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Abstract:

The trading of bonds and swaps largely relies on bank dealers as core market-makers. Dealers provide
liquidity and trade the instruments with smaller or less active firms, in part by using their own balance
sheets for inventory holding or hedging purposes. The reforms carried out in the aftermath of the global
financial crisis (GFC) and the low interest rate environment have extensively changed the mechanisms and
costs of trading fixed income instruments. This paper sets out to analyse the structure of trading in key
over-the-counter (OTC) fixed income markets. We focus on three questions: (1) how are bonds and swaps
currently traded and how liquid are these markets?, (2) how do the structural changes affect the dealer
business model and market functioning?, and (3) how did the coronavirus (COVID-19) shock in March 2020
affect the OTC bond and swap market in its new post-reform set-up? To answer these questions, we
combine an institutional and research perspective with a focus on key EU markets. We use public data and
findings from the rich body of academic literature to describe the dealer business model and its post-GFC
evolution. Overall, we argue that OTC fixed income trading is becoming “faster” due to the progress of
electronic trading and the rise of non-bank traders, which has led bank dealers to make some adjustments
to their market-making activities. The ongoing challenges faced in ensuring resilient provision of liquidity
were also highlighted by the US bond market dislocation in March 2020.
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Introduction

The bulk of bond and swap trading takes place in “darkness”. Most categories of bonds and interest
rate or credit derivatives, which in notional terms account for a large share of financial market
instruments,’ are bought and sold in private bilateral transactions rather than on centralised
exchanges (Duffie, 2011). The over-the-counter (OTC) market sets risk-free rates, the price of
collateral for repo lending and margining, and defines the market price of credit risk, thereby setting
funding costs for sovereigns and major corporates. One driver of OTC trading is the high degree of
heterogeneity in many asset classes. For example, a major industrial firm would typically only have
one or two classes of shares outstanding and listed on an exchange, but may have hundreds of bonds
issued in different currencies, with varying maturities and cash flow structures.?

OTC markets rely on two distinct groups of participants: (1) a core set of intermediary firms
(“dealers”®) that actively trade among themselves and with all other market participants and (2) a
group of smaller participants on the periphery of the network. These participants only trade with core
dealers but not with other firms on the periphery. A primary role of dealers is to make markets by
managing the price setting process and providing market liquidity. How well they execute this function
depends on their capital position and access to funding. Dealers therefore internalise the interaction
of market liquidity and funding. Their business model allows them to profit from opacity and
information advantages. The OTC market structure is characterised by the absence of all-to-all trading,
which distinguishes this segment from exchange trading.* Up to now, the dealer sector has typically
been composed of subsidiaries of globally systemically important banks (G-SIBs) (see Sections 1 and 2
for more details).

The regulatory reforms implementing the G20 Pittsburgh Declaration in 2009° in the aftermath of the
global financial crisis (GFC) have fundamentally altered how OTC markets function. This has
significantly reduced systemic risk and global policymakers have focused on reducing the opacity,
complexity and interconnectedness of the OTC trading network for derivatives and repos (cf. Financial
Stability Board (FSB), 2017). Three key measures, all of which have been implemented in the United
States and the European Union (EU), are the obligations to clear most swaps in central clearing

1 According to Wooldridge (2019), OTC markets are “larger and more diversified than ever”. Over three years,
daily turnover in interest rate derivatives increased by 143% to USD 6.5 trillion (Ehlers and Hardy, 2019).

2 The OTC markets have not always dominated bond trading. Before the Second World War, there was an
active market in corporate and municipal bonds on the New York Stock Exchange. Activity dropped
dramatically in the late 1920s for municipals and in the mid-1940s for corporate bonds as trading migrated to
the OTC market. Biais and Green (2018) describe the evolution of the US bond market microstructure in the
20th century.

3 A dealer is commonly defined as a firm that provides market making and therefore continuously offers two-
way pricing to other market participants (see MiFID Il). A related concept in MiFID is the systematic internaliser
(SI), who “on an organised, frequent, systematic and substantial basis, deals on own account when executing
client orders” outside a regulated market or recognised trading venue. A “primary dealer” is a market
participant who actively intermediates transactions in secondary markets and has therefore been given access
to the corresponding primary market (e.g. debt auctions held by the debt management office). Under US
regulation (Securities Exchange Act of 1934), a “broker” is “engaged in the business of effecting transactions in
securities for the account of others”, while a “dealer” is “engaged in the business of buying and selling
securities for its own account, through a broker or otherwise”. Nowadays, many US broker-dealers are part of
bank holding companies.

4 For a discussion on exchange trading and high-frequency trading, see Aquilina et al. (2020).

5 G20 leaders’ declaration, Pittsburgh 2009.
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counterparties (CCPs) (“clearing obligation”), to trade key OTC derivatives on transparent electronic
platforms (“trading obligation”) and to comprehensively margin remaining bilateral OTC trades with
an initial margin (IM) and a variation margin (VM).®

Structural changes since the GFC have affected the viability of the bank dealer business model. We
note the rising role of non-bank financial institutions (NBFIs) and the increasing electronification of
trading. These two trends have combined in the emergence of principal trading firms (PTFs), which
are now among the most active traders in equities, US Treasuries and standardised derivatives. These
firms provide a material share of liquidity in many market segments and are moving into territory that
bank dealers held throughout the 20th century. More stringent capital requirements (such as the
leverage ratio) may have also reduced incentives for dealers to run large inventory positions.
Furthermore, the trading obligation for many swaps has reduced opacity and therefore the
information advantage that dealers have in OTC swap trading.

The market turmoil that followed the outbreak of the coronavirus (COVID-19) in March 2020
illustrated the fragility of some OTC segments and highlighted the importance of OTC market analysis.
In March 2020, US Treasuries, corporate bonds and municipal bonds saw a dislocation of trading.
Demand for market making suddenly exceeded the capacity of bank dealers to intermediate between
buyers and sellers. Consequently, the Federal Reserve System intervened to support the bond
markets. This episode of market stress in crucial OTC segments (the “world’s safe assets”) therefore
also sheds light on how a large exogenous shock affects the OTC fixed income market in its new, post-
reform set-up.’

The purpose of this paper is to summarise the key developments in the OTC fixed income market and
corresponding dealer sector since the GFC. We analyse public data, describe regulatory changes and
draw on findings from a large body of academic research. Given its central role in the global financial
system, the OTC market has been the subject of extensive academic analysis, including theoretical
modelling and empirical studies. The post-crisis reforms have made granular exposure data available
for derivatives and bonds,® which has fostered strong growth in empirical research. This large and fast-
growing body of literature offers many insights into the OTC fixed income markets over the last
decade.

We focus on the key US and EU OTC markets: US and major EU government bonds, US corporate
bonds, interest rate swaps (IRSs) and credit default swaps (CDSs). Given that derivatives and
underlying cash markets are closely connected through arbitrage mechanisms, our approach provides
a broader perspective than papers that focus on just one segment.® In the paper, we provide key

6 The role of dealers has also been shaped by extensive regulatory developments in the 20th century, such as
the Glass-Steagall Act or the “Big Bang” in the UK stock market in 1986. In parallel, the rise of the universal
bank business model (i.e. a depository institution with retail operation and full central bank access) was
reinforced in the aftermath of the GFC, when Goldman Sachs and Morgan Stanley converted to bank holding
companies.

7 Spatt (2020) provides a comparison of March 2020 with the GFC. Duffie (2011, 2019) discusses the GFC.

8 See Abad et al. (2016) for a discussion on derivatives data and Bessembinder et al. (2019) on US bonds, in
particular corporate bonds with the TRACE dataset.

% Earlier overviews of dealers and OTC markets are provided by Madhavan (2000), Bessembinder et al. (2019,
US bond market), Duffie (2011), Duffie (2017), FSB (2017, with emphasis on the impact of regulatory reforms),
Adrian et al. (2018, with emphasis on the dealer business model), Bomfim (2022, CDS) and FSB (2022a, focus
on core government bond markets).



stylised facts for these markets, building a comprehensive picture of activity in the major segments.
We also add a European perspective, as researchers have so far overwhelmingly focused on US
corporate bonds and Treasuries, even though German Bunds are also used as a major safe asset. In
this context, the capital markets union (CMU)™ plan helps us to better understand how financial
markets function and the structure of intermediation in key segments of the EU financial system.

Overall, we argue that bank dealers continue to hold a unique position in the market for bond and
swap trading. Nevertheless, changes in recent years have encroached on their dominant market
position. The increasing use of trading platforms in some OTC segments (which is mandatory for many
swaps) and the interlinked steady rise of PTFs in steadily increasing electronic markets provide
tentative evidence that we are evolving towards a market ecosystem in which non-bank dealers may
play a material role. It remains to be seen whether this system is more resilient by offering more robust
and potentially higher market liquidity, as we have yet to reach a steady state. This is also highlighted
by the market turmoil caused by COVID-19 and the launch of further reforms, particularly in the US
Treasury market.

The rest of this paper is organised into five sections. We start with an overview of the two main fixed
income markets run by dealers in Section 1, which describes the market structure and activity in US
and European government and corporate bonds. Section 2 provides an in-depth analysis of swaps. In
Section 3 we focus on key trends in the post-GFC evolution of bank dealers. Section 4 discusses
potential lessons learned from the COVID-19 crisis, which provided the first stress test for the OTC
market since the reforms in the 2010s. We present our conclusions in Section 5.

1) How are bonds currently traded and how liquid are these markets?'!

General background

The government bond market is one of the oldest and still one of the largest segments of the financial
market. Government bonds play an essential economic role in the modern financial system. They set
the price for collateral, the risk-free rate and the corresponding term structure (e.g. from overnight to
30-year maturity). They also underpin the market price of credit risk and thus the cost of funding for
firms and sovereigns. In general, the regulation of bond markets focuses on transparency and trading
platforms.’ There are also extensive rulebooks for auctions and the activities of primary dealers.

The US bond market

The largest segment in the sovereign category is the market for US Treasuries, which at the time of
writing measures USD 25 trillion outstanding (more than 100% of US GDP).*® In the market for bonds
issued by the private sector, US issuers once again take the lead with financial firms accounting for
around USD 16 trillion and non-financial firms for USD 6 trillion. In terms of bond trading activity, the

10The CMU is a plan of the European Commission to mobilise capital in the EU by creating deeper and more
integrated capital markets and therefore complement direct bank financing.

11 To preserve readability, we omit reference dates for all the individual numbers mentioned in the main text.
12 The MIFID framework (of which the current version is MiFID II/MiFIR) prescribes pre-trade and post-trade
transparency for fixed income instruments. In addition to regulated markets (RMs) and multilateral trading
facilities (MTFs), organised trading facilities (OTFs) have been included specifically to cover certain types of
trading commonly used for non-equity instruments (cf. Hogan Lovells, 2017).

13 BIS —Summary of debt securities outstanding.
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US Treasury market is also the most active, with a daily volume of USD 668 billion.!* The depth and
breadth of this market lead to bid-ask spreads of below 2 basis points (Box 1). While “on-the-run
bonds” are the most actively traded Treasury bonds, accounting for more than half of total daily
trading volumes, they make up less than 5% of outstanding marketable Treasury securities (G30,
2021). This concentration of liquidity in a small segment was a key driver of the market dislocation in
March 2020. Roughly half of Treasury securities trading is carried out through interdealer brokers
(IDBs), where dealers and other professional traders transact with one another, and roughly half
occurs between dealers and clients. Baker et al. (2018) study the overall liquidity hierarchy in US
Treasuries, showing that futures account for 44% of the volume and the cash market for around 55%,
with “off-the-run” bonds contributing 13% of the total volume. We will return to the microstructure
of US Treasuries in the context of the COVID-19 crisis.

At the other end of the scale, individual US corporate bond issues see less than one trade per bond
per week (lvanov et al., 2020) and many asset backed securities (ABSs) do not trade at all in the
secondary market.?® Bid-ask spreads for investment grade bonds are therefore much higher than for
US Treasuries, with roundtrip costs estimated at 0.84% (Bessembinder et al., 2018). In the US market,
the municipal bond segment is also substantial, with a notional size of around USD 3.6 trillion. This
segment has recently attracted PTFs.

The market for secured funding has always been a major source of finance for dealers.!® In the
aftermath of the GFC, which was marked by a sharp decline in unsecured interbank borrowing, repos
saw a steady increase in activity. The US repo market recorded a notional outstanding amount of USD
2.2 trillion in 2018.Y” Recurring episodes of volatility in this market in the last few years have not only
further highlighted its importance, but also its vulnerability.'® The US Treasury repo market consists
of a tri-party repo segment with OTC trading among broker-dealers and repo trading that is centrally
cleared at the Fixed Income Clearing Corporation (FICC), where larger dealers and banks lend to other
dealers using platforms like Bloomberg or TradeWeb.

EU government bonds

Overall market activity in euro area government bonds is much smaller than trading in US Treasuries.
According to AFME (2022), the average daily trading volume for euro area government bonds
amounted to €86 billion as of the second quarter of 2022, with an additional €22 billion reported for
bills.

The market for German government bonds (Bunds)'® currently has an outstanding volume of €1,954
billion. New bonds are generally placed as single issues via auction with volumes of at least €1 billion
and can be followed by several increases up to approximately €15 billion.

14 US Treasury Securities Statistics.

15 See Bessembinder et al. (2013) and O’Hara and Zhou (2019, 2020).

16 Repos provide funding for dealers to finance their trading activity, but also allow them to source
government bonds, for instance, without taking ownership (cf. Huh and Infante, 2021).

17 US Repo Statistics.

18 See Tarullo (2019) for a discussion on the causes and policy consequences of the repo turmoil. See Anbil et
al. (2021) for more details on the US repo market.

19 Data as of end-2021. Source: ECB.
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The French government bond market has a size of €2,412 billion at the time of writing. It is composed
of two categories of instruments defined by their maturity on issue. Obligations Assimilables du Trésor
(OATSs) are debt instruments with maturities that range from two to 50 years. Bons du Trésor a Taux
Fixe et a Intéréts Précomptés are the French Treasury’s (Agence France Trésor’s) cash management
instrument.

The Italian government bond market is the third major EU bond market with a notional volume of €2.2
trillion. Its two key instruments are Buoni Ordinari del Tesoro (BOTs; maturity of less than one year)
and Buoni del Tesoro Poliennali (BTPs; maturity above one year). In addition, floating rate instruments
(CCTs) are used. One of the distinguishing features of Italian government bond trading is the long-
established use of electronic platforms. The Mercato dei Titoli di Stato (MTS) platform, which is
categorised as a regulated market (RM) under the EU regulatory framework, was already set up in
1988 as one of the first platforms globally. Average daily turnover in November 2022 in all instruments
was slightly below €12 billion.?°

Box 1: Comparison of current trading conditions in US and EU government bond markets

As mentioned, limited data availability complicates the empirical analysis of trading activity and
trading conditions in major bond markets. In this box, we make use of publicly available data
sources* to compare trading costs of French, German, Italian and US government bonds. The table
below provides a snapshot of the average bid-ask spreads based on ten-year benchmark bond
prices. Averages are calculated for the month of November 2022. For the purpose of comparison,
we also report outstanding volumes from the debt securities statistics of the Bank for International
Settlements (BIS) (due to the lack of consistent data on trading volumes covering both EU and US

markets):
Germany France Italy United States
Outstanding
volume (USD 1,954 2,4212 2,102 26,853
billion)
Bid-ask (basis 2.5 4.2 7.3 1.6
points)

Due to the highly active trading of on-the-run US Treasuries, their bid-ask spreads are less than 2
basis points (as also mentioned by Adrian et al., 2017), whereas the spreads for major EU bonds
are currently between 2 and 7 basis points.

