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FOREWORD

Liquidity in global financial markets has become a top concern for markttigeats who feathat
changes irmarket structure and new regulations may be leaving markets more fragile and susceptible to
elevated volatility, instability and systemic risk In particular, constrained liquidity withitu.S. bond
marketshas been debated across finandal industry, particularlyafter the October 15, 2014Hash
Crashyin U.S. Treasuries

On the following pages, we exploighanges in financial markets since 2@08financial crisis that may
have contributed to reduced market liquidity UhS. Treasury and/or corporate bond markefge

evaluatea variety of liquidity metricaising both external and internal d&teassess whether theyggest
an actual detrioration in market conditiondn the process, & highlight the perspectives afeveral
industry expertsand we provide an overview stepsthat havealreadybeentakento help address this
issue. We also highlight a number of initiatives that DTC& pursuing thatmay provide structural
improvements that contribuiedirectly or indirectlyi to further mitigating market liquidity risks

At the same time, DTCC firmly believes that it is crucial that the financial industry work together on
developing a comprehensive approacladdressinghe structural factors that impact market liquidfg
such,this paperserves as a springboard fortherengage with clients and other key stakeholders globally

It is intended to stimulate debatnd foster discussion on an area of risk that isafomind with
regulators and market participants.

The financial market landscape has fundamentllgngedsince the2008 financial crisis, so we must
work together to fully understand these changes and learn how to adapt to them in order to ensure that
markets continue to fiction properly in the future.

We look forward to your thoughtsomments andhsights We encourage you to share them with us in
the months aheaslo we carincorporate them into the inttiativege aredeveloping to provideffective
and robussolutions to these industryvide challengs

! On October 15, 2014, a “Flash Crash” occurred in U.S. Treasuries, wherein the U.S. Treasury bond market experienced significant v olatility amid
record trading volumes, with the benchmark 10-y ear U.S. Treasury yield plunging 34 basis points before bouncing back to its earlier lev el within
minutes.
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EXECUTIVE SUMMARY

Adequate rarket liquidity is paramount to financial stabilty, not only rtatigate the impact ofdirect
liquidity shocks, but also tguard againsthe risk that seemingly unrelated evewils impair liquidity to
the pointof developing into avidespreadinancial crisis

While the risk of a direct liquidity shoakay be modesat this point we believe that liquidityn the fixed
income marketdhas become more vulnerable as a resultsefreralstructural changeever the pat
decade Thesechanges may have a limited effect on liquidity in normal market circumstanadbey
could exacerbatehe impact offuture disruptiond possbly leadng to a deepercrisis that could banore
easilycontained inan environment with morebust liquidity conditions.

The views presented in this paper are based on a quantitative analysis of internal and external metrics, as
well as a more qualitativassessmertf liquidity drivers and structural changes that may affect liquidity
conditions

Researclconductedoy industry expert®n bondmarket liquidityto datehas been inconclusive, as some
market participants warn of the risk of a future crisiile others downplay these concer@ar internal
analysis which focuses specifically od.S. corporate bond trades submittedthle National Securities
Clearing Corporation NSCQ), finds severalindications that are consistent with deteriorating liquidity
conditions declininginterdealertrade volumes in theate of rising issuance actijiipwer average trade
sizes a decreasingpool of executing firmsand ashrinking credit default swapGDS market The
evidence for the U.S. Treasury bond market is less clear, but nonetbet@ssof the same structural
changes affect both marketsandthus suggest that liquidity could become a concern for both markets
during stressed periodt some point irthe future.

The structurachangesthat may affect liquidity conditionsclude the growing importance oleetronic
trading the expansion ofided income mutual funds amkchangedraded funds ETFS, new regulations
shftsinlmanks & business mpcHamdes intheaowrkrshipof 8.8. Traapupesand tie e
shrinking of the repo marketThese developmentsghlight theimportance ofsustained vigilance and the
need for lhe financial industryto work togetheiproactively to develop effective mitigants

Thekey findings of this paper can be summariasdoliows:

9 Liquidity metrics for U.S. corporate and Treasury bondsprovide a mixed nessageas
traditional measuresuch as bicdhsk spreadsdo not show significant deterioration, while other
metrics such as market dep#nd turnoversuggest otherwise.

1 Aninternal analysis of U.S. corporate bondnterdealer trades submitted to NSCCover the
last five years provides indications that liquidity in this market may be deteriorating based
on trade volumes, average transaction size and the number and concentration of trade
counterparties.

1 Multiple factors are responsible forimpacting liquidity, with no one factor being the obvious
overriding elementSome of the key factorare changes to market structure, new product
developments androwth of productsuch as bond ETEFshifting ownership of bondand new
regulations.

1 Collaboration between market participants, including DTCC, is crucial to mitigate this risk
as inttiatives already underway or on the horizon wil play a key ratirimizing the potential
for constrained liquidityto drive or exacerbate a futuisis.
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Although market articipants and regulators disagree about the primary drivers of constrained liquidity,
and somedisagreemore fundamentally about whether or not liquiditycsnstrained at all, the is a
general consensubat the topic warrants continued monitoring dinalt it is prudentto take proactive

steps to address risks resulting from a deterioration of market yquidit

DTCC is proactively working with the financial industrydevelop new inttiatives taddresghis issue
We are alsanonitoring our exposure to liquiditysks, andwe areevaluating whether to enhance margin
requirementdo further mitigate these risksRegulatorsandfinancial industry participantare alsaaking
steps to address newly emergingrket liquidity risks.
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INTRODUCTION

Constrained liquidity inJ.S. bond markets has become a top concern, particularly after the October 15,
2014 HashCrashin U.S. Treasuries, which raiskfearsaboutelevated volatility, market disruptions and
patential systemic instability.

This is further evidenced by the results of fli@ 2016DTCC Systemic Risk Baroeter surveywhich
indicated thaB0% of respondentsonsiderdecreasing liquidity as one of the tofe systemic risks to the
broader economyup from 24%of respondenta year earlier

The goal of this paper is texplore the factors impacting liquidity, assess liquidity trends using both
external and internallISCC data and highlight the inttiatives led by the financial industry and by DTCC
to address this issue.

“It's hard to find any financial market player who doesn't talk
about being concerned about potential liquidity issues."
T Eric Rosengren, President and Chief Executive Officer of the Federal Reserve Bank of Boston

The drivers of reduced liquidity are unclear, but this debate will become more

urgent in the coming years.

Market participants and regulators have debated whether new regulations or shifting market fundamentals
are constraining liquidity. They di smaglrce et loant wrheert
participants must adapt to or whether it represents a systemic risk that must be addressed. This debate has
been mostly theoretical so fars fixed income markets have been relatively calm sinc20b@financial

crisis. However, this isue may become more pressing when central banks tighten monetary policy and
create a rising interest rate environment. In these circumstancesy quickly become apparent how

markets wil react to stressed conditions in a potentially constraine dyiguidironment.

Liquidity metrics provide a mixed message.

Traditional measures of liquidity, such as-aigk spreads, do not show significant deterioration, although
other metricssuch as market depth, turnover (volumes/outstanding debthenecdanecdtal accounts of

the decliningability to conduct large traastions suggest otherwise hE rise of electronic tradirand other
structural changesiay be distorting these metrjc theycould be misleading arshould be interpreted
with great @are Inaddition, the real concernis how liquidity wil behavéimes of stress, whernist needed
most, not during the calm conditions that have preddiiringmost of the padive to sevenyears.

While structural changes in fixed income markets havalready affected liquidity to

some degreethey could have an even larger impactluring a future crisis.

Electronic trading has grown in importance, which has increased the speed of trading, made liquidity more
fleeting and shifted the identity of key market participants. Fixed income mutual funds and ETFs have also
grown rapidly and nowaccount fonearly aquarter of thdJ.S. corporate bond universe, which creates the

risk of liquidity mismatches, seieinforcing selloffs, contagion risk and maturity misiohes. Hgher

capital requirementand other new regulatiorigve also sharply increased the costagital for banks,
potentially contributing t@ pulback in marketnaking and other activities that have historicalipported
l'iquidity, mar ket volumes and mar ket stability. B
causing more hoardinof assets rather than trading and internalization of activity. The ownership picture for
U.S.Treasuries has aletangedas central banks and foreign investors increase their share of holdings but
do not necessarily contribute proportionally to traddumes. The shrinking repo market may also be
impacting liquidity byweighing e demand for underlying assets


http://www.dtcc.com/news/2016/april/25/asia-economic-slowdown-cyber-risk-top-list-financial-industry-concerns-in-new-dtcc-survey
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1. THE IMPORTANCE OF LIQUIDITY IN U.S. BOND MARKETS

‘ Key takeaway

' Liquidity is the lifeblood of the financial industry— it is essential towell-
functioning financial markets and a thriving economy.

