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Key takeaways

— Fixedincome ETF discounts during March 2020 reflected challenges in
underlying bond pricing, not a failure of the ETF structure.

— ETF market prices helped provide real-time price discovery at a time when bond
market liquidity and NAV pricing mechanisms were impaired.

— Authorized Participants (APs) and exchange market makers remained active
during the volatile period, supporting liquidity across ETF primary and secondary
markets.

The premiumdiscount narrative

Some market participants have pointed to dislocations between fixed income ETF prices on
exchange and their NAV as a sign that the ETF structure broke down amidst Covid19-related
market stress observed in the early parts of 2020. A broad range of fixed income ETF
strategies traded at steep discounts to NAV during the month of March 2020 (Figure 1).
However, our analysis suggests that it was not the ETF structure that broke down. Instead,
price dislocations stemmed from the underlying bond prices which determine these
products’ NAVs.

Taking a closer look at how ETF NAVs are calculated highlights the issue at hand - third-party
pricing agents failed to accurately adjust their pricing models used in NAV calculations. As
shown in Figure 1, fixed income ETFs saw price-NAV dislocations across the board at the
beginning of March 2020, which persisted for roughly 20 trading days until normalization
began in April 2020. Price discounts versus NAV began to subside towards the end of
March as pressure in certain parts of the underlying bond markets were supported by
central bank interventions, including bond purchase facilities brought forward by the US
Federal Reserve, the Bank of England and the European Central Bank. Notably, the
Secondary Market Corporate Credit Facility (SMCCF), part of the US Federal Reserve's
corporate bond purchasing program, had the flexibility to purchase US-listed investment
grade and high yield corporate bond ETFs. The introduction of these new purchasing
programs led to a material increase in demand for bonds. As a result, fixed income ETFs
began trading with premia to their NAVs at the beginning of April for roughly two weeks,
until the market normalized further.
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Figure 1: Average ETF premium/discount to NAV by B Muni ETFs
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Source: Bloomberg L.P., data as of January 2021

The average discount to NAV for investment grade corporate bond ETFs listed in the US
reached 3.4% in mid-March, with some products seeing discounts of more than 8%."
As ETFs are traded in the open market and bound by arbitrage, it is fair to assume that
ifan ETF's price is too low versus its underlying basket, liquidity providers would have
arbitraged away the discount to NAV. If these products’ NAV prices were actionable,
and market makers could have sold the underlying bonds at substantially higher prices
thanindicated by the ETF price in the market, any dislocation would likely have been
normalized quickly.

The impact of underlying bond market structure

For equity ETFs, itis difficult for the market to disagree with the NAV published on every
business day. The underlying stocks trade on regulated stock exchanges with an official
closing price for every stock each day. ETF prices may on occasion deviate from their
NAV or fair value; however, these dislocations are usually short lived given the arbitrage
relationship between the ETF and the underlying basket of stocks. Bonds, in contrast,
trade over the counter (OTC) and do not have official closing prices in the same way that
stocks do. There is no single official price to use for bonds when valuing the NAV of a
fixed income ETF or mutual fund. ETF issuers and mutual fund companies therefore rely
on third party pricing agents that estimate prices to the best of their ability on any given
day. Inthe US, corporate bond and municipal bond trades are reported daily to US TRACE
(Trade Reporting and Compliance Engine) and MSRB (Municipal Securities Rulemaking
Board), respectively, but some fixed income markets have no central reporting and prices
are fairly opaque. In these markets where OTC traded prices are unreported, third-party
pricing agents can gather quotes from dealers to help derive a fair value price for each
security. This practice relies upon dealer quotes being timely and at executable prices.
As markets sell off, dealers can be hesitant to mark down their inventory. These quotes,
which are no longer actionable levels for the bonds, can lead to artificially inflated NAV
prices.

We saw this dynamic during March 2020, when many bonds traded several percentage
points away from indicative dealer bids. In the US corporate and municipal markets
where OTC trades are centrally reported, pricing agents have much more data to work
with. In theory, this transparency should help improve pricing, but the pricing agents still
face challenges as a large portion of the bond market do not trade every day. If abond
does not trade, then there is no price reported to US TRACE or MSRB and pricing agents
must again rely solely on dealer quotes to derive fair value prices.