+) Sources: For bid ask spreads: Refinitiv and Bloomberg; monthly average. Outstanding volume: BIS - Table C2
(summary of central government debt securities markets, by instrument and maturity at end-September 2022, in
billions of US dollars).

Finally, the euro repo market, which typically uses government bonds as collateral, is also fairly active.
It had an outstanding volume of €9,198 billion at year-end 2021, of which 48.7% was collateralised
with government securities (ICMA, 2022). The bulk of the notional volume is centrally cleared (e.g.

20 sum of daily averages for CCTs, BOTs and BTPs; source: Table 6 in Banca d’Italia (2022).
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repos from the MTS segment) and has a one-day maturity. The tri-party structure? is much less
common in the euro area than in the United States, where it accounts for two-thirds of the volume.??

Who are the bond dealers and what is the market structure?

Before we describe the institutional details, we will briefly summarise the key concepts of OTC market
functioning. Unlike exchanges with full transparency for pre-trading and post-trading, OTC markets
are sometimes characterised as “semi-centralised” (Weill, 2020) due to the vital role played by
dealers. Typically, all details of a trade are known only to the counterparties. This bilateral trading
leads to a lack of market-wide transparency about current price conditions for many investors. The
main role of fixed income dealers is to match buyers and sellers of bonds and swaps.?® Dealers aim
not to take large proprietary positions in these instruments, thereby reducing their exposure to
market risk (i.e. the impact of changing prices via mark-to-market losses on their portfolios). These
structural features of OTC markets generate “frictions”, which have played a major role in the
development of the dealer business model.*

Most Treasury primary dealers® belong to G-SIB groups, but some are standalone investment banks.
For example, Jefferies describes itself as an “investment bank and financial services company”. US
primary dealers’ tasks include participating in open market operations and auctions. They also act as
responsible counterparties and market participants “on an ongoing basis” in their overall conduct and
support of market efficiency and liquidity.?®

Up to March 2020 the largest holder of US Treasuries was the official foreign sector with USD 4.1
trillion, while banks and broker-dealers held around USD 1 trillion (Banegas et al., 2021). Foreign
private investors held USD 2.8 trillion, US insurers and pension funds USD 3.3 trillion and mutual funds
USD 1.3 trillion.

Treasury trading consists of two segments (the structure is illustrated in Figure 1 and quantified in
Figure 2). In dealer-to-dealer (D2D) trading, electronic trading is concentrated in on-the-run securities
(current benchmarks), which account for almost 70% of the trading volume. D2D trading makes use
of electronic platforms with exchange-like features — except that clearing is often on a bilateral rather
than a centrally cleared basis. About 70% of interdealer trading takes place on electronic IDB platforms
(such as BrokerTec) with active non-dealer participants. Electronic trading is less common for off-the-
run bonds, which came to the forefront during the COVID-19 turmoil. The table below (Figure 2,
second row) indicates that the bulk of outstanding Treasury volume (off-the-runs) is rarely traded.

21 post-trade collateral selection, management and settlement are outsourced to an agent.

22 |s repo in Europe the same as repo in the US?

23 See Ho and Stoll (1980) or Glosten (1987) for early analyis on the role of dealers in financial markets.

24 Academic research has identified three key frictions in OTC markets: inventory, search and bargaining. See
Duffie (2011) for an overview and Duffie et al. (2005, 2007) for key contributions on the theoretical
framework. Pintér and Uslii (2022) offer a recent empirical investigation.

25 At the time of writing, these are Amherst Pierpont, BAML, the Bank of Nova Scotia, BNP Paribas, Barclays,
the Bank of Montreal, Citigroup, Credit Suisse, Daiwa, Deutsche Bank, Goldman Sachs, HSBC, Jefferies, J.P.
Morgan, Mizuho, Morgan Stanley, Nomura, Royal Bank of Canada, Royal Bank of Scotland, Société Générale,
Toronto Dominion, UBS and Wells Fargo. See Arnone and Iden (2003) for further discussion on primary
dealers.

26 Administration of relationships with primary dealers (there is no public list of primary dealers for the US
corporate bond market).
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To illustrate the group of primary dealers of Bunds, we turn to the list of the Bundesfinanzagentur. It
is made up mostly of banks, which are more numerous than for the US group.?” Primary dealers in
Bunds are not subject to any obligations in their secondary market activity, whereas the national debt
management offices in both France and Italy require their primary dealers to make firm quotations to
clients and other dealers on the bonds as well as on repos with OATs and BTPs collateral respectively.?®
As an example, OAT primary dealers are expected to have a market share of at least 2%. Given the
long-established use of electronic trading, MTS also imposes certain specific requirements on BTP
primary dealers.

Figure 1: Structure of the US Treasury market

Infrastructure Trading
REPOs
Secured funding w ith )
bond collateral

SLOW TRADING:
Voice, request for quote

R DEALER SEGMENT
) " | GsB BANKS | [ pTF

FAST TRADING:
CLOB, but not alw ays CCP

CLOB = central limit order book; PTF = principal trading firm

Sources: Federal Reserve System and author’s analysis.

Italian and German bond trading differ in the choice of trading venues (Barone et al., 2022). As
mentioned above, electronic trading is the most common option for BTPs, almost exclusively in the
interdealer sector, whereas some voice trading is still seen in Bunds. This is also valid to some extent
for client trades.

27 The group comprises the following firms: ABN AMRO, Banca IMI, BAML, BBVA, Bankhaus Lampe, Barclays,
Bayerische Landesbank, BNP Paribas, BPCE, Citi, Commerzbank, Crédit Agricole, Danske Bank, DekaBank,
Deutsche Bank, DZ Bank, Goldman Sachs, HSBC, ING, Jefferies, J.P. Morgan, Landesbank Baden-Wirttemberg,
Landesbank Hessen-Thiiringen, Mizuho, Morgan Stanley, Nomura, Norddeutsche Landesbank, Nordea, Oddo

BHF, Rabobank, RBS, Santander, Scotiabank, Société Générale, UBS and UniCredit Bank. See AFME — Primary
dealers.

28 For an international comparison, see Barone et al. (2022).
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Figure 2: Breakdown of daily trading volume in US Treasuries (in USD billion)

Bond Dealer-to- Dealer-to- Interdealer broker: Interdealer broker: Memo: notional
type client dealer direct electronic voice/manual outstanding
On-the-
142 25 190 39 5%
run
Off-the-
111 10 0.0 36 95%
run

Sources: Federal Reserve System, He et al. (2020) and author’s analysis.

The bond dealer business model

Due to the lack of direct trading among clients, intermediation in bonds relies more heavily on dealers
than intermediation in exchange-traded stocks. The US corporate bond market is not only one of the
largest bond segments, but it also provides a unique laboratory for the analysis of dealer activities due
to the availability of comprehensive, fully granular transaction datasets via TRACE,* which cover a
long time series. US Treasuries, Bunds, BTPs and OATs are less transparent, as there are no
comprehensive publicly available transaction datasets.

Recent research®® has identified the following stylised facts about dealer activity in corporate bonds
(market liquidity will be discussed in the next section).

e The US corporate bond market is dominated by a small group of dealers: 10 to 12 firms
account for a market share of 70% of the total traded volume reported on TRACE.

e The network has a core-periphery structure with a few major firms at the centre of trading,
which are highly active. The many smaller firms on the periphery trade infrequently and
always access the market via a dealer.

e There is a clear hierarchy for transaction costs: dealers in the core of the network offer the
lowest transaction costs, followed by high-quoting dealers and then moderate-quoting
dealers.

e Holding inventory is costly and influences dealers’ trading strategies. The necessity to commit
capital leads them to offset inventory costs with trading costs. Despite the costs, dealers at
the centre of trading are more willing to use their inventory to provide immediacy. This is also
due to the fact that they can unwind it faster due to their higher level of interconnectedness.

e Dealers’ positions in the trading network influence the prices of their trades. A “centrality
discount” is observed in transaction prices between dealers and their clients, as dealers in the
core of the network buy bonds at higher prices and sell at lower prices. In contrast, interdealer
trading, which dealers often use to manage their inventory holdings, has a “centrality
premium”.

2 The Trade Reporting and Compliance Engine (TRACE) was developed by the Financial Industry Regulatory
Authority (FINRA) for the reporting of bond transactions.

30 see Feldhiitter (2012), Friewald and Nagler (2019), O’Hara and Zhou (2019), Harris and Mehta (2020), Dick-
Nielsen et al. (2021) and Kim and Nguyen (2022) for empirical analysis.
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e Core dealers exhibit significant market power, as they can charge higher spreads to firms on
the periphery of the trading network.

e The volume of prearranged trades®' has grown in the last 20 years. Core dealers use this
mechanism less often than smaller traders, as their higher level of activity allows them to
better manage portfolio imbalances. In contrast, smaller and often less connected traders
need to manage their inventory more actively, as they have fewer opportunities to quickly sell
positions they have just bought from clients.

e Electronic trading is growing steadily. It accounted for 45% of investment grade bonds and
35% of high vyield bonds in 2022, which marks an increase of over 100% since 2017.3
Correspondingly, trading costs have declined over the last decade. Electronic trading does not
appear to improve the competitiveness of smaller dealers, as the market is still highly
concentrated at the top: nine of the ten largest corporate bond dealers rank among the top
15 for both voice and electronic trading.

For European corporate bonds, there is relatively limited empirical analysis available due to the lack
of long time series® of fully identified transaction data. One of the few recent and comprehensive
studies investigates the UK corporate bond market (Coen and Coen, 2022). This supports many of the
stylised facts listed above for US instruments.

e In a structure with a concentrated core and a large periphery, 8% of traders supply as much
liquidity as the remaining 92% and the 6% most active traders account for 50% of transactions.

e Liquidity is highly vulnerable to shocks to these key liquidity suppliers: if the 4% most active
traders stop trading, liquidity falls by over 60%.

e Trading is infrequent: the median UK corporate bond sees a trade only once a month.

e There is evidence for a centrality premium: the purchase price is negatively related to a
trader’s activity, while the sale price is positively related. Hence, dealers earn a spread.

e Dealer activity is related to capital requirements: when capital requirements are high, dealers
manage their bond inventory more actively.

Market pricing and liquidity of government and corporate bonds

According to standard asset pricing models,3* the yield on a bond can be decomposed into the risk-
free rate and a risk premium, which is influenced by investor risk appetite, the underlying credit risk
of the bond’s issuer and market liquidity. Market liquidity is usually understood as the ease with which
a trader can buy or sell an instrument at a price close to the observed market price prior to the
transaction.®® The following five dimensions are commonly captured by empirical analysis of market

31 These brokered transactions are defined as a package of two trades on the same bond with opposing signs
within less than 60 seconds, for instance. Transactions are typically executed electronically. Compensation
occurs via mark-ups rather than charging clients a separate commission.

32 Market maker Citadel set to accelerate credit trading transformation.

33 For example, Feldhiitter and Poulsen (2018) use a TRACE sample starting in 2002.

34 See Duffie and Singleton (1999) for a theoretical framework.

35 See IMF (2015) and Sarr and Lybek (2002) for more detailed discussions. These frameworks build on the
earlier work of Glosten (1987), Kyle (1985), Ho and Stoll (1980) or Black (1971). Garbade and Silber (1976)
provide one of the earliest studies of Treasury market liquidity.
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liquidity (the square brackets illustrate the empirical implementation of these five dimensions in
current literature).3

e Tightness reflects the direct transaction costs. [Estimation of the effective bid-ask spread
based on the covariance of returns over two consecutive days].

e Immediacy represents the speed of execution in a market segment. A key driver of this speed
is the activity of market-makers who quote the prices at which other market participants can
trade. [Daily range = absolute difference between daily high and low prices].

o Depth captures the number of orders in an order book — the higher the number of orders, the
more liquid trading is. [Average daily transactions].

e Breadth refers to the volume of orders — in a liquid market, large orders should not
significantly affect prices. [Absolute return divided by trading volume].

e Resiliency measures the reaction of prices to imbalances driven, for instance, by new
information about fundamentals. [Ratio of variance of weekly returns to variance of daily
returns].

Many researchers have used the bid-ask spread as a simple and directly available measure of market
liquidity. Empirical analysis has identified at least three main drivers:¥ (1) adverse selection costs —
specialist trade with investors who may be better informed than market-makers are about the value
of the instrument, which creates an adverse selection problem for market-makers, (2) order
processing costs (e.g. fees charged by the exchange, CCP or trading venue) and (3) inventory costs —
warehousing a bond on the dealer’s balance sheet with associated capital and funding costs.

A direct comparison of trading costs across key US fixed income instruments shows that Treasuries
rank first in terms of market liquidity. The average bid-offer half-spread on the main interdealer limit
order book for the five-year on-the-run Treasury note is 0.40 cent (Adrian et al., 2016). This compares
with the average effective half-spread for corporate par bonds, which is estimated at 0.39 cent (for
institutional-sized dealer-to-client trades, according to Harris, 2015). 3

There are wide-ranging views about the long-term evolution of bond market liquidity (cf. CGFS, 2016
for an overview). Anderson and Stulz (2017) study US corporate bond bid-ask spreads, finding that
liquidity has not fallen as suggested by many market participants.>® However, they also find that
completing trades at acceptable terms might be more difficult, which supports the practitioner view.
The liquidity index developed by Adrian et al. (2016) points to a sizeable variation in US Treasury
liquidity with poor conditions during the GFC and around the time of the near failure of long-term
capital managementin 1998. Dealers had a short position in US Treasuries around the time of the GFC,
which quickly rose above zero in the aftermath.* Market liquidity in US Treasuries also tends to be
strongly correlated with funding liquidity at times of market stress, further highlighting the feedback
effects of the two categories of liquidity, in part via dealer balance sheets. The March 2020 stress
episode, which led to a unique dislocation, highlighted the fragility of liquidity in US fixed income

36 Broto and Lamas (2020), Poli and Taboga (2021) and Blix Grimaldi et al. (2021) provide recent empirical
analysis.

37 See Glosten (1987) as one of the first studies on the drivers of bid-ask spreads.

38 Estimates of trading costs vary depending on the sample period, methodology and instrument under
consideration (cf. Reichenbacher et al., 2020).