Simply put, liquidity is the abilty to buy or sell an asset at the prevaiing market price without
significantly affecting the price of that asseiguidity is essential to wefunctioning firancial markets

and a thriving economy, as it allows for the efficient movement of capital throughout an economy with
minimal friction, which ensures an optimal allocation and pricing of resources.

The U.S. Treasury bond markisas historically been one tfe deepest and most liquid marketsthe

world, which has helped the U.S. economy to thbyeminimizing borrowing costdn addition to having

minimal liquidity risk, U.S. Treasuries are also considered virtually free of credt risk, as they are backed
by the unquestioned creditworthiness of the U.S. government. This combination supports their status of
the ultimate safdaven asset.

The depth of theU.S. corporate bond market hatowed U.S. corporations to raise capitahffordable
borrowing coststhus allowing them to redeploy that capital to grow their businesses and the U.S.
economy.

Liquidity can be measured by various metrics, which we discuss on the folowinggsmgesassess the
recent trends for each

1 Bid-ask spread, which are the difference in price between what buyers are wiling to pay and
what sellers are wiling to accept;

1 Volumes, which is mt an exact measure of liquidity, but which does provide a sense of the
amount of trading conducted in markets;

1 Tumover, which compareshe trading volume of a securityp the amount outstanding or
recently issuedand

1 Market depth, which measures the abilty to trade large amounts of a security at a particular
price without moving the price.



MARKET LIQUIDITY DISCUSSION PAPER — SEPTEMBER 2016

2. THE RISK FROM INSUFFICIENT LIQUIDITY

‘ Key takeaway

In addition to having a detrimental effect on markets, constrained liquidity ci
potentially spread ancevencause financial instability.

The Potential Fallout from Constrained Liquidity

Although fixed incomemarkets have generally been calm over the past several years thgarkg to
accommodativanonetary policy, market volatiity coulgvert toward historical norms ose even more
sharply in the years aheaghrticularly given that the Federal Resenas lbegun tightening monetary
policy. Constrained liquidity could further exacerbate this volatiity by interferimgth the proper
functioning of marketsExtremevolatiity could exceed thaistoricalmarket movementthat are used by
margining models paentially exposing market participangsd infrastructureto excessnarketlosses

Market participants, includin@TCC, could also face more difficulty iseling positionsif they need to
liquidate assets quickhfhis could force a firm to eithesiccept less attractive market prices or be forced

to hold onto assets for longer than desired, if possible, which could result in further downstream effects.
Inadeiate liquidity maylead to larger througthe-cycle margin requirements in order to allow rkegt
participants to mitigate their risk exposure and prepare for bouts of future volatility.

Liquidity issues could alsbe contagious andpread beyond fixed income markets to other ciasde
financial assets

October 15, 2014Flash Crash A Case Study on the Risk from Insufficient

Liquidity

The October 15, 2014 lash Craslin the U.S. Treasury markdtstrates the risk of market dislocations

when liquidity is insufficient to meet deman@n that daythe U.S. Treasury bond market experienced
significant volatiity amid record trading volursewith the benchmark 1gear U.S. Treasury yield

plunging 34 basis points before bouncing back to its earlier level within miniiele economic data

(retail sales) that was released an hour prior to theeint was weaker than expected, the surprise of that
data was only 1.4 standard deviations from its mean, whereas the move of the benchmark Treasury yield
was 7.0 standard deviations from its méaintraday moves of such a size have been observed on only
threeoccasions since 1998, according o the Treasur:

2 Joint Staff Report: The US Treasury Market on October 15, 2014. Rep. U.S. Department of the Treasury, Board of Gov ernors of the Federal Reserve
Sy stem, Federal Reserv e Bank of NewYork, U.S. Securities and Exchange Commission, U.S. Commodity Futures Trading Commission, July 13,
2015.
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Figure 1: On-the-run 10-year U.S. Treasuryyield on October 152014(8:30AM ET 1 9:58AM ET)
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Source: BloomberdNote: Data from Bloomberg was unavailable for the peab@:41AMto 9:45AM.

During the 12minute event window (highlighted area in Figur@aldove, trading volumsin the Treasury
market also reached six to 10 times the averagesjavieéreas market depthasmeasured by the dollar
amount of standing quotes in the central limit order books (CLOM) to about 20% of its yeano-date
average. In addition, in thece of a sharp deterioration of market liquidity, market participamusrtedly
temporarily pulled the plug on their automated price quoting systems and relied on manual or voice
trading, further exacerbating an acugeidlity shortage at that time.

Following the 12minute disruption, price volatiity quickly reverted back to normal, and by the end of

the daythe 1Qyear Treasury yield recovered to 2.14%, only six basis points belopthe vi ous day ¢
closing level However, a growing number of markgdrticipants have warned that brief dislocations such

as thisFlashCrash may happen more frequently in coming years due to changing market conditions.
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3. RECENT PERSPECTIVES ON LIQUIDITY TRENDS IN U.S. BOND
MARKETS

Key takeaway

Industry professionals and regulatomsot only differ on the drivers of liquidity
concerns in bond marketghey also disagree on the more fundamental questic
of whether liquidity is constrained at all.

The debate over liquidity concerns in U.S. bondkats has become a hot topic, with industry experts and
regulators unable to agree on a clear driver of market iliquidity or the extent to igtiditylis actually an
issue.In generalindustry professionals have largegjited postfinancialcrisis regilations for hampering
liquidity, while regulators have pointed to othdevelopmentssuchas shiftihng market fundameak,
including the proliferation of ETFs atbh-frequencytrading, as well as othéactors

Regulators have pledged to contirstedying the issue and to propose asgetific regulatory reforms
where necessaryowever, they generally believe that the benefits of these new regulations outweigh the
risks, pointing out that fixedhcome markets are overall more resiient than tveye before the 2008
financial crisis. As a resuliprior to implementing modifications tdhe posicrisis regulatory regime
regulators continue to seakore evidencehat points to a serious liquidity problem that is primarily
driven by postrisis regutions, as opposed to other market developments

3.1 Perspectives of market participants

Many financial institutions and industry groupave largely cited new regulations for hindering market
liquidity and irtroducing new risks to market3hese samgroups havecalled on global regulators to
revisit parts of the posirisis supervisory framework to alleviate the liquidity crunch.

A top caoncern for market participants tke impact of new regulations on markedking activity.Banks

have historicallyplayed a crucial role as marketakes to provide liquidity to bond markes but they

have scaled back from thiole as postrisis regulationson trading and capitatequirementshave

constrained their markebaking abiity and made it more costly fonem to hold bonds in their
inventories.As marketmakers pull back, they amo longeravailableto step in to buyo match selling
demand.Economist Nouriel Roubini warned thita n k s 6 r e dmaking activitiea as ka eesult of

postcrisis regulatorhave contributed to a At i meolagseoimtimésoft hat w
trouble’

The Volcker Rule of the DodBrank Actmay havef ur t her compl i cat endkerbanks o
particularly in corporate bond markets. The Volcker Rule prohibits proprietary trading by barkeiand
affiiates, and the absence of these tradesid have contributed to declining trading volumes.
Additionally, it is not straightforwardor banks and regulators to distinguish proprietary trading activity

from marketmaking, which is allowed under Doditank.As a resultbanks may pull away from market

making activity to avoid any potential violations, while the operational costs of complgimgew rules

may havealso deterred activity.

3 Roubini, Nouriel. "The Liquidity Timebomb - Monetary Policies Hav e Created a Dangerous Paradox." The Guardian, June 1, 2015: n. pag. Web.
4 PricewaterhouseCoopers LLC, comp. "Global Financial Markets Liquidity Study."(n.d.): n. pag. Aug. 2015. Web.

