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kennengelernt, sodass ich versuchen konnte, Ihnen darin zu folgen. Sie haben mich
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Auch meinen Geschwistern möchte ich hier Dank sagen, weil ihr (oft unbewusst)

eine große Konstante und Rückhalt in meinem Leben seid, was einen großen Wert

und keine Selbstverständlichkeit darstellt.
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1 Introduction

”CCPs are increasingly turning into

institutions of unprecedented systemic

importance.” (Benôıt Coeuré, 2014)

The introduction of central clearing on formerly bilaterally cleared over-the-

counter (OTC) markets has been one of the biggest changes in the landscape of

financial markets during the last decade. The studies in this thesis examine this

landmark in financial markets regulation by analysing its effect on the three probably

most relevant areas of financial market stability: counterparty risk, market liquidity

and systemic risk. This thesis contributes to existing literature as it

i examines unexplored effects of central clearing on Credit Default Swap (CDS)

markets,

ii identifies economic channels of the effect of central clearing, and

iii applies existing methodologies to new areas in the field of finance.

To the best of our knowledge, the study in Chapter 2 of this thesis is the first

to provide evidence on the effect of central clearing on counterparty risk from the

perspective of total exposures and netting efficiency. My analysis in Chapter 3 chal-

lenges existing findings on the effect of central clearing on CDS market liquidity by

applying a regression discontinuity analysis and extends the literature as I examine

three dimension of market liquidity and identify economic channels through which

central clearing may affect CDS market liquidity. The study in Chapter 4 is the

first empirical study on the effect of central clearing on systemic risk within the

CDS financial network and suggests a novel way to analyze contagion and default

dependence dynamics within financial networks by applying methodologies from

seminal studies on international capital markets spillover.

Previous literature extensively shows that trading mechanisms in financial mar-

kets strongly affect the ease of trading as well as the risk allocation across market

participants (O’Hara, 1998; Kissell, 2014). Bilateral clearing on widely unregulated

1



CHAPTER 1. INTRODUCTION

OTC markets allow the exchange of highly bespoke financial products, that match

very individual trading needs. Search cost and transaction costs, however, are high

in OTC markets and operational risk as well as counterparty risk remain completely

with the original trading parties. Organized and regulated financial exchanges are

able to provide a high degree of market liquidity through an efficient matching of

buyers and sellers and take over trade execution and counterparty risk, but only

for standardized products that attract high trading volumes. Central clearing can

be considered as an intermediate step between bilateral trading and exchange-based

trading. In centrally cleared markets, trade inception takes place just as in bilat-

erally cleared markets. Once two market participants agree on a trade, a central

clearing counterparty (CCP) takes over clearing and settlement operations as well

as counterparty risk by becoming the buyer to the original seller and the seller to

the original buyer.

Until the outbreak of the global financial crisis 2007/2008, CCPs were mostly

attached to exchanges for the clearing and settlement of less complex financial prod-

ucts like stocks, options or futures. In the case of stocks in particular, the clearing

and settlement period is only a matter of days until securities and cash are ex-

changed between buyer and seller. Even for options and futures, this period only

lasts for a few weeks or months. The length of this period is of crucial importance

as the CCP guarantees the delivery of all payments that arise from the centrally

cleared contract during this time, and is therefore exposed to the counterparty risk

of its trading partners (i.e. clearing members).

As a result of the unnoticed excessive build-up of OTC trading positions by

large financial institutions in the run-up to the global financial crisis 2007/2008, the

subsequent defaults of these institutions and the loss of trust among OTC market

participants, OTC markets have become the focus of financial regulation. Espe-

cially Credit Default Swaps were subject of regulatory discussions, reaching from

increasing CDS market transparency to the banning of uncovered (‘naked’) CDS.

A Credit Default Swap insures the buyer against the default of a reference entity

(e.g. a company or a state) that is determined by the contract. If this reference

entity defaults, the CDS seller is obliged to pay a contract-specific amount of cash or

securities to the CDS buyer. As a compensation for offering this default protection,

the CDS seller receives a quarterly CDS premium similar to an insurance fee. At

the Pittsburgh summit in 2009, the leaders of the G20 states decided to introduce

central clearing of standardized OTC derivatives, including CDS on individual ref-

2



erence entities (single-name CDS) or on a basket of reference entities (multi-name

CDS).

The resolution of the G20 nations has been implemented in the United States

(US) via the Dodd-Frank-Act (DFA) and in the European Union (EU) via the

European Market Infrastructure Regulation (EMIR). These policies intend a smooth

transition from bilateral CDS clearing to centrally cleared CDS trading. So far, only

a few multi-name CDS products are required for central clearing. Central clearing

of single-name CDS remains voluntary.

The voluntary nature of single-name CDS central clearing raises concerns about

its effectiveness and ability to sustainably enhance financial stability. One of the

most debated features of a CCP is its ability to offset redundant positions of clearing

members across their multiple counterparties (Jackson and Manning, 2007; Duffie

and Zhu, 2011; Cox et al., 2013; Cont and Kokholm, 2014; Lewandowska, 2015;

Garratt and Zimmerman, 2017; Hayakawa, 2018). Especially the large CDS market

makers (’G16 dealers’) usually have multiple offsetting open positions of the same

contract at the same time but with different counterparties so that they cannot be

netted out. This is why gross positions are usually considerably higher than net

positions on the CDS market and their ratio (netting efficiency) typically ranges far

below one. If all of these trades are centrally cleared, the CCP becomes the only

counterparty to all of these positions and can net out all redundant positions and

reduce overall CDS positions in the market. This reduction of redundant positions

reduces counterparty risk and can increase financial stability, as it reduces overall

positions, that are potentially subject to default. The effect of CCPs on netting effi-

ciency is strongest, if all trades are centrally cleared. If central clearing is voluntary,

trading volume may be split by CDS market participants into a bilaterally cleared

part and a centrally cleared part and lead to a higher fragmentation of the CDS

market, lower netting efficiency and a low effectiveness of the CCP. Trading volume

may also be split across CCPs which as a consequence decreases the effect of central

clearing on netting efficiency further. Last, bilaterally cleared markets may already

be quite efficient from a perspective of position netting since there is evidence that

only a few dominant CDS dealers are the counterparty to most CDS positions, which

in turn affects netting efficiency positively. While there are numerous theoretical

studies on these parameters that determine the effect of central clearing on the CDS

market, Chapter 2 of this thesis - ’Meet me in the middle – Central clearing and net-

ting efficiency in the Credit Default Swap market’ - is the first study that provides
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empirical evidence on the effect of voluntary central clearing on netting efficiency in

the market for single-name CDS.

From a risk management perspective, central clearing for CDS is a remarkable

step, considering the maturity of five years for the most traded CDS contracts.

A long clearing period makes the management of market risk, liquidity risk, and

counterparty risk increasingly complex. This may lead to strict risk management

practices applied by CCPs due to the high uncertainty and number of parameters

that affect the valuation of CDS. As a consequence, cost of collateral may be large

for centrally cleared trades (Aitken and Singh, 2009; Brunnermeier and Pedersen,

2009; Sidanius and Zikes, 2012; Singh, 2010; Heller and Vause, 2012; Duffie et al.,

2015). In addition, CCPs charge clearing fees that increase order processing costs.

Higher post-trade transparency through publication of trading volumes, open in-

terests and prices by CCPs may change market liquidity by affecting the share of

informed and uninformed trading (Pagano and Roell, 1996; Bloomfield and O’Hara,

1999; Lin, 2016). On the other hand, a highly creditworthy CCP with strict risk

management requirements may reduce counterparty risk and increase dealer com-

petition. Removing this trading friction can improve market liquidity (Jarrow and

Yu, 2001; Kraft and Steffensen, 2007; Arora et al., 2012; Morkoetter et al., 2012;

Loon and Zhong, 2014; Du et al., 2019). Chapter 3 of this thesis - ’Multidimensional

effects of central clearing on CDS market liquidity and their economic channels – a

regression discontinuity approach’ - uses a regression discontinuity design (RDD) to

examine the effects of central clearing on market liquidity. An RDD allows a clearer

identification than previous studies by controlling for fixed effects, and a time trend

that can differ before and after the introduction of central clearing. Furthermore,

my analysis takes a holistic view on CDS market liquidity as it is not restricted

to measures of market breadth and market depth as in previous studies, but also

examines the effect of central clearing on CDS market resiliency. Furthermore, I

investigate whether the effect of central clearing differs across contracts with high

or low pre-clearing liquidity risk and fundamental risk. Additionally, I analyze four

different channels through which central clearing may affect CDS market liquidity:

counterparty risk, cost of collateral, netting efficiency and regulatory capital charges.

Chapter 4 “Firewall or superspreader? - CDS central clearing and contagion

risk within the CDS dealer network” analyzes whether voluntary central clearing

of single-name CDS contracts increases financial stability by reducing contagion

risk. Central clearing may mainly affect contagion risk through the default loss

absorbing capacity of CCPs but also through aspects like change in overall risk
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exposures and market liquidity that are examined in Chapter 2 and 3. If a CCP is

poorly capitalized but heavily used as trading partner, central clearing may actually

increase contagion risk since all CDS market participants are tied together by their

trading relationships with the CCP (Allen and Gale, 2000; Markose et al., 2012).

A well-capitalized CCP, however, may be able to effectively insulate all clearing

members from each other’s default risk (Zhu, 2011; Capponi et al., 2017). This study

contributes to the literature in two ways: it provides the first empirical evidence

on the effect of central clearing on contagion risk and it shows a novel way to

model empirically default dependence dynamics within a financial network with

time series models. For this purpose, we manipulate the original time series of CDS

dealers’ CDS spreads and CDS returns in order to incorporate the specific CDS

financial network dynamics and to be able to divide our time series into a pre-

and post-clearing period despite the staggered introduction of CDS central clearing

eligibility. This allows us to examine contagion risk by analyzing cointegration

relationships, Granger causality, volatility spillovers and dynamic financial network

spillover effects as shown in previous studies (Kasa, 1992; Gelos and Sahay, 2001;

Jung and Maderitsch, 2014; Diebold and Yilmaz, 2009, 2012). Furthermore, we

provide first empirical evidence on the pricing consequence of contagion risk on

CDS premia.

Chapter 5 summarizes the key findings and shortcomings of the studies con-

tained in this thesis as well as potential implications for policymakers and financial

regulation.
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2 Meet me in the middle – Central clearing and

netting efficiency in the Credit Default Swap

market

Monika Gehde-Trapp1 & Gregor Schoenemann2

Abstract

We study the effect of central clearing on netting efficiency in the CDS market.

We examine the development of position data and netting efficiency using aggregate

data from the Depository Trust Clearing Corporation (DTCC). Our main finding is

that gross and net outstanding positions in cleared contracts increase but the effect

of gross positions is substantially larger. Hence, central clearing decreases netting

efficiency to a considerable extent. Furthermore, we analyze different quintile port-

folios of CDS contracts according to pre-clearing netting efficiency. We find that

only those contracts that were most efficiently netted bilaterally, decrease in netting

efficiency after the introduction of central clearing. The negative effect of central

clearing on netting efficiency is more pronounced for the first contracts that have

been made eligible for central clearing.

JEL classification: G12, G15, G18, G23, G28

Keywords: Central clearing, credit default swaps, netting efficiency, counterparty

risk
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CHAPTER 2. MEET ME IN THE MIDDLE – CENTRAL CLEARING AND
NETTING EFFICIENCY IN THE CREDIT DEFAULT SWAP MARKET

2.1 Introduction

In this paper, we examine how central clearing affects netting efficiency (defined as

the ratio of net positions to gross positions) in the market for Credit Default Swaps.

Under the assumption of constant gross positions, multiple theoretical papers show

that central clearing can change netting efficiency by affecting net positions (Baer

et al., 2004; Jackson and Manning, 2007; Duffie and Zhu, 2011; Galbiati and So-

ramäki, 2012; Cont and Kokholm, 2014; Heath et al., 2016; Garratt and Zimmerman,

2017; Hayakawa, 2018). Since CDS market participants frequently buy and sell the

same contract, net positions are usually much lower than the corresponding gross

positions. Under bilateral clearing, only trades with the same transaction partner

can be netted to reduce gross positions. Centrally cleared trades, however, allow

for multilateral netting via a central clearing counterparty. By increasing netting

efficiency, central clearing can increase dealers’ capacity to provide market liquidity.

To the best of our knowledge, our paper is the first to empirically analyze the

impact of central clearing on netting efficiency as the ratio of net positions to gross

positions. Dealers in the CDS market aim at zero net positions and high gross

positions in order to yield high revenues from liquidity provision without any ex-

posure to market or idiosyncratic risks. Gross positions increase counterparty risk,

because they are potentially subject to default. The default of a market participant

increases the exposure of its counterparties to market risk and idiosyncratic risk and

incurs replacement costs. Consequently, Shachar (2012) finds increasing CDS inter-

dealer exposures to decrease liquidity provision of dealers. An increase in netting

efficiency may foster liquidity provision of dealers, as it allows them to enter into

more trades without effectively increasing their counterparty risk in terms of gross

positions. End-users optimize CDS net positions according to their hedging needs,

their view on the reference entity’s default probability and arbitrage opportunities

(Oehmke and Zawadowski, 2017). The introduction of central clearing may impact

dealers’ (end-users’) choice of their gross (net) positions by affecting counterparty

risk, inventory costs, market transparency, and bargaining power in the CDS mar-

ket. Further results of central clearing with an impact on netting efficiency could

be a change in the extent of dealer diversification, and in the length of the risk

intermediation chain.
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Figure A.1 shows how central clearing may impact different determinants of

dealers’ (end-users’) choice of CDS gross (net) positions with respect to different

economic channels. First, central clearing may reduce the negative effect of coun-

terparty risk on CDS premia (Arora et al., 2012; Morkoetter et al., 2012; Loon and

Zhong, 2014; Kaya, 2016; Kroon and van Lelyveld, 2018; Molleyres, 2018; Du et al.,

2019). Thus, central clearing can increase CDS premia and price efficiency in the

CDS market (Silva et al., 2018). This makes the CDS market more attractive for

end-users, since CDS selling yields higher CDS premia and CDS hedging strategies

are more effective (Hansen and Moore, 2016; Oehmke and Zawadowski, 2017). The

reduced relevance of counterparty risk in the CDS market under central clearing

may foster liquidity provision through higher dealer competition (Slive et al., 2012;

Loon and Zhong, 2014; Mayordomo and Posch, 2016).

Second, central clearing may change inventory costs of dealers and end-users by

affecting collateral demand and regulatory capital requirements. Brunnermeier and

Pedersen (2009) show the negative relation between collateral demand and liquidity

provision of dealers in general. The impact of central clearing on collateral demand in

the CDS market through margin requirements can be positive (Singh, 2010; Sidanius

and Zikes, 2012; Heller and Vause, 2012) or negative (Duffie et al., 2015), meaning

the introduction of central clearing can result in lower or higher liquidity provision

of dealers. Similarly, lower regulatory capital requirements for exposures towards

CCPs (Basel Committee on Banking Supervision, 2014) may free up capital of CDS

market participants (Minton et al., 2009; Kenyon and Green, 2012; Yorulmazer,

2013; Shan et al., 2017; Klingler and Lando, 2018).

Third, the introduction of central clearing may increase market transparency in

the CDS market. Market transparency affects market liquidity by making informed

trading less profitable, as additional market information allows uninformed traders

to infer trading motives of informed traders more accurately and to adjust bid-ask

spreads accordingly (Glosten and Milgrom, 1985; Kyle, 1985; Easley and O’Hara,

1987; Qiu and Yu, 2012). Increased market transparency may be more attractive for

uninformed traders but less attractive for informed traders. The dominating CCP on

the market for CDS, Intercontinental Exchange (ICE) Clear Credit, increases post-

trade transparency through publishing trading volume, open interest and settlement

prices on a daily basis for the last six months of its cleared contracts. Findings from

similar increases in post-trade transparency on OTC markets point to a decrease

in trading volume (e.g. introduction of TRACE on the corporate bond market in

Bessembinder et al. (2006); Edwards et al. (2007); Goldstein et al. (2007); Asquith
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et al. (2019) or the introduction of the Dodd-Frank Act (Loon and Zhong, 2016)).

Increased market transparency may also reduce price volatility with the beginning

of central clearing as found in multiple studies (Lyons, 1996; Loon and Zhong, 2014;

Mayordomo and Posch, 2016; Menkveld et al., 2015; Bernstein et al., 2019). Lower

price volatility decreases inventory holding costs by reducing daily price changes

that result in corresponding margin calls.

Last, the introduction of CCPs as a new type of market participant on the CDS

market can affect the bargaining power of CDS dealers. Since only large dealers

may become clearing members of CCPs, the introduction of central clearing can

strengthen the bargaining position of dealers with respect to end-users that have a

demand for clearing services (Hendershott et al., 2017; Iercosan and Jiron, 2017).

Dealers may exploit this bargaining position by increasing transaction costs (Duffie

et al., 2005; Iercosan and Jiron, 2017; Di Maggio et al., 2017; Collin-Dufresne et al.,

2018; Eisfeldt et al., 2018; Li and Schürhoff, 2019; Üslü, 2019). As a result, the

CDS market may become more unattractive for end-users as a venue for trading

corporate credit.

The model predictions on netting efficiency are ambiguous: First, the trading

volume cleared by CCPs matters. Panel A and Panel B of Figure 2.1.1 show that

CDS market participants must clear sufficient trading volume with one CCP if mul-

tilateral netting across counterparties is to improve netting efficiency compared to

bilateral clearing (Jackson and Manning, 2007; Duffie and Zhu, 2011; Cox et al.,

2013; Cont and Kokholm, 2014; Hayakawa, 2018). However, if dealer diversification

is low prior to the introduction of central clearing, centrally cleared trading volume

may negatively affect netting efficiency as shown in Panel C of Figure 2.1.1 (Cont

and Kokholm, 2014).

Second, market participants who are averse to counterparty risk concentration, as

suggested by Eisfeldt et al. (2018), may diversify trading volume across CCPs. Panel

D of Figure 2.1.1 shows that the splitting of trading volume across CCPs reduces

netting efficiency compared to central clearing with one single CCP (Duffie and Zhu,

2011; Anderson et al., 2013; Cox et al., 2013; Cont and Kokholm, 2014; Heath et al.,

2016). Second, the similarity of trading behavior across dealers is relevant: higher

dealer competition for order flow due to lower relevance of counterparty risk for

centrally cleared trades (Loon and Zhong, 2014; Du et al., 2019) can lead to more

similar trading behavior of dealers for clearing eligible contracts. In the model of

Duffie and Zhu (2011), the resulting higher cross-counterparty exposure correlation
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increases netting efficiency under central clearing but decreases it in the models of

Cox et al. (2013), Cont and Kokholm (2014) and Heath et al. (2016).

Figure 2.1.1: The effect of central clearing on netting efficiency for different pre- and
post-clearing scenarios
Numbers show net positions (left) / gross positions (right) of individual market participants, and
the market aggregate is shown in bold font. Gross (net) positions are defined as gross (net)
protection bought. Dealers are denoted as D 1, D 2, and D 3. Arrows go from CDS protection
seller to CDS protection buyer

Panel A: Central clearing increases netting
efficiency due to high cleared trading volume Panel B: Central clearing decreases netting

efficiency due to low cleared trading volume

Panel C: Central clearing decreases netting
efficiency due to low pre-clearing dealer

diversification

Panel D: Central clearing decreases netting
efficiency due to diversification of trading volume

across CCPs
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Figure 2.1.2: The impact of central clearing on netting efficiency via the the risk
intermediation chain
Numbers show net positions (left) / gross positions (right) of individual market participants, and
the market aggregate is shown in bold font. Gross (net) positions are defined as gross (net)
protection bought. Dealers are denoted as D 1, D 2, and D 3. Arrows go from CDS protection
seller to CDS protection buyer. Only interdealer trades can be centrally cleared.

Panel A: Central clearing decreases netting efficiency through increasing steps in the risk interme-
diation chain

Panel B: Central clearing increases netting efficiency through decreasing steps in the risk interme-
diation chain

Third, central clearing may affect netting efficiency by changing risk intermedi-

ation in the CDS market. One characteristic of the CDS market is a risk intermedi-

ation chain that connects end-users with active core dealers via smaller peripheral
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dealers (Peltonen et al., 2014; Eisfeldt et al., 2018). Panel A of Figure 2.1.2 shows

that CCPs can decrease netting efficiency if the risk intermediation chain is very

short and intermediate dealers do not become obsolete. Panel B of Figure 2.1.2

shows, that in the case of a long risk intermediation chain with many redundant

gross positions, central clearing can considerably increase netting efficiency. The

discussion of the existing literature shows that the ability of CCPs to increase net-

ting efficiency is an empirical question and is therefore the focus of this study. Using

a time series of trade reports from the Depository Trust & Clearing Corporation, we

collect market-wide contract-specific gross and net positions for 147 CDS contracts

between 2009 and 2017. 122 of these contracts become eligible for central clearing

on 35 dates during our observation interval. This staggered introduction allows us

to cleanly identify the impact of central clearing eligibility on gross and net positions

and netting efficiency as any confounding factors would have to occur systematically

at all clearing dates in order to bias our results. We show that CDS gross positions

and net positions increase significantly with the beginning of central clearing eli-

gibility. The economic effect of central clearing on gross positions is considerably

stronger than its effect on net positions. As a result, netting efficiency decreases by

roughly 9.58% of its statistical mean during our observation period. In summary,

our findings imply that dealers provide more liquidity and increase their inventories

with the beginning of central clearing. The liquidity effect, however, is substantially

stronger.

Next, we next split our sample to study the cross-sectional determinants of net-

ting efficiency. First, we find that netting efficiency only decreases for contracts

that were netted most efficiently prior to central clearing eligibility. This is in line

with Cont and Kokholm (2014), who show that netting efficiency is negatively af-

fected by high market concentration prior to central clearing because concentration

of trading volume in a few dominant counterparties implies a high degree of netting

efficiency. Introducing a CCP then decreases concentration and effectively reduces

netting opportunities. Second, we find that the effect of central clearing on netting

efficiency is most pronounced for the first contracts that have been made eligible for

central clearing. This suggests that any effects of central clearing are only realized

when centrally cleared contracts have a sufficiently large market share (Duffie and

Zhu, 2011).

Our paper extends the literature about OTC derivatives market structures by

analyzing the direct effect of voluntary central clearing on netting efficiency. To

the best of our knowledge, no other study empirically examines the effect of central
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clearing on any direct measure of netting efficiency on the CDS market nor tests

the hypotheses of Duffie and Zhu (2011) and Cont and Kokholm (2014) on the

impact of pre-clearing dealer diversification and cleared trading volume on netting

efficiency. Akari et al. (2019) are closest to our study: in one of their analyses,

they examine the impact of central clearing on gross and net positions separately by

running a fixed effects regression and a t-test on the mean and median of treatment

and control group in a matched sample. They find increasing gross positions and

constant net positions in the fixed effects regression and in the t-test on the mean

and increasing gross and net positions in the t-test on the median. They look at

CDS gross and net positions separately as measures of trading activity but do not

examine their joint development in terms of netting efficiency or provide any more

detailed economic explanations for the effect of central clearing on netting efficiency

in the CDS market. We close this gap in the literature by providing a novel proxy

for netting efficiency and by analyzing differential effects of central clearing along

the cross-section of CDS contracts in terms of pre-clearing netting efficiency and

clearing eligibility duration.

2.2 Data sources, descriptive statistics and sam-

ple comparison

Our initial dataset consists of weekly Trade Information Warehouse (TIW) reports

from the Depository Trust & Clearing Corporation from November 7, 2008 to May

4, 2018. The reports contain weekly aggregate data on open CDS positions. TIW

reports contain data on the top 1,000 reference entities in terms of net outstanding

positions in the given week. TIW reports capture approximately 98% of all globally

executed single-name CDS transactions (DTCC, 2019).

In order to measure liquidity provision and inventory risk for a specific contract i

at date t, we collect aggregate gross and net outstanding positions.4 Aggregate gross

positions for a specific CDS contract in a given week are measured as the sum of the

notional values over all outstanding CDS contracts. There is one protection buyer

and one protection seller to every outstanding CDS contract. The DTCC counts

the notional value of every open CDS transaction only once to the aggregate gross

position in the respective contract. Therefore, gross outstanding positions for a spe-

4Aggregate CDS gross and net positions are reported in Section I, Table 6 of any weekly TIW
report.
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cific contract in a given week are identical to the sum of all CDS protection bought

(or sold) in terms of notional values for the respective contract. As the DTCC can

identify the counterparties to every open CDS contract, it also aggregates the gross

positions on counterparty level. The DTCC distinguishes whether a counterparty

is the protection buyer or the protection seller to an open CDS position. The net

outstanding position of a specific counterparty is the difference between the open

gross positions, to which the counterparty acts as a buyer, and the open gross po-

sitions, to which the counterparty acts as a seller. The DTCC computes aggregate

net outstanding positions as the sum of net outstanding positions over all counter-

parties. Since there is a buyer and a seller to every CDS contract, the aggregate net

outstanding position is always zero. Therefore, the DTCC reports the sum of net

outstanding positions over all net protection sellers as aggregate net outstanding

positions.

We consider net outstanding positions to be a proxy for inventory risk. To hold

a net position in a CDS implies a directional view on the default probability of the

reference entity. End-users usually hold net positions in CDS, because they hedge

exposures from other financial markets (e.g. bond market), speculate or act as arbi-

trageurs (e.g. hedge funds). If net positions increase, some CDS market participants

show growing risk appetite since they are willing to provide more insurance against

the default of reference entities. Dealers try to hold zero net positions (i.e. a flat

inventory), because they solely aim at making profits by providing liquidity to the

market.

Dealers stand ready to be the counterparty in transactions with end-users or

other dealers. However, they aim to mitigate the risks immediately that they have

taken on in these transactions. Typically, they achieve this goal by entering a

position that offsets the previous one. If every transaction can be offset perfectly,

this leads to a flat CDS inventory. Dealers are compensated for providing liquidity

by earning the bid-ask spread. Assuming a constant bid-ask spread, the profit of

dealers increases if they maximize gross trading volume. Therefore, we consider gross

outstanding positions to be a proxy that is related to dealers’ activity in liquidity

provision.

There are limits to liquidity provision. Offsetting an existing position by opening

a new position creates new exposure to another counterparty if the exposure cannot

be netted due to an already existing position with that counterparty that offsets this

new position. A default of the counterparty can incur losses because open positions
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at default are closed out and need to be set up again. If counterparty exposures

become too high, dealers restrict liquidity provision (Shachar, 2012).

By increasing the netting opportunities, central clearing can lead to an increase in

liquidity provision of dealers if central clearing allows dealers to increase CDS trading

volume without increasing actual gross and net positions. If we examine gross and

net positions separately, however, we cannot derive any precise conclusions from it in

terms of netting efficiency. If gross positions rise, this could be caused by end-users

that have simultaneously increased their CDS net protection bought. An increase in

gross positions could also be accompanied by an increase in net positions if dealers

fail to find counterparties for trades that are supposed to offset the transactions

with their clients.

In order to get clear results on the relation between gross and net outstanding

positions in the CDS market prior to and after the beginning of central clearing

eligibility, we create a new proxy for netting efficiency. We compute netting efficiency

as the ratio of net outstanding positions to gross outstanding positions for contract

i in week t :

nett effi,t =
net positioni,t

gross positioni,t

(2.1)

To explore the effects of central clearing, we analyze 35 dates on which single-

name CDS contracts become eligible for central clearing. Figure 2.2.1 displays the

timeline and the number of reference entities, for which the Intercontinental Ex-

change initiated central clearing at each clearing event.

Figure 2.2.1: Number of clearing eligible CDS contracts per individual clearing date
Number of clearing eligible contracts per clearing event: The bar plot shows the number of contracts
that become eligible for central clearing at each individual clearing eligibility event. Each bar
represents one clearing eligibility event from our sample.
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Weekly CDS gross outstanding positions and net outstanding positions are di-

rectly related to the amount of CDS trading in the corresponding week. The absolute

weekly change in aggregate gross (net) outstanding positions constitutes the gross

(net) trading volume in the respective week. To control for other determinants of

CDS trading, we follow Oehmke and Zawadowski (2017). We collect corporate bond

transaction data from the Trade Reporting and Compliance Engine (TRACE), which

we clean according to Dick-Nielsen (2009, 2014). CDS quotes from Credit Market

Analysis (CMA) and option implied stock volatility are from Bloomberg. We use

these data sources to compute controls for the existence of arbitrage opportuni-

ties (neg basis, a dummy taking on a value of 1 if the CDS-bond basis is negative,

and arbitrage, the maximum absolute CDS-bond basis), hedging motives from the

bond market (bond trading, the cumulated weekly trading volume of all bonds issued

by the reference entity), and speculation (vola, the weekly average option implied

volatility of the underlying reference entity’s stock).