39 See Blackrock: Viewpoint — Addressing market liquidity.

0 See Federal Reserve System Z.1/L130 statistical releases for a time series.
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markets. Chikis and Goldberg (2021) use a noise-based measure to show that average trading costs in
corporate bonds were 14 basis points, compared with only 2.3 basis points for Treasury notes before
that episode. Trading costs for corporate bonds then peaked at 50 basis points in March 2020 and fell
to 17 basis points after the Federal Reserve System’s intervention in the spring of the same year.*

Trading conditions for corporate and government bonds are strongly driven by dealer balance sheet
management, e.g. inventory constraints. The inventory effect has been documented in both US
Treasuries and US corporate bonds. Feldhiitter and Poulsen (2018) find that dealer inventory is the
main determinant of the variation in bid-ask spreads for US corporate bonds. Klingler and Sundaresan
(2020) show that a key component of Treasury yields, the convenience premium, is largely related to
lower demand from dealers in Treasury auctions and rising balance sheet constraints. Wu (2021)
documents a significant premium for inventory variation in US credit spreads.*? These findings once
again confirm the unique role played by dealers in intermediation and the channel from balance sheet
costs to market activity.

Liquidity in bond markets is also related to the level of transparency. According to Gindiz et al. (2021),
there are two contrary effects. On the one hand, higher transparency reduces the asymmetry of
information between dealers and clients and, by increasing participation, may improve liquidity. On
the other, higher levels of transparency reduce dealers’ rents and could therefore also reduce their
incentives to provide liquidity. Hendershott et al. (2021) offer a discussion in the context of request
for quote (RfQ) mechanisms.

Monetary policy, which at the time of writing is undergoing substantial change, also influences
liquidity in the bond markets. In the euro area, Boneva et al. (2021) find that in the German corporate
bond market, Deutsche Bundesbank purchases initially reduced bid-ask spreads from mid-2016 to the
end of 2018. Measures of market liquidity also deteriorated with a shrinking stock of outstanding
bonds. Bonner et al. (2018) study the drivers of market liquidity in Dutch bonds between 2014 and
2016. They find that favourable treatment in liquidity regulation increases the liquidity of bonds. The
presence of high-frequency traders affects the liquidity of sovereign bonds but not of other bonds,
with a reverse effect in more volatile periods. Shorter maturities and higher ratings are consistently
associated with higher liquidity (as in the United States). Pelizzon et al. (2018) show that the ECB’s
bond purchases increased the basis between German and Italian government bonds, and their
respective futures contracts, reaching an average level of 0.06 cent for a €100 position. They
document three channels for the ECB’s bond purchases: the deterioration of bond market liquidity,
increased bond “specialness” on the repo market, which is essential for funding bond positions, and
higher cost of carry.

Concerns about market liquidity have also been driven by a series of high volatility shocks over the
last decade. These “flash events” are characterised by sharp temporary price movements in a very

41 See Adrian et al. (2016, 2017), Baker et al. (2018), Harkrader and Puglia (2020), Fleming and Ruela (2020)
and Fleming and Keane (2021) for estimates of trading costs in the US bond market.

42 The findings of Wu (2021) provide a reconciliation of declining bid-ask spreads while overall market liquidity
is narrow. One key driver is the rise in the corporate bond liquidity premium in credit spreads since the GFC.
For bonds rated below BBB, about 30% of the yield spread now compensates for illiquidity compared with 15%
before the GFC. US post-crisis regulations seem to have increased dealers” market-making costs, forcing them
to shrink their activity. This effect has increased trading delays and so requires a higher liquidity premium than
before the crisis.
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short period, without having immediate consequences for financial stability. On 15" October 2014 US
Treasury instruments experienced an unusually high level of volatility and a very rapid rise in the
round-trip cost (cf. Joint Staff Report, 2015). The yield on the benchmark ten-year Treasury bond saw
a 37 basis point intraday trading range, only to close 6 basis points below its opening level. Historically,
intraday changes of such scale have been sparked by monetary policy announcements. This was not
the case in October 2014. Although transaction costs and depth deteriorated significantly, trading
volume was high and the market continued to function. Some of the potential factors behind the
volatility, such as algorithmic trading and the participation of non-bank dealers, also came to the fore
in the analysis of the March 2020 dislocation (see Section 5 for an extensive discussion of this point).

EU bond markets also saw flash events such as the “Bund tantrum”, where benchmark yields jumped
by 15 basis points within an hour on 3 June 2018. According to Riordan and Schrimpf (2015), ultra-
long-term bonds exhibited the worst deterioration in bid-ask spreads, with a near doubling in the
relative spread from 40 to roughly 80 basis points. The limited risk-bearing capacity of intermediaries
is seen as one of the potential drivers of this volatility event. Bouveret et al. (2022) show that some of
the flash events in EU bond markets may have influenced market liquidity on a longer horizon of up
to several weeks.

2) How are swaps currently traded and how liquid are these markets?

Background: regulation of the swap market

The starting point for the current framework is the reform of the OTC market launched by the G20
Pittsburgh summit on 25 September 2009: “All standardised OTC derivative contracts should be traded
on exchanges or electronic trading platforms, where appropriate, and cleared through central
counterparties by end-2012 at the latest. OTC derivative contracts should be reported to trade
repositories. Non-centrally cleared contracts should be subject to higher capital requirements.”

In the United States, the Dodd-Frank Act was implemented on 21 July 2009. Title VII+ requires the
registration of swap dealers, and the mandatory trading, clearing, margining and reporting of OTC
derivatives. In the EU, the European Market Infrastructure Regulation (EMIR) entered into force on 16
August 2012. The second key EU regulatory package “Markets in Financial Instruments Directive
II/Regulation (MIFID II/MiFIR)” came into force on 3 January 2018. This new legal framework for
securities markets, market participants and trading venues aims to improve the functioning of EU
financial markets, making them more efficient, resilient and transparent.

Based on the Pittsburgh declaration, the five key reforms that directly affect OTC derivatives trading
and have been implemented in the EU and United States are:

e the derivatives trading obligation (DTO) for standardised OTC derivatives on trading venues,
i.e. electronic platforms;*
e pre- and post-trade transparency for quotes and transactions in bonds and derivatives;

4 According to MIFIR, derivatives contracts, which are cleared through a CCP and are sufficiently liquid, need
to move to more standardised and transparent mechanisms. Similar rules are in place in the United States for
index CDSs and IRSs (the swap execution facility).
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e the clearing obligation for standardised OTC derivatives such as swaps: the CCP steps in as
“buyer to every seller” in all trades falling under the obligation;

e the margining obligation for all non-CCP cleared OTC derivatives, requiring comprehensive
buffers for major mark-to-market losses (see below for further information on margining);

e a regulatory framework for OTC trading mechanisms such as interdealer brokers or RfQ
platforms.

EMIR introduces a clearing obligation for major financial and non-financial counterparties (above
notional thresholds) in a similar vein to the DTO. The products falling under the mandatory clearing
obligation in the EU (established by ESMA) are:

e single-currency IRSs (basis swaps, fixed-to-floating swaps and overnight index swaps) and
forward rate agreements (FRAs) in EUR, USD, GBP and JPY;

e single-currency IRSs (fixed-to-floating) and FRAs in PLN, NOK and SEK;

e index CDSs (iTraxx) settled in EUR.

A CCP has unique structure in the form of a matched book that means it is not exposed to market risk
but to major counterparty risk (cf. Manning and Hughes, 2016).** CCP risk management tools are first
and foremost netting, followed by margining and then the mutualisation of any major losses that are
not covered by the own resources of the defaulting clearing members (CMs). One significant
advantage of CCPs vis-a-vis bilateral clearing is multilateral netting,* which also reduces dealers’
liquidity needs.

From a dealer’s perspective, the most important European CCPs are LCH Ltd (IRSs in major currencies),
ICEU (short-term interest rate derivatives “IRDs” and CDSs), LCH SA (repos and CDSs) and Eurex (Bund
and equity futures and IRSs). In parallel with concentration among CCPs, there is also a high level of
concentration among CMs. According to analysis carried out by the FSB (2020a), the largest 11 CMs
out of a total of 306 participate in up to 25 CCPs. The default of a major CM in one CCP could therefore
result in defaults in up to 24 other CCPs.

CCP clearing and general margining have significantly reduced counterparty credit risk when
compared with the pre-GFC period. Collateralisation of OTC derivatives such as CDSs has historically
been of a discretionary nature — as also evidenced by the systemic stress after the collapse of Lehman
Brothers in 2008. High bilateral exposures, which were not sufficiently collateralised, exacerbated the
crisis and led to mark-to-market spirals. Counterparty risk was further increased by long chains of
overlapping OTC contracts. In contrast to bilateral trades prior to the GFC, traders must now pay
variation and initial margins, not only to the CCP but also to a large extent when engaging in bilateral
cleared transactions. The VM is the daily change in the market value of the contract. Two
counterparties must exchange VMs to cover their current exposure based on the mark-to-market
(typically cash). The IM represents the potential future exposure and is often posted in cash but also
in high-grade bonds. In addition to VMs and IMs, CCPs also apply concentration charges and add-ons

4 In contrast, Systemic Risk Council (2019) argues that a CCP resembles a dealer: “A CCP is akin to a securities
dealer with a completely matched book that hedges itself against counterparty risk --- the market-risk
exposures opened up by a counterparty’s default --- via collateral requirements of various kinds.”

% Under bilateral netting a dealer nets with one counterparty across many assets, whereas in multilateral
netting a CCP nets across its CMs.
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for short positions. Stricter margin requirements for bilaterally cleared trades generally aim to provide
incentives to move bilateral transactions to CCPs, thereby reducing bilateral counterparty risk (while
increasing concentration in CCPs, which have stringent risk management requirements).

In summary, collateral has become a core instrument for mitigating counterparty risk, which on its
own directly reduces systemic risk. The European Commission (2010) provides a detailed impact
assessment of the reforms introduced by EMIR.*® It starts by highlighting three policy concerns for the
OTC market: (1) lack of transparency on exposures, (2) insufficient mitigation of counterparty credit
risk and (3) insufficient mitigation of operational risks. Each of these problems can negatively affect
the functioning of the financial system and their combined effect can lead to “truly devastating
results”. The analysis also sets out how the increase in resilience afforded by EMIR benefits the wider
EU economy.

Size of the swap market

As of December 2022, the outstanding global notional of the OTC derivatives market based on the
comprehensive BIS definition, which includes commodity contracts, was reported at USD 617 trillion.*
The gross market value equalled USD 20.75 trillion (after netting), whereas the gross credit exposure
was only USD 3.7 trillion. The last value is a rough estimate of the collateral needed to mitigate
counterparty risk.

Globally, the largest subcategory of OTC derivatives is IRDs with a volume of USD 490 trillion. This
compares with the much smaller CDS market, which has a volume of almost USD 10 trillion. For
comparison purposes, FX derivatives account for USD 107 trillion. Among OTC IRDs, the dominant
instrument is the IRS, where fixed and floating rate related payments are exchanged over a specified
period, e.g. five years. IRD notional cleared by CCPs totals USD 373.4 trillion, equating to 76.1% of total
IRD notional outstanding. Market participants reduced their total mark-to-market exposure by 82.3%
at year-end 2022, as a result of close-out netting (cf. ISDA, 2023).

Euro contracts account for a sizeable volume of global IRD trading. US dollar-denominated IRD traded
notional reported in the United States totalled USD 61.7 trillion in the second half of 2022, up by 8.9%
compared with the second half of 2021. Euro-denominated IRD traded notional totalled USD 44.2
trillion in the second half of 2022, a rise of 93.7% compared with the second half of 2021. Euro-
denominated trades made up 32.5% of total IRD traded notional in the second half of 2022, up from
20.7% in the second half of 2021. Contracts with a tenor over one year and up to five years accounted
for around 18% of total IRD traded notional. Contracts with a tenor over five years totalled 10.3% (see
also ISDA, 2023, for further discussion). 75.5% of the traded notional of EU IRDs was executed on
trading venues, and 53.1% was cleared through a CCP.*®

The CDS market consists of single-name contracts, which allow investors to trade the credit risk of
major firms or sovereigns (notional of USD 4 trillion). It also offers index CDS contracts insuring default

46 For a global perspective, see BIS (2013).
47 1n USD billions: BIS — OTC derivatives statistics.
48 |SDA —Interest Rate Derivatives Trading Activity Reported in EU, UK and US Markets.
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risk in a portfolio® (notional of USD 5.1 trillion). As in IRS trading, CCPs now account for the bulk of
outstanding volume: the share of CDS notional outstanding cleared by CCPs was 69%.

The CDS sector has undergone significant changes since the GFC when it was the epicentre of the
systemic crisis. The outstanding notional fell from USD 61.2 trillion at the end of 2007 to only USD 9.4
trillion ten years later (Aldasoro and Ehlers, 2018). This decline is in part due to the compression®® of
bilateral and multilateral portfolios, a mechanism which is also increasingly used due to the more
punitive regulatory requirements based on notionals, e.g., in the case of the leverage ratio. Interdealer
trading fell from 53% to 25% over the period studied by Aldasoro and Ehlers (2018). Reporting dealers
remain net buyers of CDS protection (USD 258 billion at year-end 2017) and hedge funds have
markedly reduced their net purchases of protection from dealers to only USD 16 billion at the end of
2017.

The market for standardised IRSs is very active, with the ten-year contract on the Euribor six-month
rate closing almost 400 trades per day in November 2022 (Babbi et al., 2023). This activity significantly
exceeds the level observed in the single-name CDS market, where fewer than 200 daily trades on
major sovereign CDSs are observed (Bellia et al., 2017).

The structure of the swap market and the role of bank dealers

The group of dealer firms that operate swap markets is commonly set out in a list, which was first
compiled by the Federal Reserve Bank of New York in 2005 and is updated regularly.>! Swap dealers,
also known as the G16 due to their number, are exclusively large banking groups (and mostly G-SIBs):
BAML, Barclays, BNP Paribas, Citi, Crédit Agricole, Credit Suisse, Deutsche Bank, Goldman Sachs, HSBC,
J.P. Morgan, Nomura, Morgan Stanley, Royal Bank of Scotland/NatWest, Société Générale, UBS and
Wells Fargo. The annex provides further details of the dealer business model and reports some of their
key balance sheet metrics.

Swap trading structurally resembles bond trading, as both markets rely on core-periphery trading
networks. We use research on available granular swap trade data to illustrate the market structure
for IRSs and CDSs (see charts below). The network chart in the right-hand panel of Figure 3 highlights
the robust links at the core of the CDS network and the lack of all-to-all links from the periphery.>? A
more granular perspective of the exposure structure of the CDS market is provided in Figure 4, which
also compares single-name and index trading, highlighting the large size of the dealer-to-dealer
market compared with the segment that trades with clients.

In contrast to CDSs, IRSs are used by a larger number of banks to hedge what is a fundamental risk for
the banking sector, namely interest rate risk.>® This increased participation has given the core a more

4 The index portfolios comprise 100 or 125 firms and are based on index groups such as CDX in the United
States or iTraxx in the EU.

50 Compression is a mechanism where (at least) two offsetting trades are replaced by a new single trade
without affecting the underlying exposure. This is common practice in IRSs and CDSs.

51 https://www.newyorkfed.org/markets/otc_derivatives _supervisors group.html#tabs-4

There is no comparable list available for the EU.