10
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Higher overall capitatequirementsnayhave also affected market liquidigs market participants have less

capacity to support their trading activity while complying with -nigkighted capital requirementSome

market participants believihatthis has led to a diminished role of banks as a potential source of stability

during times of market stress. For example, JPMorgan CEO Jamie Dimon warned in his 2015 annual letter to
shareholders that newcapitatan | i qui dity rules had hindered banks?®é
andthat large banks would not be able to accept new deposits from collapsing competitors or act as market
makers for safdaven assets like Treasuries during the next caisthey did in 2008

Many asset managers on t he ot her hand, are accepting redu
accordingly. For instance,BlackRock said in a viewpoint paper thdt is adapting to the changed
environment by identifying newools and making changes in its trading platform and capabiities.

An overarching concern for market participants is that deteriorating liquidity has been disguised by
favorable market conditions, most notably reelowd interest rates from global central banks. As the
Federal Reserve tightens its monetary policy, mdiduedity deficiencies may become more apparent.

3.2 Perspectives of regulatory bodies

Global regulators hav@enerally dismissedhe notion that higher capital requiremefitave been a
significant driver of reduced market liquidity, as they point to offaetors that have shifted market
dynamics, such as the proliferationaetéctronic andhigh-frequencytrading

Regulatorsare also asse$sy recent dynamics of bond markets in relatiomtarket liquidityto assess
what changes, if anynay need to bemade to the regulatory environme@obal oversight committees
such asthe International Organization of Securites Commissions (I05Gi@ Bank for International
Settlements (BIS) and tHaternational Monetary Fund (IMFhave published research refsoras have
national regulatory bodigsuch as the Federal Reserve. Conclusiom® the studieonducted so far
have generaly pointed to a lack of evidence of jposts regulations playing a major role in reduced
liquidity, andin some casesegulabrs have foun@ lack of evidenc¢hat liquidity is even constrained at
all. For example, in the Joint Staff Report on th&.Ureasury Market on October 15, 2014, the authors
note that several metricsuch as Treasury biask spreadsio not denote anstress in market liquidity.

Federal Reserve officials have also argued against the tblainincreasedapitalrequirements reduced

d e a |l e r srhakinghaapdcitywhich market participants have pinpointed as a primary indicator of
reduced liquidity The Federal Reserve Bank of New Y &tkesident Wiliam Dudley has been one of the
most vocal officials arguing against such a clastatingthat evidence pointing to deteriorating liquidity

in bond mar ket i sarguih@ thatetea # licuidity Inasindeedbeen reduced, it is not
clear whether postrisis regulations are the primary cafdde added that there are many other factors
that are contributing to changes in market structure, including the increasing participation-of high
frequeng traders who have an option to quickly pull out of markets during times of stress.

Despite their skepticisnFederalReserveofficials have pledged to contieuwstudying liquidity conditions,

stating theywould consider changing some regulations if they found to have negative effects that

outweigh their benefits innsuring stable market$-ederal Reserv®eputy Director of the Office of
Financi al Stability Policy and Research Andreas L

® Dimon, Jamie. "Dear Fellow Shareholders." Letterto JPM Shareholders. Apr. 9, 2015. MS. N.p.

e BlackRock, comp. "Addressing Market Liquidity ." (n.d.): n. pag. Aug. 2015. Web.

7 Joint Staff Report: The US Treasury Market on October 15, 2014. Rep. U.S. Department of the Treasury, Board of Gov ernors of the Federal Reserve
Sy stem, Federal Reserv e Bank of New York, U.S. Securities and Exchange Commission, U.S. Commodity Futures Trading Commission. July 13,
2015.

8 Dudley, William. “Regulation and Liquidity Provision.” SIFMA Liquidity Forum, New Y ork City . September 30, 2015.

11
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crisis regulatorychanges as a possible factor affeckopgdity, but also noted that markets have generally
been resilient since 2008

o Borak, Donna. “New Laws’ Effect on Market Liquidity Is ‘Reasonable’ Concern —Fed Economist.” The Wall Street Journal, March 7, 2016. Web.

12
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4. REVIEW OF U.S. BOND MARKET LIQUIDITY METRICS

‘ Key takeaway

Metrics measuring liquidity show a mixed picturesuggesting that liquidity i
under pressure but not indicatingconclusivelythat it is constrained to the point
of causing a future crisis.

On thefollowing pages, we evaluage variety ofliquidity metricsin both the U.S. Treasury bond market
andthe U.S. corporate bond markert, search of quantifiable indicatiotisat maysupport the anecdotal
claims of constrained liquidity.

We analyze external data from sources sudh&Securities Industry and Financial Markets Association
(SIFMA) and theFedeal Reserve Bank of New Yorland we als@assessnternal trade data thag

available withihNSCC,gi ven the <clearinghouseds role in the
transactions in the U.S.

4.1. U.S. Treasury Market

Traditional measures of liquidity show a mixed picture

Bid-ask spreads show no problems but could be misleading due to the increasing participation of
high-freque ncytrading (HFT) firms.

Although the incident on October ,12014 rekindled concerns over reduced market liquidity in the
Treasury market, market liquidity, as captured by conventional measuragtteagerienced significant
deterioration. The bidsk spread for the ehe-run 10-year Treasuryyvhich is the differencebetween the
prices at whichinvestors are wiling to buy or sell a bond and thus a popular gauge of liquidity, remains
nea the precrisis level (Figure2). Recent research from thBIF also shows that the costs ofying a
security and immediately setinit have generally remained below the levels seen in‘2007.

Figure 2: Bid-ask spread on the twe, five- and 10-year onthe-run Treasuries
256" of a point

Spreads have been narrow
and stable.

0

C« N WHMOILEONDO®

2005 2007 2000 2011 2013 2015
Source:Federal Reserve Bank diew York

'° Global Financial Stability Report (GFSR): Vulnerabilities, Legacies, and Policy Challenges. Rep. International Monetary Fund, Oct. 2015. Web.

13
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However, bidaskspreads are highly correlated with volatiity and thus may be a poor indicator of
potential liquidity in the futureln other words, the current low level of spreads could simply be a
reflection of current calm market conditions, whereas spreads are likely to widen sharply when volatility
increases, in which case liquidity maydmarcethan this metric currently sugdes

Bid-ask metris alsoignore the impact of significant changes in market structure, including the growing
participation ofHFT firms in the Treasuryashbond and futures marketéccording to the Treasury
Market Practices Group (TMPG), automated tigdiepresents more than half tok overall trading
volume inU.S. Treasury securities.

The increasedise of HFT strategies might be partially responsible for the narroweadkdspreads in
recent years, as firms employing such strategies tend to suloleiis close to prevailing market psce

but with small order sizeshus keeping bidask spreads lomHowever, they may be creating an illusion

of liquidity that could quickly disappear during times of stress, as they can easily pull out of markets,
reailting in inconsistent liquidity.

This argument criticizing HFT, however, is in dispute. Some beeksed to operatbeir automated

trading systems during the October 2814 FlashCrash while several HFT firms reported that they had

only dialed down their exposure. AccotrhdRashg t o t he
Crash the10 most active automated trading firms conducted more than 80% of the activity among those
participants under its coverage in a-thute window.In that case, HFT firms could be steady suppliers

of liquidity of the Treasury market, helping to f
market participants and regulators continuargue that HFT firmgreate a false impression of demand,

making tradersbelievethere are buyers and then puling their orders.

Volumes remain stable but have not kept pace with a surge inissuance
Treasury trading volumes have remained fairly stabés tive past five years at around@550 bilion

per day (Figures).

Figure 3: Treasury trading wolume, issuanceputstanding debt & turnover (2005-2015)
$ in billions

= Trading Volume . |ssuance Outstanding = Turnover (trading volume/cutstanding)
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However, his measure of liquidity ignores the surge in issuance argighiéicant increase in the
amount of Treasuries outstanding in e@atyearsAs shown in Figure 3 aboy@&ssuance of Treasuries has
sharply increased in pestisis yearsieaching $2.2 trilion in annual issuance in 204dnethelessa
smaller share of outstanding Treasuries is traded now with the turnover ratio (trading volume /

" Automated Trading in Treasury Markets. Rep. Treasury Market Practices Group, June 2015. Web.
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outstanding) faling to just 4% in 2014 from 12% in 2007, as financial institutions anddéeaFe
Reservancreasingly holdassetsor regulatory or monetary policy purposes, not for trading.