1. Source: Bloomberg L.P., data as of January 2021
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AP participation and primary market trading

Atopic that frequently surfaces in times of market stress is the participation of APs and
market makers given their central function in the ETF ecosystem and their ability to
potentially step away. It should be said when looking at the period in March 2020, that
the ETF infrastructure and lifecycle remained robust overall, with APs and market makers
remaining active across our diversified range of ETFs and the wider ETF market.

Specifically, in March and April of 2020, we saw increased primary market activity from
some of our mid-tier APs, contrary to the belief that APs may step away during periods of
stress. There were also more active APs in the Invesco fixed income UCITS ETFs in March
and April 2020 than the preceding January and February. Invesco’s top three APs for both
February and March 2020 remained the same; however, their market share of primary
market activity fell from 80% to 67%. While this shows our top three APs remained
competitive, it alsoillustrates that other APs were willing and able to step up and provide
liquidity in our ETP range throughout the extreme bouts of volatility witnessed in 2020.

The same 16 APs were active in the primary market for our Irish domiciled ETPs in
February and March 2020. At no point during the period of market volatility in March and
April 2020 did Invesco have to suspend the ability for APs to place cash or create/redeem
ordersin any of our ETFs. Additionally, there were seven active APs in our fixed income
ETFsin March 2020, which was an increase from four in the preceding January and five in
February. This again signals that more APs were willing and able to provide competitive
pricing during periods of underlying market stress, rather than stepping away during
these periods.

As mentioned previously, we saw a significant spike in both primary and secondary
market trading across our ETF range in March and April 2020. However, the primary

to secondary market trading mix in March 2020 was not extraordinary compared with
other months and was close to the average for the year. Similarly, the mix of on-exchange
versus OTC turnover for secondary trading saw no meaningful deviation in March 2020
and was roughly in line with the average ratio of 6:1 over the course of 2020 (i.e. for every 1
USD traded in our ETFs on-exchange, there were 6 USD traded OTC).

In conclusion, whilst trading volumes spiked during the turbulent months of 2020, we
saw more activity from our APs than during quieter market conditions. Both primary
markets and secondary markets for ETFs continued to function, which enabled our
clients to trade our ETFs even during challenging market conditions. There were also no
meaningful deviations in the mix between primary and secondary market turnover or
on exchange versus OTC trading ratios. This suggests that the narrative that ETF selling
pressure during these turbulent months applied additional pressure on the underlying
equity and bond markets, and that APs stepped away during this volatile period was not
the case at all. Instead, ETFs saw a large increase in trading volumes while continuing to
act as both a price discovery vehicle and a shock absorber during this period of market
stress. ETFs really showed what they are capable of during that time.
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Investmentrisks
The value of investments and any income will fluctuate (this may partly be the result of
exchange rate fluctuations) and investors may not get back the fullamount invested.

Important information

This documentis for Professional Clients only in Dubai, Jersey, Guernsey, Isle of Man, Ireland,
Continental Europe (as defined below) and the UK; for Qualified Clients/Sophisticated Investors
inlsrael; for Institutional Investors only in the United States, for Sophisticated or Professional
Investorsin Australia; in New Zealand for wholesale investors (as defined in the Financial Markets
Conduct Act); for Institutional Investorsin Chile and Peru; for Institutional or Professional Investors
in Colombia; for Professional InvestorsinHong Kong; for Qualified Institutional Investorsin Japan; in
Taiwan for Qualified Institutions/Sophisticated Investors; in Singapore for Institutional/Accredited
Investors; for Qualified Institutional Investors and/or certain specific institutional investors in
Thailand; for certain specific sovereign wealth funds and/or Qualified Domestic Institutional
Investors approved by local regulators only in the People’s Republic of China; for certain specific
institutionalinvestors in Malaysia upon request; for certain specific institutional investors in Brunei;
for Qualified Professional Investorsin Korea; for certain specific institutional investorsin Indonesia;
for qualified buyers in Philippines forinformational purposes only; for Institutional Investors and
Advisorsin Canada. Itis notintended for and should not be distributed to, or relied upon by, the
public orretailinvestors. Please do not redistribute this document.

