the time of publication, nonetheless, we make no representations or assurances that the information
is complete or accurate, and you should not place any reliance on said information. State Street hereby disclaims any warranty and all liability, whether arising in contract, tort or
otherwise, for any losses, liabilities, damages, expenses or costs, either direct, indirect, consequential, special, or punitive, arising from or in connection with any use of this
document and/or the information herein.

State Street may from time to time, as principal or agent, for its own account or for those of its clients, have positions in and/or actively trade in financial instruments or other
products identical to or economically related to those discussed in this communication. State Street may have a commercial relationship with issuers of financial instruments or
other products discussed in this communication.

This communication may contain information deemed to be forward-looking statements. These statements are based on assumptions, analyses and expectations of State Street
in light of its experience and perception of historical trends, current conditions, expected future developments and other factors it believes appropriate under the circumstances.
All information is subject to change without notice.

Information Classification: General 5843317.1.1.GBL. 2


https://globalmarkets.statestreet.com/insights

STATE STREET.

Participating in trading any financial instrument, including but not limited to foreign exchange, equities, futures, fixed income or derivative instruments, or investments in non-
liquid or emerging markets, or digital assets, or participating in securities lending, repurchase transactions or other collateral services present risks, which may include but are not
limited to counterparty, collateral, investment loss, tax, and accounting risks. Where applicable, returns may increase or decrease as a result of currency fluctuations. Derivatives
may be more volatile than the underlying instruments. Certain foreign exchange business, including spot and certain forward transactions, may not be regulated in all jurisdictions.
Past performance is no guarantee of future results.

Please contact your State Street representative for further information. To learn how State Street looks after your personal data, visit: https://www.statestreet.com/utility/privacy-

notice.html.

© 2023 State Street Corporation — All Rights Reserved

Global Markets Research Disclaimer Supplement [2023.01]

Australia: This communication is provided to wholesale clients by State Street Bank and Trust Company (Australian Business Number 70 062 819 630, Australian Financial
Services License 239679).

Brazil: The products in this marketing material have not been and will not be registered with the Comissdo de Valores Mobiliarios - the Brazilian Securities and Exchange
Commission ("CVM"), and any offer of such products is not directed to the general public within the Federative Republic of Brazil ("Brazil"). The information contained in this
marketing material is not provided for the purpose of publicly soliciting investments from investors residing in Brazil and no information in this marketing material should be
construed as a public offering or unauthorized distribution of the products within Brazil, pursuant to applicable Brazilian law and regulations.

Israel: State Street Bank and Trust Company is not licensed under Israel’s Regulation of Investment Advice, Investment Marketing and Portfolio Management Law, 1995. This
communication may only be distributed to or used by investors in Israel which are “eligible clients” as listed in the First Schedule to Israel’s Regulation of Investment Advice,
Investment Marketing and Portfolio Management Law 1995.

Japan: This communication is made available in Japan by State Street Bank and Trust Company, Tokyo Branch, which is regulated by the Financial Services Agency of Japan
and is licensed under Article 47 of the Banking Act.

Oman: State Street Bank and Trust Company is not a bank or financial services provider registered to undertake business in Oman and is not regulated by the Central Bank of
Oman or the Capital Market Authority.

Qatar: The information in this communication has not been reviewed or approved by the Qatar Central Bank, the Qatar Financial Markets Authority or the Qatar Financial
Centre Regulatory Authority, or any other relevant Qatari regulatory body.

Singapore: This communication is made available in Singapore by State Street Bank and Trust Company, Singapore Branch (“SSBTS”), which holds a wholesale bank license by
the Monetary Authority of Singapore. In Singapore, this communication is only distributed to accredited, institutional investors as defined in the Singapore Financial Advisers
Act 2001 (“FAA”) and its regulations. Note that SSBTS is exempt from Sections 27 and 36 of the FAA. When this communication is distributed to overseas investors as defined
in the FAA, note that SSBTS is exempt from Sections 26, 27, 29 and 36 of the FAA. This advertisement has not been reviewed by the Monetary Authority of Singapore.

South Africa: State Street Bank and Trust Company is authorized in South Africa under the Financial Advisory and Intermediary Services Act, 2002 as a Category | Financial
Services Provider; FSP No. 42671.

United Arab Emirates: The information contained within this communication is not intended to lead to the conclusion of any contract of whatsoever nature within the territory
of the United Arab Emirates.

United Kingdom: State Street Bank and Trust Company is authorised and regulated by the Federal Reserve Board of the United States, authorised by the Prudential Regulation
Authority (“PRA”) and subject to regulation by the Financial Conduct Authority and limited regulation by the PRA. Details about the extent of our regulation by the PRA are
available from us on request.

State Street Bank International GmbH is authorised and regulated by the European Central Bank and the BaFin, deemed authorised by the Prudential Regulation Authority,
and subject to regulation by the Financial Conduct Authority and limited regulation by the Prudential Regulation Authority. Details of the Temporary Permissions Regime,
which allows EEA-based firms to operate in the UK for a limited period while seeking full authorisation, are available on the Financial Conduct Authority’s website.

Information Classification: General 5843317.1.1.GBL. 3


https://www.statestreet.com/utility/privacy-notice.html
https://www.statestreet.com/utility/privacy-notice.html

