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Buying a Coffee with Crypto

It is becoming easier to pay for everyday items with
cryptocurrency through debit cards, payment apps and other
tech. High Bitcoin transaction costs can be eliminated with a
scaling solution called the Lightning Network. A recent
announcement may allow most large retailers in the US to
accept crypto. So can bitcoin become a widely used currency?

If you have enjoyed the new cryptocurrency research offering, we would appreciate
your vote in the Institutional Investor poll for the Payments and Thematics

categories.

Make it easy and they will come. Today few people use bitcoin or other
cryptocurrencies to pay for everyday goods. There are two main logistical
hurdles: transaction costs are high, and the merchants selling goods don't accept
cryptocurrency as a medium of payment. That is now changing. At the Bitcoin
2022 conference, the payments company Strike announced a partnership with
NCR and Blackhawk, which could mean that a large number of physical stores,
restaurants and cafes in the US will be able to accept bitcoin payments in the
near future. The press headlines focused on Strike's partnership with online
merchant Shopify now also accepting bitcoin payments, but we think the other
partnerships affecting physical stores are a much more significant milestone in
the story and evolution of bitcoin usage as a medium of payment. Of course,
these companies will need to convince consumers to give up their bitcoin for
goods and services too.

Aren't transaction costs too high? The average fee to transact bitcoin on the
underlying blockchain is around $1.50, which may sound low, but that fee is
highly variable and dependent on demand. For example, the average fee was as
high as $60 in April 2021 when bitcoin was trading above $60k. If you want to
buy a $5 coffee, paying a 30% fee just doesn't make sense. This is where
alternative scaling solutions come in, which reduce some of the computational
load for the underlying Bitcoin blockchain system by sending only some
transactions to be checked by the miners. The fee to send a bitcoin transaction
using the Lightning Network is close to zero, making it much more practical for
small payments that would otherwise be made using a debit card. Strike's
proposed payment system is utilising the Lightning Network.

Do shops accept bitcoin? Rising consumer interest in the crypto markets has
mainly been related to the exponential asset gains. As crypto is considered a
digital currency for the internet, some online retailers have been accepting
bitcoin and other cryptos for several years, but the list has remained limited so
far. Only 8 out of the top 500 online retailers accept bitcoin today.

We think that physical store acceptance of crypto is more important to monitor,
as over 85% of sales in the US occur in stores rather than online. In our
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investigations, however, many stores that are widely reported in the press to
accept crypto do not do so today, as they were initially part of trials that ended.
Starbucks is one of the largest retailers that does accept crypto in its stores,
after teaming up with Bakkt last year to offer crypto payment top-ups through
its app. Through Flexa and Gemini Pay the following US retailers allow direct
crypto payments: Barnes & Noble, Baskin-Robbins, Bed Bath & Beyond,
Nordstrom and Office Depot and The Coffee Bean & Tea Leaf. A third of their
transaction volumes recently have been using bitcoin, 25% in Ether and 12% in
Dogecoin.

What tech do stores need? In the store, there are three main elements that
crypto companies are working on to facilitate consumer payments:

1) the card, mobile app or gift card used by the consumer;

2) the payment terminal; and

3) the back end payment processing infrastructure.

Strike works with mobile payment apps, where users may soon be able to go to a

payment terminal using NCR software and scan a QR code on their phone to pay.

One in six point of sale (POS) devices globally use software provided by NCR, so
this announcement is significant even if only a small proportion of retail shops
choose to add the crypto functionality.

Strike will allow consumers and merchants to pay and receive in both bitcoin and
US dollars. The payment processing and settlement will be handled by Strike
through the Lightning Network (see Exhibit 5 inside for details). In essence, Strike
is directly competing with Visa Direct, which offers real time settlement. The main
difference for merchants will be charged a much lower transaction fee, while the
benefit for the consumer is that they can, if they want, host their bitcoin on a
private, secure network, allowing an element of privacy associated with their
transaction. There are advantages and disadvantages with using crypto for
payments in this way, which we will explore in future reports.

Why give up bitcoin when its price is going up? When consumers exchange US
dollars for a good, they value the good more than they value the US dollar they
are giving up. Using bitcoin as a currency should work in the same way:
consumers who exchange bitcoin for a good or service expect the value of that
good to go up relative to holding onto their bitcoin. This is what we have seen on
the past year. Exhibit 1 shows that bitcoin's price fell over 20%, while goods
prices rose in US dollar terms, such as gas rising as much as 40% and coffee
rising by 12%. In the past year, therefore, it has been better for consumers to give
up bitcoin for goods, as US dollar purchasing power fell. In contrast, in 2019,
these same goods prices were stable or down, while bitcoin rose by almost 80%
— it was better to hold onto bitcoin than exchange for goods. In a crypto bull
market, using bitcoin as a currency for goods may be considered a high hurdle to

overcome.
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Exhibit 1: Consumers are going to be more willing to give up crypto for goods if
bitcoin prices are falling in USD terms, as goods prices rise
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So far we have not seen many sellers pricing goods in bitcoin. Websites that list
goods, services or real estate available to buy using cryptocurrency are still
typically pricing the goods in US dollars or other fiat currencies and allowing the
buyer to pay an equivalent value in crypto. Today that is mostly because bitcoin's
price remains relatively volatile. Strike's proposal will allow merchants to receive
US dollars, exchanged at the point of the transaction, meaning the merchant is
not obliged to hold or manage bitcoin on their balance sheet and can stay away
from the volatility.