52 See Eisfeldt et al. (2018) and Boyarchenko et al. (2019).

53 The single-name CDS market offers hedging for only a small subset of a bank’s credit risk exposures. Activity
is concentrated on major G20 and emerging market sovereigns, G-SIBs and major industrials. This means there
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complex structure (Figure 3, left-hand panel). Some non-dealer bank participants are also located in
the core of the market, as the structure of their balance sheets implies the need for many IRS
transactions.>

Dealers typically try to run largely matched positions, as their business model is oriented towards
intermediation rather than outright risk retention. With CDSs, dealers’ net long positions are 0.4% of
their gross positions (Wang and Zhong, 2020). Hence, any new trade from the periphery of the
network (e.g. from an asset manager) triggers the need for additional trades, often among dealers to
reduce open directional exposures.>® Net/gross ratios for IRS dealers are close to zero (Dalla Fontana
et al., 2019).

Figure 3: Exposure structure in IRSs (left-hand panel) and CDSs (right-hand panel) markets

62%
Global CCPs

5
Among SSM
Banlks

SSM Banks

Sources: Dalla Fontana et al. (2019) and Brunnermeier et al. (2013).

Figure 4: Breakdown of gross CDS notional exposures (in USD billion)

CDSs - single names CDSs — index
Dealer-to-dealer 988,860 662,875
Client-to-client 9,410 6,011
CCP-to-dealer 2,060 4,024
CCP-to-client 171 1,449
Client bought from dealer 1,281 2,469
Client bought from client 180 1,455
Client sold by dealer 1,295 2,595

Sources: DTCC CDS TIW data (snapshot for the week ending 1 June 2020) and author’s calculations.

is no corresponding hedge in the CDS market for many borrowers in the loan book. See Oehmke and
Zawadowski (2016) and Hoffmann et al. (2018).

4 To identify these intermediaries (i.e. banks that act as dealers but are not in the G16 list), Dalla Fontana et al.
(2019) analyse trading activity across 27 major sub-segments of the IRS market by categorising transactions
according to their currency, maturity or cash-flow structure. This approach adds ten firms to the 16 dealers
listed above.

55 This process results in a “flow of credit risk” (i.e. a flow of risk of default of the underlying reference entity)
along the intermediation chain, which leads to interconnectedness among many counterparties, some of
which are non-banks (Battiston et al, 2018).
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Dealers are net buyers of protection with a pattern of selling in the single name market and buying in
the index CDS market (Boyarchenko et al., 2018). There is limited activity in many reference entities:
only four names see ten to 20 trades per day, whereas 762 out of a total of 799 firms have less than
five trades per day (ISDA, 2019).

Electronic trading plays a major role in benchmark IRSs or index CDSs. In 2020, 58.2% of the notional
of IRDs and 79.4% of that of credit derivatives in the United States was executed on swap execution
facilities (SEFs) (ISDA, 2021). Since February 2014 index CDSs must be traded on platforms. At the time
of writing, plain vanilla IRS SEFs hold a share of around 58%, while for US index CDSs (CDX) the share
is greater than 91%.%¢ As of 16 December 2019 the total weekly notional was USD 2,341 billion. SEFs
offer clients several options: the exchange-replicating central limit order book (CLOB), workup, mid-
market matching, RfQ and request for streaming (RfS). The RfQ protocol allows clients to select
multiple dealers and request quotes from them, with bilateral execution on the response. Quotes and
trades are visible only to the requester and the market-maker, ensuring privacy for both
counterparties. In the RfS protocol, clients ask multiple dealers to send indicative quotes throughout
the day.

Central clearing rates for CDSs continue to rise. They now stand at 64%, with short and medium-term
contracts prominent here (ISDA, 2021). The clearing rate for IRDs has been relatively stable since 2015,
at around 75%.>” According to ISDA (2021), US traders centrally clear more contracts than required
under the CFTC's clearing mandate. In the first half of 2020, USD 124.3 trillion of the notional of IRDs
was subject to the clearing obligation, but USD 131.1 trillion was actually cleared. This represents a
sharp increase relative to the first half of 2015, when only 76.5% of IRDs were cleared through CCPs.
The cleared notional of US credit derivatives was USD 5.1 trillion in the first half of 2020 compared
with USD 2.8 trillion in the first half of 2015. Some swap trading is therefore still cleared bilaterally,
which leads to residual counterparty credit risk. This is mitigated by bilateral margining and the
exchange of collateral.

Pricing and liquidity of swaps

There is a sharp difference in the CDS market between trading costs for index vs single-name contracts.
For the CDX.IG, the main CDS index, the average dollar costs of D2C and dealer-to-dealer (D2D) trades
are 0.66 cent and 0.48 cent, respectively (Collin-Dufresne et al., 2020). In contrast, the average
effective bid ask spread for five-year single-name CDSs is estimated at around 7 basis points
(Schoenemann, 2022). There is also evidence of dealer pricing power where dealers charge 1.81 basis
points more for selling and pay 0.78 basis points less for buying protection. Standardised and centrally
cleared IRS are generally liquid. Bid-ask spreads for centrally cleared euro-denominated IRS are
currently less than one basis point, according to Reuters information.>®

56 CLARUS Financial Technology.
57 Pension funds were exempt from the EMIR clearing obligation until June 2023.
58 Source: Reuters data, October 2022.
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3) How do the structural changes affect the dealer business model and market functioning?

Three interrelated trends are shaping the evolution of the dealer business model, which we will
discuss in greater detail in this section:

1. signs of rising costs of balance sheet space and corresponding adjustments to dealer
activity;

2. a rapid shift towards a fully electronic market infrastructure with the expansion of
electronic platforms (some with all-to-all protocols) and central clearing;

3. increased trading activity of PTFs.

Two major external factors have also come into play in the last ten years. Since the GFC, fixed income
markets have been greatly affected by widespread use of unconventional monetary policy tools. The
ECB started to launch interventions in dysfunctional market segments on 10 May 2010, first through
the securities markets programme and then using a range of other purchase programmes.*
Furthermore, the COVID-19 crisis in March 2020 provided a “stress test” for the post-reform OTC
market set-up. We will look at some of the implications of this in the next section.

Signs of rising costs of balance sheet space and adjustments to dealer activity

Looking more closely at the cost of trading bonds and swaps, the following three components should
be mentioned:

o funding costs for holding a bond inventory on the balance sheet, such as use of the repo
market (influenced by the monetary policy stance);

e capital required for the market and counterparty risk arising from trading and credit
exposures, e.g. counterparty risk for swaps or market risk for bonds;®°

e margining for swaps, i.e. the collateral required to exchange margin in bilateral/central
clearing, which also needs to be funded.

Overall, the post-GFC reforms have brought significant system-wide economic benefits. BIS (2013)
estimated the long-run macroeconomic impact of the OTC derivatives regulatory reforms as outlined
above. The main positive effect of the reforms is a strong decline in counterparty risk, both through
wider netting due to increased CCP clearing and through a more comprehensive system-wide
collateralisation of exposures. In its preferred scenario, the BIS analysis found that economic benefits
worth 0.16% of GDP per year could be gained from avoiding financial crises along the lines of the GFC.
It also found economic costs of 0.04% of GDP per year were incurred from institutions passing on the
expense of holding more capital and collateral to the broader economy. As this scenario results in net
benefits amounting to 0.12% of GDP per year, increasing resilience in OTC derivatives trading offers
sizeable macroeconomic gains.

Post-GFC regulations have increased the funding costs borne by bank shareholders, and thus the cost
to buy-side firms for access to space on the balance sheets of large banks (Andersen et al., 2017). The
Basel 1l reforms specifically require banks to meet Tier 1 leverage ratios (based on Tier 1 capital and

59 See Hartmann and Smets (2018).
80 For example, the standardised approach for measuring counterparty credit risk (SA-CCR) exposures, which
replaces the current exposure method (CEM).
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the firm’s consolidated assets). This fosters the use of trading methods that reduce the amount of
space on banks’ balance sheets needed to conduct a given trade. In the United States, the
supplementary leverage ratio (SLR) requires capital equal to at least 5% of total exposures for G-SIBs.
The exposure amount encompasses cash and repo notionals, whereas for derivatives the main input
is a proxy for potential future exposure, which is driven by the net/gross ratio (cf. He et al., 2020, for
a discussion). The SLR therefore adversely affects Treasury holdings, in part via their repo funding due
to the use of notional values rather than risk-based metrics (where Treasuries would fare better due
to their low credit risk). As regards the actual impact, Bessembinder et al. (2018) show that the dealers’
capital commitment to market making for US corporate bonds has decreased since the GFC.

A third effect of OTC reforms is increased demand for high-quality collateral due to the comprehensive
margining of OTC trades (e.g. bilateral via ISDA SIMM methodology and CCP). These measures are
motivated by the systemic risk that materialised in OTC derivatives trading following the collapse of
Lehman Brothers.®! Duffie et al. (2015) show the sizeable impact on collateral requirements in the CDS
network. The FSB (2017) offers an illustration of the rising share of collateral use in OTC derivatives
transactions. The general conclusion is that there is an increased need for cash (for VM calls by CCPs)
and committed high-quality liquid assets, which are used in particular to post IM to CCPs. Overall,
there is evidence that the rise in HQLA needs seems to be manageable. According to Bardoscia et al.
(2019), aggregate liquid asset buffers for derivatives were roughly USD 700 billion, thereby providing
ample resources for margin calls. We will return to the actual impact of margin calls in the analysis of
the COVID-19 crisis in the next section.

The effects of the new regulations for dealers’ business models and market making are extensive
(CGFS, 2016). Risk weights and credit risk charges make trading of corporate bonds and credit
derivatives more risk-sensitive. In particular, the incremental risk capital charge and the stressed value
at risk may have led banks to adjust their estimated holding costs for corporate bonds. Furthermore,
less liquid corporate bonds are not eligible for the liquidity coverage ratio (LCR), which can reduce the
willingness of banks to warehouse these assets. Moreover, the leverage ratio increases the balance
sheet cost of repos, including those backed by corporate bonds and structured credit, thereby
increasing the financing costs incurred by bank dealers.

According to market participants, the effects of regulatory reforms differ for government and
corporate bonds (CGFS, 2016). In the first case, the leverage ratio and higher risk-weighted assets are
thought to have the largest impact on dealer profits. In the second, revisions to the Basel Il market
risk framework (Basel 2.5) are mentioned as having the greatest effect on regulatory charges. The
survey responses summarised in CGFS (2016) imply that the gross revenue required for a return on
capital of 8% under a fully phased-in Basel Il framework would have resulted in returns of over 20%
under Basel Il.

Empirical analysis indicates that capital constraints and other regulatory changes may affect OTC
trading (e.g. arbitrage of CDSs and corresponding bonds) through a multitude of channels, such as

51 Prior to the GFC, derivatives trades in OTC markets had been uncollateralised, which led to a sharp jump in
losses due to counterparty downgrades or defaults (e.g. Lehman Brothers).
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reduced liquidity in the bond markets and reduced incentives for arbitrage.®? Outsized “limits to
arbitrage” may then contribute to dislocations in relative pricing. Bao et al. (2018) show that the
liquidity of stressed corporate bonds fell after the Volcker Rule was passed. Dealers regulated by the
rule reduced their market-making activities and non-Volcker-affected dealers have not offset this
decrease. As Volcker-affected dealers were the main liquidity providers, these results indicate a
decline in bond liquidity during times of stress, which can be linked to the implementation of the
Volcker Rule. Recently, Duffie et al. (2023) comprehensively document a significant loss in US Treasury
market liquidity in those periods where intensive use of dealer balance sheets is needed to
intermediate trades, as in March 2020.

Due to the changes in the post-GFC environment, bank dealers comprehensively analyse their capital
requirements and profitability (e.g. using return on equity measures) by business line and then revisit
their market presence. Evidence for this trend is found in the decline in US corporate bond inventories.
Figure 5 below illustrates the rising volume compared with the falling inventory of corporate bonds.®
In parallel, according to AFME (2019), the EU markets are also affected: five primary dealers left the
EU sovereign market in 2019, of which a prominent example is Credit Suisse. It was formerly a major
global investment bank that terminated most of its primary dealer positions in the EU.

From an EU perspective, the High-Level Forum on CMU (2020) argues that market-makers’ inventories
in EU corporate bonds, and therefore their ability to offer liquidity, have significantly declined. This is
partly linked to the treatment of inventories and repo transactions under the leverage ratio. According
to practitioner consultations for the High-Level Forum on CMU, a pragmatic interpretation of the EU
rules on the netting of repos and reverse repos for the computation of the leverage ratio (that mostly
concern transactions on sovereign bonds) would be beneficial. While neutral from a risk standpoint,
it would generally help to revitalise market-making activity in European corporate and sovereign
bonds, as both are suffering under the leverage constraint.

Rapid shift towards electronic market infrastructure

|ll

Electronic platforms focus on directing clients away from using the traditional “call-your-broker”
approach towards trading on their electronic platforms. In the past, many bonds were traded by
clients physically calling their brokers and inquiring about the best price they could get. Clients would
be quoted a price and could then call other dealers to collect additional quotes. In addition to
regulation, there are two conjunctural drivers of a wider use of electronic trading. First, the low
interest rate environment over the last decade has increased the need to cut costs. Second,

digitalisation and recent rapid advances in information technology, together with the availability of

62 Boyarchenko et al. (2018) provide an illustration for bond and CDS arbitrage using a stylised balance sheet
within a cost-of-capital framework. Profitability is defined as the return per additional dollar of equity required
by a trade. They argue that before the GFC US bank holding companies targeted leverage ratios of around 2 to
3 percent, whereas current targets are 5 to 6 percent. Hence, for a bank targeting a 5% SLR and a 10% return
on equity (ROE), an arbitrage trade with an expected return of below 50 basis points (10% * 5%) is not
economical. Such a shift in the SLR target can reduce ROEs by two to three times, making previously profitable
arbitrage between bonds and CDSs significantly less attractive.

63 https://www.newyorkfed.org/markets/gsds/search.html. See Adrian et al. (2018).
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“big data” (e.g. vast samples of past trades to calibrate trading algorithms), have extended the speed,
accessibility and power of electronic trading tools.

Figure 5: US corporate bond inventory vs outstanding bond notional volume
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Sources: Author’s calculations and Federal Reserve Bank of New York.

The RfQ protocol is currently the most widely used electronic mechanism for dealers trading US or EU
bonds with their clients. This approach is the next step after voice trading, as a client can see all dealer
offers on a screen but cannot trade with other clients. In essence, the RfQ is a query issued by a trading
platform member to another member to request price quotations. Systems for sending RfQs vary
according to whether the sign of the order (buy or sell) is revealed, how many and what type of
participants can receive an RfQ, and whether the quotes are executable or indicative. In most fixed
income RfQ systems, clients query only a limited number of dealers. These queries typically last for up
to 20 minutes and economically resemble a first-price sealed-bid auction (cf. Hendershott et al., 2021).

In contrast to RfQs, the CLOB allows for all-to-all open trading (cf. Collin-Dufresne et al., 2020, for CDSs
or O’Hara and Zhou, 2019, for corporate bonds). Hence, both interdealer and client-to-client trades
become possible in parallel. Trading is often anonymous. The CLOB set-up has been used by most
stock and derivatives exchanges since the introduction of electronic trading systems. It is a trading
protocol in which outstanding offers to buy or sell are stored in a queue and are filled in a priority
sequence, usually by price and time of entry. Orders to buy at prices higher than the best selling price
and orders to sell at prices lower than the best buying price are executed. Hence, the CLOB allows
clients to execute against existing orders or post new orders on an order book. CLOBs are common for
highly standardised securities and markets in which trade sizes can be small, such as stock or
derivatives exchanges.

