STATE STREET

Quantifying Narratives with Digital Media

Empirical measures of narratives can enhance portfolio returns

The recent work of Nobel laureate Robert Shiller advocates
that to improve our understanding of the economy and
financial markets, economists must look beyond typical
economic indicators to incorporate stories that affect . : .
individual and collective economic behavior. The challenge Iﬁ RIS e G
for investment professionals is how to capture permutations
of narratives in real-time in order to understand how they
are impacting market movements and asset prices.

Quantifying narratives has practical applications

G Narrative-based asset allocation
The rapid rise of digital media has meant that stories,
narratives, and themes, whether true or not, can quickly
spread throughout the world. There are two potential
implications of this: (1) it's increasingly important to 0 Achieve asset thematic exposures
understand narratives, as they can propagate more quickly a

than at any time in human history and (2) the digital aspect

of media may provide an opportunity to capture their

evolution in real-time. Through our unique partnership with MKT Mediastats, we explore these concepts by applying
textual analysis (Natural Language Processing (NLP)) on large reservoirs of media articles to identify the intensity of
media coverage and sentiment expressed toward various themes and narratives. By accurately quantifying narratives
using digital media, we can develop empirical frameworks that use these measures to improve our understanding of
financial markets and enhance our portfolios.

How useful is it to quantify the evolution of narratives? Our findings have three implications on market direction and
portfolio returns. First, we confirm that measures of digital media narratives, dubbed thematic indicators, can
accurately capture the evolution of narratives in real-time. For example, the Market Crash narrative, a measure of
how often “markets” (e.g., SPY, NYSE, and other variants) appear textually close to “crash” (e.g., bear or meltdown),
has the highest explanatory power in explaining US equity markets. Additionally, some narratives would emerge and
rise to the top for a while and then fade away. This leads us to a second finding, media narratives can have information
for future market returns beyond traditional macroeconomic factors. A narrative-based dynamic asset allocation
strategy outperforms traditional benchmarks. Finally, we develop an empirical framework that enables investors to
select narrative-sensitive assets to achieve the desired exposure. During the recent pandemic, the COVID-19 thematic
indicator could have been used in constructing a long-short portfolio of sensitive assets to more effectively capture
exposure to a COVID-19 economic recovery.

For more on this topic, see our working paper: “Quantifying Narratives and their Impact on Financial Markets” by
Travis Whitmore, Ronnie Sadka, Gideon Ozik, Xiaoxia Lou, and Rajeev Bhargava. SSRN, August 2022.
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State Street Associates

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 == lnslghts

Disclaimers and Important Risk Information

State Street Global Markets® is the business name and a registered trademark of State Street Corporation® and is used for its financial markets business and that of its
affiliates. State Street Associates® is a registered trademark of State Street Corporation, and the analytics and research arm of State Street Global Markets.

The products and services outlined herein are only offered to professional clients or eligible counterparties through State Street Bank and Trust Company, authorized and
regulated by the Federal Reserve Board. State Street Bank and Trust Company is registered with the Commodity Futures Trading Commission as a Swap Dealer and is a member
of the National Futures Association. Please note that certain foreign exchange business, including spot and certain forward transactions, are not regulated.

This document is a communication 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. It 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 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. This communication or any portion
hereof may not be reprinted, sold or redistributed without the prior written consent of State Street Global Markets.

The views expressed herein are the views of State Street Global Markets 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 Global Markets 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 Global Markets 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 Global Markets may have a commercial relationship
with issuers of financial instruments or other products discussed in this communication.

This document may contain statements deemed to be forward-looking statements. These statements are based on assumptions, analyses and expectations of State Street Global
Markets 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. Clients should be aware of the risks trading foreign exchange, equities, fixed income or derivative instruments
or in investments in non-liquid or emerging markets. Derivatives generally involve leverage and are therefore more volatile than their underlying cash investments. Past
performance is no guarantee of future results.