2.2.1 Descriptive statistics

Data availability for the control variables limits the size of our dataset: Bond data

via TRACE is only available for North American reference entities. CDS quotes

and option implied stock volatility are also only available for a subset of reference

entities and a limited time span. In summary, we obtain a full set of controls

for 115 different CDS contracts between 2009 and 2017 for which we have 53991

week-contract observations. Table 2.2.1 gives summary statistics for the dependent

variables and the control variables. We use the arithmetic average to compute mean

values.

Table 2.2.1 shows that on average, CDS market participants hold around 14.1

bn gross notional volume per contract in a given week. These 14.1 billion result in

roughly 1.11 billion net notional volume with an average weekly netting efficiency

of 8.74%. Since we use arithmetic averages, the average netting efficiency does not

equal the ratio of average gross and net positions.

We now consider the evolution of gross and net positions over time. Figure

2.2.2 shows the time series of cross-sectional averages of all reference entities that

become clearing eligible in the 30 weeks before and after they become eligible for

central clearing. The clearing date is indicated by the red vertical line. Panel A

shows average gross and net positions and Panel B average netting efficiency. Gross

positions increase sharply by around 1bn notional value for contracts that become
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Table 2.2.1: Descriptive statistics of aggregate CDS positions, netting efficiency and
corresponding control variables
This table shows descriptive statistics for our sample of CDS contracts. The sample consists of
contracts for which data on the selected control variables are available. gross position (net position)
is the cumulated outstanding gross (net) notional value of a CDS contract in billion (bn) United
States dollar (USD) at the end of the respective week. nett eff is the ratio of gross outstanding
positions to net outstanding positions in percentage points. We also compute relative ratios of
the dependent variables, which are defined as in Equation (2.5). neg basis is a dummy variable
which turns 1 if the CDS-bond basis is negative. arbitrage is the average weekly maximum arbitrage
opportunity measured as the maximum absolute CDS-bond basis in percent. We calculate the CDS-
bond basis as the difference between the CDS spread and the difference between the bond’s yield
to maturity over the three month London Interbank Offer Rate (LIBOR), minus the three-month
Overnight Index Swap (OIS). We take averages across daily values to obtain weekly values. In
order to proxy hedging demand and speculation opportunities, we use bond trading, the cumulative
weekly trading activity in billion USD on the reference entity’s bonds across all issues, and vola
which is the option implied volatility of the underlying reference entity’s stocks.

Statistic N Mean St. Dev. Min Max

gross position 53,991 14.105 12.165 0.169 128.958
net position 53,991 1.112 0.871 0.043 7.365
nett eff 53,991 8.736 3.091 3.007 43.020
gross position rel1 53,991 0.894 0.662 0.042 6.908
net position rel1 53,991 0.897 0.638 0.048 4.702
nett eff rel1 53,991 0.964 0.288 0.232 4.292
vola 53,991 30.246 15.783 7.530 250.420
bond trading 53,991 0.089 0.169 0.00000 2.743
arbitrage 53,991 3.256 72.702 0.001 16,350.410
neg basis 53,991 0.054 0.227 0 1

eligible for central clearing during this 30-weeks’ time window after the start of

central clearing eligibility. Net positions seem to be largely unaffected by central

clearing eligibility as they continue their declining trend after contracts become

eligible for central clearing. Consequently, we see that netting efficiency of clearing

eligible contracts decreases by roughly one percentage point within only a few weeks

after they become eligible for central clearing.

2.2.2 Comparison of data sample with DTCC top 1,000

dataset and with samples from related studies of the

CDS market

To conclude the description of our data set, we compare our sample to the original

DTCC sample of top 1,000 reference entities and to the samples of related studies of

the CDS market. Doing so allows us to judge if our sub-sample is indicative of this

larger segment of the CDS market and whether it is comparable to similar studies.
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2.2. DATA SOURCES, DESCRIPTIVE STATISTICS AND SAMPLE
COMPARISON

Figure 2.2.2: Time series of CDS gross positions, CDS net positions, and CDS netting
efficiency 30 weeks prior to and after central clearing eligibility
These figures show average CDS gross and net positions (Panel A, in billion USD) and average CDS
netting efficiency (Panel B, in percentages) 30 weeks prior to and after the beginning of central
clearing.

Panel A: Average CDS gross and net positions

Panel B: Average CDS netting efficiency

Table 2.2.2 shows that the distribution of reference entities across industries in

our sample is comparable to the distribution of reference entities in the DTCC top

1,000 dataset and to related studies. Compared to the DTCC top 1,000 dataset,

consumer goods, consumer services and healthcare are considerably over-represented

and financials are noteably under-represented. Industrials and utilities are slightly

under-represented and the other industries are rather over-represented but these dif-

ferences are small on an absolute scale. Apart from the utility sector, the industry

weights in our sample never exceed the most extreme industry weights of other stud-

ies. In summary, we find that the industry distribution in our sample is comparable

to the samples used in similar studies.

The effect of central clearing on netting efficiency may vary with the market liq-

uidity of the contract. Since the contracts we are studying are subject to voluntary

central clearing, market participants may tend to clear transactions in one contract
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Table 2.2.2: Sample comparison by industry composition
In this table, we compare the industry composition of our sample dataset with the industry compo-
sition of the full DTCC top 1,000 dataset and of related studies on the CDS market. The industry
classification is provided by the DTCC. In the first column, we report the share of reference enti-
ties belonging to the respective industry in the full DTCC top 1,000 dataset. The second column
shows the share of reference entities belonging to the same industry in our sample. The remaining
columns show the share of reference entities belonging to the same industry in related studies of
the CDS market by Gehde-Trapp et al. (2015), Kaya (2016) and Loon and Zhong (2014). All
values are in percentage points.

DTCC
Top 1,000
[%]

Our sam-
ple [%]

Gehde-
Trapp et
al. (2015)
[%]

Kaya
(2016)
[%]

Loon &
Zhong
(2014)
[%]

Basic materials 7.14 8.84 14.70 9.40 5.30
Consumer goods 12.33 17.69 23.70 11.80 12.12
Consumer services 14.67 21.09 12.90 21.10 23.48
Energy 7.14 7.48 0.00 10.60 7.58
Financials 22.97 7.48 15.27 0.00 16.67
Healthcare 3.89 9.52 4.68 10.60 7.58
Industrials 14.47 13.61 12.28 17.60 13.64
Tech. & Telecomm. 3.70 6.12 5.22 10.70 9.09
Utilities 6.88 3.40 6.63 8.20 4.55
Other 0.00 0.00 4.50 0.00 0.00

rather with the CCP and transactions in another contract rather bilaterally. Bellia

et al. (2018) examine a transaction-level dataset in order to identify contract char-

acteristics of centrally cleared transactions. They find that more liquid contracts

are less likely to be cleared centrally. That is why we examine the relative liquid-

ity provision of dealers to CDS contracts in our sample compared to the DTCC

top 1,000 dataset. To compare the distribution of our sample across gross position

groups with the DTCC top 1,000 dataset, we divide both samples into quintiles in

terms of CDS gross positions. We then determine the quintile to which a reference

entity belongs for both our sample and the DTCC top 1,000 sample, and display

the corresponding proportions in Table 2.2.3.

As expected, we here find that our sample consists of contracts to which dealers

supply rather much liquidity. Reference entities in our dataset always belong to

the same or to a higher quintile in the original dataset. E.g., a reference entity

from the third quintile in our dataset is either in the first quintile (probability

6.9%) or in the second quintile (probability 93.1%) of the DTCC top 1,000 dataset.

Considering the findings of Bellia et al. (2018), this may imply that the share of

centrally cleared transactions could be lower for contracts in our sample compared

to the total universe of CDS contracts. However, the upper triangular shape of the

table implies that less widely held CDS contracts in our sample are also less widely
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Table 2.2.3: Sample comparison by CDS gross positions
In this table, we assign the reference entities in our sample to CDS gross position quintiles for our
dataset and the DTCC top 1,000 dataset according to average CDS gross position in our observation
period. This table shows the share of reference entities in a given gross position quintile in our
dataset (columns) and in a given CDS gross position quintile in the top 1,000 dataset (rows). All
values are in percentage points.

Our sample
Q1 [%] Q2 [%] Q3 [%] Q4 [%] Q5 [%]

Q1 [%] 100 82.76 6.9 0 0
Q2 [%] 0 17.24 93.1 100 20

DTCC Top 1,000 Q3 [%] 0 0 0 0 60
Q4 [%] 0 0 0 0 20
Q5 [%] 0 0 0 0 0

held in the DTCC top 1,000 sample. Hence, we expect that the results derived for

our reduced sub-sample are representative of the full DTCC top 1,000 sample.

2.3 Empirical analysis

In this section, we analyze the impact of central clearing on gross and net positions

and netting efficiency. Our baseline regression uses ordinary least squares (OLS)

estimation with fixed effects. In additional specifications, we let the treatment effect

vary between contracts with high and low pre-treatment netting efficiency and early-

and late-adopter contracts.

2.3.1 Baseline model - OLS estimation with fixed effects

To explore our main question, we run the following regression model:

CDSi,t = α + β ∗ CCPi,t + ζ ∗ Xi,t + γt + δi + εi,t (2.2)

CDSi,t denotes gross positions, net positions, and netting efficiency for CDS

contract i at time t. CCPi,t is a dummy variable which takes the value of one if

a contract is eligible for central clearing. Xi,t contains the control variables neg -

basis, arbitrage, bond trading, and vola. We also interact arbitrage with neg basis

to account for the different ease of entering into an arbitrage position for positive

and negative basis values. γt captures week fixed effects that control for contract-

independent, time-varying effects, e.g. macroeconomic shocks. δi denotes contract

fixed effects that capture contract-specific, time-constant effects, e.g. industry ef-
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fects. We cluster standard errors by contract and weeks. The results for estimating

Equation (2.2) are given in Table 2.3.1.

Table 2.3.1: The effect of central clearing on CDS gross positions, net positions, and
netting efficiency
This table shows results for regression (2.2), the regression of gross positions, net positions, and
netting efficiency on the central clearing dummy. The dependent variables and control variables
are defined as in Table 2.2.1. The main independent variable, CCP, is a dummy variable which
takes the value of 1 if a contract is eligible for central clearing. We include week and contract fixed
effects. We cluster standard errors by contract and week. In parentheses, we display standard
errors, which are computed according to Arellano (1987).

Dependent variable:

gross position net position nett eff

(1) (2) (3)

CCP 3.210∗∗∗ 0.116∗∗ −0.837∗∗∗

(0.590) (0.052) (0.286)
bond trading 9.097∗∗ 0.710∗∗ 0.575

(4.310) (0.310) (0.514)
arbitrage −0.0002∗∗∗ 0.00000 0.0003∗∗∗

(0.0001) (0.00001) (0.0001)
neg basis −0.605 −0.010 0.008

(0.381) (0.036) (0.211)
vola 0.142∗∗∗ 0.007∗∗∗ −0.007

(0.033) (0.002) (0.007)
arbitrage:neg basis −0.150 −0.015 −0.099∗∗

(0.207) (0.011) (0.046)

Contract FE YES YES YES
Week FE YES YES YES
F Statistics 496.808 444.153 224.4738
Observations 53,991 53,991 53,991
Adjusted R2 0.850 0.836 0.719

∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Table 2.3.1 shows a strong increase in gross notional positions when contracts

become eligible for central clearing. The effect is statistically highly significant

and economically sizable: central clearing increases gross notional positions by 3.21

billion USD, or 22.76% of the mean gross position of 14.1 billion USD. In contrast,

the statistically significant positive effect of central clearing on net positions amounts

only to 115.5 million (mn) USD or 10.39% of the mean net position. The joint impact

of these two effects on net and gross positions is considerable: netting efficiency

decreases by 0.8371 percentage points (9.58% of the mean netting efficiency) and

is statistically significant at the 1% level. Therefore, market participants seem to

increase liquidity provision and their counterparty exposure with the beginning of

central clearing.
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The results for the control variables bond trading and vola, are consistent with

the findings of Oehmke and Zawadowski (2017) Both have a positive and highly

statistically significant effect on CDS gross and net positions. We do not find any

statistically significant effect of arbitrage considerations on net positions as docu-

mented in Oehmke and Zawadowski (2017) but a slight negative effect of arbitrage

on gross positions.

For netting efficiency, we find a positive impact of arbitrage at the 1% significance

level. The impact of the interaction between arbitrage and neg basis is negative and

statistically significant at the 5% level. However, the economic magnitude of these

effects is negligible. The effects of the remaining control variables are not statistically

significant. This is plausible since the control variables affect gross and net positions

in a similar way.

In summary, the results show an increase in gross positions and net positions and

a decrease in netting efficiency. Market participants trade more actively with the

beginning of central clearing. Hence, central clearing induces market participants to

build up higher inventories. This could reflect the willingness of market participants

to trade with the arguably less risky CCP even at the cost of higher counterparty

exposures. Ceteris paribus, the additional transaction with the CCP extends the

risk intermediation chain in the interdealer market. If sufficient transactions are

not cleared, this leads to a lower netting efficiency when compared to bilateral

clearing. Dealer diversification may be too low prior to the introduction of central

clearing as indicated by recent data (Office of the Comptroller of the Currency, 2016)

and empirical studies (Peltonen et al., 2014), so that central clearing cannot yield

a higher netting efficiency. Lower regulatory capital charges on centrally cleared

positions can be an incentive for market participants to take on higher inventory in

contracts that become clearing eligible.

In the following, we examine whether we find evidence for a less optimal market

structure under central clearing and whether the effect of central clearing on netting

efficiency changes with clearing eligibility duration.

2.3.2 The effect of central clearing for contracts of different

degrees of pre-treatment netting efficiency

In this section, we test the hypothesis whether more efficiently netted bilateral

markets are more negatively affected by the introduction of central clearing in terms

of netting efficiency when compared to less efficiently netted bilateral markets. Cont
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and Kokholm (2014) show that netting efficiency under central clearing is negatively

affected by a high skewness of exposures prior to the introduction of central clearing.

High skewness of exposures means that only a few market participants are the

counterparties to the majority of trades. In this scenario, netting opportunities

are more likely to occur within these dominant market participants compared to a

scenario in which exposures are more equally distributed across market participants.

We expect that more efficiently netted bilateral markets decrease stronger in netting

efficiency with the beginning of central clearing eligibility compared to less efficiently

netted bilateral markets.

In order to test this hypothesis, we calculate the average pre-clearing netting

efficiency for each contract i during the whole period prior to its clearing eligibility

date. We then define dummy variables ne quint1i, ne quint2i,..., ne quint5i etc. that

take on a value of 1 if contract i lies in the highest, second-highest,..., lowest cross-

sectional quintile in terms of average pre-clearing netting efficiency, and 0 otherwise.

We run the following regression:5

CDSi,t = α + β1 ∗ ne quint1i + β2 ∗ ne quint2i + β3 ∗ ne quint3i

+ β4 ∗ ne quint4i + β5 ∗ CCPi,t ∗ ne quint1i

+ β6 ∗ CCPi,t ∗ ne quint2i + β7 ∗ CCPi,t ∗ ne quint3i

+ β8 ∗ CCPi,t ∗ ne quint4i + β9 ∗ CCPi,t ∗ ne quint5i

+ ζ ∗ Xi,t + γt + δi + εi,t

(2.3)

In contrast to Equation (2.2), CCPi,t*ne quint1i, CCPi,t*ne quint2i etc. now

allow us to identify the impact of the pre-clearing market structure on post-clearing

netting efficiency as hypothesized by Cont and Kokholm (2014). We again include

week and contract fixed effects, and the full set of control variables.

Tables 2.3.2 shows results for the different netting efficiency quintiles. We only

find the negative effect of central clearing on netting efficiency for contracts that are

in the two highest quintiles in terms of netting efficiency prior to central clearing eli-

gibility. Central clearing decreases netting efficiency for contracts that were already

netted relatively efficiently under bilateral clearing. The economic magnitude of the

effect is lower for contracts in the second quintile compared to the first quintile.

We test these results with a subsampling approach by dividing our sample into five

5Due to the inclusion of fixed effects, the individual coefficients of variables included in the
interaction terms are not displayed in the regression output.
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Table 2.3.2: Effect of central clearing on CDS positions and netting efficiency for
different levels of pre-clearing netting efficiency (interaction approach)
This table shows regression results of the effect of central clearing on gross positions, net positions,
and netting efficiency by pre-clearing netting efficiency quintiles (Equation (2.3)). We use five
interaction terms of the CCP dummy and ne quint1, ne quint2 etc. which indicate whether a
contract belongs to first (second etc.) quintile in terms of pre-treatment netting efficiency. Control
variables and week and contract fixed effects are as in Table 2.3.1 but are not reported here. We
cluster standard errors by contract and week. In parentheses, we display standard errors which
are computed according to Arellano (1987).

Dependent variable:

gross position net position nett eff

(1) (2) (3)

CCP:ne quint1 7.188∗∗∗ 0.267∗ −2.867∗∗∗

(1.022) (0.148) (0.573)
CCP:ne quint2 5.302∗∗∗ 0.195∗ −0.935∗∗

(1.068) (0.105) (0.393)
CCP:ne quint3 5.327∗∗∗ 0.265∗∗∗ −0.530

(1.224) (0.097) (0.407)
CCP:ne quint4 1.817 0.143 0.315

(1.187) (0.098) (0.364)
CCP:ne quint5 −0.282 0.072 0.731

(1.693) (0.110) (0.507)

Controls YES YES YES
Contract FE YES YES YES
Week FE YES YES YES
F Statistics 466.3225 398.0655 185.0151
Observations 45,120 45,120 45,120
Adjusted R2 0.858 0.838 0.705

∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

subsamples according to quintiles of pre-clearing netting efficiency. Tables A.1-A.3

display results for the subsampling approach for gross positions, net positions and

netting efficiency. The results are very similar. These results are in line with the

findings of Cont and Kokholm (2014), who hypothesize a negative effect of central

clearing for skewed CDS exposures in the interdealer market. Skewed CDS expo-

sures mean that many positions are held with only one or very few dealers. This

results in a high degree of netting efficiency under bilateral clearing. In this setting,

the addition of a CCP to the market impairs netting efficiency. This corresponds to

the situation depicted in Panel C of Figure 2.1.1. However, it could still be possible

that more cleared trading volume is needed for a positive effect of central clearing

on netting efficiency (Panel A and B of Figure 2.1.1), which is why we analyze the

impact of clearing eligiblity duration on netting efficiency in the next section.
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2.3.3 The effect of central clearing on netting efficiency for

cohorts of early- and late-adopter CDS contracts

In an additional analysis, we let the treatment effect vary between contracts that

become clearing eligible at an earlier or later point in time. Duffie and Zhu (2011)

show that the share of centrally cleared trading volume positively affects the effect of

central clearing on netting efficiency. We expect the trading volume of CCPs and the

corresponding economic effects to increase over time. Consequently, we expect the

effect of central clearing on netting efficiency to be most pronounced for the first CDS

contracts that are made eligible for central clearing. In order to test this hypothesis,

we create five dummy variables that indicate whether a contract belongs to the

first (second,..., fifth) quintile of contracts that becomes eligible for central clearing

(cdate quint1i, cdate quint2i,..., cdate quint5i). We replace our original treatment

dummy by five interaction terms between the original treatment dummy and the

quintile dummies that indicate a relatively early or late clearing eligibility date. We

also include all controls and fixed effects from our baseline regression:6

CDSi,t = α + β1 ∗ cdate quint1i + β2 ∗ cdate quint2i + β3 ∗ cdate quint3i

+ β4 ∗ cdate quint4i + β5 ∗ CCPi,t ∗ cdate quint1i

+ β6 ∗ CCPi,t ∗ cdate quint2i + β7 ∗ CCPi,t ∗ cdate quint3i

+ β8 ∗ CCPi,t ∗ cdate quint4i + β9 ∗ CCPi,t ∗ cdate quint5i

+ ζ ∗ Xi,t + γt + δi + εi,t

(2.4)

The results in Table 2.3.3 show that the negative effect of central clearing on

netting efficiency is most pronounced for contracts that belong to the earlier cohorts

of clearing eligible contracts. The coefficients for the first two quintiles is statisti-

cally significant and negative. Contracts in the other quintiles are not affected to a

statistically significant extent. These results provide evidence that the effects of cen-

tral clearing may materialize itself as trading activity of CCPs increases. Naturally,

trading activity of CCPs may increase over time so that the effects of voluntary

central clearing may be best observed using the early cohorts of clearing eligible

contracts. The negative effect for earlier cohorts of clearing eligible contracts may

point to the scenario in Panel C of Figure 2.1.1: if CDS market participants buy

6Due to the inclusion of fixed effects, the individual coefficients of variables included in the
interaction terms are not displayed in the regression output.
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Table 2.3.3: Effect of central clearing on CDS positions and netting efficiency across
quintiles of contracts according to their clearing eligibility date
This table shows regression results of the effect of central clearing on gross positions, net positions,
and netting efficiency by quintiles of contracts according to their respective clearing eligibility
dates (Equation (2.4)). We use five interaction terms of the CCP dummy and cdate quint1, cdate -
quint2,...,cdate quint5, which indicate whether a contract belongs to an earlier or later group of
contracts that becomes eligible for central clearing. Control variables and week and contract fixed
effects are as in Table 2.3.1 but are not reported here. We cluster standard errors by contract
and week. In parentheses, we display standard errors, which are computed according to Arellano
(1987).

Dependent variable:

gross position net position nett eff

(1) (2) (3)

CCP:cdate quint1 3.530∗∗∗ 0.081 −0.730∗∗

(1.332) (0.102) (0.336)
CCP:cdate quint2 1.449 −0.207 −0.853∗∗

(1.460) (0.144) (0.419)
CCP:cdate quint3 3.741∗∗∗ 0.163 −0.274

(1.277) (0.109) (0.330)
CCP:cdate quint4 6.339∗∗∗ 0.458∗∗∗ −0.707

(1.139) (0.121) (0.533)
CCP:cdate quint5 3.293∗∗∗ 0.146∗∗ −0.659

(1.012) (0.072) (0.491)

Contract FE YES YES YES
Week FE YES YES YES
F Statistics 462.7866 423.4952 176.0695
Observations 46,761 46,761 46,761
Adjusted R2 0.855 0.844 0.691

∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

credit protection mainly from one or very few dealers prior to the beginning of cen-

tral clearing, cleared trading volume may actually negatively affect netting efficiency

under central clearing. However, the negative effect of central clearing on netting

efficiency for the earliest cohort is smaller than for the second quintile. This could

also point to positive effect of central clearing on netting efficiency for very high

centrally cleared trading volumes that have not been reached by any of the CDS

contracts in the voluntary central clearing regime.

2.4 Robustness checks

In this chapter, we present the results of four robustness checks. First, we re-run our

baseline regressions with relative dependent variables that capture a potential effect

of central clearing on uncleared contracts. Second, we create a matched sample
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based on potential determinants of the CCP’s decision to make a CDS contract

eligible for central clearing, and run our baseline model (Equation (2.2)) on this

sample. In an additional specification, we take a subset of this matched sample

by restricting the event window to eight weeks prior to and after the beginning

of central clearing eligibility. Finally, we perform a placebo test by replacing the

original clearing eligibility dates of all treated contracts with random dates between

the beginning of our observation period and three months before the actual clearing

eligibility date.

2.4.1 Relative netting efficiency

Central clearing should mainly affect contracts that actually become eligible for

central clearing. However, it is also conceivable that non-eligible contracts show

a reaction when other contracts become eligible for central clearing. For example,

we could observe a decrease in net positions for non-eligible contracts which we

would erroneously interpret as an increase of net positions for cleared contracts when

estimating the Equations (2.2) and (2.3). Therefore, we now define all dependent

variables at time t as the ratio of the dependent variable to the average value of the

dependent variable for all uncleared contracts at time t :

CDS reli,t =
CDSi,t

CDSuncleared,t

(2.5)

We re-run the estimation of the regressions (2.2) and (2.3) with these new de-

pendent variables. Tables 2.4.1 and A.4 give the coefficient estimates. All controls

and fixed effects are as in Equations (2.2) and (2.3).

Table 2.4.1 shows similar results compared to those we observe in Table 2.3.1.

For the overall effect of central clearing on gross positions, we obtain a statistically

significant positive effect with an order of magnitude of 23.68% relative to the sample

mean (compared to 22.76% in Table 2.3.1). For net positions, we again obtain a

positive and statistically significant effect. Netting efficiency decreases by 11.09%

(compared to 9.58% in Table 2.3.1). This effect is statistically highly significant.

Across pre-clearing netting efficiency quintiles, the effect of central clearing on gross

positions is more consistent in Table A.4 than in Table 2.3.2. Net positions are

largely unaffected and netting efficiency displays a decrease even for the three highest

quintiles of pre-clearing netting efficiency compared to two quintiles in Table 2.3.2.
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Table 2.4.1: Effect of central clearing on relative CDS positions and netting efficiency
This table shows regression results of the effect of central clearing on relative gross positions,
relative net positions, and relative netting efficiency. We take the relative dependent variables
which are defined in Table 2.2.1. The main independent variable, CCP, is a dummy variable which
takes the value of 1 if a contract is eligible for central clearing. Control variables and week and
contract fixed effects are as in Table 2.3.1. We cluster standard errors by contract and week. In
parentheses, we display standard errors, which are computed according to Arellano (1987).

Dependent variable:

gross position rel net position rel nett eff rel

(1) (2) (3)

CCP 0.212∗∗∗ 0.082∗∗ −0.107∗∗∗

(0.042) (0.039) (0.031)
bond trading 0.228∗ 0.392∗∗ 0.037

(0.122) (0.157) (0.060)
arbitrage −0.00000∗ 0.00000 0.00003∗∗∗

(0.00000) (0.00001) (0.00001)
neg basis −0.004 −0.002 −0.001

(0.019) (0.029) (0.020)
vola 0.005∗∗∗ 0.003∗∗ −0.001

(0.001) (0.001) (0.001)
arbitrage:neg basis −0.003 −0.007 −0.009∗∗

(0.007) (0.005) (0.004)

Contract FE YES YES YES
Week FE YES YES YES
F Statistics 795.9788 525.0655 152.06
Observations 53,991 53,991 53,991
Adjusted R2 0.901 0.857 0.634

∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

2.4.2 Matched sample analysis

We expect CCPs to select contracts for clearing eligibility based on risk charac-

teristics of the contract and of the underlying reference entity. This introduces a

selection bias to our original analysis. Slive et al. (2012) find that netting efficiency

negatively affects the probability of a contract being selected for central clearing.

This relation may bias our results towards finding a negative effect of central clear-

ing on netting efficiency if we do not adjust for the selection bias. In accordance

with the findings of Slive et al. (2012), we expect that CDS trading activity, netting

efficiency and contract-specific risk affect the decision of a CCP to select contracts

for clearing eligibility. We create a new sample based on pre-treatment values of

gross positions, net positions, netting efficiency, stock volatility and bond trading

volume. We use nearest-neighbor matching without replacement and with a caliper

29



CHAPTER 2. MEET ME IN THE MIDDLE – CENTRAL CLEARING AND
NETTING EFFICIENCY IN THE CREDIT DEFAULT SWAP MARKET

of 0.1. This matching procedure allows us to reduce the difference in pre-treatment

covariates by 55.62% to 98.93% (see Table A.6).

Table 2.4.2: Matched sample analysis on the effect of central clearing on CDS gross
positions, net positions and netting efficiency
This table shows results for regression (2.2), the regression of gross positions, net positions, and
netting efficiency on the central clearing dummy. The database for these results is a matched
sample, conditioned by nearest-neighbor matching on the following variables: gross positions, net -
positions, nett eff, vola, and bond trading. The main independent variable, CCP, is a dummy
variable which takes the value of 1 if a contract is eligible for central clearing. We include week
and contract fixed effects. We cluster standard errors by contract and week. In parentheses, we
display standard errors, which are computed according to Arellano (1987).