As aresult, it now takes longer to turn over Treasuries; it took about 25 days to fully turn over the
Treasury market in 2014omparedo only eight daysin 2007 (Figure 4)

Figure 4: Trading wolume & turnover days (20052015)
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Market de pth has deteriorated, particularly during stressed periods

Anot her noticeable deterioration in market |iquid
to the ability of investors to trade largmsitionsof Treasuries easily without moving therice. To

measure this, Fedal Reserveeconomists toolhe average of the top three -biddask quote sizes for

onthe-run Treasuries. Figure $hows that market depth deterioratedrkedlyduring times of stress,

such as during the 2013 taper tantfarand it has fallerirom its postcrisis highs, which is ilicative of

a more difficult trading environmenthe average trade size of Treasuries has also markedly decreased in
recent years, albeit in part due to the adoption of automated trading.

2 The “2013 taper tantrum” refers to the dramatic increase in U.S. Treasury yields which resulted from the reaction of financial markets to the U.S.
Federal Reserve’s decision to begin reducing or “tapering” one of its bond-buy ing programs.
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Figure 5: Market depth for on-the-run Treasury notes
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Trading activity has shifted to futures rather than cash bond markets

Trading of US. Treasuries has also seen a marked shift over the past several years away from the cash
bond market and toward the futures marRecording to data from UBS, the average daily volume in the
U.S. Treasury futures market repress®f’ timesthe volume of cash Treasurgs of mid2015) which

is up sharply fron.5 timesback in 2011.

The shift towardrading inthe futures market could be both a symptom of iliquidity in the cash bond
market and a catalyst for further deteriorationquidity.

1 Market participants are likelghifting to the futures market due to the view that this market
provides more reliable liquidity than the cash bond ma@dser factorssuch as thenore
favorablebalance sheet implicationsf utilizing futures could also be contributing to this shift

1 The shift away from cash bond markets may also be createifjr@isforcing problemAs
trading activity migrates away from the cash bond mapaentially due to a search for better
liquidity, the liquidity ofthe cash markebay furtherdeteriorate
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4.2. U.S. Corporate Bond Market

While liquidity concerns have emerged with respect to the fixed income market in general, these concerns
have been most pronounced for corporate bonds. AltHuidgisk spreads and other conventional measures

of liquidity do not seem to show significant deterioration, other metrics, such as trade volumes, issuance
activity, average trade sizes and the number of potential trade counterparties, paint a more nuaneced pict

GvenNSC@ s central rol e iohU.S domporate bands,ran anglysisaohitd daeant | i n
help provide additional insight into the liquidif this market. The sections below describe an internal
analysis of liquidity conditions ithe U.S. corporate bond market based on aggre i€ data which

is reflective of interdealer tradesOur analysis focuses on the period from 2010 to 2015, given that the
inception of this growing liquidity concern can primarily be traced to the y&diosving the 2008

financial crisis.

During this fiveyear period, we observed the following trends:

1 Interdealertrade volumes have not kept pace with issuanaetivity : Corporatebond issuanc
activity hassubstantially increasedhile the total yearhtradevolumes that have been submitf
to NSCC have declined 18%.

1 Trade size has decreasedheaverage size of trades submitted to NSCC has decrepd8&d

1 The number ofcounterparties has fallen The number oNSCCtrade counterparties has fall
by 20%

I The CDS markethas shrunk: The average gross notional amount of CDS trédeslecrease
by roughly 50%

Collectively, theseobservationsuggest a potential deterioration of liquidity in the U.S. corporate bo
market.

Interdealer trade volumeshave not kept pace with issuanceactivity

Over the past few years, tia®commodativenonetary policy employed by the U.S. Federal Reserve has
motivated asignificantincrease in corporate bond issuance activity, as issuers haveathletage of a
low interest rate environmeno issue a record amount of debt to fund M&A activities, stock buybacks
and other activitie$® The aggregate size obw corporate bondssuance reported by SIFMicreased
from approximately $trilion in 2010 toroughly $15 trillion in 2015.

According toinformation publishedby the Financial Industry Regulatory AuthorifFINRA), corporate
bond trade volumes have increased over the past five, yesin terms of overaftade activityand in
terms of customer bugide andcustomer skside trading.' However, a more nuanced story emerges
when we focus specifically omterdealertrade volumes of corporate bonds. As shown in Figure 6,
average daily interdealer trade volumes reported to NSCC have suedliye between 200 and
2015" Interdealer trade volumes reported to FINRA T R(&Ar&deé Reporting and Compliance
Engine) confirm this downward trendDaily interdealer trade volumes have fallen from a peak of
approximately $6 bilion in 2011 to a low of approximately $#iéb in 2015.

B Riaz, K., Prager, R. Kahn, R. & Vedbrat, S. et al (2014). “The Liquidity Challenge: Exploring and Exploiting (Il)Liquidity .” Blackrock Publications.
Web.

* Mizrach, B. (2015). Analy sis of Corporate Bond Liquidity . FINRA Research Note. 1-6. Web.

' NSCC internal data set consists of corporate bond trades with the following sub-issue ty pe descriptions: corporate bonds, money market instrument
(MMI) deposit notes, MMI medium-term bank notes, MMI medium term notes, non-CMO/ABS amortizing issue, conv ertible corporate debt, corporate
debenture, corporate v ariable rate demand obligation (VRDO), corporate insured custodial receipts and corporate debt deriv atives. This dataset
consists of U.S. corporate bond interdealer trades that are submitted to NSCC; it excludes buy -side and comparison-only trades.
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Overall NSCC annual interdealetrading volumes declined 8% in five years, dropping frormore
than $1.3 trilion in 2010 to roughly $ trilion in 2015. Aside from a slight uptick from 2011 to 20t#s
trend shows a steady deelin

Figure 6: Corporate bond average daily trade volume
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It is important to notehat not alitypes ofU.S. corporate bond trades aleared by NSCCand thusot
all tradesare included in our internal data set. For examméqil activity and bwside trades are
typically settled outside of the clearinghouas they involve entities that are not NS®M@mbers As
such, the diverging trends illustrateédFigure 6 suggestthat a growing portion ofJ.S. corporate bond
tradegelate to retail activity and beside trades as compared to the interdealer maakdtthat increases
in trade volumes in the U.Scorporate bond marketare being driven by activity atside of the
clearinghouse This suggests that a growing portion of bonds is sold more quioklyjuyandhold end
investorsand is no longemart of the more liquid pool of securities thatasailable for secondary
interdealer trading activity through NSCC.

In short,lower NSCC trading volums point to decreased liquidity, especialy as they o@gainst the
backdrop of substantial increases in new issuance acsitustrated irfFigure 7
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Figure 7: Annual corporate bond new issuanceactivity vs. annual NSCC interdealer trading volume
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Averagetrade size

Given that liquid markets allow for large quantities of securities to be traded with ease, average trade size

2012 2013 2014 2015

NSCC Interdealer Trade Volume

is also useful as another measure of maidadlity.

1 As shownin Figure 8, the average size dfterdealertrades submitted to NSCC decreased by
13% between 2010 and 2015, declining froB3&973in 2010 to $293,63 in 2015.

1 In order to assess whether seasonality could affect this trend, wevalsated trade size on a
monthto-month basis. As showin Figure 9, on a monttby-month basis, the averageerdealer
trade size was lower in 2015 than in 2010 tfee vast majority of thenontts, which illustrates
that the downward trendemains intactirrespective of seasonal factors.

Figure 8: Corporate bond average trade amount
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Figure 9: Seasonaltrends in corporate bond trading
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Although the smaller trade sgenay bepartly due to structural shifts in traditigat do not necessarily
imply decreased market liquiditgnecdotal evidence does suggest thatability of investors to transact
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large amourst of corporate bonds without moving prices has diminished in recent Ye@re asset
manager quoted anonymously in a recent industry report siai#éth at used t o take an
day, what used to take a day can take a week, what used to take aweeb ar e I'y possi bl e. 0

Liquidity concentration and bifurcation

Liquidity in the corporate bond market is highly concentrdtdzhsed orNSCC internablata, more than
half of the totalinterdealertrade volume in a given year is concentrated in less th#ndfGall traded
CUSIPs.

Liquidity bifurcation is a trend whereliquidity becomes increasinglgoncentrated inhighly liquid
securities while diminishing in less liquid securities According to the BIS, there are significant
indicators that point to themergenceof liquidity bifurcation in marketnaking service.*®

However,NSCCinternal data doesot provide evidencehat liquidity bifurcationhasworseredbased on
the overall trade activity over thpast five yearsOn the contrary, we find that the top 1G$feactively
traded corporate bond CUSIPs represented less/®arof trade volume submitted to NSCC in 2015,
down fromabout80% in2010.