It is this rapidly changing purchasing power of bitcoin or other cryptos that may
entice or discourage consumers from exchanging crypto for goods and services.
For example, in 2021, the median home price in the US rose by 15% when priced in
US dollars but fell 28% when priced in bitcoin. The defined and slowing money
supply growth of bitcoin versus the rising and theoretically unlimited money
supply of the US dollar has affected their relative purchasing power. Exhibit 2
shows that the most dramatic change in purchasing power of bitcoin can be seen
over 2015-2017, when the median home price fell from 993 BTC to 17 BTC.

Inflation and bitcoin. The US Bureau of Labor Statistics publishes monthly prices
of various goods in US dollars — a set of statistics many have been watching
closely as inflation has been rising. In the year to March 2022, the price of potato
chips in US dollars rose 8.8%, while the price of potato chips in bitcoin rose 41%
(Exhibit 3). This historical volatility of goods priced in bitcoin has been a deterrent
to the use of bitcoin as a currency (alongside a number of other logistical
reasons). However, could the growing ability of merchants to accept crypto, via
crypto cards or through current payment terminals, eventually lead to a fall in
crypto volatility?
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Exhibit 2: US homes priced in bitcoin vs homes priced in US dollars
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Exhibit 3: Price of potato chips in US dollars and priced in bitcoin — bitcoin prices
are more volatile but bitcoin has gained purchasing power for most of the time
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Isn't paying with bitcoin a taxable event? The US considers cryptocurrency as
property for tax purposes, so users will have to pay tax if they dispose of bitcoin
at a profit, creating a hurdle for consumers to use their bitcoin (or other cryptos)
for payments. This is why we think the first step towards mass adoption of
crypto as a means of payment will be through stablecoins, where their value is
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typically held stable versus the US dollar. Some senators have proposed the
Virtual Currency Tax Fairness Act, which would exempt personal transactions
from tax where the gains are less than $200, but this proposal may come under
considerable scrutiny as it would directly imply that crypto is a legitimate

competitor currency to the US dollar.

Who is involved? There are a growing list of cryptocurrency companies offering
crypto payment services, and many have teamed up with exchanges or traditional
financial companies. We list a few examples here in a variety of service categories.
Strike, BitPay and Gemini Pay with Flexa are focused on retail merchants. Bakkt
has been offering crypto rewards for service providers such as hotels. FIS'
Worldpay will offer its merchants the ability to settle payments in USDC, the
USD stablecoin. According to i2c, there are over 5 million crypto cards issued,
some of which we list in Exhibit 9 — many are attached to the Visa and
Mastercard networks, so are widely accepted, and some offer crypto rewards.
Last year Visa allowed Crypto.com to send USDC to Visa to settle a portion of its
obligations for its crypto card. Few traditional banks are currently involved in
crypto as we showed here, but many crypto companies offer bank-like services.

Into the metaverse. A last thought on crypto for payments. Crypto is already
used as currency in the digital asset world — you mostly need ETH to purchase
an NFT or the platform's crypto to buy digital land. As more brands move to
advertise in the metaverse, there may be an increasing need to accept a variety of
payment methods, including crypto. For example, luxury clothing brand Philipp
Plein, which recently purchased digital land, started accepting 20
cryptocurrencies in its online and physical stores in August 2021, saying “we now
take $100,000 in crypto every day”. Their large crypto transaction payment
volume seems like an outlier today but may not be in coming years. A recent Visa
study found that 24% of small businesses in 9 different countries plan to start
accepting crypto payments this year.
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Exhibit 4: Bitcoin's correlation with equity indices has remained high
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Bitcoin's correlation with equities to stay high. This report is about the long-
term transition towards payments and settlements using digital and
cryptocurrencies instead of fiat currencies like the US dollar. Most market
participants focus on the short-term price action, which is still highly related to
global risk appetite. The correlation between bitcoin and equity indices has
remained high (Exhibit 4) as both were driven by central bank stimulus, which is
slowly being taken away. Crypto trading volumes are around half of the peak in
November 2021, while NFT and Metaverse land prices and sales have remained
low versus the respective peaks earlier in the year and late last year. As an
example, an NFT of the first Tweet on Twitter was sold for $2.9 million last year,
but this week only received a bid at auction at less than 0.01% of that value. The
speculative and leveraged market is affected by rising US interest rates and less
stimulus. These are the times to pay attention to technological developments
rather than hour-to-hour price action.

Your |l vote matters to us

Morgan Stanley appreciates our clients’ participation
in the 2022 Developed Europe and Emerging EMEA
Institutional Investor Research Poll.

Vote now
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The Bitcoin Lightning Network

A problem with using Bitcoin for payments on a mass scale is that there is a limit to the
number of transactions that can be approved every second (see Exhibit 2 here). The
limitation stems from the amount of information that can checked and stored in every
block. So why not just increase the amount of information per block? That was hotly
debated in the early years of Bitcoin and even led to a divide within the Bitcoin

development community.