Dependent variable:

gross position net position nett eff

(1) (2) (3)

CCP 2.340∗∗∗ 0.061 −0.725∗∗

(0.549) (0.044) (0.290)
bond trading 2.173 0.217 0.330

(2.760) (0.240) (0.728)
arbitrage −0.0001∗ −0.00000 0.0002∗∗∗

(0.0001) (0.00000) (0.0001)
neg basis −0.380 0.006 0.100

(0.296) (0.031) (0.183)
vola 0.136∗∗∗ 0.008∗∗∗ −0.004

(0.029) (0.002) (0.012)
arbitrage:neg basis −0.256∗ −0.021∗∗ −0.166∗

(0.151) (0.009) (0.087)

Contract FE YES YES YES
Week FE YES YES YES
F Statistics 232.687 222.537 132.0931
Observations 30,178 30,178 30,178
Adjusted R2 0.826 0.820 0.729

∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Table 2.4.2 shows the results of our baseline model using the matched sample.

The economic effects are smaller but still sizable, and show the same signs as in our

baseline model. Apart from the insignificant coefficient of the CCP dummy on CDS

net positions, the level of statistical significance for the CCP dummy in the different

models is very similar to the results from our baseline model in Table 2.3.1.
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2.4.3 Restricted event window around clearing eligibility

date

In another model specification, we restrict the event window in the matched sample

to eight weeks prior to and after the beginning of central clearing eligibility. A short

observation period around the clearing eligibility date may lead to an underestima-

tion of the true effect of central clearing eligibility on netting efficiency if the effect

is positively correlated with the trading activity of CCPs. As a consequence, the

economic effect of central clearing eligibility may increase over time as the results

from Table 2.3.3 indicate. However, a short event window reduces the impact of

effects that are unrelated to the clearing eligibility event. If we obtain results in this

analysis that are similar to the results of our baseline analysis, we can be confident

Table 2.4.3: The effect of central clearing on CDS gross positions, net positions and
netting efficiency (8 weeks pre-/post-clearing event window)
This table shows results for regression (2.2), the regression of gross positions, net positions, and
netting efficiency on the central clearing dummy. We use the matched sample as in the results of
Table 2.4.2 and restrict the observation period to eight weeks prior and after the start of central
clearing eligibility. The main independent variable, CCP, is a dummy variable which takes the
value of 1 if a contract is eligible for central clearing. We include week and contract fixed effects.
We cluster standard errors by contract and week. In parentheses, we display standard errors, which
are computed according to Arellano (1987).

Dependent variable:

gross position net position nett eff

(1) (2) (3)

CCP 0.722∗∗∗ 0.035∗∗ −0.304∗∗∗

(0.145) (0.014) (0.104)
bond trading −0.765 −0.085∗ 0.235

(0.467) (0.050) (0.436)
arbitrage 0.043 0.003 −0.020

(0.044) (0.006) (0.035)
neg basis 0.137 −0.009 −0.152

(0.217) (0.020) (0.150)
vola 0.011 −0.001 −0.016

(0.020) (0.002) (0.014)
arbitrage:neg basis −0.170 0.007 0.223

(0.191) (0.014) (0.158)

Contract FE YES YES YES
Week FE YES YES YES
F Statistics 654.7771 442.6016 131.0073
Observations 1,215 1,215 1,215
Adjusted R2 0.994 0.991 0.970

∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

31



CHAPTER 2. MEET ME IN THE MIDDLE – CENTRAL CLEARING AND
NETTING EFFICIENCY IN THE CREDIT DEFAULT SWAP MARKET

that our baseline results are not significantly driven by confounding effects that are

unrelated to the clearing eligibility event and not included as covariates.

Table 2.4.3 displays the results from our analysis using an eight-week observation

period before and after the central clearing eligibility date. Naturally, the economic

magnitude of the effect is smaller since the trading activity by CCPs and the cor-

responding economic effects are likely to increase over time (compare Table 2.3.3).

However, the effects of central clearing on gross positions, net positions and netting

efficiency remain statistically significant.

2.4.4 Placebo test

For the placebo test, we use the matched sample with a restricted event window

of eight weeks prior to and after the beginning of central clearing eligibility. We

select this model because it is the most restrictive specification, in which we find

a statistically significant effect of central clearing on netting efficiency. To replace

the actual event dates by placebo dates, we use all CDS contracts in our matched

sample that become clearing eligible at some point in time. We replace their actual

clearing eligibility dates by random dates between the beginning of our observation

period and three months before their actual clearing dates.

Since central clearing is voluntary after the beginning of central clearing eligibil-

ity, the shift to central clearing and the observation of the corresponding economic

effects can happen at any date after the beginning of central clearing eligibility.

However, we should not be able to observe any systematic treatment effect on dates

that lie before the actual clearing eligibility date. Excluding three months before

clearing eligibility reduces anticipatory effects such as increased trading of uncleared

contracts with the intention to novate them to the CCP after the clearing eligibility

date (Akari et al., 2019). We replace the actual clearing dates with these random

placebo dates, create the placebo CCP dummy accordingly and restrict the sam-

ple to eight weeks prior to and after the beginning of the placebo central clearing

eligibility.

We run a regression on our placebo CCP dummy as well as on the controls and

fixed effects from our baseline regression. We repeat this process 1,000 times and

expect 10 (50; 100) statistically significant coefficients of our placebo CCP dummy

on netting efficiency on a 1% (5%; 10%) significance level.

Table 2.4.4 displays the results of our placebo test. The results show that 12

(63; 114) placebo dummy coefficients are significant on a 1% (5%; 10%) significance
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Table 2.4.4: Placebo test (netting efficiency)
This table shows the number of coefficients on different levels of statistical significance from our
placebo test. For the placebo test, we replace the original treatment dates with random dates
that lie between the beginning of our observation period and three months before the start of
clearing eligibility. We use these placebo treatment dates in our regression model (2.2), in order
to compute the loading on the placebo CCP dummy coefficient. We repeat this procedure 1,000
times and count the frequency of coefficients that are statistically significant at 1%, 5%, and 10%
level. We expect 10 (50; 100) statistically significant coefficients of our placebo CCP dummy on
netting efficiency on 1% (5%; 10%) significance level.

p value # coefficients
p < 0.01 12
p < 0.05 63
p < 0.1 114

level, which is close to the expected values from the theory. These results provide

evidence that our findings are not the result of a misspecified empirical model.

2.5 Summary and conclusion

We empirically study the effect of central clearing on gross and net positions as

well as their ratio - netting efficiency - in the CDS market. Our empirical results

clearly indicate that CDS market participants increase their gross positions and

net positions with the commencement of central clearing. The economic effect of

central clearing on gross positions, however, is substantially larger than its effect

on net positions. As a result, netting efficiency decreases with central clearing

eligibility. The impact is economically considerable and statistically significant. We

observe this effect only for the contracts that are most efficiently netted prior to the

introduction of central clearing. Furthermore, the negative effect of central clearing

on netting efficiency seems to be observed only for contracts that are longer eligible

for central clearing, meaning that higher centrally cleared trading volume may not

finally lead to an increase in CDS netting efficiency. In summary, we show that on

average central clearing increases the extent to which market participants are willing

to take on counterparty exposures.

Our analysis opens up interesting avenues for future research. Theoretical models

offer clear hypotheses on the reasons for the cross-sectional differences we document.

Testing whether these suggested hypotheses can explain the cross-sectional differ-

ences is only straightforward when bilateral exposures between market participants

can be observed. The availability of new exposure data under MiFID II will allow

direct exploration of these hypotheses.

33



CHAPTER 2. MEET ME IN THE MIDDLE – CENTRAL CLEARING AND
NETTING EFFICIENCY IN THE CREDIT DEFAULT SWAP MARKET

A Appendix to Chapter 2
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Table A.1: Effect of central clearing on CDS gross positions for different levels of
pre-clearing netting efficiency (subsampling approach)
This table shows regression results of the effect of central clearing on CDS gross positions. We
divide the original dataset into five subsamples according to the five quintiles by netting efficiency.
Control variables and week and contract fixed effects are as in Table 2.3.1. We cluster standard
errors by contract and week. In parentheses, we display standard errors, which are computed
according to Arellano (1987).

Dependent variable:

gross position
quint1 quint2 quint3 quint4 quint5

(1) (2) (3) (4) (5)

CCP 3.446∗∗∗ 3.051∗∗∗ 4.600∗∗∗ 5.320∗∗∗ 2.916
(0.748) (0.718) (1.363) (1.703) (1.805)

bond trading 3.928 0.550 −2.030 20.215∗∗∗ 14.831
(2.679) (1.843) (1.369) (4.601) (10.369)

arbitrage −0.00002 −0.009 0.255∗∗ 0.039∗∗∗ −0.0003
(0.00004) (0.014) (0.116) (0.015) (0.002)

neg basis 0.377 0.555 0.063 −2.389∗∗∗ 2.738∗∗

(0.529) (0.534) (0.490) (0.739) (1.228)
vola 0.023 0.007 0.063∗ 0.151∗∗ 0.174∗∗

(0.054) (0.060) (0.038) (0.065) (0.068)
arbitrage:neg basis −0.691 −0.375 −0.139 −0.481 −1.297∗∗∗

(0.451) (0.756) (0.121) (0.343) (0.398)

Contract FE YES YES YES YES YES
Week FE YES YES YES YES YES
F Statistics 113.9593 89.6488 116.138 112.9922 118.234
Observations 8,609 9,280 8,957 9,371 8,903
Adjusted R2 0.866 0.825 0.864 0.855 0.867

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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Table A.2: Effect of central clearing on CDS net positions for different levels of pre-
clearing netting efficiency (subsampling approach)
This table shows regression results of the effect of central clearing on CDS net positions. We
divide the original dataset into five subsamples according to the five quintiles by netting efficiency.
Control variables and week and contract fixed effects are as in Table 2.3.1. We cluster standard
errors by contract and week. In parentheses, we display standard errors, which are computed
according to Arellano (1987).

Dependent variable:

net position
quint1 quint2 quint3 quint4 quint5

(1) (2) (3) (4) (5)

CCP 0.060 0.019 0.120 0.289∗∗ 0.335∗∗

(0.113) (0.090) (0.101) (0.117) (0.132)
bond trading 0.659∗∗∗ 0.014 −0.080 1.264∗∗∗ 1.065

(0.243) (0.246) (0.251) (0.419) (0.840)
arbitrage 0.00000 −0.001 0.025∗∗ 0.001 −0.0002

(0.00001) (0.001) (0.010) (0.002) (0.0002)
neg basis 0.033 0.059 0.018 −0.123∗∗∗ 0.231∗∗

(0.085) (0.051) (0.042) (0.032) (0.097)
vola −0.005 −0.001 0.006∗ 0.009∗∗ 0.009∗∗

(0.010) (0.005) (0.003) (0.004) (0.004)
arbitrage:neg basis −0.032 −0.015 −0.024∗∗ −0.059∗ −0.076∗∗∗

(0.064) (0.055) (0.010) (0.033) (0.018)

Contract FE YES YES YES YES YES
Week FE YES YES YES YES YES
F Statistics 77.1991 56.2434 81.8749 141.7626 93.3688
Observations 8,609 9,280 8,957 9,371 8,903
Adjusted R2 0.814 0.746 0.817 0.881 0.837

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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Table A.3: Effect of central clearing on CDS netting efficiency for different levels of
pre-clearing netting efficiency (subsampling approach)
This table shows regression results of the effect of central clearing on CDS netting efficiency. We
divide the original dataset into five subsamples according to the five quintiles by netting efficiency.
Control variables and week and contract fixed effects are as in Table 2.3.1. We cluster standard
errors by contract and week. In parentheses, we display standard errors, which are computed
according to Arellano (1987).

Dependent variable:

nett eff
quint1 quint2 quint3 quint4 quint5

(1) (2) (3) (4) (5)

CCP −2.272∗∗∗ −0.961∗ −0.566 −0.253 0.595
(0.540) (0.537) (0.705) (0.412) (0.468)

bond trading 1.890 0.344 0.540 −0.104 0.558
(2.110) (0.965) (0.769) (0.742) (1.259)

arbitrage 0.0002∗∗∗ 0.005 −0.012 0.005 −0.002∗∗∗

(0.0001) (0.006) (0.043) (0.009) (0.0005)
neg basis −0.339 −0.446 −0.365 −0.315 0.629∗∗

(0.259) (0.353) (0.405) (0.229) (0.314)
vola −0.062∗ −0.016 0.031 0.009 −0.0005

(0.035) (0.018) (0.023) (0.010) (0.008)
arbitrage:neg basis 0.353 −0.012 −0.303∗∗∗ 0.040 −0.146

(0.236) (0.196) (0.065) (0.280) (0.142)

Contract FE YES YES YES YES YES
Week FE YES YES YES YES YES
F Statistics 37.9494 40.9698 35.063 40.0569 25.7825
Observations 8,609 9,280 8,957 9,371 8,903
Adjusted R2 0.680 0.680 0.653 0.673 0.579

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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Table A.4: The effect of central clearing on relative CDS positions and netting effi-
ciency for different levels of pre-clearing netting efficiency (interaction approach)
This table shows regression results of the effect of central clearing on relative gross positions, rela-
tive net positions, and relative netting efficiency. We use five interaction terms of the CCP dummy
and ne quint1 (ne quint2 etc.), which indicates whether a contract belongs to first (second etc.)
quintile in terms of pre-treatment netting efficiency. Control variables and week and contract fixed
effects are as in Table 2.3.1. We cluster standard errors by contract and week. In parentheses, we
display standard errors, which are computed according to Arellano (1987).

Dependent variable:

gross position rel net position rel nett eff rel

(1) (2) (3)

CCP:ne quint1 0.397∗∗∗ 0.206∗ −0.333∗∗∗

(0.066) (0.121) (0.069)
CCP:ne quint2 0.252∗∗∗ 0.105 −0.126∗∗∗

(0.063) (0.072) (0.040)
CCP:ne quint3 0.266∗∗∗ 0.145∗∗ −0.082∗∗

(0.067) (0.058) (0.036)
CCP:ne quint4 0.164∗∗ 0.101 0.015

(0.065) (0.063) (0.036)
CCP:ne quint5 0.140∗∗ 0.065 0.065

(0.062) (0.067) (0.048)

Controls YES YES YES
Contract FE YES YES YES
Week FE YES YES YES
F Statistics 772.7658 486.9616 127.3079
Observations 45,120 45,120 45,120
Adjusted R2 0.909 0.863 0.621

∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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Table A.5: Panel unit root test on model residuals
This table shows p-values for fisher-type panel unit root (PUR) tests on the residuals of our baseline
OLS fixed effects regression from Equation (2.2). Fisher-type tests test the null hypothesis, whether
all individual time series in the panel dataset contain a unit root or not (Maddala and Wu, 1999).
We conduct the panel unit root test for the panel of residuals from regression model (2.2). ‘***’
indicates statistical significance at the 1% level.”

Dep. var. model residuals Fisher-type PUR test
gross positions 0.0000***
net position 0.0000***
nett eff 0.0000***
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Table A.6: Covariate improvement due to nearest-neighbor matching)
We perform a nearest-neighbor matching without replacement (caliper: 0.1) in order to obtain
a sample conditioned on the following variables: gross positions, net positions, nett eff, vola, and
bond trading. The following panels provide a comparison between the full sample and the matched
sample. Panel A shows the means in the covariates for treated units and untreated units and
the mean difference between these groups for the full sample. Panel B shows the means in the
covariates for treated units and untreated units and the mean difference between these groups for
the matched sample. Panel C reports the reduction in the mean differences for the covariates of
treatment group and control group when using the matched sample instead of the full sample.

Panel A: Difference in means of possible determinants of central clearing eligibility for full sample

Means Treated Means Control Mean Diff

distance 0.692 0.464 0.229
gross position 11.924 17.392 -5.468
net position 0.947 1.361 -0.414

nett eff 8.676 8.826 -0.150
vola 25.075 38.040 -12.965

bond trading 0.069 0.119 -0.049

Panel B: Difference in means of possible determinants of central clearing eligibility after nearest-
neighbor matching without replacement (caliper: 0.1)

Means Treated Means Control Mean Diff

distance 0.599 0.581 0.018
gross position 13.370 13.429 -0.059
net position 1.079 1.083 -0.004

nett eff 8.849 8.916 -0.066
vola 29.971 31.077 -1.106

bond trading 0.079 0.082 -0.003

Panel C: Reduction in means of possible determinants of central clearing eligibility in percent after
nearest-neighbor matching without replacement (caliper: 0.1)

Mean Diff.

distance 92.067
gross position 98.928
net position 98.934

nett eff 55.625
vola 91.470

bond trading 94.872
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3 Multidimensional effects of central clearing on

CDS market liquidity and their economic chan-

nels - A regression discontinuity approach
1

Gregor Schoenemann 2

Abstract

In this study, I analyze the effect of central clearing on market liquidity in the

CDS market. This study extends existing literature by using semi-parametric and

non-parametric regression discontinuity designs in order to isolate the effect of cen-

tral clearing on measures of market tightness, market depth and market resiliency.

In the baseline specification, I find evidence for a decrease in absolute bid-ask spreads

and an increase in gross trading volume with the beginning of central clearing. Bid-

ask spread resiliency decreases with the beginning of central clearing. However, we

observe positive effects of central clearing on CDS market liquidity only for CDS

contracts of high fundamental and liquidity risk, whereas low-risk contracts are neg-

atively affected. Further results indicate that lower trading frictions may explain

the positive effects of central clearing on CDS market liquidity. Especially the lower

relevance of counterparty risk and lower regulatory capital charges seem to posi-

tively affect dealer competition and risk-taking capacity in the CDS market.

JEL classification: G12, G15, G18, G28

Keywords: Central clearing, credit default swaps, market liquidity, regression dis-
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CHAPTER 3. MULTIDIMENSIONAL EFFECTS OF CENTRAL CLEARING
ON CDS MARKET LIQUIDITY AND THEIR ECONOMIC CHANNELS - A

REGRESSION DISCONTINUITY APPROACH

3.1 Introduction

The purpose of this paper is to explore the effect of central clearing on the market

liquidity of Credit Default Swaps. The introduction of central clearing counterparties

may affect market liquidity through a change in clearing fees, margin requirements,

regulatory capital charges, netting efficiency and post-trade transparency. These

differences of centrally cleared markets compared to bilaterally cleared markets can

affect order processing costs, inventory costs, adverse selection and bargaining costs.

As a consequence, CDS dealers may adjust transaction costs (market tightness),

the capacity to trade large orders (market depth), and the continuous provision

of liquidity (market resiliency) once central clearing has been introduced. I find

evidence that central clearing eligibility does not affect all dimensions of market

liquidity in a similar way. While market tightness and market depth seem to increase

with the beginning of central clearing, market resiliency seems to decrease in terms

of bid-ask spreads.

Figure 3.1.1: Time series of aggregate CDS gross positions from 2009-2018
This figure shows time series of total CDS gross positions (red), dealers’ CDS gross positions (blue),
and clients’ CDS gross positions (green). Time series are displayed in billion USD notional value.
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3.1. INTRODUCTION

The effect of central clearing on CDS market liquidity is relevant due to the

effect of market liquidity on price efficiency and financial stability. First, Figure

3.1.1 shows clearly that CDS dealers have withdrawn from the CDS market since

the onset of the financial crisis.3 If dealers reduce liquidity provision in the CDS

market, it remains unclear whether the CDS market can continue to keep its leading

role in price discovery and price efficiency compared to the corporate bond market

(Norden and Weber, 2004; Blanco et al., 2005; Zhu, 2006; Trapp, 2008; Forte and

Peña, 2009; Coudert and Gex, 2010; Lin et al., 2011; Oehmke and Zawadowski, 2017;

Schweikert, 2019). The financial crisis seems to have triggered an increase in risk

aversion of CDS market participants towards the underlying risk sources of CDS

contracts: fundamental risk, liquidity risk and counterparty risk. This increasing

risk aversion may explain the shift from single-name CDS contracts to sovereign

CDS contracts and the shift from bilateral clearing to central clearing on the CDS

market (Aldasoro and Ehlers, 2018).

A very safe CCP that guarantees contractual payments at all times may restore

the trust of market participants in the CDS market for single-name contracts and

encourage trading activity. Second, researchers, regulators as well as investors and

risk managers use CDS premia as a proxy for credit risk. Consequently, a divergence

between CDS premia and the fundamental value of CDS contracts due to low market

liquidity affects e.g. investment decisions or risk management decisions (Tang and

Yan, 2007; Bongaerts et al., 2011; Buehler and Trapp, 2014; Arakelyan and Serrano,

2016). Third, market liquidity is important for the risk management of CCPs.

When a clearing member of a CCP defaults, the position of that clearing member is

terminated and offset against the collateral pledged by the defaulter. In this case, the

CCP has an unbalanced CDS portfolio and is exposed to market and idiosyncratic

risk. The CCP will seek to replace the defaulting position or to sell the offsetting

position which may incur high replacement costs in case of low market liquidity.

Consequently, low market liquidity may threaten financial stability as it prevents

the efficient management of defaulting positions by the CCP.

This paper contributes to the literature by examining the impact of CDS central

clearing on three different dimensions of market liquidity: market tightness, market

depth, and market resiliency. To the best of my knowledge, previous studies only

focus on market tightness and market depth (Slive et al., 2012; Loon and Zhong,

2014; Silva et al., 2018; Akari et al., 2019). The dimension of market resiliency may

3Increased use of trade compression may partly explain the decrease in gross positions. We see,
however, a very similar development for net positions.
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be of particular relevance for assessing the potential of a CCP to make the CDS

market more robust in times of stress when market liquidity needs to be replenished

within a short period of time. Furthermore, I use a regression discontinuity design in

order to tackle a potential selection bias that is inherent to studies with a sample of

CDS contracts which are selected by CCPs for clearing eligibility. Akari et al. (2019)

show that the results on the impact of central clearing on CDS market liquidity are

highly sensitive to the chosen methodological approach.

Empirical evidence on the effect of central clearing on market liquidity suggests

a largely positive relationship (Slive et al., 2012; Loon and Zhong, 2014; Silva et al.,

2018; Bernstein et al., 2019). However, Menkveld et al. (2015) find a statistically

significant and negative liquidity effect of central clearing introduction for equities

traded at NASDAQ OMX in terms of trading volume, and Akari et al. (2019) find

no effect of central clearing on various measures of CDS market breadth and CDS

market depth.

Authors of previous studies on the impact of central clearing on market liquidity

recognize the existence of potential endogeneity issues in this research question,

since the selection process by CCPs of contracts that become eligible for central

clearing is unlikely to be randomized. Instead, the selection of contracts for central

clearing by CCPs seems to be negatively affected by the market liquidity of the

contract and default probability of the reference entity, and positively affected by the

trading activity in the contract (Slive et al., 2012; Loon and Zhong, 2014; Silva et al.,

2018). This is plausible because these contract characteristics affect the riskiness of a

contract and, as a consequence, the risk of the CCP when engaging in the clearing of

such a contract. Once voluntary central clearing is introduced, a second endogeneity

issue emerges: market participants tend to clear CDS contracts of low liquidity risk

rather bilaterally and CDS contracts of higher liquidity risk rather centrally (Bellia

et al., 2018). This implies an endogenuous relationship between the treatment effect

of central clearing and CDS market liquidity that must be accounted for if the

effect of central clearing on CDS market liquidity ought to be identified cleanly. An

RDD allows to account for such a relationship between treatment effect and market

outcome by the inclusion of an event time trend that can take different functional

forms before and after treatment occurs. This allows me to capture adjustments

in trading behavior of CDS market participants in anticipation of central clearing

eligibility and to account for their decision which contracts to clear bilaterally or

centrally after the introduction of central clearing, which depends on the liquidity

risk of the respective contracts. These dynamic features make an RDD more flexible
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and suitable to tackle the endogeneity problem than static matching approaches (see

Slive et al. (2012), Loon and Zhong (2014) and Silva et al. (2018)) or pure fixed effects

models like in Akari et al. (2019). To the best of my knowledge, an RDD has not so

far been used for examining the impact of central clearing on CDS market liquidity.

The economic hypotheses about the effect of central clearing on market liquidity

are not straightforward. Changes in order processing costs, inventory costs, ad-

verse selection and bargaining power of dealers due to the introduction of central

clearing may positively or negatively affect market liquidity. Figure B.1 illustrates

the potential effects of central clearing on CDS market liquidity and their economic

channels. First, additional explicit costs like clearing fees of CCPs may generally

increase bid-ask spreads and decrease trading volumes (Demsetz, 1968; Domowitz

et al., 2001; Aitken et al., 2017) but can also foster dealer competition and decrease

bid-ask spreads (Degryse et al., 2016, 2017). In contrast to bilateral trading agree-

ments, CCPs require clearing fees for every trade as compensation for the provision

of clearing and settlement services. Higher clearing fees decrease the profits of deal-

ers for providing liquidity. As a result, dealers may widen bid-ask spreads in order to

remain constant in profits per trade. Existing studies estimate that order-processing

costs (e.g. clearing fees) make up between 30% and 60% of the bid-ask spread that is

charged by dealers (Glosten and Harris, 1988; Stoll, 1989; Lin et al., 1995; Huang and

Stoll, 1997; Brockman and Chung, 1999; Wang and Yau, 2000; Shang et al., 2018).

That is why it is likely that dealers may respond to higher order processing costs

for centrally cleared trades by widening bid-ask spreads. This may decrease both

the attractiveness of the CDS market for end-users and trading activity. Indeed,

Degryse et al. (2017) show that clearing fees affect transaction costs positively.

Second, the liquidity provision of dealers can change if central clearing alters in-

ventory costs. Inventory costs may change under central clearing due to a change in

margin requirements, netting efficiency, regulatory capital charges, and price volatil-

ity. CCPs may require more collateral due to their stricter risk management stan-

dards compared to bilateral clearing (Aitken and Singh, 2009; Brunnermeier and

Pedersen, 2009; Singh, 2010; Heller and Vause, 2012; Sidanius and Zikes, 2012; Duffie

et al., 2015). Higher collateral requirements tighten funding constraints of dealers

and increase bid-ask spreads and decrease market depth and resiliency through lower

liquidity provision of dealers (Brunnermeier and Pedersen, 2009; Singh, 2010; Heller

and Vause, 2012). However, lower overall gross positions through increased netting

opportunities of CCPs (Singh, 2010; Duffie and Zhu, 2011; Sidanius and Zikes, 2012;

Cont and Kokholm, 2014), and lower regulatory capital charges for centrally cleared
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trades can make inventory management more efficient and decrease inventory con-

straints of dealers (Minton et al., 2009; Hasan and Wu, 2016; Shan et al., 2017).

This may increase the willingness of dealers to provide liquidity and allow dealers

to absorb liquidity shocks faster so that markets become deeper and more resilient.

While Shachar (2012) finds support for this hypothesis, Gehde-Trapp et al. (2015)

do not find consistent empirical evidence for a persistent relation between inventory

risk and CDS market liquidity.

Since central clearing of single-name contracts is voluntary, collateral demand

after the introduction of central clearing eligibility depends in theoretical models

on parameters that are unknown prior to the introduction of central clearing eligi-

bility as follows: collateral demand decreases with cleared trading volume, number

of clearing members, pre-clearing dealer diversification and number of cleared con-

tracts but increases in the number of CCPs in the market (Heller and Vause, 2012;

Duffie et al., 2015). This is why the effect of central clearing on market liquidity is

inherently an empirical question.

Third, central clearing can affect market liquidity through its impact on post-

trade transparency. Market transparency has been shown to affect market liquidity

in theoretical models (Pagano and Roell, 1996) but also empirically, e.g. for the

introduction of the post-trade reporting system TRACE on the corporate bond mar-

ket (Edwards et al., 2007; Goldstein et al., 2007; Bessembinder and Maxwell, 2008;

Asquith et al., 2019) or the introduction of Swap Execution Facility (SEF)s on the

CDS market (Loon and Zhong, 2016). The dominating CCP on the market for CDS,

ICE Clear Credit, publishes trading volume, open interest and settlement prices on

a daily level for its cleared contracts for the last six months. This higher level of

post-trade transparency may allow market participants to infer more information on

supply and demand in the CDS market and to narrow bid-ask spreads accordingly.