Trends in counterparty activity

Given that market liquidity is ultimatelyrgvided by trade counterparties, we also analyzed the number of
counterparties at NSCC within the corporate bond market, as well as the concentration of activity within
these counterparties.

As illustrated byFigure 10, the number ofrade counterparties (as measured by the numtereafuting

firms involved in interdealertrades submitted to NSCCglIif by 2076 between 201@nd2015. The fact

that this decrease was not compensated by increased activity on the part of the remaieinoactiemt

points to a lower level of market liquidity, as described inghevious sectianThe overall decrease of

the number of counterparties also makes market liquidity more fragile and susceptible to the potential
retrenchment of one or more playedsring times of stressThis downward trend in counterparties
submitting interdealer tradet® NSCC is also reflected in the number wfique firms that submitted
interdealer tradeto FINRASO $RACE.

Figure 10: Counterparties to corporate bond interdealer trades (2011-2015)
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This concern is particularly relevant given that most activity is concentrateid witimited number of
trade counterparties. Additionally, this type of concentration seems to be increasing even further

16 Papany an, S. (2015). Heightened Bond Liquidity Risk is the New Normal. U.S. Economic Watch. Web.

" Wood, Duncan. "GFMA, IIF, Isda Plan Liquidity Lobbying Push.” Risk.net. N.p., July 10, 2015. Web.

8 Fender, I. & Lewrick, U. (2015). Shifting Tides — Market Liquidity and Market-Making in Fixed Income Instruments. Bank for International
Settlements. 100-103. Web.
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according taNSCCdata.The 50 most active trade counterparties accountedi¥or@ interdealer trade
volume submitted to NSCC in 201%ip from B% in 2010.

Shrinking CDS market is weighing on corporate bond market volumes

The marketfor CDS has contracted considerably since the 2008 financial crisis, a trend confirmed by
various market participant8.According to a recent publicatiory bhe Kroll Bond Rating Agency, trade
volume has fallenfrom approximately $0 trilion notional amountin 2010 to less than $9 trilion
notional amount in 201%.

DatafromDTCC6s Tr ade | nf,chownn Figue i, coMams ¢hik teends Fror2010 to
2015, the average gross notional amount of CDS trades decreased by rouglfitpri0der $14 trilion

to about $7 trilion.The net notional size of singl|ame CDSoutstanding alsaleclined to only $686
bilion as of mie2015, down almos60% fran $1.6 trilion in late 2008 (when DTCC first began
reporting this position data)lhe number of contracts followed a similar downward trend, decreasing by

47% in thefive-year period.

This retrenchment in the CDS market, as well as a similar contrantitime collateralized debt
obligations (CDO) market, has weighed on corporate bond trading volumes by reducing the ability to
conduct basis tradingndhedge positions

Figure 11: CDS gross notional and number of contracts
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1 Oehmke, M. & Zawadowski, A. (2015). The Anatomy of the CDS Market. Columbia Univ ersity Publication. Web.
% Whalen, R. C. & Scott, J. (2015). Canthe Credit Default Swap Market be Salvaged? Issues for Borrowers and Inv estors. Kroll Bond Rating Agency
Publication. Web.
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5. STRUCTURAL CHANGES AFFECTING U.S. BOND MARKETS

Key takeaway

Fixed income markets havehanged profoundlyver the past decade due to nev
regulations and competitive pressures

Severalstructuralchanges have occurred within fixed income markets over thdiyegt 10 years that
have likely contributed to the current concerns over liquidtyme of the most impactful changes include
the proliferation ofhigh-frequencytrading, the shift toward electronic trading platforms, the rapid growth
of fixed income mutual funds and ETFs, the changing ownershipSflteasuries, the contraction of the
repo marketandthe changing business models of barnKse regulatory enviranent has also changed
significantly since th008financial crisis, which has driven many of these structural changes.

As mentioned before, amket participants and regulators disagree over which of these factors are most
responsible for impacting liquidy and whet her todayés mar ket i's si
participants must adapt to, or whether it represents a systemic risk that must be addressed.

5.1. Post-financial crisis regulations

Industry professionals have largely blamed postrisis regulations for placing an undue burden on
fixed-income market participants and thus reducing their ability to provide market liquidity.

Although regulatorsgeneraly feelthat positcrisis regulationsmay not be reducindquidity, they do
acknowledge that #re has been a reallocation of capital driven by regulatory chaBgtesv, we have
summarized ame of the most significant regulatory changes that have increased the cost for banks to
hold dealer inventory dhat have prohibited certainarket activitiesattogether

Capital and Liquidity Requirements

1 Basel lll capital standards were published by Bi& and provide a global framework for bank
capital adequacy standards. Basel Il includes standards for capital requirements, leverage ratios
and liquidity requirements (LCR), as well as other recommendations for stress tests, risk
management practices, easel lll introduced both stricter definitions of acceptable capital and
higher riskweighted asset requirements, as well as higher overall capital requiremekirsy
banks set aside higualty capital(such as Treasury securities and investrgeatiecorporate
bondg that would otherwise be available for market agtftitOne example of tise stricter
capital requirements is the 5% eqtiityassetratio for the largesbanks, with no risk weighting.

Prior versions of Basel capital frameworks did notlide minimum leverage ratiés.

1 G-SIB surcharge: The rule equires global systemically importanbank holding companies-
SIBs) to hold additionalcapita) ranging from 1.0 t®.5% or moreof afimé s t oweghted r i s k
assetdor U.S. GSIBs, to reflect their systemic importance to the financial systeimthe U.S,
this surcharges being phasedn and wil be fully in place by January 20IFhe U.S. framework
for systemically important financial institutions (SIFiajas introduced in the Doderank Act

2 PriceWaterhouseCoopers LLC, comp. “The New Basel Ill Framework: Navigating Changes in Bank Capital Management.” October 2010. Web.

% Basel 11| leverage ratio framework and disclosure requirements. Basel Committee on Banking Supervision, January 2014. Web.

% Board of Govemnors of the Federal Reserve Sy stem. “2015 Banking and Consumer Regulatory Policy”. Press Release. Federal Register Notice. July
2015. Web.
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pased by Congress in 2010. #0909 the G20 also asked the Financial Stabilty Board (FSB) to
designate and develop a framework for global SIFIs, with the first list published in November
2011.

1 Total loss absorption @pacity (TLAC): This requires large banks to issue ordinary shares,
subordinated debt and other lesssorbing securities equivalent to the minimum &fo16 20%
of their riskweighted assetand at least two times the Basel leverage requirement of 82den
to help ensure that they can be wound down without taxpayer assistance.

1 Liquidity coverage ratio (LCR): This requires banks with over $50 bilion in assets to hold
sufficient highquality liquid assets (HQLA) to meet projected net stemn cash digations
over a 36day stressed period in order lhetter prepare them for times of financial stress. The
U.S. LCR is significantly more stringent than a similar proposal included in internatass!

[l standards.This rule wil further push banks twld assets such as.®) Treasuries purely for
collateral purposes rather than for trading.

Other RegulationsPossiblylmpacting Liquidity

1 Volcker Rule: This rule pohibits banks from engaging in proprietary trading with their own
accounts and limitgheir ownership gfand relationship withhedge funds and private equity
funds. This rule could hurt liquidity by removing banks as providers of liquidiyce they wil
no longer actively invest in securitie could also weigh on marketaking actity, as banks
tread cautiously to avoid activity that could tpealfied as proprietary trading rather than market
making.

i Stress testing andenhanced prudential regulation more generally have not necessarily
prohibited activity by banks, but they haveded banks to closely scrutinize their balance sheet
usage, potentially leading to smaller bond inventories and less maakei.