The products and services outlined in this document are generally offered in the United States and Latin America by State Street Bank and Trust Company. 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. EMEA/UK: (i) State Street Bank and Trust Company, London Branch, authorised and regulated by Federal Reserve Board, authorised by the Prudential
Regulation Authority, subject to regulation by the Financial Conduct Authority and limited regulation by the Prudential Regulation Authority. Details about the extent of
regulation by the Prudential Regulation Authority are available upon request; and/or (ii) State Street Bank International GmbH, authorised by Deutsche Bundesbank and the
German Federal Financial Supervisory Authority and, in respect of State Street Bank International GmbH, London Branch, subject to limited regulation by the Financial Conduct
Authority and Prudential Regulation Authority. Details about the extent of regulation by the Financial Conduct Authority and Prudential Regulation Authority are available upon
request. Brazil: The products in this marketing material have not been and will not be registered with the Comissao de Valores Mobilirios - 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 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. The products and services outlined
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in this document are generally offered in Canada by State Street Bank and Trust Company. This communication is made available in Hong Kong by State Street Bank and Trust
Company which accepts responsibility for its contents, and is intended for distribution to professional investors only (as defined in the Securities and Futures Ordinance).
Information provided is of a general nature only and has not been reviewed by any regulatory authority in Hong Kong. This communication is made available in Australia by State
Street Bank and Trust Company ABN 70 062 819 630, AFSL 239679 and is intended only for wholesale clients, as defined in the Corporations Act 2001. 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 (“FAA”). 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. The products and services outlined in this document
are made available in South Africa through State Street Bank and Trust Company, which is authorized in South Africa under the Financial Advisory and Intermediary Services
Act, 2002 as a Category | Financial Services Provider; FSP No. 42671. This communication is made available in Israel by State Street Bank and Trust Company, which 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. This communication is made available in Qatar by State Street Bank and Trust Company and its affiliates. 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. This
communication is made available in Malaysia by State Street Bank and Trust Company, which is authorized and regulated by the Federal Reserve Board. State Street Bank and
Trust Company is not licensed within or doing business within Malaysia and the activities that are being discussed are carried out off-shore. The written materials do not
constitute, and should not be construed as constituting: 1) an offer or invitation to subscribe for or purchase securities or futures in Malaysia or the making available of securities
or futures for purchase or subscription in Malaysia; 2) the provision of investment advice concerning securities or futures; or 3) an undertaking by State Street Bank and Trust
Company to manage the portfolio of securities or futures contracts on behalf of other persons. This communication is made available in Turkey by State Street Bank and Trust
Company and its affiliates. The information included herein is not investment advice. Investment advisory services are provided by portfolio management companies, brokers and
banks without deposit collection licenses within the scope of the investment advisory agreements to be executed with clients. Any opinions and statements included herein are
based on the personal opinions of the commentators and authors. These opinions may not be suitable to your financial status and your risk and return preferences. Therefore, an
investment decision based solely on the information herein may not be appropriate to your expectations. This communication is made available in United Arab Emirates by State
Street Bank and Trust Company and its affiliates. This communication does not, and is not intended to, constitute an offer of securities anywhere in the United Arab Emirates
and accordingly should not be construed as such. Nor does the addressing of this communication to you constitute, or is intended to constitute, the carrying on or engagement in
banking, financial and/or investment consultation business in the United Arab Emirates under the rules and regulations made by the Central Bank of the United Arab Emirates,
the Emirates Securities and Commodities Authority or the United Arab Emirates Ministry of Economy. Any public offer of securities in the United Arab Emirates, if made, will be
made pursuant to one or more separate documents and only in accordance with the applicable laws and regulations. Nothing contained in this communication is intended to
endorse or recommend a particular course of action or to constitute investment, legal, tax, accounting or other professional advice. Prospective investors should consult with an