Finally, as a hybrid, the request for streaming protocol is a query in which market-makers provide
continuous streams of firm quotes with available size and where a client can “click to trade”. Hence,
in an RfS, clients ask multiple dealers to send indicative quotes throughout the trading day.
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Major trading platforms are steadily increasing their share in many EU segments. In 2021, 47% of EU
corporate bond trades were executed electronically. This represents an increase of 47% since 2017.%*
The three largest MTFs account for 84% of annual bond MTF volumes:® Bloomberg Trading Facility
(€4.7 trillion), Tradeweb Europe (€4.3 trillion) and Marketaxess Europe (€3.5 trillion).%® In 2019, EEA
sovereign bonds had the largest trade sizes, especially OTC with an average of €50.2 million, on OTFs
(€11.9 million) and systematic internalisers (€9.4 million). The trade size of sovereign bonds was
smaller on MTFs (€4.4 million) and markedly smaller on regulated markets (around €330,000), 150
times less than the average OTC trade size.®’

In terms of how trading platforms will evolve in the future, industry analysts®® argue that platform
providers are trying to enter larger-sized block trades (above USD 5 million) which tend to be more
lucrative. However, electronic platforms might find it more challenging to gain market share, as buy-
side investors tend to prefer to allocate these trades to dealers.

In summary, electronic trading of bonds and swaps is not yet on the scale of the equity market.
Traditionally, investors bought or sold bonds and swaps by calling dealers to find the best quotes on
offer. Recently, platforms have emerged to offer cheaper and more efficient trading by means of
electronic solutions, thereby making OTC bond and swap trading “faster”, albeit still below the “speed
level” in the equity market. The use of live and two-sided price distribution by banks and non-banks
are the first steps in the evolution of trading towards a broader use of streaming. Industry analysts
estimate that 60% electronification overall is realistic in the next few years.

Dynamic evolution of non-bank dealers

The importance of non-bank dealers is growing in many fixed income markets.® PTFs invest, hedge or
speculate for their own accounts, often using low-latency strategies on electronic platforms. PTFs
develop and implement quantitative trading strategies in various financial products.” They engage in
manual, automated and hybrid methods of trading.”

PTFs now rank among the largest trading firms, accounting for significant volumes across the global
financial markets. Among major EU contracts, they contribute almost 40% of the volume for the Bund
futures contract (BoE PRA, 2020). Therefore, they have a sizeable position in the most important

64 Electronic trading in US corporate bonds is finally taking off. But it’s still early days says this investor.

85 MTFs are designed to replicate many features of exchange trading. They bring together multiple third-party
buying and selling interests in financial instruments in the system, in accordance with non-discretionary rules.
OTFs have been introduced under MiFIR/MIFID Il to cover trading mechanisms such as interdealer brokers.

56 ESMA (2020).

57 ESMA (2020).

58 See Barclays (2018) for detailed analysis.

59 Aramonte et al. (2021) offer an in-depth analysis of the impact on financial stability; see FSB (2020a).

70 Members of the FIA PTG are Allston Trading; ARB Trading Group, Citadel Securities, LLC, Cognitive Capital,
LLC, DRW Holdings LLC, Eagle Seven LLC, Flow Traders US, LLC, Geneva Trading USA, LLC, Hard Eight Futures,
LLC, Hehmeyer LLC, Hudson River Trading LLC, IMC Financial Markets, Jump Trading LLC, Liger Investments
Limited, Marquette Partners, LP, Optiver US LLC, Quantlab Financial, LLC, WH Trading and XR Trading LLC.

71 See 07.14.2017 Matthew Andresen testimony.
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exchange-traded fixed income contract in the EU, which also continues to lead the price discovery
market for cash bond markets in the euro area (Fricke and Menkhoff, 2011).7

In the United States, PTFs are a major market-maker for on-the-run bonds and Treasury futures.
Adrian et al. (2016) find that the median absolute end-of-day US Treasury position for PTFs is 4.4% of
its daily volume, whereas dealers hold around 19%. The median maximum absolute intraday position
for PTFs is 15.3% (28.3% for dealers), which indicates that they hold significant temporary positions
during the trading day. According to Harkrader and Puglia (2020), PTFs accounted for 60% of volume
in the run-up to the pandemic shock in March 2020. Trades have a high permanent price impact when
a PTF is the passive party, playing the role of a liquidity provider. Conversely, dealer trades have a
higher price impact when the dealer is the aggressive party, playing the role of a liquidity taker.

4) A case study of OTC market functioning: the impact of the COVID-19 crisis on fixed income
liquidity

The COVID-19 shock significantly affected pricing and trading in the major bond markets. The market
turmoil in March 2020 started with a “flight to liquidity” (government bond yields fell as investors fled
to safe assets in the period between 24 February and 6 March), followed by a “dash for cash”
(widespread selling of government bonds, leading to rising yields between 9 and 19 March).”® In the
second part of the period, demand for bond intermediation strongly exceeded dealers’ willingness to
make markets and central banks, in particular the Federal Reserve System, intervened on a massive
scale. The sharp fall in bond market liquidity is a distinguishing feature of this episode of market
turmoil compared with the peak of the GFC in October 2008.

The high volatility of many instruments mechanically led to a sharp increase in margins required by
CCPs. Daily VM calls increased from around USD 25 billion in February 2020 to peak at USD 140 billion
on 9 March 2020 (BIS, 2021). This increase of 460% affected many asset classes and both house and
client accounts in CCPs. VM calls on equities jumped by 2,000% compared with their February average.
However, the size of the calls was much smaller on an absolute basis compared with other asset
classes. IMs increased by USD 30 billion, mostly due to higher volatility and higher trading volume, and
to a lesser extent to margin add-ons. Margin outflows as a percentage of dealers’ total funding
liquidity remained below 5%, even at the height of the crisis.

Faced with these large margin calls, non-banks that lacked access to central bank operations needed
to raise cash quickly (in particular for VMs). They therefore turned to repo markets and asset selling.
One illustration of this dash for cash was the withdrawal of USD 800 billion from US prime money
market funds (MMFs).

The dash for cash caused a sharp drop in market liquidity. According to BIS (2021), there was a
perceived breakdown in liquidity in FX forwards and swaps, investment grade credit markets, money
markets (including the repo market) and sovereigns, including US Treasuries and UK Gilts. US

72 Panzarino et al. (2016) show that the growth of Eurex BTP futures has reduced the bid-ask spread in the MTS
cash segment. For recent evidence, see also Di Gangi et al. (2022).

73 See for example Bank of England (2020), ECB (2020), Federal Reserve System (2020), IMF (2020), Eren et al.
(2020), FSB (2020c), Huang and Takats (2020), Schrimpf et al. (2020) and Eren and Wooldridge (2021).
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Treasuries, corporate bonds and municipal bonds were particularly affected. Yield volatility in US
Treasuries approached the level observed in the GFC. The charts below show the ten-year yield in
2020 and a long-term volatility time series’ for the ten-year note. The yield showed a zigzag pattern,
first falling (flight to liquidity) and then rising (fire sales of liquid assets in the dash for cash period).
30-year off-the-runs were particularly affected, with bid-ask spreads multiplying compared with
trading costs for on-the-run bonds. Signs of “limits to arbitrage” between Treasury futures and
underlying bonds, and between on-the-run and off-the-run bonds, also materialised. The daily trading
volume in the US Treasury market overall reached a record high in the week ending 4 March, averaging
at over USD 1 trillion, roughly twice its post-crisis average. On 3 March BrokerTec intermediated its
highest level of Treasury security trading activity since the flash rally of 15" October 2014.

Market liquidity for US corporate bonds also deteriorated sharply. Transaction costs peaked at over
90 basis points before the Federal Reserve System interventions, almost three times the levels seen
in early February, and fell once again after the interventions (O’Hara and Zhou, 2021). Dealer
inventories fell by USD 8 billion. Client-to-client trade volume rose almost threefold compared with
the levels seen before the start of the crisis but remained small relative to overall corporate bond
market volume (O’Hara and Zhou, 2021, Figure 5a). However, transaction costs in client-to-client
trades, which were lower than those of client-to-dealer trades before the crisis, shifted dramatically
during the period, with client-to-client trading costs more than double the level for trades with dealers
(O’Hara and Zhou, 2021). Trade sizes in client-to-client transactions also remained smaller than those
of client-to-dealer trades (O’Hara and Zhou, 2021). In March 2020 obtaining liquidity from other
clients therefore proved to be an expensive and limited alternative (O’Hara and Zhou, 2021).

Yield volatility in the EU markets also rose to levels last seen during the euro area sovereign debt crisis
and bid-ask spreads increased sharply (see the comparison of Italy, France and Germany below). The
level of systemic stress is clearly indicated by the contribution of bond market sub-indices to the
systemic stress (CISS, see chart below).”

As Poli and Taboga (2021) show, the promptness and boldness of the ECB’s interventions’®
significantly contributed to the rapid stabilisation of market liquidity. In some markets, such as Italy,
bank dealers provided capacity to absorb client sales.”” Another key factor in the long-term
comparison of German and US bond liquidity is the public sector purchase programme (PSPP), which
provided one-sided support to market liquidity, thereby reducing the impact of potential inventory
shocks on market pricing. This was also a factor behind the lower volatility in the Bund market (see
below for the GARCH time series of US and German yield volatilities). In the swap market, trading
conditions for CDSs deteriorated sharply, with bid-ask spreads jumping from 9 basis points to 140 basis
points for a basket of actively traded names.”

74 Estimated by GARCH (1,1) on yield differences.

7> For a description of the CISS approach, see Holl4 et al. (2012).

78 |n particular, the pandemic emergency purchase programme (PEPP).
77 See Barone et al. (2022) for international evidence.

78 Risk.net — CVA desks arm themselves for the next crisis.
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Several explanatory factors, none of which are mutually exclusive, were put forward by researchers,
market analysts and central banks.”

e Uncertainty: the speed at which the economy deteriorated in March caught most traders by
surprise. This caused market expectations of asset values to shift rapidly, increasing price
volatility.

o Immediate liquidity needs: VMs called by CCPs were around five times higher relative to pre-
pandemic levels, which created the need to raise cash in short periods of time. This cash
pressure was particularly strong for non-bank financial institutions.

e large-scale deleveraging: arbitrage traders who had large relative value positions in cash and
futures markets funded by repos sharply reduced their leverage, exacerbating the market
stress. Daily volumes in the US overnight repo market had doubled since 2016. The
unwinding of these positions prompted more selling, as investors rushed to further reduce
their exposures. Waves of heavy selling in an already dysfunctional market led to a vicious
cycle of losses, broken risk management limits and further selling.

e  Fragility in bond market microstructure and balance sheet costs: dealers who are essential
liquidity providers were unwilling to warehouse Treasuries for longer periods, in part
because of balance sheet constraints and risk limits, which had been in place for several
years. Furthermore, Treasury issuance had been rising sharply, requiring the market to
absorb sizeable new volumes.

Overall, this stress episode led to multiple policy measures being implemented by major central banks.
In particular, and directly related to the functioning of US OTC markets, the Federal Reserve System
stepped in “to support the smooth functioning of (US) markets” with new facilities such as the Primary
and Secondary Market Corporate Credit Facility (buying bond ETFs), the Commercial Paper Funding
Facility and the Municipal Liquidity Facility.®’ The Federal Reserve also vastly expanded its repo
operations, essentially providing unlimited amounts of cash in short-term loans to US dealers.
Furthermore, and directly related to the collapse in intermediation activity, it purchased USD 1.45
trillion in Treasury securities and USD 575 billion in agency mortgage-backed securities, thereby
increasing its balance sheet by around USD 3 trillion. These measures helped US fixed income dealers
to intermediate new trades more confidently. At the same time, the Federal Reserve temporarily
eased the leverage ratio rule, allowing banks to exclude cash and Treasuries from their “total assets”.
This exclusion effectively reduced capital requirements for US dealers.

In the aftermath of the market turmoil, a broad discussion was started among US policymakers and
academics about the need to reform the market infrastructure. The consensus was that the rapidly
growing size of the Treasury market was exceeding intermediation capacity under stressed conditions.
In particular, the Group of 30 (G30) published a wide-ranging set of recommendations, covering
additional Federal Reserve System repo facilities, wider central clearing, fine-tuning banking
regulation and extending transparency (G30, 2021). For instance, all Treasury securities and Treasury
repo trades executed on electronic interdealer trading platforms that offer anonymous trading by

79 See Bank of England (2020), Duffie (2020), Kargar et al. (2021), Liang and Parkinson (2020), Schrimpf et al.
(2020), Spatt (2020), Vissing-Jorgensen (2021), Aramonte et al. (2021), FSB (2021b) and Barone et al. (2022).
80 See table 1 in Clarida et al. (2021) for a detailed list of measures.
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interposing an interdealer broker between buyers and sellers should be centrally cleared.®! In parallel,
banking regulators should review how market intermediation is treated in existing regulation, with a
view to identifying provisions that could be modified to avoid disincentivising market intermediation,
system should be expanded to capture all transactions in US Treasury securities and repos, including
those of bank dealers and PTFs. SEC Regulations ATS and SCl should be applied to all significant trading
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Based partly on these deliberations, the Federal Open Market Committee established two new
standing facilities on 28 July 2021. Under the domestic standing repo facility, the Federal Reserve
System will conduct daily overnight repo operations against Treasury and agency securities, with a
maximum operation size of USD 500 billion. The minimum bid rate for repos will be set initially at 25
basis points. In addition to primary dealers, this facility will also over time be open to certain other
banks providing a wider range of traders with access to a liquidity backstop. Under the repo facility
for foreign and international monetary authorities (FIMA repo facility), the Federal Reserve will enter
into overnight repurchase agreements with foreign official institutions against the Treasuries they
hold at the Federal Reserve Bank of New York. This temporary source of dollar liquidity can also reduce
pressures in global USD funding markets.

From a euro area perspective, some of the proposals put forward by the G30 do not seem to require
urgent implementation. In particular, the Eurosystem facilities are open to a very wide range of
banking institutions. Furthermore, there is already widespread clearing of repo transactions through
LCH SA (in particular for trades among dealers). In contrast, the measures for enhanced transparency,
such as extending TRACE and Regulations ATS and SCI, which at the time of writing are still being
fleshed out in the United States, are also a potential area of further work in the EU. Market
participants® argue that MiFID Il has not fully improved transparency in EU bond markets, due to the
lack of a central database which aggregates the various post-trade data sources into a “consolidated
tape”. Post-trade data are still fragmented across the different platforms with no harmonised
formatting. The European Commission has finished its review of the MiFID II/MiFIR regime and
published a proposal on 25 November 2021, which is currently being discussed. Regarding the clearing
of bond trades, BTPs from the interdealer sector are often centrally cleared, while this is much less
common for Bunds and for OATSs (Barone et al., 2022).