1 Regulations to enhance transparencylt is reported that some market participants feel that
requirements aimed &icreasingransparency (e.giequirements to report certain tradbsough
F 1 N R Arade Reporting and Compliance Engif®ACE) system) havéiad a negative impact
on liquidity>*

5.2. Proliferation of electronic and high-frequency trading

Treasury volume is increasingly driven byhigh-frequencytrading and cross-market trading

Electronic trading represents a growing share of trading volume itJi8eTreasury bond market,
currently accounting fomearly 70%of volume which is up from apprdmately 50% five years ago

This electronic trading has existed in the futures market since the 1990s, but it has taken on a growing
role in the cash bond market as well, leading to a tight link between these two markets. Accading to
Federal ReservBank of New York analysjscrossmarket activity between the cash bond and futures
markets has risen significantly over the past decade and now represents around 8% of activity in the cash
Treasury market on normal dayshile it accounted for as much #% of trading during the October,15

2014 FlashCrash (sed-igure D).

#Wholesale & Investment Banking Outlook - Liquidity Conundrum: Shifting Risks, What It Means. Rep. Morgan Stanley & Oliver Wy man, March 19,
2015. Web.
* Electronic Trading in Fixed Income Markets. Bank for International Settlements. January 2016. Web.
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Figure 12: Cross-market activity
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As a sideeffect,the rise in electronic tradingas narrowed bidsk spreads, reducing the profitability of
market making and thus making this activity less attractive for banks.

Mirage of liquidity

High-frequencyt r ading may also create a HrstiHFTafigns cao f i qu
quickly pull out of markets, causing liquidity to vanish suddenly, particularly during stressed ,periods

when it is needed mosHigh-frequencytraders ted not to hold large inventories and thus have less
incentive to provide liquidity during stressed perio®&econd, the total actual liquidity available at

various trade platforms (e,gSpeed, BrokerTec, CME) is likely less than the sum of the liquidéaah

individual platform as lowlatency traders react to trades reaching any individual platform, causing them

to adjust the price at which they would provide liquidity on another plafform.

On-the-run vs.off-the-run securities

The increasing role aflectronic trading may also be exacerbating the liquidity disparity betwete-on

run andoff-the-run securitiesWhile nearly all trading for othe-run Treasuries in the interdealer market

is done electronically, according to the Treasury Market Pesctigroup (TMPG), trading in ethe-run
securities often takes place by phéhén addition, principal tradingfirms (PTFs) do not typically trade
off-the-run securitiesas they do not have access to sufficient information on these sechrliles have
pushed for more transparenicythe offthe-run marketbut this initiative has not made notable progress

as some market participants believe that this move would actually be detrimental to overall market
liquidity. As a result,while electronic trading has likely provided a boost to liquidity for-the-run
securities, oftthe-run securitiediave not seen a simiar benefit

Overall, the increase in electronic trading has arguably provided a boost to liquidity by improvin
flow and compdtion. However, it has fundamentally shifted the dynamics of liquidity, poten
making liquidity more volatié and unpredictable, and possibly makihng Treasury bond marketore
vulnerableto disruptions that have becoinereasinglycommon in equityand futures markets.

;s Liberty Street Economics blog, “The Liquidity Mirage”, October 9, 2015.
Automated Trading in Treasury Markets. Rep. Treasury Market Practices Group, June 2015. Web.

24



MARKET LIQUIDITY DISCUSSION PAPER — SEPTEMBER 2016

Corporate bonds are shifting toward ele ctronic trading platforms but face limitations

While transactions in large quantites of corporate bonds are stil done mostly over the phone, smaller
trades have been increasingly movingetectronic platforms. According to McKinsegnd Greenwich
Associateselectronic trading ifJ.S. investment grade bonds has more than doubled since 2@08rto

20% of total volume dlthough for higkyield corporate bonds, electronic trading accounts My 0%

of total trading.*® Some investors also remain skeptical of electronic bond platfsine® posting a bid

for a large amount of iliquid bonds could possibly move prices or disclose a potentially profitable trading
opportunity to competitors. Inddition, individual electronic trading platforms have been unable to attract
large trading volumes, and many market participants note that the wide range of bond trading platforms
has made it difficult to know where liquidity is concentrated.

5.3. Bond mutual funds and exchange-traded funds
Bond mutual funds and ETFs may be creating phantom liquidity and an unstable investor base
The relatively low turnover in the corporabend market combined with the potential lack of depih

especially concerning givetine rapid growth of corporate bond mutual funds and ETFs across a fairly
small number of investment managers.

Bond mutual and exchangeaded funds now own about 20% of all corporate bonds, up from 8% in 2008
and only 4% in 1990, according to data from ICl andRbderal Reserve Bank of New Y ofkhis shift

in ownership is particularly notable in the high yiejpace, which has seen persistent outflows from
institutional investors, whereas mutual funds and retail investors have significantly increased their
exposure.

Meanwhile, ownership by dealers has been faling sharply sinc200&financial crisisas deales look
to reduce the size of their balance she@tss is in contrast to the prior economic cysiéhen dealers
added bonds to their balance shedwwring the 2002003 recession

As a result, ownership of bonds has shifted away from dealers, who Iseacaly been relile
providers of liquidity, toward asset managensho may be users of liquiditfocused on maximizin
investment returns rather thanmaintairng the proper functioning of markets.

» Corporate Bond E-Trading: Same Game, New Playing Field. Publication. McKinsey & Company and Greenwich Associates, Aug. 2013. Web.
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Figure 13: Ownership of corporate bonds
% of corporatebonds
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Figure 14: ETP market cap by assetclassfocus
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Liquidity & Maturity Mismatch
1 Liquidity Mismatch
Bond ETFstend to bemuch more liquid than the underlying securities, raising concerns about a
l iquidity mismatch. For exampl e, BlackRockos
trades more than 20,000 times on average eachwviiéeyeach of its top 10 bonds trexdenly 13
times a day on average.

1 Maturity Mismatch
Bond funds also present a maturity mismatch risk, similar to the risk that banks are exposed to
when they borrow sheterm funds to invest in longeerm assets. Bond funds essentially use
ultra-shortterm funding, given that investors can redeem their shares at any time, while they
invest in longterm securities that often cannot be sold quickly due to their less liquid nature.

Risk of a SeltReinforcing and Contagious SeHoff
1 SelfReinforcing Seltoff
Bond funds can be exposed to a -seihforcing flowperformance relationship, according to a
Federal Reserve Bank of New Yaakalysis, which shows that when bond returns are negative,
investors typically sell their fund positions, thus ampldyithe adverse price movements.
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1 Cross-Ownership Contagion
The IMF has also raised concerns over the growing @wsership of the same bonds across
several funds, which increases the likelihood of contagion in times of stress.

BlackRockhas offered proposals for how to mitigate some of these risks from bond mutual funds and
ETFs, for exampleby standardizing provisions for-kind redemptions, afthough these proposals have
both benefits and drawbacfsee section 6.1 for further disciass.

All of theserisks couldmaterializeasthe Fe@ral Reserveaisesinterest rates, causing negative returns
for bonds This couldtrigger massiveoutflows from bond funds, whicbould further amplify the selloff,
possibly creaing a contagion effecacross funds holding similar assets.

5.4. Changing business models of banks

Primary dealers have reduced their bond holdings by moreheain two-thirds from pre -crisis highs

Primary dealers have both decreased their demand at Treasury auctioowexed their stockpile of
bonds,notably in response to higher capital requirements that have made it more costly for them to hold
bondsin their trading books. This has been especially true for corporate bosdgras Figurds.

Figure 15: Pri mary deal ecormrate fondehaldingsr(300520180Q2)
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Higher central bank holdings of Treasuries have also reduced active trading in Treasufieseand

lowered the need for available inventory from deal&rszording toa Federal Reserve Bank of New York

analysis the size of b a n k eydical, genéralyrising dumndy boent tsnesiand al s o
shrinking during downturnsThis cyclicalty haslikely contributed to the shrinkage in dealer inventory in

the aftermath of the2008 financial crisis while bankshave been reluctant to rebuibis inventory

whetherdue to new regulatory pressure or changing risk appetites.

Banks holding Treasuries as higkquality collateral, rather than trading inventory

Over the past several years, banks have been moving Treasurieavaitbfe forsale (AFS) accounts
and intoheld tomaturity (HTM) accountsallowing them taneet regulatory capital and liquidity
requirementswhile avoiding exposure to market volatiityHowever, this shift also weighs on market
liquidity, as thessecuritiesare no loger available for trading purposes.

Liquidity is negatively affe cted by banks that offset shrinking profit marginsby internalizing
customer trades

In an effort to remain competitive in a trading environment of shrinking profit margins, banks have also
turned to internalizing client trades, matching buy andoseérs between their own customers. Given
that theserades do not reach tbpenmarketsthis trend alsaveighs on market liquidity.
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5.5. Changing ownership of U.S. Treasuries

Foreigninvestors and the Fedral Reservehave increased their share of ownership of Treasuries
Foreign i nve tSolreasbriesthave thdreased 2154 over tret dacade to $6.2 trilion,

or approximately50% of total Treasury holdings. The Eedl Reservéiolds about 20%thanks to its

three rounds of asset purchases. Whie bardkee doubled their Treasyrholdings sitce the 2008
financial crisis to $520 bilion, they account for a relatively small share of the market (4%) and hold many
bonds to meet capital requirementsther than fortradng purposesPurchases of corporate bonds by
foreigners have also doubled to $172.2 bilion, so they now own more than a quartdd &.herporate

bond market.