Today, it has become evident that scaling solutions that take some of the computational
burden away from the main Bitcoin blockchain are required for bitcoin to be used more
widely as a means of payment. It isn't just Bitcoin that has issues that limit its ability to
scale. A large number of cryptocurrency companies and projects are developing
approaches to allow Ethereum's blockchain to also scale.

The Lightning Network is the most popular Bitcoin scaling approach and was first
described in 2015. Exhibit 5 is a simplified diagram of how the Lightning Network
operates. In summary, a relatively high fee is only paid when a user opens up a Lightning
Network channel and when they close it, as the Bitcoin miner is required to approve the
transactions. In between as many transactions as wanted can be sent with negligible
cost. Note that the Lightning Network is now being applied to other cryptocurrencies
too —including stablecoins.



Morgan Stanley | researcs IDEA

Exhibit 5: Payments using the Bitcoin Lightning Network
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Here we don't show what happens if a customer wants to send bitcoin to someone they
don't have an open payment channel with. That is possible as the network will find the
fastest way of connecting the two parties through all the other payment channels open
on the network. The system, according to its creators, is considered to be trustless as
the transaction will not occur if one participant in the chain doesn't pass on the bitcoin
to get to the final recipient.

Bitpay, Robinhood and others have recently announced plans to integrate the Lightning
Network with their applications. It will reduce fees dramatically for users but may lead
to elements of centralisation. As users need to open up a payment channel with another
party, most likely they will opOpe en up with a crypto company or payment processor,
such as the creators of these apps. These then act as the intermediary in the Lightning
Network.
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Exhibit 6: Bitcoin Lightning Network recent growth rate
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Exhibit 8: The smallest unit of bitcoin that can be transacted is
worth 0.04 US cents
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Exhibit 7: Bitcoin Lightning Network tends to track prior bitcoin price
changes
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Cryptocurrency cards