5) Conclusions

This paper has focused on answering the following three questions:

1) How are bonds and swaps currently traded and how liquid are these markets?

At the time of writing, the OTC markets are still evolving. In particular, the electronification of trading
is still increasing in segments such as US corporate bonds. Central clearing is currently being extended
to non-banks (e.g. pension funds under EMIR) in the EU and potentially to a broader range of US
Treasury transactions (cf. G30, 2021). Except for on-the-run US Treasuries and some BTP issues, which
use central limit order books (CLOBs), fixed income instruments in the EU and United States are largely
traded through request for quote mechanisms. In the United States, market liquidity is generally good
for benchmark instruments. Globally, however, liquidity provision has shown increasing vulnerability
in the last decade. This is highlighted by the number of stress episodes (most recently in the United
Kingdom). At the current juncture, smooth OTC market functioning is also increasingly important due
to the global tightening of monetary policy and a corresponding need for many market participants to
rehedge many interest-sensitive positions.

82 EU Consolidated Tape for Bond Markets. Final report for the European Commission.
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2) How do the structural changes affect the dealer business model and market functioning?

First and foremost, it is important to stress that the post-GFC regulatory reforms of OTC markets in
the form of the DFA (United States), and the CRR, EMIR and MiFID (EU), have together significantly
reduced systemic risk. Against this backdrop, a plausible scenario for the further evolution of OTC
markets is one in which a sizeable part of OTC trading activity will be contributed by non-banks, such
as PTFs that clear their trades through CCPs directly or via bank clearing members.®3 Principal trading
firms are currently subject to less stringent regulation than dealer banks. There are no capital
requirements at the level of G-SIBs and PTFs cannot access central bank operations. Therefore, bank
dealers would become “gatekeepers” and continue to play a crucial but probably more indirect role.
Bank dealers, principal trading firms and CCPs interact in highly concentrated OTC derivatives markets.
As these interactions could potentially lead to destabilising feedback loops, the risks of banks, principal
trading firms and CCPs should be monitored jointly, rather than in isolation.

3) How did the COVID-19 shock in March 2020 affect the OTC bond and swap market in its
new post-reform set-up?

The COVID-19 crisis and the turmoil on the repo market in September 2019 highlighted the sensitivity
of fixed income markets to volatility events and to central bank operations. One potential propagation
channel is the fact that the higher share of transactions cleared via CCPs has raised the importance of
holistic liquidity risk management for CMs and their clients. Mechanical margining regimes run by
many CCPs have increased the need for cash buffers held by CMs, which also implies that the resilient
functioning of collateral markets is vital.®* If used repeatedly, central bank intervention may over time
increase moral hazard®® or reduce price discovery.

Against this backdrop, the main policy question now is how to foster the resilience of intermediation
in key market segments. Given the complexity® and national heterogeneity?” of government bond
trading, it seems unlikely that a single “silver bullet” reform would be able to universally increase
market resilience. This multi-dimensional policy topic is the subject of major ongoing work by
international policymakers (cf. BIS, 2021; FSB, 2021a, 2021b; FSB, 2022b).

As regards the EU’s progress in implementing derivatives market reforms, the FSB has recently
attested major progress in key areas (FSB, 2022c). The EU has made important progress in key areas
for increasing the resilience of derivatives markets:®

e trade reporting;

8 See Bank of England — Does the reliance of principal trading firms on banks pose a risk to UK financial
stability?

84 ESRB (2020) discusses the systemic concerns of large margin calls. Two financial stability-related issues are
discussed: (i) large amounts of margins called from mid-February to mid-April 2020 and (ii) the adverse impact
of such margin calls on both bank and non-bank entities, also in view of market concentration and
interconnectedness.

85 FSB (2020c) argues that there is a risk that “markets do not fully internalise their own liquidity risk in
anticipation of future central bank interventions in times of stress”.

86 Bond trading occurs in a decentralised structure with a primary and secondary market and multiple diverse
participants such as DMOs, G-SIBs, PTFs, asset managers and hedge funds.

87 The role of PTFs is more prominent in the United States than in EU cash markets, the level and intensity of
electronic trading varies, and the size of arbitrage activity.

88 See in particular the tables B, E, H, |, J and K in the annex of FSB (2022c).
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e regulatory requirements underpinning clearing obligation;
e capital requirements and margin requirements for non-centrally cleared derivatives;
e regulatory requirements underpinning exchange or electronic platform trading.

From a global perspective, the reforms of the US Treasury market are a major step towards improving
the resilience of vital dealer-run markets.®® Here, the FSB (2022b) sees three areas as important:

e more central clearing for government bond cash and (especially) repos;
e use of all-to-all trading platforms to encourage a more diverse set of participants;
e measures to enhance the transparency of bond and repo markets (both pre- and post-trade).

Ongoing work on the European CMU also considers questions of transparency and market liquidity.
As mentioned earlier, MiFID Il and MiFIR are intended to support the objectives of the CMU, in
particular promoting fair, transparent, efficient and integrated financial markets. Among the 16
legislative and non-legislative measures put forward by the European Commission,®® the measures for
a single rulebook for capital markets will affect the functioning of EU fixed income markets. This policy
work will also be seen in the context of the rising EU bond issuance. The latest (and very sizeable) step
is the NextGenerationEU programme to finance the EU's recovery from the COVID-19 downturn, which
amounts to planned issuance of €800 billion from 2021 to 2026.

Since early 2022 central banks have been acting resolutely to preserve price stability by tightening
monetary policy. This process is ongoing at the time of writing.”? At the current juncture and against
the backdrop of monetary policy tightening, work on granular, holistic and timely monitoring of fixed
income market activity and liquidity is crucial in order to effectively deploy macroprudential tools. In
this context, the turmoil in UK Gilt markets in September 2022 offers another case study of bond
market stress. In late September 2022 an unprecedented jump in Gilt yields led to considerable
liquidity pressure for liability-driven investment funds. A margin spiral developed quickly, threatening
the smooth Gilt market functioning.>® A temporary and targeted programme of Gilt purchases by the
Bank of England quickly helped to restore market functioning. This stress episode illustrated the
sizable systemic impact of non-banks (in particular, pension funds) and the fragility of the dealers’
capacity to intermediate in periods of large-scale one-way flows. Hence, vulnerabilities in fixed income
trading, which have also been highlighted by the Gilt market volatility stress in 2022, emphasise the
need for further detailed analysis of OTC market functioning in a substantially changed environment.®*
In order to broadly capture systemic drivers, this monitoring® needs to take both an entity perspective
(e.g. with particular emphasis on the liquidity risk of non-banks) but also an instrument perspective,
considering e.g. the differences in the cash and derivatives market structures.

89 See Yadav (2020) for a discussion; see G30, 2022, for an update on reform measures in the United States.

%0 Bruegel — Europe should not neglect its capital markets union.

91 EC Press Corner — NextGenerationEU.

92 See SUERF (2022), Scheicher and Schrimpf (2022) and Federal Reserve System (2022).

93 See discussion in BoE (2022).

9 Duffie and Keane (2023) investigate the goals, costs and benefits of official-sector purchases of government
securities for the purpose of restoring market functionality.

% For an example, see the ESRB Risk Dashboard, ESRB December 2022.
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Annex: The dealer business model and some key metrics

Publicly available data provide a detailed overview of the balance sheet structure, risk-bearing
capacity and business model of dealers.

A dealer’s business model is focused on intermediation (i.e. the simple brokerage of two transactions
with opposing signs) rather than proprietary trading (i.e. outright positions generating market risk). In
their intermediation role, dealers aim to “pass the hot potato” (Burnham, 1991) because they target
a “flat” book with minimal exposure to price changes. In bond trading, this business model implies the
need for an inventory, which requires funding and creates a capital requirement. Furthermore, direct
access to a large investor base is necessary. For swaps, this “balanced” approach naturally creates a
demand for hedging, which then leads to further trading (often starting again among dealers). From a
systemic perspective, the result of this microstructure is a “flow of risk” along the intermediation chain
(see D’Errico et al., 2018, for empirical evidence in the CDS market). As a result, dealers extensively

“trade with each other”.%® %7

In addition to direct market making, dealers also indirectly contribute to market liquidity by providing
credit to hedge funds and high-frequency traders, e.g. via repos. Dealers therefore indirectly affect
major non-banks’ readiness to provide market liquidity. This interaction of market and dealer funding
liquidity is a key feature of both the GFC and the COVID-19 crisis (see Federal Reserve System, 2020,
Chapter 1 for a detailed discussion).

Bank dealers often have a balance sheet size of over €1 trillion. The balance sheet of the entire dealer
sector totals €21.6 trillion. J.P. Morgan, HSBC and BNP Paribas report balance sheets in excess of €2
trillion. Total assets of the other firms exceed €1 trillion, except for Goldman Sachs, Morgan Stanley
and Royal Bank of Scotland. The first two do not have extensive commercial and retail banking
operations, while Royal Bank of Scotland is undergoing post-crisis restructuring after being rescued by
the UK Government during the GFC. Given their market making activity, a very large part of the balance
sheet is accounted for by securities. A large share is held as “cash and cash equivalents” and a material
portion of instruments are in the HFT®® category. We also observe substantial portfolios of Level 3%
assets.

Derivatives portfolios held by bank dealers reflect the figures observed in the earlier discussion on the
swap market. The notional of OTC derivatives far exceeds its balance sheet size. The total share of

% As John Kay put it: “In London | am often asked to give talks about developments in the finance sector to a
general audience. One question which routinely comes up is “what do people who work in the finance sector,
in those large office blocks and in the City of London and Canary Wharf, actually do?” And the answer | give is
that, to an extent that almost defies belief, what they do is trade with each other”. Technological change and
the future of financial intermediation.

97 Based on Federal Reserve Y-15 reports and G-SIB disclosures we observe that intra financial system claims
account for a large share of dealer balance sheets. For example, at J.P. Morgan (with a balance sheet at the
time of writing exceeding USD 2,000 billion), the largest components are deposits (at USD 244 billion) and OTC
with a positive or negative value (both around USD 1,100 billion).

%8 Fair value of all securities that are intended to be held principally for the purpose of selling them in the near
term. Trading activity includes active and frequent buying and selling of securities for the purpose of
generating profits on short-term price fluctuations.

9 Gross fair value of all assets that are priced on a recurring basis on the balance sheet using Level 3
measurement inputs. Level 3 fair value measurement inputs, while not readily observable in the market, are
used to develop an exit price for the asset (or liability) from the perspective of a market participant.
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contracts cleared via a CCP is over 50%, which highlights their systemic importance. For example, for
BNP, the notional of total OTC derivatives is €20,735 billion and the total notional in CCPs is €8,416
billion. Potential future exposure with a net positive fair value stands at €39.4 billion and potential
future exposure with a net negative fair value is roughly the same size, leading to a net value of close
to zero.

The concentration and size of dealer OTC books further highlight the “trading with each other”
concept:!% the three largest SSM and US dealers together represent 36.2% of the total notional of
OTC derivatives. Concentration is also illustrated by the share of major firms in CCPs.

Finally, risk-bearing capacity has been rising significantly due to stronger post-GFC regulation:%
compared with the early 2000s, more capital and more liquidity are being held by dealers. Major banks
doubled their common equity Tier 1 (CET1) capital, increasing the level of CET1 from USD 2.2 trillion
in the first half of 2011 to USD 4.4 trillion in 2021. The average CET1 capital ratio for selected banks
increased from 7.0% to 12.8% in 2021 (ISDA, 2021).1%2 Total deposits range from more than USD 1
trillion (J.P. Morgan) to slightly more than USD 100 billion (Goldman Sachs and Morgan Stanley). The
liquidity coverage ratio is between 120% and 140%.

100 soyrce: Linking BIS data and G-SIB data, 2018 edition; Top 3 SSM: Deutsche Bank, BNP Paribas and Société
Générale.

101 Major elements (see IMF, 2018, and FSB, 2020b,) are (1) tightening the risk weights for bank trading books
via the “Fundamental Review of the Trading Book”; (2) leverage ratio as a back stop to the internal-model
based capital requirement; 3) more resilient funding liquidity with LCR and IM cash outflow analysis; 4) the
“Volcker rule” introduces a ban on proprietary trading by commercial banks to prevent bank deposits being
used to fund trading on the bank’s own accounts (Section 619 of the Dodd-Frank Act); and 5) all G16 US and
European dealers now have full banking licences, thereby giving them direct access to the central bank for
lender-of-last-resort liquidity.

1021 parallel, securities holdings at G-SIBs have also gone down significantly (cf. Goel et al., 2019). For EU
firms, securities holdings went from €60 to €140 trillion and then fell to €97 trillion.
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Glossary

ALL-TO-ALL: Centralised network structure where all nodes in the network trade with each other.

BID-ASK SPREAD: Difference between the price which buyers and sellers are willing to pay for an
instrument.

CAPITAL MARKETS UNION (CMU): Plan of the European Commission to mobilise capital in the EU by
creating deeper and more integrated capital markets, and therefore complement direct bank
financing and reduce reliance on traditional bank-based credit intermediation.

CENTRAL COUNTERPARTY (CCP): A clearing house that acts as buyer to every seller and vice versa to
clear securities or derivatives transactions executed by CMs.

CENTRAL LIMIT ORDER BOOK (CLOB): A trading system where outstanding offers to buy or sell are
stored in a queue and are filled in a priority sequence, usually by price and time of entry.

CREDIT DEFAULT SWAP (CDS): A swap contract that trades the default risk of firms or sovereigns.

CLEARING OBLIGATION: Regulation which requires mandatory CCP clearing of derivatives
transactions.

CLEARING MEMBER (CM): Direct participants in a CCP who can clear transactions on their own
account or on behalf their clients, typically a bank.

CORE-PERIPHERY NETWORK STRUCTURE: Semi-decentralised network structure where all nodes in
the core are linked to each other and with the periphery whereas nodes on the periphery are not
linked within their segment.

DEALER: A financial firm that offers the service of standing ready to buy or sell assets from other
traders.

DEALER-TO-CLIENT (D2C) SEGMENT: Transactions executed between a dealer and a client. To clear
this transaction through a CCP, the dealer usually acts as the clearing member.

DEALER-TO-DEALER (D2D) SEGMENT: Transactions executed between two dealer firms, both of
which are usually clearing members.

DERIVATIVES DEALER: 16 G-SIB banks with material derivatives trading identified by the Federal
Reserve Bank of New York: BAML, Barclays, BNP Paribas, Citi, Credit Agricole, Credit Suisse, Deutsche
Bank, Goldman Sachs, HSBC, J.P. Morgan, Nomura, Morgan Stanley, Royal Bank of Scotland, Société
Générale, UBS and Wells Fargo.

DODD-FRANK ACT: US financial reform and consumer protection law that entered into force in July
2010.

EMIR: European Market Infrastructure Regulation (Regulation 648/2012).
EXCHANGE TRADED DERIVATIVE (ETD): Derivatives traded in regulated exchange, e.g. futures.

INTERDEALER BROKER (IDB): Firm providing trading services to dealers, typically via an electronic
platform.