Figure 16: Holders of U.S. Treasury securities(20052015Q3)
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A widening array of participants can make prices and provide liquidity across fixed income
markets

Nonbank participants account for the majority of trading intherrun Treasuries. Some market
participants argue that an increased participation of nonbamermealersin a marketmaking role
improvespricing, efficiency and resiliency especiallyin the wholesaldJ.S. Treasury marketdn fact,
according to a joint staff report by.S. regulators nonbank participants continued to provide liquidity
and mairtained tight bidask spread®n October 152014 while bankswithdrew completely from the
marketat times, thugxacerb#ng an acute shortage of liquidity.

5.6. Contraction of the repo market

A shrinking repo market is weighing on liquidity in the underlying collateral

Before the2008financial crisis, repos served as an inexpensive daily funding source for banks and short
term investors, helping them finance trading and maradting activites. However, the outstanding
daily average amount of repo financing primary dealers has noticeably fallen from $3.9 trilion in 2008

to $2.2 trilion in 2015 (Figurd?), partly due to regulatory efforts teduce bardd r e | i a Ate&rrm o n
funding The shrinking repo market poses a concgren thathigher repo csts will likely translate into
constrained liquidity for the nderlying securitiestypically TreasuriesAgencies, andAgency MBS.

This concern is due to thstrong correlation between the size of the repo market and bond trading
volumes (Figurel8).
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Figure 17: Primary dealer average daily repo financing (2005 | Figure 18: Total repo outstanding & U.S. bond trading volume
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In order to address the twin challengeisihg repocoss andhighly constrained dealer balance sheets
clearinghouses have an opportunity to redreesaction and capital costg matching,neting and

offseting trades with a confirmed counterparfjhat is why, subject to regulatory approvhé

Government Securities DivisiorGED) of DTCC6s Fixed I ncomeg Clearing
planning to expanthe scope ofs tri-party repo seligesto encompasalmost threequarters of the tri

party repo markegsdiscussedatern.
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6. INDUSTRY-WIDE RESPONSE INITIATIVES

Key takeaway

Industry groups, regulators and DTCC are all taking an active role in asse
market liquidity risksand designingeffective mitigants.

Severalmarket participanthiave beernvolved inindustrywide effortsto address recent changedJir§.
bond marketswhile regulators havalsobeen engaging in a series of studies to assess the @iatenbf
marketliquidity more closely

6.1. Industry initiatives

Financial institutions andther stakeholderare taking actionsto betteradaptthe fixed-income trading
infrastructureto thenew markeenvironment. Some of thesdforts are new, whileothers focus otrying
toroll back existingregulations.

1 Project Neptune is a néor-profit utility that aims togpromotecorporate bond market liquidity by
allowing seliside participants to communicate their inventory to-fidg investors and setting an
open standard protocol fdatadistribution.

1 Some industry participants have recommended a delay in reporting largekbl t r ades t o
TRACE platform, arguing that the current requirement to report most trades within 15 minutes of
executionis too short to adequately conceal trading strategies from compétitand claiming
thattradng large positionsis too costlyas a resulft®

1 BlackRockhas been encouraging market participants to develop new strategies ttoabapt
new market paradigmFrom an inernal perspective, the firm has adjusted atgn internal
strategies, such as trtyhag & ofddthasaleoritipask e e
the useof electronic trading venueand enhanced liquidity risk management todsom an
external perspective, the firm has proposedh@epronged approach, including modernizing

Fl

ma k

market structure, enhancingnid®$ it ool kit 6 and regulation, and

products’

0 Modermize market structure: BlackRock has proposed many ideas, such as
encouraging further usef electronic tradingestablishing standardized benchmark bond
issuesto concentrate duidity that is currently dispersed across numerous bond jssues
expanding trading protocols and adjusting regulations on reporting of block trades (see
prior bullet).

o Enhance fund toolkit and regulation. Bl ac k Roc k6 s proposal s

enhanceddisclosure of liquidity risksand expanded use of liquidity stress testing
creating pricing mechaniss) for subscriptions and redemptiots reflect the cost of
liquidity; extending the use of redemption gatesing temporary borrowing as a backup
source of liquidity; and standardizingn-kind redemptionsof funds for large institutional

# \Wholesale & Investment Banking Outlook - Liquidity Conundrum Shifting Risks, What It Means. Rep. Morgan Stanley & Oliver Wy man, March 19,
2015. Web.
% BlackRock ViewPoint: “Addressing Market Liquidity .” July 2015.
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investors The proposal for increased use ofkind redemptions is notable given that it
could help address concerns about the liquidity mismatch between funds and their
underlying securities by allowing funds to meet customer withdrawals without having to
sell the underlying securitiesdowever, critics argue that thimpproachwould simply
shift the burden of liquidating the assets onto the investors rather than ttstréwtdre
as investors woulaot receive cash andould continue tobe exposedo a risky asset
instead.

o Evolving products: BlackRocld s p r o p o credtisga dassificatiandsgstem for
exchangeraded products (ETPs)nd developing a product thabuald aggregate bond
exposures from single issuers

6.2. Regulatory initiatives

Global regulatory bodies have announced multiple inttiatives to collect information and conduct research
on liquidity in fixedincome markets. Most of thesdforts are in the research phasad it is uncertain if

any new regulations willdl be introduced based on
Commission (SEC) has proposed liquidity risk management requirements feergsh funds (mutual
fundsand ETFs), but these rules would apply to the funds themselves andrmder market activity.

We list belowseveral of the most significant regulatory initiatives on market liquidity:

1 InJanuary 2016 heU.S. Treasury requestedhdustry feedback ofireasury trading trends as the
government accelerates its plans for marely access to trading datdaRs for collecting more
trade datahave been published as wekhoughthere is no timeline for regulatory changes that
may come out of the Treasub s r é'sear c h.

1 The Federal Reserve antheUS. Tr easuryods Offi ce amfonductmganci al
pil ot program to collect Aper manent . Thsiwmnul ar o
part of an effort to enhance the transparencybiafteral repo trading, whichrepresents
approximately60% of the$3 trilion repo market?

1 The Financial Industry Regulatory Authority (FINRA) hascited liquidity as one of its top
examination priorities for 2016. tonsidersthe adequacy oHFT f i r iusdiéy pldnning and
controlsan area of focus’

i The Securities and Exchange Commission (SECproposed sweeping liquidity risk
management rules for opemded funds, including mutual funds and ETFs. These rules would
require fund managers to classify tigidity profile of a fund portfolidd sissets and implement
liquidity risk management programs accordirigly.

1 The International Organization of Securities Commissions (IOSCO)has included bond
market liquidity amongits top four market risks for 201@vith a particular focus on corporate
bond market liquidity. I0SCOstated that it needs additional data and monitoring to better

® Notice Seeking Public Comment on the Evolution of the Treasury Market Structure. Department of the Treasury, Federal Register, Vol. 81 No. 14,
January 22, 2016.

# The U.S. Bilateral Repo Market: Lessons from a New Survey. Victoria Baklanov a, Celia Caglio, Marco Cipriani, Adam Copeland. Office of Financial
3@esearch Brief Series, January 13, 2016. Web.
FINRAG s 2016 Regul atory and EXF¥inamiiahladustrp ReguRtory Authority i JarsiaryL5e2016.8Meb.

*sEc Proposes Liquidity Managenent Rules for Mutual Funds and ETFs. U.S. Securities and Exchange Commission. September 22, 2015. Web.
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understand the state of the global corporate bond market, as current data is too linuesihkand
focused on the 1$.>° In August 2016, IOSCO published a consultation reportsoanalysisof
liquidity in the corporate bond markeih which it did not find substantiakvidencesuggesting
thatliquidity in the corporate dnd market has deteriorated markedly

1 The Financial Stabilty Board (FSB) issual a reportahead otthe G20 Finance Ministers and
Central Bank Governors meeting in Hangzhou, Chim&eptembei2016 thatincludes further
analysis ormarket liquidity®’

1T TheFeder al Re s er ve BlLibar Stredt Echnemics biog bekad a series
examining liquidity trends in fixethcome market®eginning in August 2015

1 The European Commissionplans to conduct an assessmenpastfinancial crisis rules and
their impact on liquidity in the corporate bond markets. This cempnsive review wil help
regulators take a more pragmatic approach when determining liquidity levels and new measures
for regulatory frameworksuch asviiFID II.