Exhibit 9: Example cryptocurrency debit and credit cards

Issuing Company  Date launched Related  Cryptos offered/supported Mode of Payments to Extra info Interest rate Reward
crypto Customers
Visa debit card
Crypto.com 18-Mar-21 CRO Supports 90 cryptos Crypto wallet No maximum number of transactions per month 8% CRO rewards on card spending No cost 1) 10% on Airbnb and Expedia purchases. 2)
100% rebate for subscriptions including Amazon
Prime. Netflix and Spotifv
Coinbase 04-Apr-19 BTC, ETH, LTC, BCH, BAT,  Crypto wallet, must have a Daily spending limit of $2,500 and a daily $1,000 ATM Earn up to 4% back in rewards Cryptocurrency liquidation fee of nearly 2.5% and a 2% Eam either 1% back in BTC or 4% back in XLM
REP, ZRX or XLM Coinbase account withdrawal limit international transaction fee whenever a purchase is made
Wirex 09-Mar-21 WRX Crypto to fiat (GBP, EUR &  Crypto wallet, Only in Need to pay £29.99 per month to unlock the highest 2% to 8% back in X-Points for To eam 2% is free, 4% will cost $10 a month or $102 Cryptoback™ rewards pay back up to 8% in X-
UsD) WRX cashback rates. Allows you to store, transfer, and purchases annually. To earmn 8% back cardholders will need to pay $30 Points on all spending, online and offiine
exchange between crypto and fiat monthly or $306 annually
Swipe 02-Aug-20 SXP Supports 7 cryptos Swipe Wallet Solid integration with Apple Pay, Samsung Pay and  1-5% Cryptoback 2% fee for this service, unless you're a Slate card holder, in 4 different cards with different corresponding
Google Pay which case the fee is waived. Thereis alsoa $25t0 $50  rewards
cost for acquiring the card in the first place
Shakepay 03-Mar-22 BTC, ETH, Zcash and all 2% back in Bitcoin Shakepay exchange only supports bitcoin and ether 1% offered as the base cashback No Charges 1-3% cashback rewards denominated in
Gemini coins rewards rate cryptocurrency
Monolith 28-Jun-18 ETH, DAI, MATIC, TKN, Ethereum (ETH) contract Can be added to PayPal, Curve, and Google Pay. No Cashback on Purchase Up to 2% fee to load up the Monolith Card. No cashback on your purchases
UsDC, USDT wallet
Plutus 06-Mar-18 PLU ETH, PLU Plutus Wallet Free trading fees with membership 3% cashback on purchases made with 1.75% trading fees for start plan 3% cashback, Plutus Perks
the Plutus Card
Unbanked 12-Jan-22 TERN Supports 13 cryptos Funds deposited to TERN must be staked in order to gain access to the ~ (1-6)% rewards in TERN Monthly fee if the card is not used for at least $750 in No Rewards
(formerly Blockcard) Blockcard are converted  best cashback rewards tiers purchases. High TERN-to-USD exchange rates
to TERN
TenX TenX BTC, ETH, LTC, PAY Funds deposited to The issuing bank for the TenX Visa card faced No Cashback on Purchase The issuing bank for the TenX Visa card faced solvency No Rewards
Blockcard are converted  solvency issues in 2020 issues in 2020
to TenX
Binance 13-Jul-20 BNB Supports 30 cryptos Funds deposited to Cardholders must have a balance of 600 Binance 8% cashback Up to a 0.9% transaction fee for transactions and ATM No Rewards
Blockcard are converted  Coins (BNB) and receive their cashback reward in withdrawals
to BNB BNB
CoinZoom 18-Mar-20 Supports 52 cryptos CoinZoom Wallet Offers instant transfer of Crypto to US dollars 1-5% back in Crypto on every One-time $10 fee for most cards Required ZOOM Holdings to earn Rewards. 1-5%
purchase. back in ZOOM, the native token based on the card
held
Mastercard debit card
Nexo 12-Apr-20 NEXO Supports 17 cryptos Crypto wallet Can only be used by borrowers on the Nexo platform 2% cashback on all purchases The interest rates on crypto and fiat currencies range from 2% cashback on all purchases
6% to 12%, depending on distributions and assets
Bitpay 06-Jun-20 BTC, ETH, BCH, DOGE, ACH credit, No proprietary token No Cashback on Purchase Card costs $10 No Rewards
SHIB, LTC, XRP, DAI, USDC, cryptocurrency, direct
BUSD, WBTC, USDP, GUSD  deposit
Uphold 05-Mar-20 Supports 50 cryptos +fiat +  Uphold Wallet No need to convert cryptocurrency to fiat currency 2% cashback available to users Zero commissions but fees are hidden in the exchange No Rewards
gold, silver, platinum, before using the card rates
palladium
Club Swan 18-Apr-21 BTC, ETH, LTC, BCH, USDT, Crypto wallet Largest coverage amongst any card provider, with  40% on your travel, shopping, and $129 joining fee Discounts on travel, cash rewards
BAT, PAX, USDC, EOS over 180+ countries. experiences.
Voyager Not launched ~ VGX Only supports company's own VGX Wallet Lets you swap USD to USDC at a 1:1 value with no 9% in USDC if hold $100 USDC Not launched yet Not launched yet
Yet VGXand USDC additional fees balance
Visa credit card
BlockFi 23-Sep-21 BTC, ETH, LTC, PAXG, Bank account Cardholders can also enjoy an upgraded 2% rewards Earn 1.5% back in crypto on every 14.99% - 24.99% (variable) Earn 3.5% crypto rewards on all purchases in the
USDC, USDT, GUSD, and structure when they spend more than $50,000 each  single purchase. first 90 days of card ownership, up to $100 in
PAX year crypto
Upgrade 21-Jul-21 Only supports company's own Bank transfer and US This crypto card combines features of credit cards Earn unlimited 1.5% in Bitcoin on all No prepayment penalty, late fees, or penalty APR (8.99% — No Rewards
currency NYDGI dollar and personal loans purchases 29.99%)
Crypterium 27-Jun-19 Supports 10 + Crypterium Wallet Can send crypto to practically any bank account in the No Cashback on Purchase N/A No Rewards
cryptocurrencies world
MasterCard credit card
Gemini 25-Sep-21 Supports 70 cryptocurrencies Crypto wallet Fees on transactions range from 0.5% to about 4%,  1%-3% back in crypto on every single  12.99% - 23.99% (Variable) 3% back on dining (up to $6,000 spent, then 1%)
depending on your specific card. purchase 2% back on groceries
1% back on all purchases
SoFi 10-03-21 Supports 30 cryptocurrencies Bank transfer Cell Phone Protection (insurance coverage up to Earn 2% unlimited cash back when you Charge $10 or 5% of each balance transfer and $10 or 5% No Rewards

Source: Company websites, Morgan Stanley Research
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Disclosures

Digital assets, sometimes known as cryptocurrency, are a digital representation of a value
that function as a medium of exchange, a unit of account, or a store of value, but generally
do not have legal tender status. Digital assets have no intrinsic value and there is no
investment underlying digital assets. The value of digital assets is derived by market forces
of supply and demand, and is therefore more volatile than traditional currencies’ value.
Investing in digital assets is risky, and transacting in digital assets carries various risks,
including but not limited to fraud, theft, market volatility, market manipulation, and
cybersecurity failures—such as the risk of hacking, theft, programming bugs, and
accidental loss. Additionally, there is no guarantee that any entity that currently accepts
digital assets as payment will do so in the future. The volatility and unpredictability of the
price of digital assets may lead to significant and immediate losses. It may not be possible
to liquidate a digital assets position in a timely manner at a reasonable price.

Regulation of digital assets continues to develop globally and, as such, federal, state, or
foreign governments may restrict the use and exchange of any or all digital assets, further
contributing to their volatility. Digital assets stored online are not insured and do not have
the same protections or safeguards of bank deposits in the US or other jurisdictions. Digital
assets can be exchanged for US dollars or other currencies, but are not generally backed
nor supported by any government or central bank.

Before purchasing, investors should note that risks applicable to one digital asset may not
be the same risks applicable to other forms of digital assets. Markets and exchanges for
digital assets are not currently regulated in the same manner and do not provide the
customer protections available in equities, fixed income, options, futures, commodities or

foreign exchange markets.