INTERDEALER MARKET: A private market for trades between dealers (which can be banks or PTFs).

INTEREST RATE SWAP (IRS): Derivatives contract where two counterparties agree to exchange cash
flows based on pre-defined fixed and floating rates.

LIQUIDITY: The degree to which an instrument can be bought or sold at a price reflecting its
fundamental value.

MARGIN CALL: Process by which a CCP calls additional cash or high quality bonds from a CM due to
the deteriorating market value of the CM’s positions in the CCP.
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MIFID/MIFIR: Markets in Financial Instruments Directive 2004/39/EC and Markets in Financial
Instruments Regulation are commonly referred to as MiFID Il and MiFIR.

MULTILATERAL TRADING FACILITY (MTF): Under MIFID Il, MTS is a multilateral system operated by
an investment firm or market operator, which brings together multiple third-party buying and selling
interests in financial instruments in the system, in accordance with non-discretionary rules.

OFF-THE-RUN: Previously issued Treasury bond that remains outstanding, i.e. former benchmark
bond.

OVER-THE-COUNTER (OTC): Bilateral financial trade transacted outside an exchange. The opposite of
ETD. Standardised segment consists of swaps; also includes bespoke contracts negotiated between
the two counterparties instead of being traded on an exchange.

ON-THE-RUN: Most recently issued Treasury bond with tenor in multiples of one year, i.e. current
benchmark bond.

ORGANISED TRADING FACILITY (OTF): A multilateral system that is not a regulated market or MTF
and in which multiple third parties can buy and sell bonds, derivatives or other instruments.

PRINCIPAL TRADING FIRM (PTF): Non-bank intermediary focused on intraday liquidity provision.
PRIMARY DEALER: A dealer firm that buys government bonds on issuance.

REGULATED MARKET (RM): Under MiFID Il, RM is a multilateral system that is managed by an
operator, which brings together or facilitates the bringing together of multiple third-party buying
and selling interests in financial instruments within the system, to execute transactions on a non-
discretionary basis.

REQUEST FOR QUOTE (RfQ): A trading platform where several members can simultaneously provide
executable quotes following the notification sent out by another member.

REQUEST FOR STREAMING (RfS): A query in which dealers provide continuous streams of executable
guotes with available size.

SUPPLEMENTARY LEVERAGE RATIO (SLR): US implementation of the Basel Ill Tier 1 leverage ratio,
which uses unweighted positions.

SWAP EXECUTION FACILITY (SEF): Under the Dodd-Frank Act, a trading platform which provides pre-
trade information on swaps for eligible participants.

TRACE: The Trade Reporting and Compliance Engine (TRACE) is the FINRA-developed electronic
platform that facilitates the mandatory reporting of OTC transactions.

TRADING PLATFORM: Electronic system offering cheaper and more efficient trading than over the
phone, often using electronic matching algorithms.

34



References
Abad, J., Aldasoro, I., Aymanns, C., D’Errico, M., Fache Rousov3, L., Hoffmann, P., Langfield, S.,
Neychev, M. and Roukny, T. (2016), “Shedding light on dark markets: First insights from the new EU-

wide OTC derivatives dataset”, Occasional Paper Series, No 11, ESRB, Frankfurt am Main, September.

Adrian, T., Capponi, A., Fleming, M., Vogt, E. and Zhang, H. (2016), “Intraday Market Making with
Overnight Inventory Costs”, Staff Reports, No 799, Federal Reserve Bank of New York, September.

Adrian, T., Fleming, M. and Vogt, E. (2017), “An Index of Treasury Market Liquidity: 1991-2017", Staff
Reports, No 827, Federal Reserve Bank of New York, October.

Adrian, T., Kiff, J. and Shin, H.S. (2018), “Liquidity, Leverage, and Regulation 10 Years After the Global
Financial Crisis”, Annual Review of Financial Economics, Vol. 10, pp. 1-24.

Aldasoro, |. and Ehlers, T. (2018), “The credit default swap market: what a difference a decade
makes”, BIS Quarterly Review, June, pp. 1-11.

Anbil, S., Anderson A. and Senyuz, Z. (2021), “Are Repo Markets Fragile? Evidence from September
2019”, Finance and Economics Discussion Series, No 2021-028, Board of Governors of the Federal
Reserve System, April.

Andersen, L., Duffie, D. and Song, Y. (2017), “Funding Value Adjustments” August.

Anderson, M. and Stulz, R.M. (2017), “Is post-crisis bond liquidity lower?”, Fisher College of Business
Working Paper Series, No 9, Fisher College of Business, The Ohio State University, April.

Aquilina, M., Budish, E. and O’Neill, P. (2020), “Quantifying the High-Frequency Trading ‘Arms Race’:
A Simple New Methodology and Estimates”, Occasional Paper Series, No 50, Financial Conduct

Authority, January.

Aramonte, S., Schrimpf, A. and Song Shin, H. (2021), “Non-bank financial intermediaries and financial
stability”, BIS Working Papers, No 972, Bank for International Settlements, October.

Arnone, M. and Iden, G. (2003), “Primary Dealers in Government Securities: Policy Issues and
Selected Countries’ Experience”, IMF Working Papers, No 45, International Monetary Fund, March.

Association for Financial Markets in Europe (2022), Q3 2022 Government Bond Data Report.

Babbi, F., Frieden, I. and Scheicher, M. (2023), “The euro interest rate swap market: Recent trends in
trading activity and liquidity”, SUERF Policy Briefs, No 552, SUERF, March.

Baker, L., McPhail, L. and Tuckman, B. (2018), “The Liquidity Hierarchy in the U.S. Treasury Market:
Summary Statistics from CBOT Futures and TRACE Bond Data”, Commodity Futures Trading
Commission, December.

Banca d’ltalia (2022), Financial Stability Report, No 2.

35


https://www.annualreviews.org/doi/abs/10.1146/annurev-financial-110217-023113
https://www.annualreviews.org/doi/abs/10.1146/annurev-financial-110217-023113

Banegas, A., Monin, P.J. and Petrasek, L. (2021), “Sizing hedge funds’ Treasury market activities and
holdings”, FEDS Notes, Board of Governors of the Federal Reserve System.

Bank for International Settlements (various years), Semiannual OTC derivatives statistics.

Bank for International Settlements (2013), “Macroeconomic impact assessment of OTC derivatives
regulatory reforms”, report by the Macroeconomic Assessment Group on Derivatives, established by
the OTC Derivatives Coordination Group, August.

Bank for International Settlements (2021), “Review of margining practices”, Basel Committee on
Banking Supervision, Committee on Payments and Market Infrastructures, Board of the International
Organization of Securities Commissions, September.

Bank of England (2020), Interim Financial Stability Report, May.

Bank of England (2022), Financial Stability Report, December.

Bank of England Prudential Regulation Authority (2020), Proprietary Trading Review, September.

Bao, J., O’Hara, M. and Zhou, A. (2018), “The Volcker Rule and corporate bond market making in
times of stress”, Journal of Financial Economics, Vol. 130, Issue 1, pp. 95-113.

Barclays (2018), Electronic Fixed Income Trading: Not Just a Boon to trading platforms, Equity
Research.

Barclays (2020), Goldman Sachs Group Inc: Q4 2019, Equity Research.

Bardoscia, M., Ferrara, G., Vause N. and Yoganayagam, M. (2019), “Simulating liquidity stress in the
derivatives market”, Staff Working Papers, No 838, Bank of England, December.

Barone, J., Chaboud, A., Copeland, A., Kavoussi, C., Keane, F. and Searls, S. (2022), “The Global Dash
for Cash: Why Sovereign Bond Market Functioning Varied across Jurisdictions in March 2020”, Staff
Reports, No 1010, Federal Reserve Bank of New York, March.

Bellia, M., Panzica, R., Pelizzon, L. and Peltonen, T. (2017), “The demand for central clearing: to clear
or not to clear, that is the question”, Working Paper Series, No 62, ESRB, Frankfurt am Main,
December.

Bessembinder, H., Jacobsen, S., Maxwell, W. and Venkataraman, K. (2018), “Capital commitment and
illiquidity in corporate bonds”, Journal of Finance, Vol. 73, Issue 4, pp. 1615-1661.

Bessembinder, H., Spatt, C. and Venkataraman, K. (2019), “A survey of the Microstructure of the
Fixed Income Markets”, Journal of Financial and Quantitative Analysis, Vol. 55, Issue 1, pp. 1-45.

Biais, B. and Green, R. (2018), “The Microstructure of the Bond Market in the 20th Century”, Review
of Economic Dynamics, Vol. 33, pp. 250-271.

Black F. (1971), “Toward a Fully Automated Stock Exchange”, Financial Analysts Journal, Vol. 27,
Issue 6, pp. 24-28.

36



Blix Grimaldi, M., Crosta, A. and Zhang, D. (2021), “The Liquidity of the Government Bond Market —
What Impact Does Quantitative Easing Have? Evidence from Sweden”, Working Paper Series, No
402, Sveriges Riksbank.

Bomfim, A. (2022), “Credit Default Swaps”, Finance and Economics Discussion Series, No 2022-023,
Board of Governors of the Federal Reserve System, March.

Boneva, L., Islami, M. and Schlepper, K. (2021), “Liquidity in the German corporate bond market: has
the CSPP made a difference?”, Discussion Papers, No 8, Deutsche Bundesbank, March.

Bonner, C., Brouwer, E. and van Lelyveld, I. (2018), “Drivers of market liquidity — Regulation,
monetary policy or new players?”, DNB Working Papers, No 605, September.

Bouveret, A., Haferkorn, M., Marseglio, G. and Panzarino, O. (2022), “Flash crashes on sovereign
bond markets — EU evidence”, ESMA Working Papers, No 1, European Securities and Markets
Authority.

Boyarchenko, N., Eisenbach, T.M., Gupta, P., Shachar, O. and Van Tassel, P. (2018), “Bank-
Intermediated Arbitrage”, Staff Reports, No 858, Federal Reserve Bank of New York, June.

Broto, C. and Lamas, M. (2020), “Is market liquidity less resilient after the financial Crisis? Evidence
for US Treasuries”, Economic Modelling, Vol. 93, pp. 217-229.

Brunnermeier, M., Clerc, L. and Scheicher, M. (2013), “Assessing contagion risks in the CDS market”,
Financial Stability Review, Banque de France, Vol. 17, pp. 123-134.

Burnham, J. (1991). “Current structure and recent developments in foreign exchange markets,” in: S.
Khoury, Recent Developments in International Banking and Finance, pp 123—153.

Chikis, C. and Goldberg, J. (2021), “Dealer Inventory Constraints in the Corporate Bond Market
during the COVID Crisis”, FEDS Notes, Board of Governors of the Federal Reserve System.

Clarida, R., Duygan-Bump, B. and Scotti, C. (2021), “The COVID-19 Crisis and the Federal Reserve’s
Policy Response”, Finance and Economics Discussion Series, No 2021-035, Board of Governors of the

Federal Reserve System, June.

Coen, J. and Coen, P. (2022), “A structural model of liquidity in over-the-counter markets”, Staff
Working Papers, No 979, Bank of England, May.

Collin-Dufresne, P., Jung, B. and Trolle, A. (2020), “Market Structure and Transaction Costs of Index
CDSs”, The Journal of Finance, Vol. 75, Issue 5, pp. 2719-2763.

Committee on the Global Financial System (2016), “Fixed income market liquidity”, CGFS Papers, No
55, Bank for International Settlements, January.

Dalla Fontana, S., Holz auf der Heide, M., Pelizzon, L. and Scheicher, M. (2019), “The Anatomy of the
EurEuro Area Interest Rate Swap Market.” Working Papers No. 2242, European Central Bank.

37



De Roure, C., Moench, E., Pelizzon, L. and Schneider, M. (2019), “OTC Discount”, Discussion Papers,
No 42, Deutsche Bundesbank.

D’Errico, M., Battiston, S., Scheicher, M. and Peltonen, T. (2018), “How does risk flow in the credit
default swap market?”, Journal of Financial Stability, Vol. 35, pp. 53-74.

Dick-Nielsen, J., Poulsen, T. K. and Rehman, O. (2021),” Dealer Networks and the Cost of
Immediacy”, (January).

Di Gangi, D., Lazarov, V., Mankodi, A. and Silvestri, L. (2022), “Links between government bond and
futures markets: dealer-client relationships and price discovery in the UK”, Staff Working Papers, No
991, Bank of England, July.

Di Maggio, M., Kermani, A. and Song, Z. (2017), “The value of trading relations in turbulent times”,
Journal of Financial Economics, Vol. 124, Issue 2, pp. 266-284.

Duffie, D. (2011), How Big Banks Fail and What to Do About It, Princeton University Press.

Duffie, D. (2018), “Financial Regulatory Reform After the Crisis: An Assessment”, Management
Science, Vol. 64, Issue 10, pp. 4835-4857.

Duffie, D. (2017), “Post-Crisis Bank Regulations and Financial Market Liquidity”, Paolo Baffi Lectures,
No 13, Banca d’ltalia, September.

Duffie, D. (2019), “Prone to Fail: The Pre-Crisis Financial System”, Journal of Economic Perspectives,
Vol. 33, No 1, pp. 81-106.

Duffie, D. (2020), “Still the World’s Safe Haven? Redesigning the U.S. Treasury Market After the
COVID-19 Crisis”, Hutchins Center Working Papers, No 62, Hutchins Center on Fiscal and Monetary
Policy, May.

Duffie, D., Fleming, M., Keane, F., Nelson, C., Shachar, O. and Van Tassel, P. (2023), “Dealer Capacity
and U.S. Treasury Market Functionality”, Staff Reports, No 1070, Federal Reserve Bank of New York,
August.

Duffie, D., Garleanu, N. and Pedersen, L.H. (2005), “Over-the-Counter Markets”, Econometrica, Vol.
73, Issue 6, pp. 1815-1847.

Duffie, D., Garleanu, N. and Pedersen, L.H. (2007), “Valuation in Over-the-Counter Markets”, The
Review of Financial Studies, Vol. 20, Issue 6, pp. 1865-1900.

Duffie, D. and Keane, F. (2023), “Market-Function Asset Purchases”, Staff Reports, No 1054, Federal
Reserve Bank of New York, February.

Duffie, D., Scheicher, M. and Vuillemey, G. (2015), “Central clearing and collateral demand”, Journal
of Financial Economics, Vol. 116, Issue 2, pp. 237-256.

Duffie, D. and Singleton, K. (1999), “Modeling Term Structures of Defaultable Bonds”, The Review of
Financial Studies, Vol. 12, Issue 4, pp. 687—720.

38



Ehlers, T. and Hardy, B. (2019), “The evolution of OTC interest rate derivatives markets”, BIS
Quarterly Review, December, pp. 69-82.

Eisfeldt, A., Herskovic, B., Siriwardane, E. and Rajan, S. (2018), “OTC Intermediaries”, Office of
Financial Research Papers, No 5, Office of Financial Research, August.

Eren, E., Schrimpf, A. and Sushko, V. (2020), “US dollar funding markets during the Covid-19 crisis —
the money market fund turmoil”, BIS Bulletin, No 14, Bank for International Settlements, May.