1 TheFederal Reserve Bank of Atl antads BMayt Annu
2016 coveed liquidity issuesfrom an academic, regulatory and market participant point of
H 38
view.

6.3. DTCC initiatives

As the premier podrade market infrastructure for the global financial services industry, DTCC has been
leveraging itsexpertiseto pursueseveralindustrywide and internaihitiatives that enhance clearing and
settlement processes. Some of these plans may provide structural improvements that contribute to further
mitigating marketliquidity risks, either directly or indirectly

DTCC alsocontinues to study the changing market infrastructure to assess the potentiabimpacgin
requirements, as DTCC and others are evaluating whether to enhance margin requirements, for example
by including factors such as liquidity and concentratiorrgds

New FICC Service Offerings

FICCH $SD is proposing to offer a variety of services to the dealer community argideufrms that
would allow designatedecurities financing transactions(SFT), including repo and securities lending
transactionsto be supported via thelearinghouse This would allow as many SFT transactions as
possible to be matched, guaranteed and novated denaal counterparfythereby reducingapital
implications to the dealerand agent lending banks, and also redudiegpotential for market disruption
and fire sale risk through the centralized liquidation of a failed counterparty

T GSD6s Centrally Cl @aty €GIT)ISengce i t ut i onal Tri
GSD plans to file for regulatory approval to exparide scope oits tri-party repo serviceto
cover approximately 70%of the $13 trilion tri-party repo markein eligible governmentelated
securities

*10SCO Securities Markets Risk Outlook 2016. IOSCO Research Department Staff in cooperation with the IOSCO Committee on Emerging Risks.
I\élarch 2016. Web.

Examination of Liquidity of the Secondary Corporate Bond Markets. IOSCO. August 2016. Web.
& Inplementation and Effects of the G20 Financial Regulatory Reforms. Financial Stability Board. August 31, 2016. Web.
% 21 Annual Financial Markets Conference i Getting a Grip on Liquidity: Markets, Institutions, and Central Banks i May 1-3, 2016. Federal Reserve
Bank of Atlanta. Web.
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o DTCC plans to extend limited membershipbtg-side firmsi othertharid 0 Act 6 f und
(whose participation in clearingg pending regulatory reviewj for tri-party repo
transactions usingligible governmentelated securitiesh which these firms are acting
as cash lendersThrough its GCF Repo ServicE|CC currently clears tparty repos
between the Fextal Resen@ 83 primary dealers and other G3@embers.

9 Other SFT Client Clearing Initiatives
In terms of next steps, FICC is developing new services and expanding some of its existing
services to extend limited membership to ide firms to also allow for twdirectional SFT
actvity (i.e., cash lending and cash borrowing) and securtties lending activity with GSD
Members to be novated to FICC.

Collateral Management

A global mandate on the central clearing of the majority of-ttwecounter (OTC) derivativeand the
new margin requirements for noteared OTC derivativestarting in September 201&re expected to
substantially increase demand for halelity collateral This could have a detrimentampact on
liquidity as securities are locked up for use eolateral rather than active tradinthis impact on
liquidity will be exacerbated during periods of extreme market stress wigemolume and value of
margin callsmayincrease exponentially

A white paper by DTCCfilrends, Risks and Opportunities in Collateral Managements ugge st s t
industry ma y addr ess t he i ssue of increasing
optimizatono whi ch i s s e esovingthe gapsbeteeen coliateral supply anel demand.
Collateral optimization can be achieved ky identifying collateral held in various locatior®) pooling

collateral to meet various exposur8y allocating collateral in an efficient wagnd 4) creating networks

to faciltate the efficient flow of collateral between counterparties.

In order to ease the strain of this rising demand for collatBfBCC and Euroclear created a joint
venture, DTCGCEuroclear Global Collateral Ltdh Septerber 2014.This ventureaims todevelop and
streamline margin settlement processes and enhance access to securities wallddesdé. The joint

v e nt initiatvéssare expected to facilitate collateral mobility by eliminating the bottlenecks thgt dela
and impede the movement of collateral across the gloliends to provide collateral solutions through
two market utilities:

1 The Margin TransitUtiity (MTU) will enable straightthrough processing of margin calls, which
will enhance transparency ara margin movements and recordkeeping, with aims to improve
fail rates and thus help reducing the overall funding needs for participating firms.

1 The Collateral Management Utiity (CMUWill automate several collateral mamagent tasks,
including the efficient identification and allocation of collateral aride repositioning of
inventories across settlement locations, making collateral avail@blgarticipating firms
regardless of time and place.

Blockchain Technology

Blockchain is the technologghat underpinsbitcoin andthatworks essentially as a secure, decentralized
digital public database that coulorovide nearinstantaneous settlement of transactions. It is one of the
most talkeeabout technology innovations in the fina@icservices industryoday andit is beleved to
havethe potential to revolutionizecertain parts ofne ttlement and clearing space.

From a market liquidity perspective, blockchamight be another way to address liquidioncernsin

capitalmarketsover the longer termas it has the potential tfree up bilions in collaterathat may no
longer be required for margining purposes due to the instantaneous nature of trade matching.
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While the technology is seen as unproven so far, DDEleves blockbainmaypr esentin-aa fAonce
generationd opportunity .tAssuchpoitthebeem ergagingina numeetof i nf r a
industry initiatives to expke various ways to utiize thechnology across its business functions

1 DTCC published a wite paper fEmbracing Disruptio in January 201@aling for industry
wide collaborationon leveraging blockchain tonodernize andtreamiinethe current postrade
process.

1 DTCC hosteda blockchain symposiurim March 2016 titledi B |1 o ¢ k ¢ ping into the Real p
Potential 0 fadiitateadiscussidnfandrcollabdrati@mong market participant®
better adopblockchaintechnology inthe postclearing and settlement space.

1 DTCC also announced its participation in an over $50 milion financing for Digital Asset
Holdings, LLC, a developer of blockchain for the financial services induStrC is partnering
with Digital Asset Holdingsto testblockchain technology in the multtriliedollar repo market.
FICC is assessing theseof blockchain to track securities and cash flowing between firms in real
time, which could reduce the amount of time that firmseagosed to counterparty risks well
asthe amount of money firms need to back their repo trades.
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CONCLUSION

Liquidity in U.S. fixed income markets has become a top concern for market participants, and rightfully
so, given the crucial nature of liquidity to a properly functioning market and the signiitaotural
changes to financial markets over the past decade.

The debge on the drivers of constrained liquidity and even on the more fundamental questibn
whether liquidity is constrained at allis far from conclusiveNeverthelesswe believe that thextreme

importance of liquidity andsignificant changes to markettructure highlight gpotentialrisk of future

disruptions that the financial industrgust work together to address.

Faced with this risk, DTCC has started working on sewusitatives that may contribute to addressing

some of these challengeAs theseplans take shape, it is vital that we receive feedback from a wide
variety of industry participants, regulators and other stakeholders to ensure that the solutions that are
being designed take all relevant issues into account and that they are fullgesipgdhe industry.

DTCC is also keenly aware of the need to tackle these maittetchallengesthrough close
collaboration across the industry in order to identify and implement the most appropriate and effective

response.

We hope that thisliscussiorpaperhelpsus achieve these goals jogomoing anindustrywide discussion
related toU.S. bond market liquidityWe view this as a practical and productive contributdd HC C 6 s
key goal of further enhancing the resilience of the financistesy.

We actively encourage ouvembersand other industry stakeholders w&hare their thoughtsand
participate inthe ongoing dialogue we al@oking to foster.

Input can be provided to:

1 Michael Leibrock
Managing DirectorDTCC ChiefSystemicRisk Officer
mleibrock@dtcc.com
001-212-855-3243

1 Adrien Vanderlinden
Executive Directar Systemic Risk Office
avanderlinden@dtcc.com
001-2128557615

1 Daniel McElligott
Director,Market Analytics& Counterparty Credit Risk
dmcelligott@dtcc.com
001-212-8555603
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