Morgan Stanley and its affiliates do business that may relate to some of the digital assets
or other related products discussed in Morgan Stanley Research. These could include
market making, providing liquidity, fund management, commercial banking, extension of

credit, investment services and investment banking.
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revenues. Equity Research analysts' or strategists' compensation is not linked to investment banking or capital markets transactions performed by Morgan
Stanley or the profitability or revenues of particular trading desks.

Morgan Stanley and its affiliates do business that relates to companies/instruments covered in Morgan Stanley Research, including market making, providing
liquidity, fund management, commercial banking, extension of credit, investment senices and investment banking. Morgan Stanley sells to and buys from
customers the securities/instruments of companies covered in Morgan Stanley Research on a principal basis. Morgan Stanley may have a position in the debt
of the Company or instruments discussed in this report. Morgan Stanley trades or may trade as principal in the debt securities (or in related derivatives) that
are the subject of the debt research report.

Certain disclosures listed abowe are also for compliance with applicable regulations in non-US jurisdictions.

STOCK RATINGS

Morgan Stanley uses a relative rating system using terms such as Overweight, Equal-weight, Not-Rated or Underweight (see definitions below). Morgan
Stanley does not assign ratings of Buy, Hold or Sell to the stocks we cover. Overweight, Equal-weight, Not-Rated and Underweight are not the equivalent of
buy, hold and sell. Investors should carefully read the definitions of all ratings used in Morgan Stanley Research. In addition, since Morgan Stanley Research
contains more complete information conceming the analyst's views, investors should carefully read Morgan Stanley Research, in its entirety, and not infer the
contents from the rating alone. In any case, ratings (or research) should not be used or relied upon as investment advice. An investor's decision to buy or sell a
stock should depend on individual circumstances (such as the investor's existing holdings) and other considerations.

Global Stock Ratings Distribution

(as of March 31, 2022)

The Stock Ratings described below apply to Morgan Stanley's Fundamental Equity Research and do not apply to Debt Research produced by the Firm.

For disclosure purposes only (in accordance with FINRA requirements), we include the category headings of Buy, Hold, and Sell alongside our ratings of
Owerweight, Equal-weight, Not-Rated and Underweight. Morgan Stanley does not assign ratings of Buy, Hold or Sell to the stocks we cower. Overweight,
Equal-weight, Not-Rated and Underweight are not the equivalent of buy, hold, and sell but represent recommended relative weightings (see definitions below).
To satisfy regulatory requirements, we correspond Overweight, our most positive stock rating, with a buy recommendation; we correspond Equal-weight and
Not-Rated to hold and Underweight to sell recommendations, respectively.
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COVERAGE UNIVERSE ~ INVESTMENT BANKING CLIENTS (IBC) OTHER MATERIAL
INVESTMENT SERVICES
CLIENTS (MISC)

STOCK RATING COUNT %OF  COUNT % OF %OF  COUNT % OF

CATEGORY TOTAL TOTALIBC  RATING TOTAL

CATEGORY OTHER

MISC

Overweight/Buy 1438 4% 366 45% 25% 630 4%

Equal-weight/Hold 1539 44% 365 45% 24% 712 46%

Not-Rated/Hold 0 0% 0 0% 0% 0 0%

Underweight/Sell 552 16% 87 1% 16% 207 13%
TOTAL 3,529 818 1549

Data include common stock and ADRs currently assigned ratings. Investment Banking Clients are companies from whom Morgan Stanley received investment
banking compensation in the last 12 months. Due to rounding off of decimals, the percentages provided in the "% of total" column may not add up to exactly
100 percent.

Analyst Stock Ratings

Owerweight (O or Ower) - The stock's total retum is expected to exceed the total retum of the relevant country MSCI Index or the average total retum of the
analyst's industry (or industry team's) coverage universe, on a risk-adjusted basis over the next 12-18 months.

Equal-weight (E or Equal) - The stock's total retum is expected to be in line with the total retum of the relevant country MSCI Index or the average total retum
of the analyst's industry (or industry team's) coverage universe, on a risk-adjusted basis over the next 12-18 months.

Not-Rated (NR) - Currently the analyst does not have adequate conviction about the stock'’s total retum relative to the relevant country MSCI Index or the
awerage total return of the analyst's industry (or industry team's) coverage universe, on a risk-adjusted basis, over the next 12-18 months.

Underweight (U or Under) - The stock’s total retum is expected to be below the total retum of the relevant country MSCI Index or the average total retum of the
analyst's industry (or industry team's) coverage universe, on a risk-adjusted basis, over the next 12-18 months.

Unless otherwise specified, the time frame for price targets included in Morgan Stanley Research is 12 to 18 months.

Analyst Industry Views

Attractive (A): The analyst expects the performance of his or her industry coverage universe over the next 12-18 months to be attractive vs. the relevant broad
market benchmark, as indicated below.

In-Line (I): The analyst expects the performance of his or her industry coverage universe over the next 12-18 months to be in line with the relevant broad market
benchmark, as indicated below.