Eren, E. and Wooldridge, P. (2021), “Non-bank financial institutions and the functioning of
government bond markets”, BIS Papers, No 119, Bank for International Settlements, November.

European Central Bank (2020), Financial Stability Review, June.

European Commission (2010), Impact assessment: Accompanying document to the Proposal for a
Regulation of the European Parliament and of the Council on OTC derivatives, central counterparties
and trade repositories.

European Securities and Markets Authority (2020), ESMA Risk Dashboard, No 1.
European Systemic Risk Board (2020), “Liquidity risks arising from margin calls”, June.
Federal Reserve System (2020), Financial Stability Report, November.

Federal Reserve System (2022), Financial Stability Report, May.

Feldhitter, P. (2012), “The Same Bond at Different Prices: Identifying Search Frictions and Selling
Pressures”, The Review of Financial Studies, Vol. 25, Issue 4, pp. 1155-1206.

Feldhitter, P. and Poulsen, T. (2018), “What Determines Bid-Ask Spreads in Over-the-Counter
Markets?”, November.

Financial Stability Board (2010), Implementing OTC Derivatives Market Reforms, October.

Financial Stability Board (2017), Review of OTC derivatives market reforms: Effectiveness and broader
effects of the reforms, June.

Financial Stability Board (2020a), Global Monitoring Report on Non-Bank Financial Intermediation
2019, January.

Financial Stability Board (2020b), Evaluation of the effects of too-big-to-fail reforms: Consultation
report, June.

Financial Stability Board (2020c), Holistic review of the March market turmoil, November.

Financial Stability Board (2021a), OTC Derivatives Market Reforms: Implementation progress in 2021,
December.

39



Financial Stability Board (2021b), Lessons learnt from the COVID-19 pandemic from a financial
stability perspective: Final report, October.

Financial Stability Board (2022a), Liquidity in Core Government Bond Markets, October.

Financial Stability Board (2022b), Enhancing the Resilience of Non-Bank Financial Intermediation:
Progress report, November.

Financial Stability Board (2022c), OTC Derivatives Market Reforms: Implementation progress in 2022:
Progress report, November.

Finansinspektionen (2019), “New rules led to reduced transparency on the Swedish bond markets”,
FI Supervision, No 15, October.

Fleming, M. and Keane, F. (2021), “The Netting Efficiencies of Marketwide Central Clearing”, Staff
Reports, No 964, Federal Reserve Bank of New York, April.

Fleming, M. and Ruela, F. (2020), “Treasury Market Liquidity during the COVID-19 Crisis”, Liberty
Street Economics, Federal Reserve Bank of New York, 17 April.

Fricke, C. and Menkhoff, L. (2011), “Does the ‘Bund’ dominate price discovery in Euro bond futures?
Examining information shares”, Journal of Banking & Finance, Vol. 35, Issue 5, pp. 1057-107.

Friewald, N. and Nagler, F. (2019), “Over-the-Counter Market Frictions and Yield Spread Changes.”
Journal of Finance, vol. 74, issue 6, pp. 3217-3257

Garbade, K.D. and Silber, W.L. (1976), “Price Dispersion in the Government Securities Market”,
Journal of Political Economy, Vol. 84, No 4, pp. 721-740.

Glosten, L. (1987), “Components of the Bid-Ask Spread and the Statistical Properties of Transaction
Prices”, The Journal of Finance, Vol. 42, Issue 5, pp. 1293-1307.

Goel, T. Lewrick, U. and Mathur, A. (2019) Playing it safe: global systemically important banks after
the crisis. BIS Quarterly Review, September.

Group of Thirty Working Group on Treasury Market Liquidity (2021), U.S. Treasury Markets: Steps
Toward Increased Resilience, Group of Thirty.

Group of Thirty Working Group on Treasury Market Liquidity (2022), U.S. Treasury Markets: Steps
Toward Increased Resilience — status update, Group of Thirty.

Glindiz, Y., Pelizzon, L., Schneider, M. and Subrahmanyam, M. (2021), “Lighting up the dark:
Liquidity in the German corporate bond market”, Discussion Papers, No 21, Deutsche Bundesbank.

Harkrader, J.C. and Puglia, M. (2020), “Price Discovery in the U.S. Treasury Cash Market: On Principal
Trading Firms and Dealers”, Finance and Economics Discussion Series, No 2020-096, Board of
Governors of the Federal Reserve System, October.

40



Harris, L. (2015), “Transaction Costs, Trade Throughs, and Riskless Principal Trading in Corporate
Bond Markets”, October.

Harris, L. and Mehta, A. (2015), “Riskless Principal Trades in Corporate Bond Markets,” August.

Hartmann, P. and Smets, F. (2018), “The first twenty years of the European Central Bank: monetary
policy”, Working Paper Series, No 2219, ECB, Frankfurt am Main, December.

He, Z., Nagel, S. and Song, Z. (2020), “Treasury Inconvenience Yields during the COVID-19 Crisis”,
NBER Working Paper Series, No 27416, National Bureau of Economic Research, June.

Hendershott, T., Livdan, D. and Schiirhoff, N. (2021), “All-to-All Liquidity in Corporate Bonds”,
Research Paper Series, No 43, Swiss Finance Institute, October.

High-Level Forum on the Capital Markets Union (2020), “A new vision for Europe’s capital markets”,
Final report to European Commission, June.

Ho, T. and H.R. Stoll (1980), “On Dealer Markets under Competition”, Journal of Finance, Vol. 35,
Issue 2, pp. 259-267.

Hoffmann, P., Langfield, S., Pierobon, F. and Vuillemey, G. (2018), “Who bears interest rate risk?”
Working Paper Series, No 2176, ECB, Frankfurt am Main, September.

Hogan Lovells (2017), An Introduction to MIFID I, January.

Hollg, D., Kremer, M. and Lo Duca, M. (2012), “CISS — a composite indicator of systemic stress in the
financial system”, Working Paper Series, No 1426, ECB, Frankfurt am Main, March.

Huang, W. and Takats, E. (2020), “The CCP-bank nexus in the time of Covid-19”, BIS Bulletin, No 13,
Bank for International Settlements, May.

Huh, Y. and Infante, S. (2021), “Bond market intermediation and the Role of Repo”, Journal of
Banking & Finance, Vol. 122.

International Capital Market Association (2022), European Repo Market Survey, No 43, June.

International Monetary Fund (2015), “Market Liquidity — Resilient or Fleeting?”, Global Financial
Stability Report, Chapter 2, pp. 49-82.

International Monetary Fund (2020), Global Financial Stability Report, April.

International Swaps and Derivatives Association (2021), “Key Trends in the Size and Composition of
OTC Derivatives Markets in the First Half of 2021”, Research Notes, December.

International Swaps and Derivatives Association (2023), “Key Trends in the Size and Composition of
OTC Derivatives Markets in the Second Half of 2022”, Research Notes, June.

Inter-Agency Working Group for Treasury Market Surveillance (2021), Recent Disruptions and
Potential Reforms in the U.S. Treasury Market: A Staff Progress Report, November.

41



Ivanov, P., Orlov, A. and Schihl, M. (2020), “Bond liquidity and dealer inventories: Insights from US
and European regulatory data”, Occasional Paper Series/DERA Working Paper Series, No 52,
February.

Joint Staff Report (2015), The U.S. Treasury Market on October 15, 2014, July.

Kargar, M., Lester, B., Lindsay, D., Liu, S. and Weill, P.0. (2021), “Corporate Bond Liquidity during the
COVID-19 Crisis”, The Review of Financial Studies, Vol. 34, Issue 11, pp. 5352-5401.

Kim, A. and Nguyen, G. (2022), “Electronic Bond Intermediation: Evidence from Corporate Bond
ATSs”, January.

Klingler, S. and Sundaresan, S. (2020), “Diminishing Treasury Convenience Premiums: Effects of
Dealers’ Excess Demand in Auctions”, March.

Kyle, A. (1985), “Continuous Auctions and Insider Trading”, Econometrica, Vol. 53, No 6, pp. 1315-
1335.

Liang, N. and Parkinson, P. (2020), “Enhancing Liquidity of the U.S. Treasury Market Under Stress
“Hutchins Center Working Papers, No 72, Hutchins Center on Fiscal and Monetary Policy, December.

Lyons, R. (1997), “A Simultaneous Trade Model of the Foreign Exchange Hot Potato”, Journal of
International Economics, Vol. 42, Issue 3-4, pp. 275-298.

Madhavan, A. (2000), “Market microstructure: A survey”, Journal of Financial Markets, Vol. 3, Issue
3, pp. 205-258.

Manning, M. and Hughes, D. (2016), “Central counterparties and banks: Vive la difference”, Journal
of Financial Market Infrastructures, Vol. 4, Issue 3, pp. 1-24.

Nagel, S. (2012), “Evaporating Liquidity”, The Review of Financial Studies, Vol. 25, Issue 7, pp. 2005-
2039.

Oehmke, M. and Zawadowski, A. (2016), “The anatomy of the CDS market”, The Review of Financial
Studies, Vol. 30, Issue 1, pp. 80-119.

O’Hara, M. and Zhou, A. (2019), “The Electronic Evolution of Corporate Bond Dealers”, September.

O’Hara, M. and Zhou, A. (2021), “Anatomy of a Liquidity Crisis: Corporate Bonds in the COVID-19
Crisis”, Journal of Financial Economics, Vol. 142, Issue 1, pp. 46-68.

Panzarino, O., Potente, F. and Puorro, A. (2016), “BTP futures and cash relationships: a high
frequency data analysis”, Working Papers, No 1083, Banca d’Italia, September.

Pelizzon, L., Subrahmanyam, M.G., Tomio, D. and Uno, J. (2018), “Central Bank-Driven Mispricing”,
SAFE Working Papers, No 226, Leibniz Institute for Financial Research SAFE, October.

42



Peltonen, T., Scheicher, M. and Vuillemey, G. (2014), “The network structure of the CDS market and
its determinants”, Journal of Financial Stability, Vol. 13, Issue C, pp. 118-133.

Pintér G. and Uslii, S. (2022), “Comparing search and intermediation frictions across markets”, Staff
Working Papers, No 974, Bank of England, April.

Poli, R. and Taboga, M. (2021), “A composite indicator of sovereign bond market liquidity in the euro
area”, Occasional Paper Series, No 663, Banca d’ltalia, December.

Reichenbacher, M., Schuster, P. and Uhrig-Homburg, M. (2020), “Expected Bond Liquidity”, July.

Riggs, L., Onur, E., Reiffen, D. and Zhu, H. (2019), “Swap trading after Dodd-Frank: Evidence from
index CDS”, August.

Riordan, R. and Schrimpf, A. (2015), “Volatility and evaporating liquidity during the bund tantrum”,
BIS Quarterly Review, September, pp. 10-11.

Sarr, A. and Lybek, T. (2002), “Measuring Liquidity in Financial Markets”, IMF Working Papers, No
232, International Monetary Fund, December.

Scheicher, M. and Schrimpf, A. (2022), “Liquidity in bond markets — navigating in troubled waters”,
SUERF Policy Briefs, No 395, SUERF, August.

Schoenemann, G. (2022),"The man in the middle—liquidity provision under central clearing in the
credit default swap market: A regression discontinuity approach," Journal of Futures Markets, Vol.

42(3), pp 446-471.

Schrimpf, A., Song Shin, H. and Sushko, V. (2020), “Leverage and margin spirals in fixed income
markets during the Covid-19 crisis”, BIS Bulletin, No 2, Bank for International Settlements, April.

Spatt, C. (2020), “A Tale of Two Crises: The 2008 Mortgage Meltdown and the 2020 COVID-19 Crisis”,
The Review of Asset Pricing Studies, Vol. 10, Issue 4, pp. 759-790.

SUERF (2022), “Fixed income market liquidity: Where do we stand?”, SUERF BAFFI Bocconi e-Lecture,
March 3.

Systemic Risk Council (2019) “Comments on CCP Resolution”, March.

Tarullo, D. (2019), “The September repo price spike: Immediate and longer term-issues”, Conference
on the Repo Market Disruption, Hutchins Center on Fiscal and Monetary Policy at the Brookings
Institution, 5 December.

Vissing-Jorgensen, A. (2021), “The Treasury Market in Spring 2020 and the Response of the Federal
Reserve”, NBER Working Paper Series, No 29128, National Bureau of Economic Research, August.

Wang, X and Zhong, K. (2020), “Dealer Inventory, Pricing, and Liquidity in the OTC Derivatives
Markets: Evidence from Index CDSs.” December.

43



Weill, P.0O. (2020), “The Search Theory of OTC Markets”, NBER Working Paper Series, No 27454,
National Bureau of Economic Research, June.

Wooldridge, P. (2019), “FX and OTC derivatives markets through the lens of the Triennial Survey”,
BIS Quarterly Review, December, pp. 15-20.

Wu, B. (2021), “Increasing Corporate Bond Liquidity Premium and Post-Crisis Regulations”, Job
Market Paper, Stern School of Business, New York University, October.

Yadav, Y. (2020), “A Blueprint for Reforming US Treasury Markets”, Vanderbilt Law Research Papers,
No 58, Vanderbilt University Law School, December.

44



Imprint and acknowledgements

Discussions with Pierre Collin-Dufresne, Darrell Duffie, Alex Duering and Ken Garbade are gratefully
acknowledged. This paper was presented at the Centre for Financial Frictions, Deutsche Bundesbank, the EBA,
the ECB, the ESRB Task Force on CCPs and Riksbank. The author thanks Magnus Andersson, Antoine
Bouveret, Paul Hiebert, Loriana Pelizzon, Tuomas Peltonen, Andreas Schrimpf and Pietro Stecconi, two
referees, ESRB ATC members and seminar participants for their invaluable comments and suggestions. We
also thank the DTCC for its help with the data on CDS exposures.

The opinions in this paper do not necessarily reflect those of the ECB, the ESRB, the SSM or the Eurosystem.

Martin Scheicher
European Central Bank, Frankfurt am Main, Germany; e-mail: martin.scheicher@ecb.europa.eu

© European Systemic Risk Board, 2023

Postal address 60640 Frankfurt am Main, Germany
Telephone +49 69 1344 0
Website www.esrb.europa.eu

All rights reserved. Reproduction for educational and non-commercial purposes is permitted provided that the
source is acknowledged.

For specific terminology please refer to the ESRB glossary (available in English only).

PDF ISBN 978-92-9472-350-5, ISSN 2467-0669, doi:10.2849/235246, DT-AC-23-003-EN-N


mailto:martin.scheicher@ecb.europa.eu
http://www.esrb.europa.eu/
https://www.esrb.europa.eu/home/glossary/html/index.en.html

	Intermediation in US and EU bond and swap markets: stylised facts, trends and impact of the coronavirus (COVID-19) crisis in March 2020
	Abstract
	Introduction
	1 How are bonds currently traded and how liquid are these markets?
	2 How are swaps currently traded and how liquid are these markets?
	3 How do the structural changes affect the dealer business model and market functioning?
	4 A case study of OTC market functioning: the impact of the COVID-19 crisis on fixed income liquidity
	5 Conclusions
	Annex
	Glossary
	References
	Imprint and acknowledgements