Informed traders, however, may refrain from CDS trading if they see information

advantages disappear with increasing market transparency. This may negatively

affect market liquidity and price efficiency (Pagano and Roell, 1996; Bloomfield and

O’Hara, 1999; Lin, 2016). Furthermore, higher market transparency can decrease

price volatility and reduce collateral demand. Additional public information may

decrease the dispersion in the opinion of CDS market participants on the fundamen-

tal values of different CDS. High price volatility increases the maximum amount of

collateral that must be held available by dealers in order to satisfy potential varia-

tion margin calls. Previous empirical studies find a decrease in price volatility with
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the beginning of central clearing (Loon and Zhong, 2014; Mayordomo and Posch,

2016; Menkveld et al., 2015; Bernstein et al., 2019).

Fourth, central clearing may change the role of counterparty risk in the pricing

of CDS contracts by CDS dealers. A high default probability of the protection

seller impairs the value of the protection sold (Jarrow and Yu, 2001; Kraft and

Steffensen, 2007; Arora et al., 2012; Morkoetter et al., 2012; Loon and Zhong, 2014;

Du et al., 2019). Dealers may reflect their potentially incomplete knowledge about

the default risk of their transaction partners in larger bid-ask spreads. Furthermore,

low-risk dealers seem to have a competitive advantage and get compensated for their

high creditworthiness (Du et al., 2019). If counterparty risk considerations become

obsolete under central clearing due to the high creditworthiness of the CCP, bid-

ask spreads may decrease due to a lower pricing consequence of counterparty risk

and due to higher competition for order flow between low-risk and high-risk dealers

(Slive et al., 2012; Loon and Zhong, 2014; Mayordomo and Posch, 2016).

Last, central clearing can affect profit margins of dealers per transaction by in-

troducing a new tier into the OTC market structure. The exclusive access of clearing

members to central clearing services may increase switching costs for clients to other

dealers. Existing theoretical literature suggests that dealers use their bargaining

power for charging higher transaction costs (Duffie et al., 2005; Hendershott et al.,

2017; Eisfeldt et al., 2018; Üslü, 2019). In this case, we assume that central clearing

increases the negotiating power of dealers, and increases transaction costs for clients.

This is in line with the findings of Iercosan and Jiron (2017) who find higher trans-

action costs for clients that trade mostly with the same dealer. Higher transaction

costs could drive end-users to trade on other markets for corporate credit (e.g. the

market for corporate bonds) and decrease trading volume in the CDS market.

I use a panel dataset with time series of weekly bid-ask spreads, CDS premia and

weekly trading volume for 100 different clearing eligible CDS contracts. The obser-

vation period reaches from 2009 to 2017. To provide a more comparable measure of

market liquidity across contracts, I calculate relative bid-ask spreads by taking the

ratio between the absolute bid-ask spread and the corresponding CDS premium. In

order to be able to attribute a potential change in relative bid-ask spreads to the

nominator (absolute bid-ask spreads) or the denominator (CDS premium), I exam-

ine the effect of central clearing on CDS premia separately. As proxies for market

depth, I use gross and net trading volume from Trade Information Warehouse re-

ports of the Depository Trust & Clearing Corporation and the Amihud illiquidity

ratio for measuring price impact. I proxy the resiliency of CDS spreads, bid-ask
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spreads and gross and net inventory by regressing their first differences on their

levels in a rolling regression on a daily or weekly level. The coefficient of the lagged

level variable indicates to what extent past liquidity shocks affect liquidity provision

in the next period.

I find evidence that the effect of central clearing differs across different dimensions

of market liquidity. My results indicate that the introduction of central clearing

improves CDS market liquidity in terms of absolute bid-ask spreads and gross trading

volume. Net trading volume and bid-ask spread resiliency seem to decrease. Bid-ask

spreads decrease especially for contracts with high fundamental and liquidity risk,

whereas bid-ask spread resiliency decreases only for contracts with low fundamental

and liquidity risk. Gross trading volume decreases for the most strongly traded

contracts and increases for the most thinly traded contracts prior to central clearing.

Bid-ask spreads decrease for the most thinly and for moderately strongly traded

contracts prior to central clearing.

My results suggest counterparty risk and inventory risk to be economic channels

through which central clearing affects measures of CDS market liquidity and CDS

premia to an economically significant extent. I examine the effect of three potential

drivers of inventory costs: price volatility, netting efficiency and regulatory capital

charges. Among these drivers of inventory costs, lower regulatory capital charges

for centrally cleared positions seem to exhibit the strongest negative (positive) effect

on inventory costs (CDS market liquidity) with the beginning of central clearing

eligibility.

By looking at different dimensions of market liquidity, we can infer different

economic implications. Dealers seem to compete more aggressively for order flow

with the beginning of central clearing eligibility by posting narrower bid-ask spreads.

This is in line with existing findings on increased quoting activity with the begin-

ning of central clearing (Slive et al., 2012; Loon and Zhong, 2014; Mayordomo and

Posch, 2016). This increasing competition for order flow in centrally cleared markets

and subsequent lower profits per trade for dealers may incentivize dealers to gener-

ate higher trading volumes in order to keep total revenues from liquidity provision

stable. The increase in CDS market liquidity seems to be attributable to a higher

activity of high-risk dealers as suggested by Mayordomo and Posch (2016). Further-

more, dealers seem to increase liquidity provision for high-risk contracts. CCPs may

reduce counterparty risk concerns of market participants so that high-risk dealers

set themselves up as alternative dealers if they post competitive bid-ask quotes.

The negative effect on bid-ask spread resiliency, however, questions how robust the
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increase in liquidity provision is. Higher collateral demand may cause collateral

shortage in the course of demand surges for CDS protection and prevent subsequent

liquidity provision so that it takes market liquidity and prices longer to revert to

former levels.

3.2 Data and sample creation

I create my sample of CDS contracts from the weekly TIW reports of the DTCC

between November 2008 and December 2017 that capture data on the top 1,000 ref-

erence entities in terms of outstanding CDS positions and reflect 98% of all globally

executed single-name CDS transactions (DTCC, 2019).

The weekly TIW reports allow me to collect a direct measure of CDS market

depth: CDS gross trading volume and net trading volume. If dealers do not provide

much liquidity at the best bid and ask prices but charge markups on large orders,

the CDS market becomes a costly venue for trading large amounts of credit risk.

This may reduce CDS trading volumes. In this scenario, the price impact is high

as well. For measuring the price impact, I compute the weekly Amihud illiquidity

ratio for every CDS contract individually. For this purpose, I collect daily CDS

returns and collapse them to weekly frequency by computing the weekly average. I

define the Amihud illiquidity ratio as the ratio between CDS returns (cds reti,t) and

CDS trading volume (gross tradingi,t). Since every trade may have a price impact,

no matter whether any fundamental risk is transferred or not, I choose CDS gross

trading volume as denominator in my definition of the CDS Amihud illiquidity ratio:

cds amihudi,t =
cds reti,t

gross tradingi,t

(3.1)

I measure market tightness by the absolute bid-ask spreads and relative bid-ask

spreads (percentage spreads). I compute relative bid-ask spreads as the ratio of the

absolute bid-ask (ba spreadi,t) spread and the CDS mid quote (cds midi,t):

pct spreadi,t =
ba spreadi,t

cds midi,t

(3.2)

If the CCP charges higher clearing fees, dealers may pass on these costs to

customers. The smaller role of counterparty risk in the pricing of CDS contracts

may reduce bid-ask spreads and increase CDS premia due to lower adverse selection.

In order to disentangle these differential effects of central clearing on nominator and
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denominator of the relative bid-ask spread, I use the CDS mid quote as a dependent

variable in my empirical analysis as well, although it is not a direct measure of CDS

market liquidity.

I compute different measures of market resiliency in order to examine how fast

prices and market liquidity revert to former levels after deviations from these levels

occur. The absorption of these deviations depends on the ability of dealers to manage

their inventories efficiently and to identify informed and uninformed traders. Central

clearing may alter the willingness of dealers to provide liquidity after liquidity shocks

occurred by affecting the inventory management of dealers through higher netting

efficiency and post-trade transparency. For this purpose, I regress the change in

CDS mid quotes and the change in market liquidity from t-1 to t on the level of

prices and market liquidity in t-1 (Kempf et al., 2015; Black et al., 2016). I denote

the variables of interest as Liqi,t in the following regression:

∆Liqi,t = α + β1 ∗ Liqi,t−1 + εi,t (3.3)

Principally, dealers in OTC markets aim at a desired inventory level that varies

between different dealers. They reduce liquidity provision if their inventory moves

away from its desired position and try to move its inventory into the opposite di-

rection of the past order flow. In efficient financial markets, prices float around an

equilibrium price and revert to this price if deviations due to non-informed trades

occur. This is why changes in the levels of the variables lead to an opposing effect in

the change of the variables in next period. Consequently, we expect a negative coef-

ficient between 0 and 1 for the regression-based resiliency measures. The higher the

absolute value of the coefficient, the more resilient the market is. In order to capture

the resiliency of different dimensions of market liquidity, I use the CDS mid quote as

a measure for computing price resiliency, the absolute bid-ask spread as a measure

of market liquidity and gross and net positions as measures of dealers’ inventory in

this regression. I use a rolling window of 90 days for the price resiliency and bid-ask

spread regressions and a rolling window of twelve weeks for the inventory resiliency

regressions. These daily (weekly) coefficients are my proxies for market resiliency.

In order to facilitate the interpretation of the resiliency coefficients, I multiply them

by -1 so that market resiliency increases in the coefficient.
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Table 3.2.1: Descriptive statistics on measures of CDS market liquidity and corre-
sponding control variables
This table shows summary statistics for our sample of CDS contracts. The sample consists of
contracts for which data on the selected control variables are available. The first 10 variables are
the dependent variables: ba spread (pct spread) is the average absolute (relative) bid-ask spread
in basis points across all CDS contracts in a given week. cds mid is the average mid quote in basis
points across all CDS contracts in a given week. gross trading (net trading) is the average gross
(net) trading volume for all CDS contracts in a given week (in million USD). cds amihud is the
average weekly Amihud illiquidity ratio, i.e. the ratio of CDS return to CDS trading volume for
a given reference entity, across all CDS contracts. price res, ba res, gross inv res, and net inv res
are the resiliency proxies for CDS mid quotes (price res), bid-ask spreads (ba res), gross positions
(gross inv res) and net positions (net inv res) based on regression (3.3). equity amihud ratio is
the weekly Amihud illiquidity ratio of the underlying reference entity’s stock. As company-specific
risk measures, I use the leverage of a reference entity (leverage), option implied stock volatility
(stock vola) and current market capitalization in million USD (market cap). bond trading is the
cumulative weekly trading activity in million USD on the reference entity’s bonds across all issues.
option trading is the cumulative weekly trading activity in million USD on the reference entity’s
stock options. arbitrage is the average weekly absolute CDS-bond basis in bps. We calculate the
CDS-bond basis as the difference between the CDS spread and the bond’s yield to maturity over
the three-month LIBOR minus the three-month overnight index swap.

Statistic N Mean St. Dev.

ba spread 29,123 6.955 5.448
pct spread 29,123 0.086 0.047
cds mid 29,123 105.742 108.110
gross trading 29,123 −20.258 242.763
net trading 29,123 −1.434 25.661
cds amihud 29,123 0.563 49.849
price res 29,123 −0.042 0.043
ba res 29,123 −0.454 0.273
gross inv res 29,123 −0.356 0.272
net inv res 29,123 −0.325 0.264
stock vola 29,123 25.451 12.165
market cap 29,123 48.677 58.309
leverage 29,123 6.405 19.173
arbitrage 29,123 215.720 493.395
bond trading 29,123 120.520 205.100
option trading 29,123 88.631 238.560
amihud ratio 29,123 0.0002 0.020
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I use all contracts for which data on my dependent variables are available. I use

Bloomberg as data source for absolute CDS bid-ask spreads (ba spread) and CDS

mid quotes (cds mid). I control for other determinants of CDS market liquidity, like

hedging needs, speculation and arbitrage opportunities (Oehmke and Zawadowski,

2017). I employ these trading motives by controlling for bond trading volume (bond -

trading), option implied stock volatility (stock vola), and the size of the CDS-bond

basis (arbitrage). I further control for liquidity spillovers from equity and option

markets by including the stock amihud illiquidity ratio (equity amihud ratio) and

option trading volume (option trading) (Tang and Yan, 2007). I also control for firm-

specific distance-to-default by including current market capitalization (market cap)

and leverage (leverage). Data on corporate bonds are gathered from the TRACE

database and are cleaned according to Dick-Nielsen (2009, 2014). All other data are

obtained from Bloomberg.

The lack of data availability in TRACE restricts my sample to US reference

entities. Furthermore, I collapse our dataset to weekly observations since the TIW

data are reported weekly. I obtain a full set of controls for 100 reference entities

that amount to 29123 contract-week observations. Summary statistics are displayed

in Table 3.2.1.

Table 3.2.1 shows that the average CDS premium for a reference entity in our

sample amounts to 105.74basis point (bp) and the absolute bid-ask spread amounts

to 6.96bp. Since the resiliency measures are already multiplied by -1 in Table 3.2.1,

their original values are negative and between 0 and 1 as expected.

Figure 3.2.1 displays graphically the regression discontinuity of our dependent

variables for our observation period without inclusion of controls. The x-axis is

measured in weeks until (after) central clearing eligibility before (after) the red

line. There seems to be a positive effect on CDS mid quotes and gross trading

volume. Absolute and relative bid-ask spreads, CDS Amihud illiquidity ratio as

well as resiliency measures for CDS spreads, bid-ask spreads and gross inventory

seem to decrease. This would indicate that market tightness and market depth

increases with the introduction of central clearing but market resiliency decreases.
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Figure 3.2.1: Visualization of the regression discontinuity for different measures of
CDS market liquidity
These plots show average values across all contracts for all of our dependent variables (grey dots)
and corresponding linear regression functions (red line) prior to and after the start of central
clearing eligibility.

(a) abs. bid-ask spread (b) rel. bid-ask spread (c) CDS mid quotes

(d) Gross trading volume (e) Net trading volume (f) CDS Amihud

(g) Price resiliency (h) Bid-ask resiliency (i) Gross inventory resiliency

(j) Net inventory resiliency
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3.3 Empirical analysis

In this section, I analyze the impact of central clearing on absolute and relative

bid-ask spreads, CDS premia, trading volume and the resiliency of prices, bid-ask

spreads and inventories using a semi-parametric regression discontinuity design. I

also analyze whether the effect of central clearing on CDS market liquidity differs

with the fundamental risk and liquidity risk of CDS contracts. Furthermore, I

examine different potential channels through which central clearing may affect CDS

market liquidity and CDS premia: counterparty risk, CDS spread volatility, netting

efficiency and regulatory capital charges.

3.3.1 Baseline model - Semi-parametric regression disconti-

nuity estimation

For the analysis of the effect of central clearing on market liquidity and CDS premia

in the CDS market, I estimate the following regression:

CDSi,t = α + β1 ∗ CCPi,t + β2 ∗ clearing distancei,t

+ β3 ∗ CCPi,t ∗ clearing distancei,t

+ ζ ∗ Xi,t + γt + δi + εi,t

(3.4)

CDSi, t denotes different variables related to the market liquidity of a CDS con-

tract i at time t : absolute bid-ask spread (ba spread), relative bid-ask spread (pct -

spread), CDS mid quote (cds mid), gross trading volume (gross trading), net trading

volume (net trading), CDS Amihud illiquidity ratio (cds amihud), and proxies for

the resiliency of CDS spreads (price res), bid-ask spreads (ba res), gross inventory

(gross inv res) and net inventory (net inv res). CCPi,t is a dummy variable which

takes the value of one if a contract is eligible for central clearing. My running

variable clearing distance displays the weeks until (after) the beginning of central

clearing. This variable takes on the value of 0 for a CDS contract in the week

when the CDS contract is made eligible for central clearing. The week before (after)

the introduction of central clearing, it takes on the value of -1 (1) etc. I only use

linear regression discontinuity (RD) models since the use of higher-order polynomi-

als may lead to imprecise estimates (Gelman and Imbens, 2017). Xi,t contains the

control variables stock vola, market cap, leverage, arbitrage, bond trading, option -

trading and equity amihud ratio. γt and δi capture week and contract fixed effects.
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The inclusion of fixed effects allows me to control for general trends that affect all

contracts, e.g. macroeconomic developments (financial crisis, interest rate changes,

market volatility), and for contract-specific characteristics that do not change over

time (e.g. industry).4 CCPi,t is my RD estimator.

I use the logarithm of the dependent variables ba spread, pct spread and cds mid

and of all control variables except equity amihud ratio in order to fit the statistical

properties of the data better to the linear RD model. For the resiliency measures,

I perform a weighted least squares regression that uses the inverse standard errors

of the estimated coefficients from (3.3) as observation weights. clearing distance

models the relation between the event-related time and the dependent variable which

is equivalent to an event time trend. The inclusion of the interaction term allows

this relation to differ on both sides of the cutoff. The results for estimating Equation

(3.4) are given in Table 3.3.1.

Table 3.3.1 displays results for the estimation of the effect of central clearing on

CDS market liquidity in an RDD with covariates, fixed effects and clustered stan-

dard errors. The results show a significant decrease of absolute bid-ask spreads,

CDS premia, net trading volume, and bid-ask spread resiliency with the beginning

of central clearing eligibility and a statistically significant increase in gross trading

volume. The remaining variables are unaffected by the start of central clearing el-

igibility. My baseline results indicate a positive effect of central clearing on CDS

market liquidity when we consider the decrease in transaction costs and the increase

in gross trading volume. The decrease in net trading volume and bid-ask spread

resiliency points, however, to lower credit risk mitigation through the CDS market

and lower continuous liquidity provision with the introduction of central clearing.

The economic significance of the effects differs across dimensions of market liquidity.

Whereas the negative effect of central clearing on bid-ask spreads and CDS spreads

is economically small or even negligible (1.44% and 0.08% of statistical mean), the

effect on resiliency measures and trading volume are economically considerable or

even huge (7.19-10.39% for resiliency measures and 180.19–184.67% for trading vol-

ume measures).

4We check the residuals of the estimated models for panel unit roots. We can reject the null
hypotheses that all time series contain a unit root. Table B.1 displays the results of the panel unit
root tests.
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3.3. EMPIRICAL ANALYSIS

3.3.2 The effect of central clearing on CDS market liquidity

for CDS contracts of different fundamental risk and

liquidity risk

In this section, I examine whether the effect of central clearing on CDS contracts

differs with their fundamental risk or liquidity risk. For this purpose, I calculate the

average CDS mid quote, bid-ask spread and gross trading volume over the whole

pre-clearing period for all CDS contracts in the sample and sort all contracts into

quintiles. A low quintile number for a contract indicates a low average pre-clearing

risk measure, i.e. low CDS mid quote, low bid-ask spread or high gross trading

volume. If the CCP is considered a highly creditworthy counterparty, CDS market

participants may trust more in the delivery of the contractual payments for centrally

cleared transactions in case of the default of a reference entity. Consequently, the

introduction of central clearing may change the risk aversion of CDS market par-

ticipants to trade contracts with high fundamental or liquidity risk, i.e. contracts

for which the occurrence of a credit event and corresponding payment streams are

more likely, transaction costs are higher and ease of trading lower.

A high default probability of the reference entity means a higher default probabil-

ity of the protection-selling counterparty that has to make the contractual payments

in case of a credit event. Low market liquidity of a contract leaves market partici-

pants with the choice of bearing the fundamental risk or taking on the counterparty

risk and liquidity risk. If a CCP is available in the market, market participants may

be more willing to buy such high-risk CDS contracts since they know that the CCP

steps in if one of their original counterparties defaults. This reduced counterparty

risk of the CCP may decrease liquidity risk because the counterparty is safe and

decreases the need to sell CDS positions quickly in times of market stress, and may

lower the fundamental risk if the CCP is creditworthy enough to guarantee all con-

tractual payments. This is why high-risk contracts may benefit more strongly from

the introduction of central clearing on the CDS market in terms of CDS market

liquidity.

In order to analyze whether the market liquidity of CDS contracts with low

fundamental and liquidity risk are differently affected by the introduction of cen-

tral clearing than contracts with high fundamental or liquidity risk, I estimate the

following fixed effects regression:5

5Due to the inclusion of fixed effects, the individual coefficients of variables included in the
interaction terms are not displayed in the regression output.
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CDSi,t = α + β1 ∗ risk quint1i + β2 ∗ risk quint2i + β3 ∗ risk quint3i

+ β4 ∗ risk quint4i + β5 ∗ CCPi,t ∗ risk quint1i

+ β6 ∗ CCPi,t ∗ risk quint2i + β7 ∗ CCPi,t ∗ risk quint3i

+ β8 ∗ CCPi,t ∗ risk quint4i + β9 ∗ CCPi,t ∗ risk quint5i

+ ζ ∗ Xi,t + γt + δi + εi,t

(3.5)

CDSi,t denotes the dependent variables for contract i at time t from regression

(3.4). risk quint1i (risk quint2i etc.) is a dummy variable that indicates whether a

contract belongs to the lowest (second-lowest etc.) quintile of contracts in terms of

one of the above specified average pre-clearing fundamental or liquidity risk mea-

sures: CDS mid quote, bid-ask spread, and gross trading volume. I include week

and contract fixed effects and the full set of control variables.

Table 3.3.2 shows results of the effect of central clearing on different quintiles

of CDS contracts according to their fundamental risk in terms of their average pre-

clearing CDS mid quote (mid quint1i, mid quint2i etc.). We see that the negative

effect of central clearing on absolute bid-ask spreads can only be observed for CDS

contracts with the highest fundamental risk, whereas the negative effect on bid-ask

spread resiliency seems to only affect contracts with low fundamental risk. Further-

more, we see a positive effect of central clearing also in terms of the relative bid-ask

spreads for CDS contracts with high fundamental risk and a negative effect on price

resiliency for contracts with low fundamental risk. We see the positive effect of cen-

tral clearing on gross trading volume for contracts of high and low fundamental risk.

The results clearly show that the effect of central clearing introduction can differ

across contracts with different risk characteristics and I find CDS market liquidity

mainly to increase (decrease) for contracts of high (low) fundamental risk with the

beginning of central clearing.

Table 3.3.3 shows results on the effect of central clearing on different quintiles of

CDS contracts according to their liquidity risk in terms of their average pre-clearing

absolute bid-ask spreads (ba quint1i, ba quint2i etc.). These results are very much

in line with the results from Table 3.3.2. We only see positive effects of central

clearing on CDS market liquidity in terms of absolute and relative bid-ask spreads

and gross trading volume for contracts with high liquidity risk. Again, only low-risk

contracts are negatively affected in terms of relative bid-ask spreads and bid-ask

spread resiliency by the introduction of central clearing.
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CHAPTER 3. MULTIDIMENSIONAL EFFECTS OF CENTRAL CLEARING
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CHAPTER 3. MULTIDIMENSIONAL EFFECTS OF CENTRAL CLEARING
ON CDS MARKET LIQUIDITY AND THEIR ECONOMIC CHANNELS - A

REGRESSION DISCONTINUITY APPROACH

Table 3.3.4 shows results on the effect of central clearing on different quintiles

of CDS contracts according to their liquidity risk in terms of their average pre-

clearing gross trading volume (gross quint1i, gross quint2i etc.). These results show

a negative effect of central clearing on absolute bid-ask spreads for contracts that

are strongly traded and for contracts that are thinly traded before the introduction

of central clearing. Interestingly, we see a strong positive effect of central clearing

eligibility on gross trading volume for contracts that are thinly traded before the

introduction of central clearing but a strong negative effect on contracts that are

strongly traded before the introduction of central clearing. These results may point

to a shift in trading volume from low-risk contracts to high-risk contracts, that may

lead to a higher risk in the CDS portfolios of CDS market participants. Resiliency

measures largely decrease for contracts of different pre-clearing gross trading volume.

Only gross inventory resiliency increases for low-risk contracts.

3.3.3 The effect of counterparty risk and inventory risk on

CDS market liquidity before and after the introduc-

tion of central clearing

My results show effects of CDS central clearing on all three dimensions of market

liquidity. In this section, I would like to examine potential economic channels for

the effects of central clearing on market liquidity that we observe. One reason could

be that the counterparty risk of dealers becomes less relevant for price discovery

and trading activity under central clearing due to the uniform counterparty risk

of the CCP to all CDS market participants. Furthermore, netting efficiency may

affect trading activity and liquidity provision due to the elimination or build-up

of redundant positions. The volatility of CDS spreads may affect market liquidity

differently under central clearing compared to bilateral clearing due to a change in

collateralization costs. Last, regulatory capital charges differ for centrally cleared

positions and may change inventory risk-taking capacity of CDS market participants.

3.3.3.1 The effect of central clearing on CDS market liquidity through

counterparty risk

I examine the effect of counterparty risk on CDS market liquidity before and after

central clearing eligibility by estimating the following regression:
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3.3. EMPIRICAL ANALYSIS

CDSi,t = α + β1 ∗ CCPi,t + β2 ∗ clearing distancei,t

+ β3 ∗ CCPi,t ∗ clearing distancei,t

+ β4 ∗ G14 cdsmid meant

+ β5 ∗ G14 cdsmid meant ∗ CCPi,t

+ ζ ∗ Xi,t + γt + δi + εi,t

(3.6)

CDSi,t denotes the dependent variables for contract i at time t from regression

(3.4). G14 cdsmid meant is our proxy for counterparty risk: the average CDS pre-

mium of the G14 CDS dealers in a given week. The additional interaction term

estimates the effect of this variable on our measures of market liquidity after the

beginning of central clearing. The other variables are as described above.

Table 3.3.5 displays results for the estimation of an RD on the effect of cen-

tral clearing on CDS market liquidity with the inclusion of counterparty risk as

control variable. In order to assess the effect of counterparty risk on CDS market

liquidity before and after the introduction of central clearing, I jointly consider the

coefficients G14 cdsmid meant, the interaction term G14 cdsmid meant*CCPi,t and

the difference in the treatment effect (CCPi,t) between Table 3.3.1 and Table 3.3.5.

The change in CCPi,t from Table 3.3.1 to Table 3.3.5 is relevant since any effect

from the new covariate loads on CCPi,t in regression (3.4) so that the respective

change in CCPi,t reflects the effect of counterparty risk in regression (3.6). I fol-

low this procedure for the inclusion of CDS volatility and netting efficiency in later

regressions.

We see a statistically significant positive baseline effect of counterparty risk on

absolute and relative bid-ask spread. The interaction terms show that, given the

introduction of central clearing, counterparty risk positively affects CDS market

liquidity as it decreases absolute and relative bid-ask spreads and increases net

trading volume. Still, counterparty risk exhibits a statistically significant negative

effect on gross trading volume and bid-ask spread resiliency under central clearing.

However, the effects are economically marginal.
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3.3. EMPIRICAL ANALYSIS

If we look at the change in the baseline effect CCPi,t from Table 3.3.1 to Table

3.3.5 for the variables that are statistically significantly affected by CCPi,t in Table

3.3.1, the results are very similar. In the baseline regression, central clearing affects

the absolute bid-ask spread negatively. If we include counterparty risk in the regres-

sion, the effect of central clearing on absolute bid-ask spreads becomes positive. I

interpret this difference to be the effect of central clearing on absolute bid-ask spreads

via the economic channel of counterparty risk. Since we include counterparty risk

in (3.6), CCPi,t does not load negatively on absolute bid-ask spreads any more, as

the mechanism between counterparty risk and absolute bid-ask spread is affected by

the introduction of central clearing itself. By reducing the role of counterparty risk

as a trading friction, central clearing also seems to increase CDS spreads and net

trading volume. Gross trading volume and bid-ask spread resiliency, however, are

negatively affected through the counterparty risk channel.

Overall, the introduction of central clearing seems to affect CDS market tight-

ness positively by reducing counterparty risk concerns. Market depth and market

resiliency, however, seem to be negatively affected by central clearing eligibility. The

economic effects of central clearing through counterparty risk on CDS market liquid-

ity are moderate. This is consistent with the findings of Arora et al. (2012) and Du

et al. (2019). I conclude that counterparty risk is no influential determinant of CDS

market liquidity or CDS premia. Furthermore, central clearing does not change the

role counterparty risk plays in the pricing of CDS contracts in a fundamental way.