Cautious (C): The analyst views the performance of his or her industry coverage universe ower the next 12-18 months with caution vs. the relevant broad market
benchmark, as indicated below.

Benchmarks for each region are as follows: North America - S&P 500; Latin America - relevant MSCI country index or MSCI Latin America Index; Europe -
MSCI Europe; Japan - TOPIX, Asia - relevant MSCI country index or MSCI sub-regional index or MSCI AC Asia Pacific ex Japan Index.

Important Disclosures for Morgan Stanley Smith Barney LLC & E*TRADE Securities LLC Customers
Important disclosures regarding the relationship between the companies that are the subject of Morgan Stanley Research and Morgan Stanley Smith Bamey
LLC or Morgan Stanley or any of their affiliates, are available on the Morgan Stanley Wealth Management disclosure website at
www.morganstanley.com/online/researchdisclosures. For Morgan Stanley specific disclosures, you may refer to
www.morganstanley.com/researchdisclosures.

Each Morgan Stanley research report is reviewed and approved on behalf of Morgan Stanley Smith Bamey LLC and E*TRADE Securities LLC. This review and
approval is conducted by the same person who reviews the research report on behalf of Morgan Stanley. This could create a conflict of interest.

Other Important Disclosures

Morgan Stanley Research policy is to update research reports as and when the Research Analyst and Research Management deem appropriate, based on
dewelopments with the issuer, the sector, or the market that may have a material impact on the research views or opinions stated therein. In addition, certain
Research publications are intended to be updated on a regular periodic basis (weekly/monthly/quarterly/annual) and will ordinarily be updated with that
frequency, unless the Research Analyst and Research Management determine that a different publication schedule is appropriate based on current conditions.
Morgan Stanley is not acting as a municipal advisor and the opinions or views contained herein are not intended to be, and do not constitute, advice within the
meaning of Section 975 of the Dodd-Frank Wall Street Reform and Consumer Protection Act.

Morgan Stanley produces an equity research product called a "Tactical Idea." Views contained in a "Tactical Idea" on a particular stock may be contrary to the
recommendations or views expressed in research on the same stock. This may be the result of differing time horizons, methodologies, market events, or other
factors. For all research available on a particular stock, please contact your sales representative or go to Matrix at http://www.morganstanley.com/matrix.
Morgan Stanley Research is provided to our clients through our proprietary research portal on Matrix and also distributed electronically by Morgan Stanley to
clients. Certain, but not all, Morgan Stanley Research products are also made available to clients through third-party vendors or redistributed to clients through
altemate electronic means as a convenience. For access to all available Morgan Stanley Research, please contact your sales representative or go to Matrix at
http://www.morganstanley.com/matrix.

Any access and/or use of Morgan Stanley Research is subject to Morgan Stanley's Terms of Use (http://www.morganstanley.com/terms.html). By accessing
and/or using Morgan Stanley Research, you are indicating that you have read and agree to be bound by our Terms of Use
(http://www.morganstanley.com/terms.html). In addition you consent to Morgan Stanley processing your personal data and using cookies in accordance with
our Privacy Policy and our Global Cookies Policy (http://www.morganstanley.com/privacy_pledge.html), including for the purposes of setting your preferences
and to collect readership data so that we can deliver better and more personalized senice and products to you. To find out more information about how Morgan
Stanley processes personal data, how we use cookies and how to reject cookies see our Privacy Policy and our Global Cookies Policy
(http://www.morganstanley.com/privacy_pledge.html).

If you do not agree to our Terms of Use and/or if you do not wish to provide your consent to Morgan Stanley processing your personal data or using cookies
please do not access our research.

Morgan Stanley Research does not provide individually tailored investment advice. Morgan Stanley Research has been prepared without regard to the
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circumstances and objectives of those who receiwe it. Morgan Stanley recommends that investors independently evaluate particular investments and
strategies, and encourages investors to seek the advice of a financial adviser. The appropriateness of an investment or strategy will depend on an investor's
circumstances and objectives. The securities, instruments, or strategies discussed in Morgan Stanley Research may not be suitable for all investors, and
certain investors may not be eligible to purchase or participate in some or all of them. Morgan Stanley Research is not an offer to buy or sell or the solicitation
of an offer to buy or sell any security/instrument or to participate in any particular trading strategy. The value of and income from your investments may vary
because of changes in interest rates, foreign exchange rates, default rates, prepayment rates, securities/instruments prices, market indexes, operational or
financial conditions of companies or other factors. There may be time limitations on the exercise of options or other rights in securities/instruments
transactions. Past performance is not necessarily a guide to future performance. Estimates of future performance are based on assumptions that may not be
realized. If provided, and unless otherwise stated, the closing price on the cover page is that of the primary exchange for the subject company's
securities/instruments.

The fixed income research analysts, strategists or economists principally responsible for the preparation of Morgan Stanley Research have received
compensation based upon various factors, including quality, accuracy and value of research, firm profitability or revenues (which include fixed income trading
and capital markets profitability or revenues), client feedback and competitive factors. Fixed Income Research analysts', strategists' or economists'
compensation is not linked to investment banking or capital markets transactions performed by Morgan Stanley or the profitability or revenues of particular
trading desks.