appropriate professional for specific advice rendered on the basis of their situation. Further, 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. This communication has been forwarded to you solely for your information, and
may not be reproduced or passed on, directly or indirectly, to any other person or published, in whole or in part, for any purpose. This communication is addressed only to
persons who are professional, institutional or otherwise sophisticated investors. This communication is made available in Saudi Arabia by State Street Bank and Trust Company
and its affiliates. The information contained in this communication is not intended to invite or induce any person to engage in securities activities nor does it constitute an offer
to sell securities or the solicitation of an offer to buy, or recommendation for investment in, any securities within the Kingdom of Saudi Arabia or any other jurisdiction. The
information in this communication is not intended as financial advice. Moreover, this communication is not intended as a prospectus within the meaning of the applicable laws
and regulations of the Kingdom of Saudi Arabia or any other jurisdiction and this communication is not directed to any person in any country in which the distribution of such
communication is unlawful. This communication provides general information only. The information and opinions in this communication are stated as at the date indicated. The
information may therefore not be accurate or current. The information and opinions contained in this communication have been compiled or arrived at from sources believed to
be reliable in good faith, but no representation or warranty, express or implied, is made by State Street Bank and Trust Company and its affiliates as to their accuracy,
completeness or correctness. This communication is made available in South Korea by State Street Bank and Trust Company and its affiliates, which accept responsibility for its
contents, and is intended for distribution to professional investors only. State Street Bank and Trust Company is not licensed to undertake securities business within South
Korea, and any activities related to the content hereof will be carried out off-shore and only in relation to off-shore non-South Korea securities. This communication is made
available in Indonesia by State Street Bank and Trust Company and its affiliates. Neither this communication nor any copy hereof may be distributed in Indonesia or to any
Indonesian citizens wherever they are domiciled or to Indonesian residents except in compliance with applicable Indonesian capital market laws and regulations. This
communication is not an offer of securities in Indonesia. Any securities referred to in this communication have not been registered with the Capital Market and Financial
Institutions Supervisory Agency (BAPEPAM-LK) pursuant to relevant capital market laws and regulations, and may not be offered or sold within the territory of the Republic of
Indonesia or to Indonesian citizens through a public offering or in circumstances which constitute an offer within the meaning of the Indonesian capital market law and
regulations. This communication is made available in Oman by State Street Bank and Trust Company and its affiliates. The information contained in this communication is for
information purposes and does not constitute an offer for the sale of foreign securities in Oman or an invitation to an offer for the sale of foreign securities. State Street Bank and
Trust Company is neither a bank nor financial services provider registered to undertake business in Oman and is neither regulated by the Central Bank of Oman nor the Capital
Market Authority. Nothing contained in this communication report is intended to constitute Omani investment, legal, tax, accounting, investment or other professional advice.
This communication is made available in Taiwan by State Street Bank and Trust Company and its affiliates, which accept responsibility for its contents, and is intended for
distribution to professional investors only. State Street Bank and Trust Company is not licensed to undertake securities business within Taiwan, and any activities related to the
content hereof will be carried out off-shore and only in relation to off-shore non-Taiwan securities. Peoples Republic of China (“PRC"). This communication is being distributed
by State Street Bank and Trust Company. State Street Bank and Trust Company is not licensed or carrying on business in the PRC in respect of any activities described herein
and any such activities it does carry out are conducted outside of the PRC. These written materials do not constitute, and should not be construed as constituting: 1) an offer or
invitation to subscribe for or purchase securities or futures in PRC or the making available of securities or futures for purchase or subscription in PRC; 2) the provision of
investment advice concerning securities or futures; or 3) an undertaking by State Street Bank and Trust Company to manage the portfolio of securities or futures contracts on
behalf of other persons.

Products and services may not be available in all jurisdictions. Please contact your State Street representative for further information. SSA MMD 2022-01
To learn how State Street looks after your personal data, visit: https://www.statestreet.com/utility/privacy-notice.html.
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