For the distribution of this document, Continental Europe is defined as Austria, Belgium, Denmark,
Finland, France, Germany, Greece, Italy, Liechtenstein, Luxembourg, the Netherlands, Norway,
Portugal, Spain, Sweden and Switzerland. This is marketing material and not financial advice. Itis not
intended as arecommendation to buy or sell any particular asset class, security or strategy. Regulatory
requirements that require impartiality of investment/ investment strategy recommendations are
therefore not applicable nor are any prohibitions to trade before publication.

This overview contains general information only and does not take into account individual objectives,
taxation position or financial needs. Nor does this constitute arecommendation of the suitability

of any investment strategy or product for a particular investor. Investors should consult a financial
professional before making any investment decisions. Itis not an offer to buy or sell or a solicitation of
an offer to buy or sell any security or instrument or to participate in any trading strategy to any personin
anyjurisdictionin which such an offer or solicitation is not authorized or to any person to whom it would
be unlawful to market such an offer or solicitation. It does not form part of any prospectus. While great
care has been taken to ensure that the information contained herein is accurate, no responsibility can
be accepted forany errors, mistakes or omissions or for any action takeninreliance thereon.

The opinions expressed are those of the individuals expressing them personally and may differ from
the opinions of other Invesco investment professionals. Opinions are based upon current market
conditions, and are subject to change without notice. As with all investments, there are associated
inherent risks. Please obtain and review all financial material carefully before investing. Asset
management services are provided by Invescoinaccordance with appropriate local legislation and
regulations.

This material may contain statements that are not purely historical in nature but are “forward-looking
statements.” These include, among other things, projections, forecasts, estimates of income, yield
orreturnor future performance targets. These forward-looking statements are based upon certain
assumptions, some of which are described herein. Actual events are difficult to predict and may
substantially differ from those assumed. All forward-looking statements included herein are based on
information available on the date hereof and Invesco assumes no duty to update any forward-looking
statement. Accordingly, there can be no assurance that estimated returns or projections can be
realized, that forward-looking statements will materialize or that actual returns or results will not be
materially lower than those presented.

By accepting this document, you consent to communicate with us in English, unless youinformus
otherwise.

Allinformation is sourced from Invesco, unless otherwise stated.
All dataas of October 2026, unless otherwise stated. All datais USD, unless otherwise stated.
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Restrictions ondistribution

Australia

This document has been prepared only for those persons to whom Invesco has providedit. It should not
berelied upon by anyone else. Information contained in this document may not have been prepared or
tailored for an Australian audience and does not constitute an offer of a financial product in Australia. You
may only reproduce, circulate and use this document (or any part of it) with the consent of Invesco.

Theinformationinthis document has been prepared without taking into accountany investor’s
investment objectives, financial situation or particular needs. Before acting on the information the
investor should consider its appropriateness having regard to their investment objectives, financial
situationand needs.

You should note that this information:

+ may containreferences to dollaramounts which are not Australian dollars;

+ may containfinancialinformation whichis not prepared inaccordance with Australian law or practices;

« may notaddress risks associated with investmentin foreign currency denominated investments;

+ anddoes notaddress Australian taxissues.

+ Issuedin Australia by Invesco Australia Limited (ABN 48 001693 232), Level 26, 333 Collins Street,
Melbourne, Victoria, 3000, Australia which holds an Australian Financial Services Licence number
239916.

Canada

In Canada this document is restricted to Institutional Investors and Advisors, is for educational purposes
only, does not constitute investment, tax or legal advice and should not be relied on as such. Thisis not
tobe construed as an offer to buy or sell any financial instruments and should not be relied upon as the
sole factorinaninvestment making decision. As with allinvestments there are associated inherent
risks. Please obtain and review all financial material carefully before investing. All material presented is
compiled fromsources believed to be reliable and current, but accuracy cannot be guaranteed.