The "Important Regulatory Disclosures on Subject Companies” section in Morgan Stanley Research lists all companies mentioned where Morgan Stanley
owns 1% or more of a class of common equity securities of the companies. For all other companies mentioned in Morgan Stanley Research, Morgan Stanley
may have an investment of less than 1% in securities/instruments or derivatives of securities/instruments of companies and may trade them in ways different
from those discussed in Morgan Stanley Research. Employees of Morgan Stanley not involved in the preparation of Morgan Stanley Research may havwe
investments in securities/instruments or derivatives of securities/instruments of companies mentioned and may trade them in ways different from those
discussed in Morgan Stanley Research. Derivatives may be issued by Morgan Stanley or associated persons.

With the exception of information regarding Morgan Stanley, Morgan Stanley Research is based on public information. Morgan Stanley makes every effort to
use reliable, comprehensive information, but we make no representation that it is accurate or complete. We have no obligation to tell you when opinions or
information in Morgan Stanley Research change apart from when we intend to discontinue equity research cowerage of a subject company. Facts and views
presented in Morgan Stanley Research have not been reviewed by, and may not reflect information known to, professionals in other Morgan Stanley business
areas, including investment banking personnel.

Morgan Stanley Research personnel may participate in company events such as site \isits and are generally prohibited from accepting payment by the
company of associated expenses unless pre-approved by authorized members of Research management.

Morgan Stanley may make investment decisions that are inconsistent with the recommendations or views in this report.

To our readers based in Taiwan or trading in Taiwan securities/instruments: Information on securities/instruments that trade in Taiwan is distributed by Morgan
Stanley Taiwan Limited ("MSTL"). Such information is for your reference only. The reader should independently evaluate the investment risks and is solely
responsible for their investment decisions. Morgan Stanley Research may not be distributed to the public media or quoted or used by the public media without
the express written consent of Morgan Stanley. Any non-customer reader within the scope of Article 7-1 of the Taiwan Stock Exchange Recommendation
Regulations accessing and/or receiving Morgan Stanley Research is not permitted to provide Morgan Stanley Research to any third party (including but not
limited to related parties, affiliated companies and any other third parties) or engage in any activities regarding Morgan Stanley Research which may create or
give the appearance of creating a conflict of interest. Information on securities/instruments that do not trade in Taiwan is for informational purposes only and is
not to be construed as a recommendation or a salicitation to trade in such securities/instruments. MSTL may not execute transactions for clients in these
securities/instruments.

Certain information in Morgan Stanley Research was sourced by employees of the Shanghai Representative Office of Morgan Stanley Asia Limited for the use
of Morgan Stanley Asia Limited.

Morgan Stanley is not incorporated under PRC law and the research in relation to this report is conducted outside the PRC. Morgan Stanley Research does
not constitute an offer to sell or the solicitation of an offer to buy any securities in the PRC. PRC investors shall hawe the relevant qualifications to invest in
such securities and shall be responsible for obtaining all relevant approvals, licenses, \erifications and/or registrations from the relevant governmental
authorities themselves. Neither this report nor any part of it is intended as, or shall constitute, provision of any consultancy or advisory senice of securities
investment as defined under PRC law. Such information is provided for your reference only.

Morgan Stanley Research is disseminated in Brazil by Morgan Stanley C.T.V.M. S.A. located at Av. Brigadeiro Faria Lima, 3600, 6th floor, S&o Paulo - SP,
Brazil; and is regulated by the Comissao de Valores Mobiliarios; in Mexico by Morgan Stanley México, Casa de Bolsa, S.A. de C.V which is regulated by
Comision Nacional Bancaria y de Valores. Paseo de los Tamarindos 90, Torre 1, Col. Bosques de las Lomas Floor 29, 05120 Mexico City; in Japan by
Morgan Stanley MUFG Securities Co., Ltd. and, for Commodities related research reports only, Morgan Stanley Capital Group Japan Co., Ltd; in Hong Kong
by Morgan Stanley Asia Limited (which accepts responsibility for its contents) and by Morgan Stanley Asia Intemational Limited, Hong Kong Branch; in
Singapore by Morgan Stanley Asia (Singapore) Pte. (Registration number 1992062982) and/or Morgan Stanley Asia (Singapore) Securities Pte Ltd
(Registration number 200008434H), regulated by the Monetary Authority of Singapore (which accepts legal responsibility for its contents and should be
contacted with respect to any matters arising from, or in connection with, Morgan Stanley Research) and by Morgan Stanley Asia Intemational Limited,
Singapore Branch (Registration number T11FC0207F); in Australia to "wholesale clients" within the meaning of the Australian Corporations Act by Morgan
Stanley Australia Limited A.B.N. 67 003 734 576, holder of Australian financial senices license No. 233742, which accepts responsibility for its contents; in
Australia to "wholesale clients" and "retail clients" within the meaning of the Australian Corporations Act by Morgan Stanley Wealth Management Australia
Pty Ltd (A.B.N. 19 009 145 555, holder of Australian financial senices license No. 240813, which accepts responsibility for its contents; in Korea by Morgan
Stanley & Co Intemational plc, Seoul Branch; in India by Morgan Stanley India Company Private Limited; in Canada by Morgan Stanley Canada Limited, which
has approved of and takes responsibility for its contents in Canada; in Germany and the European Economic Area where required by Morgan Stanley Europe
S.E., authorised and regulated by Bundesanstalt fuer Finanzdienstleistungsaufsicht (BaFin) under the reference number 149169; in the US by Morgan Stanley
& Co. LLC, which accepts responsibility for its contents. Morgan Stanley & Co. Intemational plc, authorized by the Prudential Regulatory Authority and
regulated by the Financial Conduct Authority and the Prudential Regulatory Authority, disseminates in the UK research that it has prepared, and approves
solely for the purposes of section 21 of the Financial Senices and Markets Act 2000, research which has been prepared by any of its affiliates. RMB Morgan
Stanley Proprietary Limited is a member of the JSE Limited and A2X (Pty) Ltd. RMB Morgan Stanley Proprietary Limited is a joint venture owned equally by
Morgan Stanley Intemational Holdings Inc. and RMB Investment Advisory (Proprietary) Limited, which is wholly owned by FirstRand Limited. The information in
Morgan Stanley Research is being disseminated by Morgan Stanley Saudi Arabia, regulated by the Capital Market Authority in the Kingdom of Saudi Arabia ,
and is directed at Sophisticated investors only.