This is in line with the findings of Du et al. (2019) who put forth the hypothesis

that counterparty risk is managed by CDS market participants by the selection of

safe CDS dealers as transaction partners.

3.3.3.2 The effect of central clearing on CDS market liquidity through

CDS spread volatility

I examine the effect of CDS volatility on CDS market liquidity before and after

central clearing eligibility by estimating the following regression:

CDSi,t = α + β1 ∗ CCPi,t + β2 ∗ clearing distancei,t

+ β3 ∗ CCPi,t ∗ clearing distancei,t + β4 ∗ cds volai,t

+ β5 ∗ cds volai,t ∗ CCPi,t + ζ ∗ Xi,t + γt + δi + εi,t

(3.7)
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CHAPTER 3. MULTIDIMENSIONAL EFFECTS OF CENTRAL CLEARING
ON CDS MARKET LIQUIDITY AND THEIR ECONOMIC CHANNELS - A

REGRESSION DISCONTINUITY APPROACH

The results for estimating Equation (3.7) are given in Table 3.3.6. I exclude

trading volume measures as dependent variables due to potential reverse causality

because trading volume can be a driver of price volatility.

Table 3.3.6: CDS spread volatility as an economic channel of the effect of central
clearing on CDS market liquidity
This table shows results for regression (3.7), the semi-parametric regression estimate for a regres-
sion discontinuity around the beginning of central clearing for all dependent variables. I use a
polynomial function of order 1. I apply flexible polynomial functions, i.e. I allow the regression
functions to be different on both sides of the cutoff. The main independent variable, cds vola, is
the CDS spread volatility of a CDS contract over the last 20 days in a given week. I include week
and contract fixed effects. I cluster standard errors by contract and week. In parentheses, I display
standard errors which are computed according to Arellano (1987).

Dependent variable:

ba spread pct spread cds mid cds amihud price res ba res gross inv res net inv res

(1) (2) (3) (4) (5) (6) (7) (8)

CCP −0.103∗∗ −0.045 −0.058 −1.737 0.003 −0.025 −0.004 −0.009
(0.048) (0.044) (0.040) (1.798) (0.002) (0.019) (0.020) (0.019)

clearing distance −0.092∗∗∗ −0.030 −0.062∗ 1.750 0.0005 −0.009 −0.040 −0.056
(0.034) (0.027) (0.037) (4.131) (0.003) (0.022) (0.029) (0.035)

cds vola 0.002∗∗∗ 0.001∗ 0.001 −0.033 −0.0001∗∗∗ 0.001∗∗∗ 0.0005 0.0004∗

(0.001) (0.001) (0.001) (0.033) (0.00005) (0.0002) (0.0004) (0.0002)
log(leverage) 0.091∗ 0.042 0.050 −0.154 0.002 0.029∗ −0.024 0.041∗∗∗

(0.053) (0.050) (0.045) (1.430) (0.002) (0.016) (0.018) (0.015)
log(stock vola) 0.079∗∗ −0.083∗∗∗ 0.161∗∗∗ −0.330 0.001 0.015 0.004 0.033

(0.034) (0.022) (0.038) (1.400) (0.001) (0.018) (0.015) (0.021)
log(option trading) 0.009 −0.013∗∗ 0.021∗∗∗ 0.429 0.0003 0.003 −0.001 −0.007

(0.008) (0.006) (0.006) (0.382) (0.0003) (0.005) (0.004) (0.005)
log(market cap) −0.325∗∗∗ 0.337∗∗∗ −0.662∗∗∗ −0.188 −0.002 −0.052∗∗ −0.008 −0.011

(0.046) (0.041) (0.048) (1.138) (0.002) (0.024) (0.013) (0.016)
log(bond trading) 0.021∗∗∗ −0.014∗∗ 0.035∗∗∗ −0.169 0.0004 −0.004 −0.004 −0.002

(0.008) (0.007) (0.011) (0.366) (0.0004) (0.004) (0.004) (0.004)
log(arbitrage) −0.072∗∗∗ 0.031∗ −0.103∗∗∗ 0.309 0.001 −0.016 0.007 0.008

(0.017) (0.017) (0.019) (0.743) (0.001) (0.013) (0.008) (0.010)
equity amihud ratio −0.024 −0.029 0.004 −17.347∗∗∗ 0.006 −0.070∗∗∗ −0.183∗∗ 0.006

(0.028) (0.027) (0.036) (3.525) (0.004) (0.027) (0.082) (0.031)
CCP:clearing distance 0.001∗∗∗ 0.001∗∗∗ 0.0001 −0.002 −0.00001 −0.0003∗∗∗ −0.0002∗ −0.0001

(0.0003) (0.0003) (0.0003) (0.008) (0.00001) (0.0001) (0.0001) (0.0001)
CCP:cds vola −0.0002 0.001 −0.001 0.037 −0.0001∗∗∗ −0.001∗∗ 0.0001 −0.0004

(0.001) (0.001) (0.001) (0.037) (0.00004) (0.0003) (0.0004) (0.0003)

Contract FE YES YES YES YES YES YES YES YES
Week FE YES YES YES YES YES YES YES YES
F Statistics 227.6699 221.5261 556.3744 1.8983 19.9751 40.2752 432.7755 326.1744
Observations 29,123 29,123 29,123 29,123 29,123 29,123 29,123 29,123

Adjusted R2 0.814 0.810 0.915 0.017 0.269 0.432 0.893 0.863

∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Table 3.3.6 shows that CDS spread volatility exhibits statistically and econom-

ically negligible baseline effects on CDS market liquidity. The interaction terms

show a negative effect of CDS volatility on price and bid-ask spread resiliency. The

economic effect, however, again is very small. Similarly, the changes in the baseline

effect CCPi,t from Table 3.3.1 to Table 3.3.6 are marginal at best. Only CDS spreads

and bid-ask spread resiliency are no longer statistically significantly affected by cen-

tral clearing eligibility in Table 3.3.6 as CDS volatility seems to capture a significant

portion of variation that loaded on the corresponding treatment dummies in Table

3.3.1. This result on the impact of CDS volatility on the pricing of CDS contracts

is in line with the findings of Kaya (2016), who finds a positive impact of central

clearing on CDS premia via the CDS volatility channel. One explanation may be
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an increase in market transparency due to the introduction of central clearing that

leads to a decrease in the level of CDS spread volatility as found in previous studies

(Loon and Zhong, 2014; Mayordomo and Posch, 2016; Menkveld et al., 2015; Bern-

stein et al., 2019). Higher collateral requirements of CCPs may hamper continuous

liquidity provision and decrease bid-ask spread resiliency.

3.3.3.3 The effect of central clearing on CDS market liquidity through

netting efficiency

I examine the effect of netting efficiency on CDS market liquidity before and after

central clearing eligibility by estimating regression (3.8). The results for estimating

Equation (3.8) are given in Table 3.3.7.

CDSi,t = α + β1 ∗ CCPi,t + β2 ∗ clearing distancei,t

+ β3 ∗ CCPi,t ∗ clearing distancei,t + β4 ∗ nett effi,t

+ β5 ∗ nett effi,t ∗ CCPi,t + ζ ∗ Xi,t + γt + δi + εi,t

(3.8)

nett effi, t is my proxy for netting efficiency and defined as follows:

nett effi,t =
net positioni,t

gross positioni,t

(3.9)

Since net positions and gross positions form my proxy for netting efficiency, I do

not consider the effect of netting efficiency on gross trading volume and net trading

volume due to the mechanic correlation that may hinder a sensible interpretation of

the results.

Table 3.3.7 shows that netting efficiency only has a negative effect on relative bid-

ask spreads and price impact but no further effects on any of the other CDS market

liquidity variables. This does not change with the beginning of central clearing.

The interaction terms are not statistically significant. Looking at the change in the

CCPi,t coefficient from Table 3.3.1 to Table 3.3.7, we see a positive difference for

absolute bid-ask spreads, CDS spreads, and bid-ask spread resiliency. However, the

economic significance is negligible. In summary, netting efficiency does not seem to

constitute a major economic channel for the effect of central clearing on CDS market

liquidity.
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Table 3.3.7: Netting efficiency as an economic channel of the effect of central clearing
on CDS market liquidity
This table shows results for regression (3.8), the semi-parametric regression estimate for a regres-
sion discontinuity around the beginning of central clearing for all dependent variables. I use a
polynomial function of order 1. I apply flexible polynomial functions, i.e. I allow the regression
functions to be different on both sides of the cutoff. The main independent variable, nett eff, is the
ratio of net positions to gross positions of a CDS contract in a given week as defined in Equation
3.9. I include week and contract fixed effects. I cluster standard errors by contract and week. In
parentheses, I display standard errors which are computed according to Arellano (1987).

Dependent variable:

ba spread pct spread cds mid cds amihud price res ba res gross inv res net inv res

(1) (2) (3) (4) (5) (6) (7) (8)

CCP −0.043 −0.004 −0.039 −2.659 −0.005 −0.040 0.020 0.040
(0.098) (0.092) (0.078) (3.007) (0.006) (0.051) (0.043) (0.040)

clearing distance −0.094∗∗∗ −0.027 −0.067∗ 1.921 0.001 −0.009 −0.042 −0.056∗

(0.034) (0.027) (0.037) (4.149) (0.002) (0.022) (0.029) (0.034)
nett eff 0.003 −0.019∗∗ 0.022∗∗∗ −0.810∗∗ −0.0002 −0.003 0.001 0.003

(0.010) (0.009) (0.007) (0.346) (0.001) (0.005) (0.005) (0.004)
log(leverage) 0.089 0.035 0.054 −0.339 0.003 0.030∗ −0.026 0.041∗∗∗

(0.055) (0.054) (0.043) (1.419) (0.003) (0.016) (0.019) (0.015)
log(stock vola) 0.105∗∗∗ −0.061∗∗∗ 0.166∗∗∗ −0.395 −0.003∗∗ 0.022 0.012 0.034∗

(0.036) (0.022) (0.038) (1.278) (0.001) (0.018) (0.015) (0.020)
log(option trading) 0.008 −0.012∗ 0.021∗∗∗ 0.451 0.0003 0.003 −0.001 −0.007

(0.008) (0.007) (0.005) (0.385) (0.0004) (0.005) (0.004) (0.005)
log(market cap) −0.327∗∗∗ 0.347∗∗∗ −0.674∗∗∗ 0.249 −0.002 −0.049∗∗ −0.008 −0.012

(0.047) (0.041) (0.048) (1.172) (0.002) (0.025) (0.013) (0.017)
log(bond trading) 0.022∗∗∗ −0.014∗∗ 0.035∗∗∗ −0.174 0.0003 −0.003 −0.004 −0.002

(0.008) (0.007) (0.011) (0.361) (0.0004) (0.004) (0.005) (0.004)
log(arbitrage) −0.073∗∗∗ 0.031∗ −0.104∗∗∗ 0.347 0.001 −0.015 0.007 0.008

(0.017) (0.018) (0.019) (0.719) (0.001) (0.013) (0.007) (0.010)
equity amihud ratio −0.028 −0.028 −0.0005 −17.228∗∗∗ 0.008 −0.068∗∗ −0.181∗∗ 0.007

(0.029) (0.029) (0.034) (3.558) (0.005) (0.027) (0.083) (0.031)
CCP:clearing distance 0.001∗∗∗ 0.001∗∗∗ 0.0001 −0.002 −0.00002 −0.0003∗∗∗ −0.0002 −0.0001

(0.0003) (0.0002) (0.0003) (0.008) (0.00001) (0.0001) (0.0001) (0.0001)
CCP:nett eff −0.007 −0.004 −0.003 0.195 0.0003 −0.001 −0.002 −0.007∗

(0.011) (0.010) (0.008) (0.296) (0.001) (0.006) (0.005) (0.004)

Contract FE YES YES YES YES YES YES YES YES
Week FE YES YES YES YES YES YES YES YES
F Statistics 223.0529 222.7328 565.5519 1.9159 18.0523 39.969 431.242 326.4104
Observations 29,123 29,123 29,123 29,123 29,123 29,123 29,123 29,123

Adjusted R2 0.811 0.811 0.916 0.017 0.248 0.430 0.893 0.863

∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

3.3.3.4 The effect of central clearing on individual banks’ inventory risk

through lower regulatory capital charges

Lower regulatory capital charges may reduce inventory costs under central clearing.

The lower regulatory risk-weight of centrally cleared positions can decrease financial

constraints of market participants due to lower capital charges. This decrease in

capital charges can increase inventory risk-taking behavior of dealers in the CDS

market. I examine quarterly FR Y-9C reports and Bank Holding Company Perfor-

mance Reports (BHCPR) for 25 large US banks with an aggregate position in credit

derivatives of around 10.25bn USD. I estimate whether the total CDS positions of

these banks change with the share of centrally cleared CDS transactions. I proxy

the share of centrally cleared CDS transactions by the ratio of regulatory capital
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that must be provided for centrally cleared transcations to the regulatory capital

that must be provided for all CDS transactions. I run the following regression:

total cdsi,t = α + β1 ∗ rwa ccpi,t + ζ ∗ Xi,t + γt + εi,t (3.10)

rwa ccpi,t is the ratio of risk-weighted assets from centrally cleared CDS positions

to total risk-weighted assets from CDS positions for bank i in quarter t :

rwa ccpi,t =
rwa cds ccpi,t

rwa cds totali,t
(3.11)

Building on previous studies, I control for further determinants of individual

banks’ CDS positions (Xi,t): total assets, equity ratio, non-performing loans, liquid

assets, return on assets, return on equity and net interest margin (Shan et al., 2017;

Hasan and Wu, 2016; Minton et al., 2009). γt are quarter fixed effects.

Table 3.3.8: The impact of central clearing on individual banks’ CDS positions
This table shows results for regression (3.10), the regression of individual banks’ total CDS positions
on the fraction of risk-weighted assets from centrally cleared CDS positions to the total risk-
weighted assets from CDS positions (rwa ccp). Further explanatory variables are total assets,
total loans, total deposits, equity ratio, non-performing loans, liquid assets, return on assets (roa),
return on equity (roe) and net income margin (nim). I include quarter fixed effects in column (6).
The constant is omitted in the regression output. I cluster standard errors by bank and quarter.
In parentheses, I display t-statistics which are computed according to Arellano (1987).

Dependent variable:

total cds

(1) (2) (3) (4) (5) (6)

rwa ccp 1.916∗∗∗ 0.211∗ 0.723∗∗∗ 1.640∗∗∗ 0.254∗∗ 0.443∗

(0.220) (0.112) (0.189) (0.226) (0.121) (0.244)
total assets 0.002∗∗∗ 0.002∗∗∗ 0.002∗∗∗

(0.0001) (0.0001) (0.001)
total loans −0.006∗∗∗ −0.006∗∗∗ −0.006∗∗∗

(0.0005) (0.001) (0.001)
total deposits 0.001∗∗∗ 0.002∗∗ 0.002

(0.0004) (0.001) (0.002)
equity ratio −0.002 −0.001 −0.001

(0.003) (0.002) (0.002)
non perform loans −0.058∗∗∗ −0.001 −0.009

(0.012) (0.010) (0.023)
liquid assets 0.004∗∗∗ −0.001 −0.001

(0.0004) (0.001) (0.003)
roa 12.765 −3.886 13.485∗∗∗

(13.661) (6.364) (5.001)
roe −184.599 1.894 −87.924∗∗∗

(364.845) (166.751) (20.145)
nim −18.585∗∗∗ 4.218∗ 11.671∗∗∗

(4.708) (2.386) (3.446)

Quarter FE NO NO NO NO NO YES
Observations 264 264 264 264 264 264
Adjusted R2 0.221 0.847 0.561 0.259 0.846 0.871

∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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I find total CDS positions to increase with an increasing fraction of centrally

cleared CDS positions. Table 3.3.8 shows that the economic effect of central clear-

ing on CDS inventory in terms of gross positions amounts to 44mn USD per one

percent increase in regulatory capital from cleared CDS transactions relative to to-

tal regulatory capital from CDS transactions. Across all specifications, the effect

is statistically significant at least at 10% level. The results indicate that the low

risk-weight of centrally cleared positions frees up risk-taking capacity in terms of

CDS gross inventory. This additional risk-taking capacity may explain the baseline

positive effects of central clearing on CDS market liquidity.

3.4 Robustness checks

In this section, I present different robustness checks to the baseline regression on

the impact of central clearing eligibility on different dimensions of market liquidity.

I follow the seminal paper by Hausman and Rapson (2018) that provides detailed

guidance on testing RD estimations with time as running variable for robustness.

Consequently, I check my sample for discontinuities in different exogenous covariates

(section 3.4.1), I test my results for their sensitivity to the selected observation period

(3.4.2), re-run the discontinuity estimation by using a non-parametric approach

(3.4.3), test and account for potential autocorrelation in the dependent variables

(3.4.4), and perform a placebo test (3.4.5).

3.4.1 Testing for discontinuities in covariates

A regression discontinuity design requires the assumption of smooth covariate move-

ment around the cutoff. Otherwise, the identification of any potential effect cannot

be valid since the discontinuity in the dependent variable could be caused by a dis-

continuity in one or more covariates. I test my covariates for a discontinuity around

our cutoff in the running variable clearing distancei,t. I include contract and week

fixed effects and cluster standard errors by contract and week.

Covi,t = α + β1 ∗ CCPi,t + β2 ∗ clearing distancei,t

+ β3 ∗ CCPi,t ∗ clearing distancei,t + ζ ∗ Xi,t + γt + δi + εi,t
(3.12)
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Covi,t denotes different control variables for the effect of central clearing on CDS

market liquidity: leverage (leverage), option implied stock volatility (stock vola),

option trading volume (option trading), market capitalization (market cap), bond

trading volume (bond trading), the CDS bond basis (arbitrage) and the equity Ami-

hud illiquidity ratio (equity amihud ratio). γt and δi capture week and contract fixed

effects.

The results for estimating Equation 3.12 are given in Table 3.4.1. Table 3.4.1

displays results for a semi-parametric regression discontinuity test on our covariates.

In order to rule out any anticipatory effect of CDS market participants to central

clearing, I exclude two months of observations before and after the introduction of

central clearing. I do not find any statistically significant effect in the covariates

around the beginning of central clearing. Based on this test, the assumption seems

plausible that any discontinuity in the dependent variables may come from the

central clearing effect and not from any confounding covariates.

3.4.2 Sensitivity to observation period

Since I perform an RD estimation in the context of an event study, it is important

to consider potential anticipatory effects of market participants prior to the actual

event. Market participants may already change their trading behavior during the

weeks before a contract becomes eligible for central clearing and novate these posi-

tions when central clearing eligibility starts. Due to the fundamental risk of CDS

contracts, it may not be plausible to expect such anticipatory effects far in advance

of the start of central clearing but only when the time until clearing eligibility is

short enough to avoid any major downside risks. Principally, the event time trend

clearing distancei,t in my RDD captures such anticipatory effects. As an additional

robustness check, I re-run regression (3.4) but exclude two months of observations

before and after the start of central clearing in order to rule out any anticipatory

trading behavior by CDS market participants prior to the start of central clearing.

Table 3.4.2 displays results of this ’Donut-RD’. The results are largely robust to

the exclusion of observations very close around the cutoff. However, the economic

effect of central clearing on bid-ask spreads is almost three times larger. One ex-

planation may be that clients make transactions during the weeks before clearing

eligibility that are determined to be novated to the CCP as soon as the contract

becomes clearing eligible. This demand may be reflected in the bid-ask spreads al-
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ready prior to the actual clearing eligibility event. In this specification, the negative

coefficient for price resiliency becomes statistically significant the 5% level.

In an additional specification, I restrict my observation window to 52 weeks

before the start of central clearing eligibility of a contract and to 4 weeks after

the clearing eligibility start. Again, I exclude 4 weeks of observations prior to the

start of central clearing eligibility due to potential anticipatory effects. It has been

widely recognized that the validity of RD estimators relies on a large number of

cross-sectional observations close to the specified cutoff. Using observations very far

from the cutoff may bias the RD estimate. Furthermore, this design allows us to

make our results more comparable to the results of Loon and Zhong (2014) who use

an identical event window around central clearing eligibility.

Table 3.4.3 shows results on our baseline regression using the Loon and Zhong

(2014) observation window around the beginning of central clearing eligibility. In

this specification, the effects of central clearing on net trading volume and on bid-

ask spread resiliency are not statistically significant any more and the effect on

absolute bid-ask spreads is only significant at the 10% level. The results on gross

trading volume even hold if I use this very short post-event window. Additionally,

net inventory resiliency is positively affected by the introduction of central clearing

at the 5% significance level.

Table 3.4.4 shows results for two different data-driven bandwidth estimation pro-

cedures: mean squared error (MSE) approximation and coverage error ratio (CER).

I test the robustness of the results by restricting the observation window around

central clearing eligibility to the MSE and CER bandwidth estimates. In two ad-

ditional specifications, I allow the bandwidth to be different on both sides of the

cutoff.

The results in Table 3.4.4 again show a consistent statistically significant de-

crease of absolute bid-ask spreads and bid-ask spread resiliency and an increase in

gross trading volume. Using the data-driven bandwidths, we also see gross inventory

resiliency and price resiliency being negatively affected by the introduction of central

clearing. Net trading volume is only statistically significantly negatively affected in

the specifications using the MSE bandwidths. The other measures of market liquid-

ity seem to be unaffected as results are inconsistent and only marginally significant

at best.
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3.4. ROBUSTNESS CHECKS

T
a
b

le
3
.4

.3
:

R
D

e
ff

e
c
t

o
f

c
e
n
tr

a
l

c
le

a
ri

n
g

o
n

C
D

S
m

a
rk

e
t

li
q
u

id
it

y
u

si
n

g
a

5
2
-w

e
e
k

p
re

-c
le

a
ri

n
g

w
in

d
o
w

a
n

d
a

4
-w

e
e
k

p
o
st

-c
le

a
ri

n
g

w
in

d
o
w

T
h

is
ta

b
le

sh
ow

s
re

su
lt

s
fo

r
re

gr
es

si
on

(3
.4

),
th

e
se

m
i-

p
a
ra

m
et

ri
c

re
g
re

ss
io

n
d

is
co

n
ti

n
u

it
y

es
ti

m
a
te

a
ro

u
n

d
th

e
b

eg
in

n
in

g
o
f

ce
n
tr

a
l

cl
ea

ri
n

g
fo

r
a
ll

d
ep

en
d

en
t

va
ri

ab
le

s.
I

re
st

ri
ct

th
e

ob
se

rv
at

io
n

p
er

io
d

to
5
2

w
ee

k
s

p
ri

o
r

to
a
n

d
fo

u
r

w
ee

k
s

a
ft

er
th

e
b

eg
in

n
in

g
to

ce
n
tr

a
l

cl
ea

ri
n

g
el

ig
ib

il
it

y,
in

o
rd

er
to

ob
ta

in
co

m
p

ar
ab

le
re

su
lt

s
to

L
o
on

an
d

Z
h

on
g

(2
01

4)
.

I
a
ls

o
ex

cl
u
d

e
fo

u
r

w
ee

k
s

o
f

o
b

se
rv

a
ti

o
n

s
p

ri
o
r

to
ce

n
tr

a
l

cl
ea

ri
n

g
el

ig
ib

il
it

y
st

a
rt

.
I

u
se

a
p

ol
y
n

om
ia

l
fu

n
ct

io
n

of
or

d
er

1.
I

ap
p

ly
fl

ex
ib

le
p

ol
y
n

om
ia

l
fu

n
ct

io
n

s,
i.

e.
I

a
ll

ow
th

e
re

g
re

ss
io

n
fu

n
ct

io
n

s
to

b
e

d
iff

er
en

t
o
n

b
o
th

si
d

es
o
f

th
e

cu
to

ff
.

T
h

e
m

ai
n

in
d

ep
en

d
en

t
va

ri
ab

le
,

C
C

P
,

is
a

d
u

m
m

y
va

ri
a
b

le
w

h
ic

h
ta

ke
s

th
e

va
lu

e
o
f

1
if

a
co

n
tr

a
ct

is
el

ig
ib

le
fo

r
ce

n
tr

a
l

cl
ea

ri
n

g
.

I
in

cl
u

d
e

w
ee

k
a
n

d
co

n
tr

ac
t

fi
x
ed

eff
ec

ts
.

I
cl

u
st

er
st

an
d

ar
d

er
ro

rs
b
y

co
n
tr

a
ct

a
n

d
w

ee
k
.

In
p

a
re

n
th

es
es

,
I

d
is

p
la

y
st

a
n

d
a
rd

er
ro

rs
w

h
ic

h
a
re

co
m

p
u

te
d

a
cc

o
rd

in
g

to
A

re
ll

an
o

(1
98

7)
.