+ IssuedinCanada by Invesco CanadaLtd., 130 King Street West, Suite 1900, Toronto, Ontario M5X
1E3 Canada.

Furtherinformationis available using the contactdetails shown:

+ Issuedin Austria, Belgium, Denmark, Finland, France, Germany, Greece, Italy, the Netherlands,
Spain, Sweden, Luxembourg, Norway and Portugal by Invesco Management S.A., President
Building, 37A Avenue JF Kennedy, L-1855 Luxembourg, regulated by the Commission de Surveillance
du Secteur Financier, Luxembourg.

+ Issuedin Switzerland and Liechtenstein by Invesco Asset Management (Schweiz) AG, Talacker 34,
8001 Zurich, Switzerland.

+ Issuedinthelsle of Man, Ireland, Jersey, Guernsey, Israel and the United Kingdom by Invesco Asset
Management Limited which is authorised and regulated by the Financial Conduct Authority. Invesco
Asset Management Ltd, Perpetual Park, Perpetual Park Drive, Henley-on-Thames, RG9 THH, UK.

+ IssuedinDubai by Invesco Asset Management Limited. Index Tower Level 6 -Unit 616, P.O. Box
506599, Al Mustagbal Street, DIFC, Dubai, United Arab Emirates. Regulated by the Dubai Financial
Services Authority.

Israel

This document may not be reproduced or used for any other purpose, nor be furnished toany

other person other than those to whom copies have been sent. Nothing in this document should be
considered investment advice orinvestment marketing as defined in the Regulation of Investment
Advice, Investment Marketing and Portfolio Management Law, 1995 (“the Investment Advice Law”).
Neither Invesco Ltd. Norits subsidiaries are licensed under the Investment Advice Law, nor does it carry
theinsurance asrequired of alicensee thereunder.

HongKong
- Issuedin Hong Kong by Invesco Hong Kong Limited S |[E3% B E B AR AT, 45/F, Jardine House,
1Connaught Place, Central, Hong Kong.

Japan

+ IssuedinJapanby Invesco Asset Management (Japan) Limited, Roppongi Hills Mori Tower 14F, 6-10-1
Roppongi, Minato-ku, Tokyo 106-6114; Registration Number: The Director-General of Kanto Local
Finance Bureau (Kin-sho) 306; Member of the Investment Management Association of Japan and the
Japan Securities Dealers Association.
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New Zealand

This documentisissued only to wholesale investors (as defined in the Financial Markets Conduct Act) in
New Zealand to whom disclosure is not required under Part 3 of the Financial Markets Conduct Act. This
document has been prepared only for those persons towhomit has been provided by Invesco. It should
not be relied upon by anyone else and must not be distributed to members of the public in New Zealand.
Information contained in this document may not have been prepared or tailored for aNew Zealand
audience. Youmay only reproduce, circulate and use this document (or any part of it) with the consent
of Invesco.

This document does not constitute and should not be construed as an offer of, invitation or proposal to
make an offer for, recommendation to apply for, an opinion or guidance on Interests to members of the
publicin New Zealand. Any requests for information from persons who are members of the publicin
New Zealand will not be accepted.

- IssuedinNew Zealand by Invesco Australia Limited (ABN 48 001693 232), Level 26, 333 Collins
Street, Melbourne, Victoria, 3000, Australia, which holds an Australian Financial Services Licence
number 239916.

Singapore
+ Issuedin Singapore by Invesco Asset Management Singapore Ltd, 9 Raffles Place, #18-01Republic
Plaza, Singapore 048619.

Taiwan
+ Issuedin Taiwan by Invesco Taiwan Limited, 22F, No.1, Songzhi Road, Taipei 11047, Taiwan (0800-
045-066). Invesco Taiwan Limited is operated and managed independently.

United States

« Issuedinthe United States by Invesco Advisers, Inc., 1331 Spring Street, N.W., Suite 2500, Atlanta,
Georgia, 30309.
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