The information in Morgan Stanley Research is being communicated by Morgan Stanley & Co. Intemational plc (DIFC Branch), regulated by the Dubai
Financial Senices Authority (the DFSA), and is directed at Professional Clients only, as defined by the DFSA. The financial products or financial senices to
which this research relates will only be made available to a customer who we are satisfied meets the regulatory criteria to be a Professional Client.

The information in Morgan Stanley Research is being communicated by Morgan Stanley & Co. Intemational plc (QFC Branch), regulated by the Qatar
Financial Centre Regulatory Authority (the QFCRA), and is directed at business customers and market counterparties only and is not intended for Retail
Customers as defined by the QFCRA.

As required by the Capital Markets Board of Turkey, investment information, comments and recommendations stated here, are not within the scope of
investment advisory activity. Investment advisory senice is provided exclusively to persons based on their risk and income preferences by the authorized firms.
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Comments and recommendations stated here are general in nature. These opinions may not fit to your financial status, risk and retum preferences. For this
reason, to make an investment decision by relying solely to this information stated here may not bring about outcomes that fit your expectations.
The trademarks and senice marks contained in Morgan Stanley Research are the property of their respective owners. Third-party data providers make no
warranties or representations relating to the accuracy, completeness, or timeliness of the data they provide and shall not hawe liability for any damages relating
to such data. The Global Industry Classification Standard (GICS) was developed by and is the exclusive property of MSCI and S&P.
Morgan Stanley Research, or any portion thereof may not be reprinted, sold or redistributed without the written consent of Morgan Stanley.
Indicators and trackers referenced in Morgan Stanley Research may not be used as, or treated as, a benchmark under Regulation EU 2016/1011, or any other
similar framework.
The issuers and/or fixed income products recommended or discussed in certain fixed income research reports may not be continuously followed. Accordingly,
investors should regard those fixed income research reports as providing stand-alone analysis and should not expect continuing analysis or additional reports
relating to such issuers and/or individual fixed income products.
Digital assets, sometimes known as cryptocurrency, are a digital representation of a value that function as a medium of exchange, a unit of account, or a store
of value, but generally do not hawe legal tender status. Digital assets have no intrinsic value and there is no investment underlying digital assets. The value of
digital assets is derived by market forces of supply and demand, and is therefore more volatile than traditional currencies’ value. Investing in digital assets is
risky, and transacting in digital assets carries various risks, including but not limited to fraud, theft, market volatility, market manipulation, and cybersecurity
failures—such as the risk of hacking, theft, programming bugs, and accidental loss. Additionally, there is no guarantee that any entity that currently accepts
digital assets as payment will do so in the future. The volatility and unpredictability of the price of digital assets may lead to significant and immediate losses.
It may not be possible to liquidate a digital assets position in a timely manner at a reasonable price. Regulation of digital assets continues to dewvelop globally
and, as such, federal, state, or foreign governments may restrict the use and exchange of any or all digital assets, further contributing to their volatility. Digital
assets stored online are not insured and do not have the same protections or safeguards of bank deposits in the US or other jurisdictions. Digital assets can
be exchanged for US dollars or other currencies, but are not generally backed nor supported by any government or central bank. Before purchasing, investors
should note that risks applicable to one digital asset may not be the same risks applicable to other forms of digital assets. Markets and exchanges for digital
assets are not currently regulated in the same manner and do not provide the customer protections available in equities, fixed income, options, futures,
commodities or foreign exchange markets. Morgan Stanley and its affiliates do business that may relate to some of the digital assets or other related products
discussed in Morgan Stanley Research. These could include market making, providing liquidity, fund management, commercial banking, extension of credit,
investment senices and investment banking.
Morgan Stanley may hold, from time to time, material financial and commercial interests regarding the company subject to the Research report.

© 2022 Morgan Stanley
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