D
e
p
e
n
d
e
n
t
v
a
r
ia
b
le
:

b
a

sp
re

a
d

p
c
t

sp
re

a
d

c
d
s

m
id

g
ro

ss
tr

a
d
in

g
n
e
t

tr
a
d
in

g
c
d
s

a
m

ih
u
d

p
ri

c
e

re
s

b
a

re
s

g
ro

ss
in

v
re

s
n
e
t

in
v

re
s

(1
)

(2
)

(3
)

(4
)

(5
)

(6
)

(7
)

(8
)

(9
)

(1
0
)

C
C

P
−

0
.0

7
8
∗

−
0
.0

4
2

−
0
.0

3
6

2
4
8
.5

8
8
∗
∗

−
1
2
.2

8
9

1
3
.4

6
6

−
0
.0

0
1

−
0
.0

2
5

0
.0

3
1

−
0
.2

3
2
∗
∗

(0
.0

4
5
)

(0
.0

4
6
)

(0
.0

4
7
)

(1
0
3
.8

8
3
)

(7
.6

8
7
)

(1
4
.0

5
4
)

(0
.0

0
6
)

(0
.0

1
9
)

(0
.0

6
6
)

(0
.1

1
7
)

c
le

a
ri

n
g

d
is

ta
n
c
e

0
.0

2
0

−
0
.0

1
4

0
.0

3
4

−
6
5
.3

1
0

−
1
0
.2

4
6

3
.3

4
3

−
0
.0

0
5

−
0
.0

4
0

−
0
.0

0
1

0
.0

6
5

(0
.0

7
2
)

(0
.0

6
1
)

(0
.0

3
3
)

(5
8
.6

8
8
)

(8
.4

6
1
)

(1
2
.0

0
5
)

(0
.0

0
6
)

(0
.0

2
7
)

(0
.0

5
3
)

(0
.1

4
4
)

lo
g
(l

e
v
e
ra

g
e
)

0
.0

9
2

−
0
.1

2
1

0
.2

1
3

−
1
0
.9

4
9

1
2
.0

9
0

2
0
.5

0
5

0
.0

0
7

−
0
.3

1
0
∗
∗
∗

0
.2

6
4

0
.0

2
6

(0
.1

9
4
)

(0
.1

6
8
)

(0
.2

6
1
)

(6
0
.8

8
6
)

(9
.4

2
5
)

(2
1
.9

0
4
)

(0
.0

2
5
)

(0
.1

0
5
)

(0
.3

0
6
)

(0
.2

1
5
)

lo
g
(s

to
c
k

v
o
la

)
0
.0

9
6
∗
∗

−
0
.0

1
9

0
.1

1
5
∗

1
7
.6

4
8

−
0
.5

8
8

−
1
1
.2

9
4
∗
∗

−
0
.0

0
6

0
.0

1
7

−
0
.0

3
8

−
0
.0

4
4

(0
.0

4
7
)

(0
.0

2
9
)

(0
.0

5
9
)

(3
2
.4

8
8
)

(3
.1

0
6
)

(5
.5

0
0
)

(0
.0

0
7
)

(0
.0

2
7
)

(0
.0

5
2
)

(0
.0

5
7
)

lo
g
(o

p
ti

o
n

tr
a
d
in

g
)

−
0
.0

1
1
∗

−
0
.0

0
6

−
0
.0

0
5

5
.1

8
4

0
.3

8
0

1
.8

4
0

−
0
.0

0
0
0
5

0
.0

0
8
∗
∗

0
.0

1
1

−
0
.0

0
6

(0
.0

0
6
)

(0
.0

0
6
)

(0
.0

0
8
)

(8
.8

8
3
)

(1
.0

9
4
)

(2
.5

1
4
)

(0
.0

0
1
)

(0
.0

0
3
)

(0
.0

1
5
)

(0
.0

1
2
)

lo
g
(m

a
rk

e
t

c
a
p
)

−
0
.2

8
7
∗
∗
∗

0
.2

5
8
∗
∗

−
0
.5

4
6
∗
∗
∗

−
7
1
.4

5
9

−
8
.4

0
9

0
.5

3
5

0
.0

1
2

0
.1

2
0
∗

−
0
.0

0
3

−
0
.1

4
2

(0
.0

9
4
)

(0
.1

0
2
)

(0
.1

1
8
)

(6
7
.4

6
6
)

(7
.9

9
4
)

(1
3
.3

4
1
)

(0
.0

1
3
)

(0
.0

7
0
)

(0
.1

6
1
)

(0
.1

3
5
)

lo
g
(b

o
n
d

tr
a
d
in

g
)

0
.0

0
7

−
0
.0

0
9
∗

0
.0

1
6
∗
∗
∗

8
.8

7
5

−
1
.2

6
3

0
.7

3
1

0
.0

0
0
5

−
0
.0

0
7

−
0
.0

0
1

0
.0

0
0
1

(0
.0

0
6
)

(0
.0

0
5
)

(0
.0

0
5
)

(7
.6

6
7
)

(0
.7

9
7
)

(1
.0

4
5
)

(0
.0

0
1
)

(0
.0

0
5
)

(0
.0

1
0
)

(0
.0

1
1
)

lo
g
(a

rb
it

ra
g
e
)

−
0
.0

3
1

0
.0

3
2
∗
∗

−
0
.0

6
3
∗
∗

−
1
0
.9

8
0

−
1
.3

1
2

3
.8

6
1

−
0
.0

0
3

−
0
.0

1
4

−
0
.0

0
8

0
.0

0
4

(0
.0

2
4
)

(0
.0

1
4
)

(0
.0

2
9
)

(1
9
.9

7
9
)

(1
.7

7
6
)

(3
.5

4
1
)

(0
.0

0
3
)

(0
.0

1
6
)

(0
.0

2
8
)

(0
.0

4
2
)

e
q
u
it

y
a
m

ih
u
d

ra
ti

o
−

0
.0

3
7

−
0
.0

3
3

−
0
.0

0
4

−
3
5
.7

7
3

8
.6

6
8

−
3
3
.4

0
5
∗

−
0
.0

2
9
∗
∗
∗

−
0
.1

2
8
∗
∗
∗

−
0
.1

4
4

0
.7

1
5
∗
∗
∗

(0
.0

3
4
)

(0
.0

5
7
)

(0
.0

5
3
)

(1
3
0
.6

7
0
)

(1
5
.2

0
5
)

(1
9
.3

5
5
)

(0
.0

1
1
)

(0
.0

4
4
)

(0
.1

8
5
)

(0
.1

3
5
)

C
C

P
:c

le
a
ri

n
g

d
is

ta
n
c
e

0
.0

2
0

0
.0

1
9

0
.0

0
1

−
6
6
.1

3
9
∗
∗

0
.8

6
3

−
5
.1

9
5

−
0
.0

0
1

0
.0

0
2

0
.0

1
3

0
.0

8
6
∗
∗

(0
.0

1
3
)

(0
.0

1
2
)

(0
.0

1
1
)

(3
2
.0

6
5
)

(2
.7

3
6
)

(3
.9

2
1
)

(0
.0

0
1
)

(0
.0

0
5
)

(0
.0

1
8
)

(0
.0

3
4
)

C
o
n
tr

a
c
t

F
E

Y
E

S
Y

E
S

Y
E

S
Y

E
S

Y
E

S
Y

E
S

Y
E

S
Y

E
S

Y
E

S
Y

E
S

W
e
e
k

F
E

Y
E

S
Y

E
S

Y
E

S
Y

E
S

Y
E

S
Y

E
S

Y
E

S
Y

E
S

Y
E

S
Y

E
S

F
S
ta

ti
st

ic
s

7
6
.3

7
8
6

3
6
.8

7
7
9

1
0
6
.1

7
5
5

2
.2

5
4

1
.2

1
9

1
.6

8
9

4
.4

1
5
8

1
1
.4

8
3

3
.1

3
1
7

4
.6

7
1
2

O
b
se

rv
a
ti

o
n
s

2
,2

2
7

2
,2

2
7

2
,2

2
7

2
,2

2
7

2
,2

2
7

2
,2

2
7

2
,2

2
7

2
,2

2
7

2
,2

2
7

2
,2

2
7

A
d
ju

st
e
d

R
2

0
.9

3
0

0
.8

6
4

0
.9

4
9

0
.1

8
1

0
.0

3
7

0
.1

0
8

0
.3

7
6

0
.6

4
9

0
.2

7
3

0
.3

9
3

∗
p
<

0
.1

;
∗
∗
p
<

0
.0

5
;
∗
∗
∗
p
<

0
.0

1

77



CHAPTER 3. MULTIDIMENSIONAL EFFECTS OF CENTRAL CLEARING
ON CDS MARKET LIQUIDITY AND THEIR ECONOMIC CHANNELS - A

REGRESSION DISCONTINUITY APPROACH

It is interesting to note that the data-driven bandwidth selection procedures

suggest a large bandwidth in the context of an event study on the introduction of

central clearing on the CDS market because the number of observations is consis-

tently above 17,000 and often close to the full sample size. Considering the fact that

central clearing remains voluntary after its introduction, the economic effects may

be incorporated into observations further away from the cutoff. Market participants

do not have to use CCPs as trading partners but can decide when and how much

trading volume they shift to CCPs. This is why the economic effect of central clear-

ing eligibility may increase over time, whereas the direction of the effect may not

be clear in the first weeks after the start of central clearing eligibility. This special

context may justify choosing a large bandwidth although this is not the standard

identification strategy in the context of an RDD with a large cross-section.

Due to the sensitivity of the results to the bandwidth choice, it seems to be

useful to exploit the time dimension more extensively. In order to get an idea how

fast the economic effects of voluntary central clearing on CDS market liquidity are

incorporated into the market, I show graphically the sensitivity of the RD estimate to

the chosen bandwidth in Figure 3.4.1. I estimate the baseline model with bandwidths

of 13, 26, 39, 52, 78, 104, 130, 156, 182 and 208 weeks around the beginning of

central clearing eligibility. Figure 3.4.1 shows the RD estimates and corresponding

confidence intervals for different bandwidths. I only let the bandwidth vary for the

post-clearing period. I keep the pre-clearing period fixed to 52 weeks. This may

provide evidence about the time frame that is needed until the effects of central

clearing in a voluntary clearing scheme are incorporated into the CDS market, and

new equilibria for the market liquidity measures are established.
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CHAPTER 3. MULTIDIMENSIONAL EFFECTS OF CENTRAL CLEARING
ON CDS MARKET LIQUIDITY AND THEIR ECONOMIC CHANNELS - A

REGRESSION DISCONTINUITY APPROACH

Figure 3.4.1: RD treatment effect and confidence intervals for different post-clearing
bandwidths
These figures show RDD estimates and corresponding confidence intervals for all dependent vari-
ables of regression 3.4 depending on different post-clearing bandwidths. Apart from the bandwidth
selection, I estimate the RDDs according to regression 3.4.

(a) abs. bid-ask spread (b) rel. bid-ask spread (c) CDS mid quotes

(d) Gross trading volume (e) Net trading volume (f) CDS Amihud

(g) Price resiliency (h) Bid-ask resiliency (i) Gross inventory resiliency

(j) Net inventory resiliency
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3.4. ROBUSTNESS CHECKS

Figure 3.4.1 visualizes that the treatment effect changes relatively strong over

time for bid-ask spreads, gross trading volume, net trading volume, bid-ask spread

resiliency and resiliency of gross and net inventories. The results highlight the

importance of considering long-term observation windows around the beginning of

central clearing eligibility in order to get more detailed insights about the reactions

of market participants to the possibility of voluntary central clearing.

3.4.3 Accounting for autocorrelation

Serial correlation in the dependent variable or error terms can bias the estimate of

the treatment effect in an RD setting with time as the running variable, since serial

dependence during the shift from the pre-treatment period to the post-treatment

period distorts the observed treatment effect (Hausman and Rapson, 2018). In

the baseline regression (3.4), I account for serial correlation in the error terms by

clustering standard errors across time and contracts. In this section, I examine

potential effects of serial dependence in the dependent variables. First, I check the

panel time series of my dependent variables on autocorrelation with the test on serial

correlation in linear panel data models of Woolridge (2002).

Table B.2 shows results for the Woolridge test on serial correlation in linear panel

data models. We can reject the null hypothesis of no autocorrelation in the panel

data time series for all dependent variables except CDS net trading volume and the

CDS Amihud illiquidity ratio. In order to examine whether serial dependence in

the dependent variables affects the RD estimates from Table 3.3.1, I estimate the

following dynamic RD model that includes the first lag of the dependent variable in

the regression:

CDSi,t = α + β1 ∗ CCPi,t + β2 ∗ clearing distancei,t

+ β3 ∗ CCPi,t ∗ clearing distancei,t + β4 ∗ CDSi,t−1

+ ζ ∗ Xi,t + γt + δi + εi,t

(3.13)

CDSi,t denotes the dependent variables for contract i at time t from regression

(3.4). CDSi,t-1 is the lagged dependent variable that captures potential serial corre-

lation. The other variables are as described above. Since the simultaneous inclusion

of fixed effects and lagged terms in panel models is a potential source of bias, I do

not include any fixed effects (Nickell, 1981). The results for estimating Equation

(3.13) are given in Table 3.4.5 .
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3.4. ROBUSTNESS CHECKS

Table 3.4.5 shows that our results also hold in a dynamic panel data setting.

Overall, the coefficients are considerably smaller but the significance levels remain

largely similar. Only the treatment coefficient on net trading volume becomes in-

significant in this specification, whereas the treatment coefficient on relative bid-ask

spreads and price resiliency are negative and statistically significant at the 1% level.6

I conclude that serial dependence in my dependent variables do not seem to signifi-

cantly bias the estimated treatment effects in regression (3.4).

3.4.4 Placebo tests

In this section, I provide results on a placebo event study using a regression disconti-

nuity design. I run placebo tests in order to rule out that the observed effect around

the beginning of central clearing eligibility is a random event. I construct a new

treatment dummy that simulates a treatment at a random date prior to the actual

beginning of central clearing. I replace the original treatment dummy in regression

(3.4) with this placebo dummy. I use the Loon and Zhong (2014) specification be-

cause this short observation window is the most restrictive specification in which I

find statistically significant effects of central clearing on CDS market liquidity. All

other specifications of the regression discontinuity design are as in equation (3.4). I

repeat the placebo test 1,000 times.

If the observed effect in Table 3.3.1 is not random, I expect to observe 100

(50; 10) treatment coefficients that are significant at 10% (5%; 1%) level at random

treatment dates. I perform the placebo test on all dependent variables since any large

deviations from the theoretical expectations may indicate a misspecification of my

baseline RDD. I do not construct placebo dummies that simulate treatment after the

beginning of central clearing. Since treated contracts are eligible but not mandated

for central clearing, market participants can still decide during the treatment period

whether they want to clear their transactions bilaterally or centrally. Any date

after central clearing eligibility could therefore still capture effects of increased use

of central clearing, and significant coefficients of placebo dummies could not be

interpreted as confounding effects. That is clearly not the case prior to the beginning

of central clearing. Furthermore, I do not allow the placebo treatment date to be

6Since the time series dimension is large (which reduces Nickell’s bias), I estimate the dynamic
RD model again with fixed effects. The results are largely identical, only the treatment coefficients
for price resiliency and relative bid-ask spreads (as in the baseline regression) become insignificant.
The results are also robust if standard errors are clustered.
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Table 3.4.6: Placebo test (CDS market liquidity)
This table shows the number of coefficients on different levels of statistical significance from our
placebo tests. For the placebo tests, I replace the original treatment dates by random dates that
lie between the beginning of our observation period and three months before the start of clearing
eligibility. I use these placebo treatment dates in our regression model (3.4) in order to compute
the loading on the placebo CCP dummy coefficient and restrict the observation period to 52 weeks
prior to and four weeks after the beginning to central clearing eligibility. I repeat this procedure
1,000 times for every dependent variable and count the frequency of coefficients that are statistically
significant at 1%, 5%, and 10% level. I expect 10 (50; 100) statistically significant coefficients of
our placebo CCP dummy at the 1% (5%; 10%) significance level.

Level of statistical significance 1% 5% 10%
ba spread 7 64 119
pct spread 12 56 121
cds mid 5 42 94
gross trading 8 42 91
net trading 8 49 99
cds amihud 3 32 86
price res 11 78 137
ba res 14 62 114
gross inv res 24 83 141
net inv res 28 77 144

later than 12 weeks prior to the actual clearing date in order to rule out any economic

effects in anticipation of the clearing eligibility event.

Table 3.4.6 displays results of our placebo tests for all dependent variables. Gen-

erally, the placebo tests provide evidence for the non-randomness of the clearing

effect on the liquidity measures as shown in Table 3.3.1. For most of the dependent

variables, I find a number of statistically significant coefficients on all significance lev-

els that does not deviate to a large extent from the theoretical expectations. For four

dependent variables, I find rather low numbers of coefficients that are statistically

significant at conventional significance levels. This may indicate a too restrictive

model that makes it hard to identify statistical relationships between the treatment

dummy and my dependent variables. However, there are also six dependent vari-

ables. for which I find more coefficients on conventional statistical significance levels

than expected from statistical theory.

This test picks up the conclusion of Akari et al. (2019) about the sensitivity of

empirical results on the effect of central clearing on CDS market liquidity to the

chosen econometric technique. The placebo test may be seen as evidence that it is

a non-trivial challenge to come up with an econometric technique that sufficiently

does justice to the complexity of aggregate empirical data on CDS market liquidity.

Still, I argue that the moderate deviations from the theoretical ideal do not provide
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sufficient and consistent evidence that the results in this paper do not point into the

correct direction in terms of the causal relation between central clearing and CDS

market liquidity, especially in the light of the various robustness checks that show

the reliability of my results in different econometric specifications.

3.4.5 Non-parametric regression discontinuity design

Another approach to estimate a regression discontinuity is to use a non-parametric

approach. In this approach, weights are assigned to observations according to a ker-

nel function. Observations close to the cutoff get higher weights than observations

further away from the cutoff. As a kernel function, I use a triangular kernel. Band-

width selection is employed according to Imbens and Kalyanaraman (2012) and I

use bandwidth bias-correction according to Calonico et al. (2014). I estimate the

RD with covariates and fixed effects. Results are displayed in Table 3.4.7.

The results are largely consistent with the results from Table 3.3.1. Absolute bid-

ask spreads and bid-ask spread resiliency are negatively affected at the 5% statistical

significance level and gross trading volume and resiliency of CDS mid quotes are

positively affected at the significance level of 1% and 10% respectively. In this

specification, the resiliency of gross and net inventory is positively affected by central

Table 3.4.7: Non-parametric regression discontinuity estimation
This table shows the estimates of the effect of central clearing eligibility on all dependent variables
using a non-parametric regression discontinuity design based on regression (3.4). We use a linear
functional form and allow the regression functions to be different on both sides of the cutoff.
The bandwidth is estimated according to Imbens and Kalyanaraman (2012). I include the same
covariates as in Table 3.3.1 and include contract and week fixed effects. Weights are assigned to
the observations using a triangular kernel function. Robust bias-corrected confidence intervals are
computed according to Calonico et al. (2014).

ba spread pct spread cds mid gross trading net trading
CCP -0.0375** 0.0055 -0.0269 32.4496*** -1.3881
Std. Err. 0.0153 0.0164 0.0187 12.0301 1.2966
p-value 0.0143 0.7379 0.1494 0.007 0.2843
Bandwidth 60.8062 59 67 81.7493 113
Observations (untreated) 2456 2398 2620 2962 3500
Observations (treated) 4190 4052 4606 5666 7852
Order of polynomial 1 1 1 1 1

cds amihud price res ba res gross inv res net inv res
CCP -0.9575 0.0027* -0.0272** 0.0618*** 0.0507***
Std. Err. 1.7735 0.0015 0.0123 0.0127 0.0127
p-value 0.5893 0.0779 0.027 0 1e-04
Bandwidth 113 63.914 53.4979 93.4913 66.7545
Observations (untreated) 3482 2540 2253 3162 2620
Observations (treated) 7787 4404 3699 6493 4606
Order of polynomial 1 1 1 1 1
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clearing introduction. The effect is highly statistically significant and its economic

effect is large.

3.5 Conclusion

I empirically examine the effect of central clearing on different dimensions of market

liquidity: tightness, depth, and resiliency. The empirical results show that dealers

narrow bid-ask spreads, increase gross trading volume but seem to provide market

liquidity less continuously in terms of bid-ask spreads with the beginning of central

clearing eligibility of CDS single-name contracts.

The effects of central clearing on CDS market liquidity differ across groups of

contracts with similar fundamental and liquidity risk. In almost all cases, I find

positive effects of central clearing on CDS market liquidity through lower bid-ask

spreads for contracts with high fundamental and liquidity risk. The gross trading

volume of thinly traded CDS contracts is positively affected by central clearing eli-

gibility, whereas the trading volume of the strongly traded CDS contracts is rather

negatively affected. Market resiliency decreases for thinly traded contracts and

contracts with low fundamental risk. My results point to a lower relevance of coun-

terparty risk which may have a positive impact on CDS premia and may lead to a

reduction in bid-ask spreads. I find CDS inventories to increase in the fraction of

risk-weighted assets from centrally cleared positions. Higher inventory risk-taking

capacity through lower regulatory capital charges for centrally cleared positions may

explain the higher gross trading volumes with the introduction of central clearing.

CDS spread volatility does not seem to affect market liquidity differently with central

clearing eligibility.

I conclude that higher collateralization costs do not seem to play a major role in

the provision of market liquidity of CDS dealers under central clearing. Still, CDS

dealers seem to provide CDS market liquidity less continuously for centrally cleared

contracts. This could point to potential collateral shortages after large trading

volumes and deviations from market equilibrium occur under central clearing.

My analysis leads to further interesting questions as foci for future research.

Whereas there are now several studies on the baseline effect of central clearing

on CDS market liquidity using different methodologies (Slive et al., 2012; Loon

and Zhong, 2014; Silva et al., 2018; Akari et al., 2019), this study provides first

empirical evidence on the economic channels through which central clearing affects

CDS market liquidity. Furthermore, my findings point to a shift in CDS trading
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activity from low-risk contracts to high-risk contracts. As a result, central clearing

may lead CDS market participants to increase CDS portfolio risk. In order to deepen

our understanding of the intermediatory role of the economic channels and of the

risk-taking behavior of CDS market participants in the presence of central clearing,

more robust econometric techniques as well as data on bilateral CDS positions and

posted collateral for single CDS market participants are required.
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CHAPTER 3. MULTIDIMENSIONAL EFFECTS OF CENTRAL CLEARING
ON CDS MARKET LIQUIDITY AND THEIR ECONOMIC CHANNELS - A

REGRESSION DISCONTINUITY APPROACH

Table B.1: Panel unit root test on model residuals
This table shows p-values for fisher-type panel unit root tests on the residuals of our baseline
regression discontinuity estimation based on equation 3.4. Fisher-type tests test the null hypothesis
whether all individual time series in the panel dataset contain a unit root (Maddala and Wu, 1999).
I conduct the panel unit root test for the panel of residuals from regression model (3.4). ’***’
indicates statistical significance at the 1% level.

Dep. var. model residuals Fisher-type PUR test
ba spread 0.0000***
pct spread 0.0000***
cds mid 0.0000***
gross trading 0.0000***
net trading 0.0000***
cds amihud 0.0000***
price res 0.0000***
ba res 0.0000***
gross inv res 0.0000***
net inv res 0.0000***
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Table B.2: Woolridge test on autocorrelation in fixed effects panels
This table shows the p-values for the Woolridge test on autocorrelation in fixed effects panels for
the dependent variables from regression (3.4).

Dependent variable p value
ba spread 0.000***
pct spread 0.000***
cds mid 0.000***
gross trading 0.000***
net trading 0.4925
cds amihud 0.732
price res 0.000***
ba res 0.000***
gross inv res 0.000***
net inv res 0.000***
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4 Firewall or superspreader? - CDS central clear-

ing and contagion risk within the CDS dealer

network

Michael Brosi1 & Gregor Schoenemann2

Abstract

In this study, we empirically analyze the effect of central clearing of Credit De-

fault Swaps (CDS) on contagion risk among the largest CDS dealers (G14 dealers).

We use CDS spread data to measure the default risk of individual dealers and apply

time series techniques from international capital market spillover literature to ex-

amine cointegration relationships, Granger causality, volatility spillovers and dealer

connectedness within the CDS financial network. With the introduction of central

clearing, we find contagion risk to decline considerably in different methodologies,

especially among the most active CDS dealers. Our results do not seem to be

driven by a global negative time trend of systemic risk and do not seem to represent

the overall contagion risk among CDS dealers, irrespective of the source of conta-

gion. Furthermore, our results largely hold when using stock prices instead of CDS

spreads. We do not find evidence that contagion risk affects pricing behavior of CDS

market participants.

JEL classification: G12, G15, G18, G28

Keywords: Central clearing, credit default swaps, contagion, systemic risk
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CHAPTER 4. FIREWALL OR SUPERSPREADER? - CDS CENTRAL
CLEARING AND CONTAGION RISK WITHIN THE CDS DEALER

NETWORK

4.1 Introduction

In this paper we study how central clearing of Credit Default Swaps (CDS) affects

systemic risk among CDS dealers. We define systemic risk from the perspective of

contagion as the risk of default spillovers. In bilaterally cleared markets, default

losses tend to propagate through the financial system by affecting those institutions

most that are most strongly exposed to the defaulting institution. Such a scenario

is depicted in Panel A of Figure 4.1.1.

In centrally cleared CDS trades, a central clearing counterparty takes on the

counterparty risk by becoming the buyer to every seller, and the seller to every

Figure 4.1.1: Contagion risk in bilaterally cleared markets and centrally cleared mar-
kets
This figure shows different potential default loss propagation scenarios in bilaterally and centrally
cleared markets. Panel B and Panel C assume different sizes of the CCP’s capital resources for
capturing default losses (red circle around CCP item). ”D” and ”CM” denote dealer and clearing
member respectively. The links between the nodes visualize the exposures between different enti-
ties within the financial network, with exposure size increasing in boldness of the link. Defaults
are visualized by crossed-out entities.

Panel A: Default loss propagation in bilaterally cleared markets

Panel B: Contagion risk reduction by a well-capitalized CCP
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Panel C: Contagion risk increase by a poorly capitalized CCP

buyer. A CCP uses a ‘waterfall’ of financial resources to cover potential losses from

the default of its clearing members as indicated by the red circle around the CCP

item in Panel B and Panel C of Figure 4.1.1.

This default ’waterfall’ consists of variation margins, initial margins, a default

fund, own capital and haircuts on variation margins and shall prevent the propaga-

tion of default losses through the financial system beyond the counterparties, that

are directly involved in the trade (contagion risk). Therefore, a well-capitalized CCP

may decrease the contagion risk among its clearing members by effectively insulat-

ing them from each other’s default through a large capital buffer that also covers

financial losses in extreme default scenarios (see Panel B of Figure 4.1.1). Yet, CCPs

with insufficient capital resources may increase contagion risk within the CDS dealer

network as Panel C of Figure 4.1.1 shows. In this case, a CCP creates financial ties

between all participants of the financial network through its trading relationships

with them but does not prevent effectively the spillover of default losses from itself

to its clearing members. Multiple theoretical papers show that the design of the

default waterfall affects trading incentives of clearing members and the resiliency

of the financial system (Haene and Sturm, 2009; Glasserman et al., 2015; Capponi

et al., 2017; Huang, 2019).

To the best of our knowledge, this is the first empirical study on the effect of

CDS central clearing on systemic risk. More specifically, we analyze the vulnerabil-

ity of the CDS dealer network to contagious effects among participants of the CDS

financial network. For this purpose, we examine the risk of default spillovers among

major CDS dealers (G14 dealers) before and after the introduction of central clear-

ing. We hypothesize that contagion risk among CDS dealers decreases (increases)

if a CCP on the CDS market can (not) effectively insulate the CDS dealers from

each other’s default. The effective prevention of default loss spillover effects by the
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CCP to the network of CDS dealers may depend on the structure of the CDS dealer

network, clearing membership requirements, the design of the default waterfall, the

degree of netting efficiency, and CDS market liquidity.

A financial network is characterized by trading relationships between different

entities. These trading relationships allow default losses to propagate through the

financial system because the default on a promised payment may in turn cause

defaults of entities that are supposed to receive these payments and that rely on the

fulfillment of the contract (Eisenberg and Noe, 2001).

The vulnerability of a financial network to such contagious effects depends on the

specific network structure. A financial network consists of nodes (entities) and links

(trading relationships) that tie different nodes together. The size of a node is deter-

mined by the market share of the corresponding institution and the strength of the

links describes the exposure of an institution to other entities in the network. The

connectivity between participants of a financial network can foster contagious effects

since all ties in the form of trading relationships between network participants are

potential channels for the propagation of default losses. However, diversified trading

relationships within a financial network can also serve loss mutualization. In the case

of a network with diversified trading relationships, default losses are spread homoge-

neously across the network and borne evenly by the remaining network participants

(Nier et al., 2007; Battiston et al., 2012; Battiston and Caldarelli, 2013). The intro-

duction of central clearing may decrease the diversification of trading relationships

across multiple counterparties at the cost of counterparty risk concentration within

an arguably more creditworthy CCP.

Allen and Gale (2000) show theoretically that a complete network, in which en-

tities of similar size and exposures are all connected to each other, is resilient to

local shocks that hit one institution, since exposures and interdependencies are di-

versified across all network participants. Consequently, connectivity among network

participants increases the resiliency of financial networks towards contagion and pre-

vents contagion above network-specific connectivity thresholds (Babus, 2007; Cont

and Moussa, 2010). Cont and Moussa (2010) show, however, that the impact of

network connectivity depends on the capitalization of the network. Connectivity in

well-capitalized networks increases the resiliency of the network towards contagious

effects but increases contagion risk in under-capitalized financial networks. Tiered

networks consist of nodes and links of heterogeneous sizes and strengths, i.e. there

are few dominant network participants with a higher systemic relevance and a larger

number of less relevant network participants. In this case, a local shock can have
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severe consequences if it hits a dominant network participant to which many other

market participants are strongly exposed (Allen and Gale, 2000; Markose et al.,

2012). Still, heterogeneous networks seem to be less prone to contagion (Borovkova

and El Mouttalibi, 2013; Cont and Moussa, 2010). Indeed, financial entities ap-

pear to form networks in order to insure against contagion and endogenously form

a network structure that suits this purpose best (Babus, 2007).

Like on other over-the-counter derivatives markets, CDS market participants are

found to form a tiered network in the form of a core-periphery structure (Pelto-

nen et al., 2014; Di Maggio et al., 2017; Hollifield et al., 2017; Eisfeldt et al., 2018;

Li and Schürhoff, 2019). The findings of Du et al. (2019) show that CDS market

participants prefer counterparties with low default probability and existing trad-

ing relationships that allow for the netting of offsetting positions. The core of CDS

dealers may have a set of favorable trading characteristics like high creditworthiness,

large netting opportunities, and economies of scale that incentivize market partici-

pants to primarily trade with them. Theoretical papers show that concentration risk

exacerbates the systemic relevance of a financial institution and the contagion risk

in the network (Cont et al., 2012; Cont and Moussa, 2010). Furthermore, multiple

theoretical studies show that the higher the cleared trading volume is, the more

effective the CCP. In this case, concentration risk is even more pronounced com-

pared to a network structure in which a set of core dealers share the concentration

risk. That is why it is not clear ex-ante whether the CDS market can effectively be

made more resilient to contagion by the transition from bilateral clearing to central

clearing.

Central clearing may allow contagion risk to be reduced through increased trans-

parency as well as improved identification and regulation of potentially contagious

institutions. Cont et al. (2012) argue that in heterogeneous financial networks, like

interbank or dealer networks, regulation should not be uniform across all network

participants (e.g. higher capital requirements for all institutions) but focus on the

most contagious institutions. Central clearing allows the regulation of systemic risk

on the level of clearing members and on the level of CCPs.

On the level of clearing members, a CCP may gain more information on the

open positions of each individual clearing member than every individual network

participant in a bilateral market would be able to. The CCP observes the trad-

ing relationships between each clearing member and all other market participants,

whereas in a bilateral market, each market participant does not know the extent of

any of its counterparties’ other trading relationships, apart from its own positions.
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Therefore, an individual margining of clearing members according to their trading

positions with the CCPs may lead to more appropriate margin levels that better

reflect the individual contribution of every clearing member to systemic risk.

Apart from variation margins that reflect the current value of the contract and

are also part of bilateral CDS contracts, clearing members pledge initial margins to

the CCP that are supposed to cover unfavorable price movements after a potential

default. Acharya and Bisin (2014) show that the individual margining rule of CCPs

should follow the risk-taking behavior of its clearing members and take on a super-

linear structure. Superlinear margining disincentivizes the build-up of large trading

positions that could cause large default losses to the financial system. Superlinear

margining may also be necessary since clearing members may diversify their trad-

ing volume across different CCPs in the market. A margin rule that only takes

the observable positions at the respective CCP into account may not be sufficient

as it underestimates the negative effect on prices and market liquidity in case of

a default (Glasserman et al., 2015). Empirical findings show that collateralization

varies strongly across clearing members (Capponi et al., 2017). How effective collat-

eralization schemes in voluntary central clearing regimes with incomplete position

transparency are, remains an empirical question.

Second, the CCP itself as a potentially contagious institution is the focus of

financial regulation. The central aspects of CCP regulation focus on the size of the

default fund and the assumption made about the minimum liquidation period after

the default of a clearing member. Lewandowska (2015) shows that complete loss

mutualization can decrease systemic risk. However, it remains unclear how large the

default resources must be in order to ensure that all potential losses from default can

be mutualized among the remaining clearing members. Regulatory frameworks like

the Dodd-Frank Act in the US or the European Market Infrastructure Regulation in

the EU prescribe that the capital resources should be able to cover the default of the

largest (DFA) or the two largest (EMIR) clearing members respectively (Cover-1 /

Cover-2 scenario).

Scenarios like Cover-2 treat the occurring defaults as independent of each other.

Existing literature shows, however, that the total default losses within a financial

network increase in the interdependence of clearing member defaults and highly

depend on the assumptions made about the correlation between multiple defaults

(Cumming and Noss, 2013; Murphy and Nahai-Williamson, 2014; Barker et al., 2016;

Bielecki et al., 2018; Paddrik and Young, 2019). Furthermore, loss mutualization via

a default fund can increase excessive risk-taking under a Cover-2 scenario since the
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clearing members’ individual contribution to the default fund decreases with every

new clearing member, unless a very large dealer joins the CCP as the largest or

second-largest clearing member (Ghamami and Glasserman, 2016; Capponi et al.,

2019). Simultaneously, the probability of default increases in the number of clearing

members. Consequently, Capponi et al. (2017) and Bielecki et al. (2018) show that

the Cover-2 requirement may not lead to an optimal design of the default fund unless

opportunity cost of collateral is high.

Capponi et al. (2017) suggests the default fund should be of a size that can

capture default costs of a constant fraction of the number of clearing members

instead of a constant absolute number. The model of Bielecki et al. (2018) allows to

calculate a ratio of initial margins to default fund resources based on the joint credit

quality of clearing members over time and on different levels of risk. In multiple

specifications, they achieve a ratio of initial margins to default fund of 0.1, which

is close to empirical observations. Haene and Sturm (2009) show that high initial

margins negatively affect the probability of moral hazard as they stress the ’defaulter

pays’ component within the composition of default resources. Only in the case of the

default probability of a clearing member being lower than the opportunity cost of

capital, the relevance of default fund resources for covering default losses should be

stressed. Since margins are in practice of greater relevance for the default waterfall

compared to the default fund, the opportunity cost of capital seems to be estimated

as lower than the default probability of a clearing member.

Central clearing may not only change the way how losses from default are dis-

tributed within the network of CDS dealers but it can also change the total loss

given default through increased netting opportunities. If CDS dealers use the CCP

extensively for the clearing and settlement of their CDS trades, counterparty diversi-

fication decreases so that offsetting positions are more likely to occur with the same

counterparty – the CCP. If offsetting positions occur with the same counterparty,

they can be cancelled and replaced by one contract that reflects the net value of

all existing contracts. This remaining net position is much smaller than the total

value of the original gross positions. The smaller size of the total CDS positions

in the market decreases potential default losses, liquidation and replacement activ-

ities, and subsequent price and liquidity drops after a default occurred. In order

to achieve a higher netting efficiency compared to a bilateral market structure, the

CCP needs critical masses of cleared trading volume and clearing members that de-

pend on the bilateral market structure prior to the introduction of central clearing
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(Duffie and Zhu, 2011; Heath et al., 2016; Cont and Kokholm, 2014; Lewandowska,

2015; Garratt and Zimmerman, 2017).

In order to attain a higher netting efficiency in a voluntary central clearing

scheme, it is cruicial for the CCP to attract sufficient trading volume. For this

purpose, the CCP must be of a higher creditworthiness than any other dealer and

membership requirements, as well as cost of collateral, must be low (Briukhova et al.,

2019). However, as argued above, low collateral requirements can increase contagion

risk leading to conflicting incentives within the business model of CCPs with respect

to systemic risk. Armakola and Laurent (2015) also show that a high-quality base

of clearing members is crucial because a low credit quality of clearing members gives

rise to default losses in the first place, and creditworthy surviving clearing members

may be needed for further liquidity injections in the form of margin calls, haircuts

on variation margins, or the replenishment of the default fund.

The conflict for CCPs between high risk management standards (to ensure a

low default probability) and low costs for clearing members (to attract high trad-

ing volumes) gives rise to concerns about a ‘race to the bottom’ between differ-

ent CCPs in which competition among CCPs drives risk management standards

down (Zhu, 2011). Empirical findings and theoretical simulations, however, show

that collateral requirements are set more conservatively than current regulation and

industry-standards like value at risk (VaR) imply (Zhu, 2011; Capponi et al., 2017).

One example is the liquidation period after default of a clearing member, that is

set to five days by ICE Clear Credit which is considerably longer than the regu-

latory requirement of one (DFA) or two days (EMIR) respectively (Ghamami and

Glasserman, 2016; Capponi et al., 2017). Huang (2019) shows that higher collat-

eral requirements may be rational for CCPs and clearing members alike since high

risk management standards decrease the losses for surviving clearing members that

have to be distributed in case of a default. Lower losses in case of a default may

overcompensate higher costs of collateral in the first place.

High netting efficiency may reduce adverse effects in stressed market scenarios.

Huang (2019) shows for equity markets that the exposures of CCPs rise drastically

in periods of market stress. Market volatility and crowding are main drivers of

increased CCP exposures during market stress. Capponi et al. (2017) find CCPs to

increase collateral requirements when market stress, e.g. market volatility or credit

risk, increases. Funding costs have a negative impact on collateral levels possibly

because positions that require high collateral are liquidated by market participants in

times of high funding costs. Consequently, Barker et al. (2016) find market volatility
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to increase liquidity risks via default risk. They show default losses to mainly consist

of liquidity costs (additional margin calls, liquidation and replacement costs as a

result of low market liquidity) but less of defaults on actual payments, i.e. pure

credit risk. The pure credit risk assessment may be of minor importance to CCPs

and clearing members in comparison to aspects of funding and market liquidity.

Avellaneda and Cont (2013) stress this point by modeling the optimal liquidation

strategy for the auctioning of defaulting portfolios of trading partners, i.e. clearing

members of the CCP. Principally, offsetting positions should be auctioned at the

same time. Still, the current level of market liquidity must be assessed, as market

illiquidity may exacerbate overall losses. In order to take into account the effect of

market variables on default losses, EMIR requires a countercyclical buffer of 25%

of the total margins that can be exhausted in times when margin requirements rise

significantly, i.e. after periods of low market stress.

As pointed out above, the theoretical models from existing literature on the

relation between central clearing and systemic risk are highly dependent on their

underlying assupmtions. Therefore, our study adds to the literature by providing

empirical evidence on the impact of central clearing of CDS on contagion risk in the

CDS dealer network. We measure the default risk of 14 major CDS dealers by the

5-year CDS spread. In order to calibrate our time series on the contagion risk that

arises specifically from the CDS market, we weight the individual time series by the

CDS market share of every individual CDS dealer as indicated by the Quarterly

Derivatives Statistics of the Office of the Comptroller of the Currency (OCC). In

order to be able to clearly identify the effect of CDS central clearing on contagion

risk in the CDS dealer network, we create new CDS time series that are centered

around the clearing eligibility event. For this purpose, we take clearing eligibility

dates of 467 CDS contracts that become clearing eligible during our observation

period, compute temporal distances in days to the central clearing eligibility event

for all calendar days, and take the average CDS spread over all identical distances

to the clearing eligibility event.

We apply time series techniques from the literature on international capital mar-

ket spillovers using these new time series: cointegration tests (Kasa, 1992; Chou

et al., 1994; Gray, 2009), Granger causality tests (Gray, 2009; Gelos and Sahay,

2001; Özen et al., 2014), volatility spillover analysis (Jung and Maderitsch, 2014),

and empirical financial network connectivity modeling (Diebold and Yilmaz, 2009,

2012). Additionally, we use panel data analysis in order to examine the pricing

consequence of contagion risk on CDS premia.
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We find a largely consistent decrease of contagion risk within the CDS dealer

network. We can attribute this decrease in contagion risk to a lower default risk de-

pendence among the dominant CDS dealers that form the core of the core-periphery

network. Additionally, the risk of peripheral dealers seems to be less affected by

the risk of core dealers after the introduction of central clearing. Yet, the economic

significance of contagion risk in the CDS market appears to be small. Consequently,

we do not find evidence for any pricing effect of contagion risk on CDS premia.

Our findings are comparable to the results from the reinsurance sector. Reinsur-

ers take on a similar role as CCPs do since they neutralize market risk at the cost

of counterparty risk. Existing studies show that primary insurers are more closely

interconnected by the activities of reinsurers but overall systemic risk does not in-

crease (van Lelyveld et al., 2011; Cummins and Weiss, 2014; Park and Xie, 2014;

Davison et al., 2016). We conclude that, despite the observed decrease in systemic

risk measures, the introduction of CCPs on the CDS market may not be self-evident

from the perspective of contagion risk.

Our paper adds to the literature by providing an empirical analysis of the effect of

voluntary CDS central clearing on contagion risk. To the best of our knowledge, our

study is the first to provide a purely reduced-form approach in order to examine the

effect of CDS central clearing on contagion risk, measured as CDS dealer default risk

dependence. We contribute to the literature on financial network analysis by showing

a method to adapt time series techniques from the literature on international capital

markets spillovers to OTC network dynamics. This opens up new perspectives for

future research on the analysis of financial networks.

4.2 Data description and correlation analysis

In this chapter, we describe our initial dataset, show descriptive statistics and com-

pute correlation coefficients among CDS dealers as a first tentative contagion risk

measure. This section also focuses on the manipulation of our original CDS mid

quote time series that is supposed to increase the precision of the economic and

econometric identification of the effect of CDS central clearing on contagion risk.
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4.2.1 Data sources and correlation analysis

Our initial dataset consists of daily CDS mid quotes of 14 large CDS dealers, the

so-called G14 dealers.4 We obtain the CDS mid quote time series from Bloomberg.

We choose CDS mid quotes as data input since CDS spreads are widely considered

to be the purest market-based indicator of individual default risk. Therefore, a

time series analysis of CDS spreads may be best suited to analyze the co-movement

of individual default risk around the introduction of CDS central clearing. Our

observation period starts in June 2009, roughly six months before the first CDS

contract becomes eligible for central clearing and ends in December 2018. Our

initial dataset contains 2355 observations of daily CDS mid quotes for all 14 major

CDS dealers.

Panel A of Table C.1 shows results of Augmented-Dickey-Fuller tests on the

existence of a unit root in our original CDS spread time series. For seven out of 14

CDS spread time series, we cannot reject the null hypothesis of a unit root at the

5% significance level. Since non-stationary time series have time-varying means and

standard deviations, descriptive statistics on our CDS spread time series cannot be

expected to be informative. Instead, we look closer into cross-sectional variation of

the G14 dealers’ CDS spreads and their variation over time in the plots of Figure

4.2.1. In order to get a more easily legible figure, we visualize the time series of the

five dominant CDS dealers and of the nine peripheral dealers separately.5

Figure 4.2.1 displays large cross-sectional variation and variation over time for

the individual time series. The two most prominent spikes can be attributed to the

global financial crisis in 2009 and to the euro crisis 2012/2013. It is interesting to

note that both cross-sectional variation and variation over time seem to decrease over

time. Furthermore, Figure 4.2.1 provides graphical evidence that the time series of

individual CDS dealers exhibit a clear and consistent co-movement during the entire

observation period. We analyze the co-movement between the individual default risk

of CDS market participants by looking at the correlation matrix displayed in Table

4.2.1.

4The 14 CDS dealer (and their mnemonics in this study) are: Bank of America (BOFA),
Barclays (BC), BNP Paribas (BNP), Citibank (CITI), Crédit Agricole (LCL), Crédit Suisse (CS),
Deutsche Bank (DB), Goldman Sachs (GS), HSBC (HSBC), JP Morgan (JPM), Morgan Stanley
(MS), Société Générale (SG), UBS (UBS), and Wells Fargo (WF). We restrict our analysis to the
G14 dealers (instead of G16), as we could not retrieve CDS spread data for Nomura and The Royal
Bank of Scotland.

5The five most dominant CDS dealer in terms of outstanding positions are: Bank of America,
Citibank, Goldman Sachs, HSBC, and JP Morgan. In the remainder of the paper, we refer to them
as G5 or core dealers. We refer to the remaining dealers as periphery or peripheral dealers.
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Figure 4.2.1: CDS spread time series of core and peripheral dealers from 2009-2018
This figure shows CDS spreads of the five largest CDS dealers and the nine remaining peripheral
dealers across our observation period between 2009 and 2018.

As expected, Table 4.2.1 displays many pairwise correlation values of 0.7 and

higher, indicating a strong co-movement of individual CDS dealer default risk. This

is not surprising as these major CDS dealers are not only linked by their CDS

trading relationships but also by many other economic relationships like credit and

lending or exposures on other financial markets. However, there are also several lower

correlation coefficients between 0.3 and 0.6 reported in Table 4.2.1. The strength

of the financial ties seems to differ across pairs of CDS market participants. Our

dataset seems to provide sufficient variation across time and in the cross-section of

CDS spreads, as well as for the correlation measures that can be exploited in a time

series analysis.
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Table 4.2.1: Correlation matrix of individual pairwise G14 dealer correlation coeffi-
cients
This table shows the pairwise CDS return Pearson correlation coefficients for all pairs of G14
dealers.

HSBC BOFA BNP WF JPM SG BC C DB LCL GS UBS MS CS

HSBC 1
BOFA 0.825 1
BNP 0.835 0.826 1
WF 0.656 0.823 0.451 1
JPM 0.878 0.893 0.748 0.849 1
SG 0.817 0.846 0.989 0.477 0.750 1
BC 0.922 0.885 0.871 0.723 0.890 0.871 1
C 0.640 0.784 0.420 0.938 0.813 0.445 0.694 1

DB 0.816 0.809 0.973 0.474 0.743 0.976 0.874 0.455 1
LCL 0.678 0.524 0.613 0.310 0.497 0.546 0.634 0.288 0.530 1
GS 0.879 0.929 0.839 0.771 0.931 0.847 0.913 0.742 0.830 0.560 1

UBS 0.860 0.874 0.711 0.850 0.916 0.728 0.904 0.834 0.725 0.492 0.933 1
MS 0.849 0.938 0.803 0.817 0.928 0.818 0.908 0.798 0.804 0.520 0.986 0.946 1
CS 0.870 0.734 0.718 0.636 0.794 0.676 0.862 0.602 0.673 0.843 0.808 0.822 0.793 1

4.2.2 Adjustment of the original time series to the dynamics

of the CDS financial network

In a first step, we incorporate the dynamics of the CDS network into our original

time series by weighting every observation point by the market share of the respec-

tive dealer in the CDS market. We calculate the CDS market share from the US

Quarterly Report on Bank Trading and Derivatives Activities of the Office of the

Comptroller of the Currency that reports gross positions in single-name CDS for

the 25 most active CDS trading banks. Although the OCC report refers only to US

corporations or subsidiaries of European banks registered in the US, it seems that

the data in these reports are suitable to model the CDS financial network empiri-

cally because we find a similar degree of CDS market concentration and CDS dealer

dominance just as found in previous studies (Brunnermeier et al., 2013; Peltonen

et al., 2014; Levels et al., 2018). From the OCC reports, we get market weights for

the financial institutions in our sample by dividing their CDS gross position by the

total CDS gross position across all institutions in the corresponding OCC report.

For the institutions that belong to our sample but are not listed in the OCC report,

we distribute the difference between the aggregate market weight of the listed insti-

tutions and one equally across these institutions. This happens only for institutions

with a very low CDS market weight (peripheral dealers) because the five dominant

CDS trading banks (G5) are consistently listed throughout our observation period

and tend to make up for roughly 95% of all outstanding CDS gross positions.
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Now we analyze graphically the development of the CDS return correlation be-

tween the G14 CDS dealers during our observation period. In the presence of a

global systemic risk time trend, any time series analysis will be biased. This is

why we track the development of contagion risk among different subsets of the G14

dealers in terms of average CDS return correlation in Figure 4.2.2.

Besides the average CDS return correlation across all G14 dealers, Figure 4.2.2

displays the average pairwise CDS return correlation for the five largest dealers, the

remaining peripheral dealers, and for all core-periphery dealer pairs separately. We

observe that the range of the average pairwise CDS return dealer correlations is

mainly between 0.3 and 0.7, with some downward spikes across all samples. Only

the average CDS return correlation among peripheral CDS dealers is consistently

higher and ranges mainly between 0.5 and 0.9. In all CDS return correlation time

series, we cannot observe a global time trend that may introduce a structural bias

into empirical time series models.

Due to the numerous clearing eligibility dates and the large variety of potential

confounding factors, it does not seem optimal to analyze the effect of central clearing

with time series along the calendar time dimension. This is why we manipulate the

original time series so that they are centered around the event of the introduction of

central clearing. Figure C.1 visualizes the procedure for a subsample of one dealer

time series and three clearing eligibility dates.
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First, we collect all dates at which CDS contracts become eligible for central

clearing from 2009 until the end of 2018 from ICE Clear Credit, the dominant

CCP for CDS. From these clearing dates, we compute the difference between the

observation date and clearing eligibility date in days for every CDS contract that

becomes clearing eligible during our observation period and for every observation

date. If contract “XYZ” becomes clearing eligible on 21st of December, this “clearing

distance” for XYZ takes on the value of -5 (+6) on the 16th (27th) of December.

As we have 461 CDS contracts in our sample that become clearing eligible between

2009 and 2018, we obtain 461 time series of clearing distances. In order to obtain

time series of CDS mid quotes for the G14 dealers that are largely unaffected by

confounding factors along calendar time and also allow us to clearly identify changes

in the contagion risk among CDS network participants around the introduction of

central clearing, we take averages of CDS mid quotes across all identical clearing

distances for each time series of individual dealers’ CDS mid quotes. This procedure

creates new time series of CDS mid quotes for each of the G14 CDS dealers in event

time dimension with observations in days prior to and after central clearing eligibility

instead of calendar time. Furthermore, most observations in the event time series

consist of numerous observations from the original time series along calendar time.

This eliminates the problem of local time trends because the observations in event

time consist of data inputs across all years of observations. We repeat the procedure

(weighting and creating event time series) for CDS returns.

Our analysis may be biased by potential reverse causality if contagion risk among

the G14 dealers decreases over time due to decreasing CDS exposures as a result of

the financial crisis. If this trend is persistent during our observation period, we may

find an overall decrease in contagion risk from the pre- to the post-clearing period

solely as a result of this global time trend. The introduction of central clearing could

also incentivize CDS trading and increase contagion risk for the post-clearing period

through increased financial ties among the G14 dealers via the CDS market. In both

cases, the results may be partly or fully explainable by an endogenous relationship

between CDS central clearing introduction and contagion risk. In order to check

whether we face time trends in our event time series of CDS return correlations,

we visualize the average CDS return correlation time series of all G14 dealers, G5

dealers, peripheral dealers, and core-periphery dealer pairs around the beginning

of CDS central clearing introduction. We display the CDS return correlation time

series based on the adjusted CDS return event time series in Figure 4.2.3.
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The average pairwise CDS return correlations as shown in Figure 4.2.3 look

similar to the time series displayed in Figure 4.2.2. We do not observe a clear

time trend and therefore reverse causality seems to be unlikely. Furthermore, we

test the different CDS return time series and CDS return correlation time series for

stationarity by an Augmented-Dickey-Fuller test. Panel B of Table C.1 shows that

we can reject the null hypothesis on the existence of a unit root for all of these time

series. This finding supports our view that we do not encounter an overarching time

trend in CDS dealer contagion risk during our observation period.

Finally, we test whether the average pairwise CDS return correlation between the

G14 dealers changes with the introduction of central clearing. For this purpose, we

calculate the individual pairwise CDS return correlations for all pairs of G14 dealers

and take the average of all pairwise correlations at every observation date. This

procedure creates a time series of the average pairwise CDS return correlation across

all G14 dealers in event time. In order to examine contagion risk among different

subsets of CDS dealers separately, we repeat this procedure for core dealer pairs

only, peripheral dealer pairs only, and core-periphery dealer pairs only. The rolling

time window for the correlation measure is 60 days and we restrict the observation

window to 200 days prior to and after the beginning of central clearing eligibility. As

outlined in Forbes and Rigobon (2002), it is important to note that in the presence

of heteroskedastic time series with increasing variance over time, a change in the

correlation measure cannot be interpreted as a change in contagion risk within the

financial network. This is why we adjust the correlation coefficient for the period

with the higher average 60-day rolling CDS return variance across all G14 dealers

by the change in this variance from the low-variance to the high-variance period as

shown in Equation 4.1:

ρ∗t =
ρt√

(1 − δ(1 − (ρ2
t ))

(4.1)

with:

δ =
σ2
high

σ2
low

− 1 (4.2)

The results on the heteroskedasticity-adjusted correlation coefficient (HACC)

prior to and after the introduction of central clearing for different subsets of CDS

dealers are given in Table 4.2.2.
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Panel A of Table 4.2.2 shows that the average CDS return correlation among

the G14 dealer decreases by 0.01 with the introduction of central clearing but this

change is not statistically significant on conventional significance levels. We see

stronger decreases in the HACCs among core CDS dealers (0.04) and among pe-

ripheral CDS dealers (0.02). Only the HACC between core dealers and peripheral

dealers increases. In conclusion, the HACC analysis points to a slight decrease in

contagion risk among most parts of the CDS financial network but also to different

contagion risk dynamics between different subsets of CDS dealers.

Table 4.2.2: Heteroskedasticity-adjusted CDS return correlation coefficients
This table shows the average heteroskedasticity-adjusted CDS return correlation coefficients for
different subsets of G14 dealers prior to and after the introduction of central clearing and a t-test of
the difference in the corresponding means. The heteroskedasticity-adjusted correlation coefficients
(HACCs) are computed according to Equation 4.1 and 4.2. Besides the average HACCs for all
dealer pairs (Panel A), we use different subsets of CDS dealers in order to analyze contagion risk
between core and peripheral dealers (Panel B), core dealers only (Panel C), and peripheral dealers
only (Panel D). We restrict the observation period to 200 days prior to and 200 days after the
introduction of central clearing.

Panel A: All dealer pairs

statistic value
ρpre 0.49
ρpost 0.48
t test -1.00

Panel B: Core-periphery dealer pairs

statistic value
ρpre 0.40
ρpost 0.44
t test 5.00

Panel C: G5 core dealer pairs

statistic value
ρpre 0.34
ρpost 0.30
t test -4.00

Panel D: Peripheral dealer pairs

statistic value
ρpre 0.64
ρpost 0.62
t test -3.00
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4.3 Empirical analysis

In this section, we examine the impact of CDS central clearing on contagion risk by

analyzing the default risk dependence between the G14 CDS dealers. First, we test

whether cointegration relationships between the CDS spreads of CDS dealers change

with the introduction of central clearing. Second, we perform bi- and multivariate

Granger causality tests for the G5 CDS dealers and peripheral dealers separately,

prior to and after the introduction of central clearing, in order to analyze whether the

number of Granger causing relationships increases or decreases. Third, we analyze

volatility spillovers from the three largest CDS dealers to the remaining dealers prior

to and after the introduction of central clearing in order to examine whether the

number of significant coefficients changes. Fourth, we use forecast error variance

decomposition for the computation of a unique spillover index for the whole CDS

dealer network prior to and after the introduction of central clearing. Last, we test

in a fixed effects analysis whether the pricing effect of contagion risk on CDS premia

changes with the introduction of central clearing.

4.3.1 Cointegration test

In this section, we analyze the co-movement of individual dealers’ default risk by

testing for cointegration of their CDS spread time series. The cointegration test

provides evidence as to whether time series have a persistent relation to each other or

not. Economically, we assume the cointegration relationships between CDS dealers’

CDS spreads are based on the trading relationships created in the CDS market and

the mututal exposures arising from them. Since cointegration cannot exist between

exclusively stationary time series, we test the CDS spread event time series for non-

stationarity by an Augmented Dickey-Fuller test. Panel C of Table C.1 shows that

we cannot reject the null hypothesis of non-stationarity for almost all of the time

series for the pre-clearing period as well as for the post-clearing period. If we cannot

reject the hypothesis of cointegration for two individual time series, we assume that

one time series is a linear combination of the other time series. This means that

they exhibit a strict co-movement over time. If central clearing insulates CDS dealers

from each other’s default risk, we expect a lower number of CDS spread time series

of the G14 dealers to be cointegrated after the introduction of central clearing. We

perform a cointegration test according to the methodology of Johansen (1991) for the

CDS spread time series of the G5 CDS core dealers and of peripheral dealers for the
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pre- and the post-clearing periods separately. The results of the cointegration tests

among core and peripheral CDS dealers for pre-clearing and post-clearing period are

given in Table 4.3.1.

Panel A of Table 4.3.1 displays the test results on cointegration among the G5

CDS dealers for the pre-clearing period. For the pre-clearing period, we can reject

the hypothesis that four or fewer of the five time series of the G5 CDS dealers are

not cointegrated at a significance level of 5%. For the post-clearing period (Panel

B), we cannot reject the hypothesis that there is no cointegration at all among the

CDS spread time series of the G5 dealers at a significance level of 5%.

We see a similar decrease in the number of cointegration relationships among

peripheral dealers from the pre-clearing period to the post-clearing period in Panel

C and Panel D. In the pre-clearing period, we can reject the hypothesis of no coin-

tegration among all CDS spread time series of peripheral dealers at 5% significance

Table 4.3.1: Cointegration test
This table shows cointegration tests on CDS spread time series for CDS core and periphery dealers
separately prior to and after the introduction of central clearing. We test cointegration by the
maximum eigenvalue test statistic and allow for a constant term in the cointegration relationship.
The number of lags is determined by the Akaike Information Criterion (AIC). Panel A (B) shows
results on the cointegration of CDS spread time series of the five largest CDS dealers prior to
(after) the introduction of central clearing. Panel C (D) shows results on the cointegration of CDS
spread time series of the remaining nine peripheral CDS dealers prior to (after) the introduction
of central clearing. Green- (red-)colored values are (not) exceeded by the test statistic and (do
not) lead to a rejection of the null hypothesis of no cointegration on the corresponding level of
statistical significance.

Panel A: G5 - Pre-clearing

test stat 10pct 5pct 1pct
r¡=4 5.58 7.52 9.24 12.97
r¡=3 19.11 13.75 15.67 20.2
r¡=2 42.67 19.77 22 26.81
r¡=1 91.88 25.56 28.14 33.24
r=0 203.18 31.66 34.4 39.79

Panel B: G5 - Post-clearing

test stat 10pct 5pct 1pct
r¡=4 2.54 7.52 9.24 12.97
r¡=3 7.34 13.75 15.67 20.2
r¡=2 16.82 19.77 22.00 26.81
r¡=1 20.40 25.56 28.14 33.24
r=0 44.34 31.66 34.40 39.79

Panel C: Periphery - Pre-clearing

test stat 10pct 5pct 1pct
r¡=8 10.89 7.52 9.24 12.97
r¡=7 16.26 13.75 15.67 20.2
r¡=6 41.06 19.77 22 26.81
r¡=5 125.07 25.56 28.14 33.24
r¡=4 199.52 31.66 34.4 39.79
r¡=3 205.20 37.45 40.3 46.82
r¡=2 306.45 43.25 46.45 51.91
r¡=1 518.22 48.91 52 57.95
r=0 605.66 54.35 57.42 63.71

Panel D: Periphery - Post-clearing

test stat 10pct 5pct 1pct
r¡=8 3.10 7.52 9.24 12.97
r¡=7 8.33 13.75 15.67 20.2
r¡=6 11.63 19.77 22 26.81
r¡=5 17.27 25.56 28.14 33.24
r¡=4 25.31 31.66 34.4 39.79
r¡=3 30.43 37.45 40.3 46.82
r¡=2 43.99 43.25 46.45 51.91
r¡=1 75.61 48.91 52 57.95
r=0 98.40 54.35 57.42 63.71
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level. For the post-clearing period, we can reject the hypothesis of no cointegration

for only three or fewer CDS spread time series of peripheral dealers.

From the pre-clearing period to the post-clearing period, we observe a consider-

able decrease in cointegration relationships between the CDS spread time series of

the G5 dealers as well as for the peripheral dealers. This provides evidence for a

lower co-movement of the default risk across core and peripheral CDS dealers with

the introduction of central clearing. Thus, CCPs may decouple the individual de-

fault risk of CDS dealers by insulating them from each other’s default risk through

additional capital buffers that can capture potential default losses.

4.3.2 Granger causality test

In this section, we analyze mutual dealer default risk dependence among CDS deal-

ers by performing bi- and multivariate Granger causality tests on the 20-day CDS

return volatilities of the G5 dealers and peripheral dealers separately. In our case,

the direction of Granger causality is not the central point of this analysis but the

existence of statistically significant Granger-causal relationships among core and

peripheral CDS dealers.

First, we perform bivariate Granger causality tests across all core dealer pairs

in both possible directions. For five time series, the different test directions give

us twenty different Granger causality tests. Next, we extend our analysis by mul-

tivariate Granger causality tests on time series of core and peripheral CDS dealers

separately. For the five core (nine peripheral) dealers, we test the null hypothesis

that the CDS return volatility time series of one dealer is simultaneously Granger-

caused by the remaining four (eight) dealers’ CDS return volatility time series. We

perform these Granger causality tests for pre-clearing period and post-clearing pe-

riod separately according to the following vector autoregressive (VAR) model:

Bivariate Granger causality test:

cds vol20i,t = α + β1 ∗ cds vol20i,t−1 + · · · + βp ∗ cds vol20i,t−p

+ γ1 ∗ cds vol20j,t−1 + · · · + γp ∗ cds vol20j,t−p

+ εi,t

(4.3)

Multivariate Granger causality test:
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cds vol20i,t = α + β1 ∗ cds vol20i,t−1 + · · · + βp ∗ cds vol20i,t−p

+ γ1 ∗ cds vol20j1,t−1 + · · · + γp ∗ cds vol20j1,t−p

+ θk−1 ∗ cds vol20jk−1,t−1 + · · · + θk−1 ∗ cds vol20jk−1,t−p

+ εi,t

(4.4)

i denotes one dealer, while j denotes a remaining dealer from the same subset of

core or peripheral dealers to which i belongs. k denotes the number of total entities

in the subset of core dealers and peripheral dealers respectively. The number of lags

p to be included is determined by the AIC, with a maximum of ten lags. If CCPs

lead to a better insulation of CDS dealers from the default risk of other dealers, we

expect a lower number of Granger-causal relationships in the post-clearing period

compared to the pre-clearing period. The results for bi- and multivariate Granger

causality tests for the pre- and post-clearing periods are given in Table 4.3.2.

Panel A of Table 4.3.2 displays F statistics and p values for the bivariate Granger

causality tests across the five largest CDS dealers in the pre-clearing period. For the

pre-clearing period, the results show statistically highly significant Granger-causal

relationships for all pairs of the CDS dealers in our analysis. For the post-clearing

period (Panel B), only ten of the twenty potentially Granger-causal relationships are

statistically significant at the 5% level. From pre-clearing period to post-clearing pe-

riod, we see that the number of statistically significant Granger-causal relationships

among the G5 CDS dealers decreases by 50%.

Panels C-F of Table 4.3.2 display F statistics and p values for the multivariate

Granger causality tests across the G5 and peripheral dealers in the pre- and post-

clearing period. For the pre-clearing period, the results show statistically highly

significant Granger-causal relationships across all G5 CDS dealers (Panel C). For the

post-clearing period, only three out of five potentially Granger-causal relationships

from a G5 dealer to the other G5 dealers are statistically significant at the 5% level,

and F statistics decrease by more than 90% for all Granger-causal relationships

(Panel D).

The results for the subset of peripheral dealers are not as strong as for the G5

dealers. For the pre-clearing period (Panel E), the time series of all dealers seem

to be Granger-caused by the time series of the other dealers in the corresponding

subset. For the post-clearing period (Panel F), we find that the time series of Crédit
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Suisse is not Granger-caused by the other peripheral dealers and the F statistics for

almost all Granger causality tests decrease by roughly 90%.

Table 4.3.2: Granger causality test
This table shows bi- and multivariate Granger causality tests on CDS return volatility time series
for CDS core and periphery dealers separately prior to and after the introduction of central clearing.
Panel A (Panel B) shows results on bivariate Granger causality tests according to regression (4.3)
on pairs of log realized 20-day CDS return volatilities among core and peripheral CDS dealers
prior to (after) the introduction of central clearing. Panel C/E (Panel D/F) shows results on
multivariate Granger causality tests according to regression (4.4) using the G5/peripheral dealers’
log realized 20-day stock return volatilities prior to (after) the introduction of central clearing.
The number of lags included is selected according to the Akaike Information Criterion under the
assumption of a constant and a time trend in the VAR model.

Panel A: G5 - Pre-clearing (bivar.)

Variables F statistic p-value
HSBC - BOFA 10.60 0.00
BOFA - HSBC 10.63 0.00
HSBC - CINC 27.59 0.00
CINC - HSBC 12.11 0.00
HSBC - JPM 85.38 0.00
JPM - HSBC 82.94 0.00
HSBC - GS 63.93 0.00
GS - HSBC 62.20 0.00
BOFA - CINC 32.71 0.00
CINC - BOFA 11.66 0.00
BOFA - JPM 8.23 0.00
JPM - BOFA 7.09 0.00
BOFA - GS 10.25 0.00
GS - BOFA 9.72 0.00
CINC - JPM 13.81 0.00
JPM - CINC 28.78 0.00
CINC - GS 12.64 0.00
GS - CINC 27.87 0.00
JPM - GS 87.22 0.00
GS - JPM 89.45 0.00

Panel B: G5 - Post-clearing (bivar.)

Variables F statistic p-value
HSBC - BOFA 0.56 0.85
BOFA - HSBC 1.27 0.24
HSBC - CINC 1.70 0.07
CINC - HSBC 2.53 0.01
HSBC - JPM 2.22 0.01
JPM - HSBC 2.76 0.00
HSBC - GS 0.35 0.97
GS - HSBC 1.97 0.03
BOFA - CINC 2.18 0.02
CINC - BOFA 0.25 0.99
BOFA - JPM 3.96 0.00
JPM - BOFA 1.93 0.04
BOFA - GS 0.34 0.97
GS - BOFA 1.51 0.13
CINC - JPM 1.98 0.04
JPM - CINC 4.28 0.00
CINC - GS 0.28 0.98
GS - CINC 3.33 0.00
JPM - GS 0.39 0.94
GS - JPM 1.05 0.40

Panel C: G5 - Pre-clearing (multivar.)

Variables F statistic p-value
HSBC 48.72 0.00
BOFA 36.36 0.00
CINC 28.14 0.00
JPM 48.44 0.00
GS 48.59 0.00

Panel D: G5 - Post-clearing (multivar.)

Variables F statistic p-value
HSBC 1.24 0.16
BOFA 2.03 0.00
CINC 1.37 0.07
JPM 1.96 0.00
GS 1.66 0.01

Panel E: Periphery - Pre-clearing (multivar.)

Variables F statistic p-value
BNP 82.99 0.00
WF 70.97 0.00
SC 82.74 0.00
BC 83.34 0.00
DB 77.46 0.00
LCL 8.42 0.00
UBS 84.36 0.00
MS 83.48 0.00
CS 83.65 0.00

Panel F: Periphery - Post-clearing (multivar.)

Variables F statistic p-value
BNP 6.32 0.00
WF 4.23 0.00
SC 5.64 0.00
BC 2.06 0.01
DB 4.15 0.00
LCL 8.23 0.00
UBS 2.39 0.00
MS 4.04 0.00
CS 1.58 0.06
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From the pre-clearing to post-clearing period, we see that the number of sta-

tistically significant Granger-causal relationships among the G5 CDS dealers and

among peripheral dealers decreases. After the introduction of central clearing, the

short-term CDS return volatility of CDS dealers seems to exhibit a weaker effect on

other CDS dealers’ short-term CDS return volatility, especially in the core of the

CDS financial network. The reason may be the default insulating function of CCPs

that decouples default risk dependence among CDS dealers.

4.3.3 Volatility spillover analysis

In this section, we analyze volatility spillover effects from the dominant CDS deal-

ers in the core of the CDS financial network to dealers in the periphery that have a

lower market weight according to the OCC statistics. The previous section provides

evidence on a reduction in contagion risk among core dealers and among peripheral

dealers with the introduction of central clearing on the CDS market. For the conta-

gion risk between core and peripheral dealers, we find an increase in the HACC in

section 4.2.2. In this chapter, we examine more specifically whether CCPs change

the contagion risk between core and peripheral CDS dealers.

Existing literature on the network structure of OTC markets suggests that pe-

ripheral dealers do not diversify their trading volume extensively but rely particu-

larly on one or few core dealers (Hendershott et al., 2017; Iercosan and Jiron, 2017).

Therefore, in bilaterally cleared markets they depend strongly on the creditworthi-

ness of these dealers. Central clearing can exacerbate this phenomenon if small

dealers have to opt for one dealer as their ’interface’ to central clearing services.

However, central clearing may make smaller dealers more dependent on the credit-

worthiness of the CCP and less dependent on the default risk of their preferred core

dealer. This may reduce contagion risk between core and peripheral dealers. On the

other hand, peripheral dealers generally have lower exposures so that the default

risk of their counterparties may not substantially affect their own default risk. In

this case, central clearing may not significantly change the default risk dependence

between core and peripheral dealers.

For the analysis of default risk dependence between core dealers and peripheral

dealers, we perform an autoregressive distributed lag (ADL) model according to

Jung and Maderitsch (2014) that regresses the short-term CDS return volatility

of a peripheral dealer on the short-term CDS return volatilities of the three CDS

dealers with the largest market weight according to the OCC statistics. We define
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short-term volatility as the historical 20-day CDS return volatility. Due to the

persistence in volatility measures (Andersen et al., 2003, 2001; Choi et al., 2010),

we include variables for mid- and long-term volatility in our model (Corsi, 2009)

that capture the return volatility over the last 60 and 120 days. We estimate the

following regression model:

cds vol20i,t = α

+ β1 ∗ bofa vol20t + β2 ∗ bofa vol60t + β3 ∗ bofa vol120t

+ β4 ∗ citi vol20t + β5 ∗ citi vol60t + β6 ∗ citi vol120t

+ β7 ∗ jpm vol20t + β8 ∗ jpm vol60t + β9 ∗ citi vol120t

+ εi,t

(4.5)

cds vol20t denotes the realized 20-day CDS log return volatility CDS dealer i

at time t. bofa vol20 (60, 120)t, citi vol20 (60, 120)t, jpm vol20 (60, 120)t is the

realized 20 (60, 120)-day CDS log return volatility of the three largest CDS dealers:

Bank of America, Cititbank, and JP Morgan. Results for Equation (4.5) are given

in Panel A and Panel B of Table 4.3.3.

Panel A of Table 4.3.3 displays results for the ADL model in the pre-clearing

period. For the pre-clearing period, the results show three statistically significant

relationships between the short-term volatility of a core dealer and a peripheral

dealer: one for Citibank and two for JP Morgan. Panel B of Table 4.3.3 displays

results for the ADL model in the post-clearing period. For the post-clearing period,

the results show only one statistically significant relationship between any of the

volatility coefficients of core and peripheral dealers at the 5% significance level.

Since most of the statistically significant coefficients in Panel A of Table 4.3.3 become

insignificant in Panel B of Table 4.3.3, the results provide evidence that the contagion

risk between core and peripheral dealers decreases with the introduction of central

clearing. Due to the low number of statistically significant coefficients, the results

also imply that the risk of contagion from core to peripheral dealers seems to be

moderate at best.
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Table 4.3.3: CDS return volatility spillover analysis (ADL model)
This table shows results for regression (4.5), the CDS return volatility spillover analysis from CDS
core dealers to peripheral dealers. We use the 20-day log realized CDS return volatility of peripheral
dealers as dependent variables in the different models 1-10. As independent variables, we use the
lagged 20-, 60-, and 120-day log realized CDS return volatilities of the three largest CDS dealers:
JP Morgan, Citibank, and Bank of America. We also include the corresponding autoregressive
terms of the 20-, 60-, and 120-day log realized CDS return volatility (not reported). We split our
sample into the pre-clearing period and the post-clearing period and show corresponding results
in Panel A and Panel B. In parentheses, we display Newey-West standard errors.

Panel A: Pre-clearing

Dependent variable:

HSBC WF SG BC DB LCL GS MS UBS CS

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

bofa20 0.0362 −0.0530 −0.0093 0.0119 −0.0116 −0.0191 0.0537 −0.0076 0.0174 0.0015
(0.0507) (0.1403) (0.0341) (0.0422) (0.0127) (0.0121) (0.0461) (0.0678) (0.0699) (0.0396)

bofa60 0.2371 0.0401 0.0670 0.2221 −0.0098 −0.0300 0.0768 0.4030 0.2456 0.1114
(0.1616) (0.1574) (0.0928) (0.1886) (0.0372) (0.0515) (0.1353) (0.3648) (0.2333) (0.1264)

bofa120 −0.2194 0.2587 −0.0126 −0.3043 0.0604 0.1164 0.0770 −0.4995 −0.2936 −0.0857
(0.1562) (0.2844) (0.1045) (0.2113) (0.0531) (0.0880) (0.1339) (0.3591) (0.2119) (0.1284)

citi20 0.0743 0.1884 0.0879 0.0785 0.0665 0.1150∗∗ −0.0646 0.0899 0.0862 0.0756
(0.2654) (0.2241) (0.1382) (0.2227) (0.0500) (0.0453) (0.2206) (0.4061) (0.3453) (0.1854)

citi60 −0.8682 −0.2552 −0.2044 −0.5701 −0.0198 0.0418 −0.8276 −1.6376 −0.7756 −0.3824
(0.5822) (0.4172) (0.3141) (0.5119) (0.1119) (0.0760) (0.6321) (1.1523) (0.7562) (0.4189)

citi120 −0.1938 −0.0525 −0.0846 −0.1997 −0.0082 −0.0655 −0.1536 −0.2517 −0.3251 −0.1107
(0.3670) (0.2472) (0.1484) (0.2623) (0.0671) (0.0658) (0.3412) (0.5373) (0.4790) (0.2070)

jpm20 0.2354∗∗ −0.0447 −0.0053 0.0708 −0.0144 −0.0097 0.4036∗∗ 0.5650∗ 0.1365 0.0296
(0.1085) (0.0893) (0.0536) (0.0857) (0.0190) (0.0087) (0.1842) (0.2889) (0.1217) (0.0620)

jpm60 −0.3301 0.0206 −0.0919 −0.3390 0.0052 −0.0030 −0.2418 −0.5420 −0.2967 −0.1829
(0.3906) (0.0302) (0.1420) (0.3730) (0.0153) (0.0098) (0.4489) (0.7055) (0.4499) (0.2031)

jpm120 0.9120∗ 0.0201 0.2889 1.0819∗ 0.0057 −0.0184 0.5440 1.7005 1.0078∗ 0.4874∗

(0.4938) (0.0443) (0.1969) (0.6119) (0.0220) (0.0252) (0.4792) (1.0634) (0.5390) (0.2631)

Observations 3,512 3,512 3,512 3,512 3,512 3,512 3,512 3,512 3,512 3,512
Adjusted R2 0.9058 0.9169 0.9162 0.9117 0.9289 0.9205 0.9066 0.9045 0.9048 0.9101

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Panel B: Post-clearing

Dependent variable:

HSBC WF SG BC DB LCL GS MS UBS CS

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

bofa20 0.0123 0.0531 0.0231 0.0430 0.0153 0.0076 0.0241 0.0258 0.0324 0.0484
(0.0208) (0.0469) (0.0536) (0.0536) (0.0308) (0.0404) (0.0234) (0.0351) (0.0329) (0.0510)

bofa60 0.0117 −0.1366∗ −0.0293 −0.0122 0.0333 −0.0319 −0.0065 0.0040 −0.0492 −0.0141
(0.0330) (0.0807) (0.0998) (0.0409) (0.0458) (0.0714) (0.0254) (0.0350) (0.0392) (0.0353)

bofa120 −0.0286 0.0598 −0.0026 −0.0817 −0.0862 0.0515 −0.0379 −0.0264 −0.0267 −0.0764
(0.0461) (0.0641) (0.1670) (0.0543) (0.0658) (0.1295) (0.0302) (0.0299) (0.0594) (0.0530)

citi20 −0.0087 0.1065∗ −0.0113 −0.0109 0.0173 −0.0005 −0.0265 −0.0021 0.0107 −0.0220
(0.0316) (0.0631) (0.0609) (0.0510) (0.0480) (0.0555) (0.0320) (0.0370) (0.0533) (0.0400)

citi60 0.0290 −0.0909 −0.0207 −0.0489 0.0062 0.0538 0.0633 0.0072 −0.0563 −0.0331
(0.0791) (0.0868) (0.1250) (0.0752) (0.0666) (0.1061) (0.0533) (0.0471) (0.0758) (0.0550)

citi120 −0.0569 0.0011 −0.0150 0.1070 0.0102 −0.0851 −0.0062 0.0400 0.0587 0.0657
(0.0757) (0.1075) (0.1445) (0.0920) (0.0818) (0.1284) (0.0509) (0.0710) (0.0909) (0.0779)

jpm20 −0.0068 −0.0695∗ −0.0489 −0.0655∗∗ −0.0312 −0.0354 −0.0134 −0.0413∗ −0.0684∗ −0.0597∗

(0.0284) (0.0373) (0.0531) (0.0314) (0.0277) (0.0489) (0.0233) (0.0246) (0.0377) (0.0332)
jpm60 −0.0567 0.0908 0.1405 0.0395 −0.0443 0.0849 −0.0041 0.0258 0.1876∗ 0.1149

(0.0685) (0.0798) (0.1767) (0.0628) (0.0673) (0.1497) (0.0417) (0.0569) (0.1049) (0.0990)
jpm120 0.1434 −0.0326 −0.0130 0.0363 0.1112 0.0056 0.0285 −0.0036 −0.0097 0.0024

(0.0912) (0.0739) (0.2282) (0.0650) (0.0682) (0.1780) (0.0404) (0.0511) (0.0629) (0.0684)

Observations 2,970 2,970 2,970 2,970 2,970 2,970 2,970 2,970 2,970 2,970
Adjusted R2 0.9351 0.8983 0.9166 0.9230 0.9191 0.9135 0.8970 0.9052 0.9184 0.9020

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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4.3.4 Connectedness of CDS dealers: the Diebold-Yilmaz

approach

After analyzing contagion within different parts of the CDS financial network, we

now turn to investigate the contagion risk for the CDS financial network as a

whole. For this purpose, we run a forecast error variance decomposition accord-

ing to Diebold and Yilmaz (2009, 2012). This allows us to attribute different parts

of the forecast error variance of one CDS dealer time series to the time series of

the other CDS dealers. We use the forecast error variance of a vector autoregres-

sive model with a 20-day period forecast. This allows us to compute the variance

decomposition matrix that reflects the spillover effects from one variable to other

variables and vice versa. Finally, we add up all spillover effects across all entities in

both directions separately with and without the diagonal cell values that represent

the autoregressive effects. If we divide the sum of the spillover effects to other vari-

ables (NET) by the sum of all spillover effects including the autoregressive effects

(GROSS), we obtain one measure for the connectedness of all entities within the

CDS financial network. This value indicates in percent how much of the variance

within the CDS financial system can be attributed to spillover effects: the so-called

spillover index. We compute spillover tables and corresponding spillover indices for

CDS returns and 20-day CDS return volatilities and for the pre- and post-clearing

period separately. The four spillover tables are displayed in Table 4.3.4. We provide

the spillover index values below the corresponding tables.

Table 4.3.4 shows that the spillover index value decreases from the pre-clearing

period to the post-clearing period by nine percentage points in both specifications.

In line with our findings from the previous sections, this result implies that central

clearing seems to reduce contagion risk within the CDS dealer network.
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4.3. EMPIRICAL ANALYSIS

4.3.5 The effect of contagion risk on CDS premia prior to

and after the introduction of central clearing

In this section, we analyze whether contagion risk exhibits an impact on CDS premia

and whether this impact changes with the beginning of central clearing. Previous

literature shows that direct counterparty risk affects pricing behavior or counterparty

choice on the CDS market (Arora et al., 2012; Morkoetter et al., 2012; Loon and

Zhong, 2014; Kaya, 2016; Du et al., 2019; Kroon and van Lelyveld, 2018; Molleyres,

2018). We consider contagion risk as indirect counterparty risk which may also

have an impact on CDS premia. Even though the direct counterparty may initially

be of high creditworthiness, high contagion risk and high default risk dependence

within the network of CDS market participants may erode the creditworthiness of

this counterparty through its trading relationships with other, less creditworthy

counterparties. The creditworthiness of a market participant’s counterparties and

the resulting default risk correlation within the CDS financial network may not be

contained in the pricing of direct counterparty risk. Therefore, we test whether

contagion risk exhibits an impact on CDS premia by regressing CDS mid quotes on

the average G14 dealer correlation by estimating the following model:

cds midi,t = α + β1 ∗ CCPi,t + β2 ∗ mean corr G14t

+ β3 ∗ CCPi,t ∗ mean corr G14t

+ ζ ∗ Xi,t + γt + δi + εi,t

(4.6)

cds midi,t denotes the CDS mid quote for CDS contract i at time t. CCPi,t is

a dummy variable which takes the value of one when a contract becomes eligible

for central clearing. mean corr G14t is the average pairwise CDS return correlation

across all G14 dealers at time t. Our variable of interest is the interaction between

CCPi,t and mean corr G14t which allows us to examine how the effect of contagion

risk on CDS premia changes with the introduction of central clearing. Additionally,

we run model (4.6) for the pre-clearing period and post-clearing period separately

without interaction term and compare the loading on the coefficient mean corr G14t

in both specifications.

Xi,t contains control variables for company-specific risk, arbitrage relationships

and liquidity spillovers derived from previous studies (Tang and Yan, 2007; Oehmke

and Zawadowski, 2017): the reference entity’s option implied stock volatility (stock -

vola), market capitalization (market cap), leverage factor (leverage) and CDS-bond
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basis (arbitrage). Furthermore, we include a dummy variable that becomes 1 if

the CDS bond-basis is negative (neg basis), the Amihud illiquidity ratio of the ref-

erence entity’s stock (amihud ratio), and trading volume on the reference entity’s

bonds (bond trading) and option contracts (option trading). δi and γt are sector and

quarter fixed effects. We cluster standard errors by sector and quarter. Results for

Equation (4.6) are given in Table 4.3.5.

Table 4.3.5: Pre- and post-clearing effect of contagion risk on CDS premia
The table shows results for regression (4.6), the regression of CDS premia on the average 60-
day CDS return Pearson correlation of the G14 CDS dealers prior to and after the introduction
of central clearing. Model (1) uses an interaction term between CCP, a dummy variable which
takes the value of 1 if a contract is eligible for central clearing, and mean corr G14, the daily
average pairwise 60-day CDS return Pearson correlation across all possible pairs of the G14 CDS
dealers. For the results of model (2) and (3), we split our sample into the pre-clearing period
and the post-clearing period and run regression (4.6) on these samples separately. As controls,
we use the option implied stock volatility (vola), market capitalization (market cap), leverage
(leverage), stock Amihud illiquidity ratio (Amihud ratio). bond trading volume (bond trading),
option trading volume (option trading), the size of the CDS-bond basis, and a dummy for the
existence of a negative CDS-bond basis (neg basis). We include industry and quarter fixed effects.
We cluster standard errors by industry and quarter. In parentheses, we display standard errors
which are computed according to Arellano (1987).

Dependent variable:

log(cds mid)
full pre post

(1) (2) (3)

CCP weekly 0.021
(0.174)

mean corr G14 −0.037 −0.092 −0.058
(0.319) (0.266) (0.377)

stock vola 0.020∗∗∗ 0.018∗∗∗ 0.020∗∗∗

(0.004) (0.004) (0.005)
market cap −0.004∗∗∗ −0.004∗∗∗ −0.004∗∗∗

(0.001) (0.001) (0.001)
leverage 0.001∗∗∗ 0.001∗∗∗ 0.001∗

(0.001) (0.0005) (0.001)
neg basis 1.097∗∗∗ 0.013 1.171∗∗∗

(0.415) (0.072) (0.379)
arbitrage 0.00000 −0.00003 0.00000

(0.00001) (0.00004) (0.00001)
amihud ratio 0.027 0.060∗ 0.053∗∗∗

(0.020) (0.036) (0.008)
bond trading 0.002∗∗∗ 0.003∗∗∗ 0.002

(0.001) (0.001) (0.001)
option trading 0.0001 0.0001 0.0001

(0.0001) (0.0001) (0.0001)
CCP weekly:mean corr G14 −0.160

(0.377)

Industry FE YES YES YES
Quarter FE YES YES YES
F Statistics 909.5318 366.5283 811.2362
Observations 22,325 10,882 11,443
Adjusted R2 0.675 0.602 0.757

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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Table 4.3.5 displays results for the effect of contagion risk on CDS premia. We

see no statistically significant coefficient of mean corr G14t in all specifications, and

the interaction term in specification (1) is also not statistically significant. This

leads to the conclusion that contagion risk on the CDS market does not affect the

pricing behavior of CDS market participants. This implies that central clearing

may not be considered as a necessary addition to the CDS market by CDS market

participants from the perspective of contagion risk although CCPs seem to reduce

contagion risk among CDS dealers as the previous sections show.

4.4 Robustness tests

In this section, we present several robustness checks that shall rule out any major

misspecifications in our original model. In a first robustness check, we perform

the same time series methods on our dataset and the corresponding subsamples in

calendar time instead of event time. Our original models are not able to determine

the direction of causality between central clearing and contagion risk. A reduction

in contagion risk could also have foregone the introduction of central clearing. CDS

positions have been in decline already for over a decade now and this reduction in

mutual exposures loosens the link between the CDS market participants and makes

their individual default risk more independent of the default risk of other market

participants. Central clearing may be a regulatory response to this decline in CDS

trading activity in order to revive market liquidity and to remain the economic

function of the CDS market. Consequently, the introduction of central clearing may

simply coincide or even result from this contagion risk decline. This is why we

analyze whether contagion risk declines principally during our observation period

so that our findings may be just a result of this general trend in contagion risk

reduction within the CDS financial network. If we do not find a similar decrease

of contagion risk among the G14 dealers over time as our findings suggest, we are

confident that our data manipulation and the time series methodologies used in the

previous section are suitable methods to identify the specific effect of CDS central

clearing on contagion risk among CDS market participants.

In a second robustness check, we test whether our findings may be the result of

other sources of contagion risk. In order to capture contagion risk that arises specif-

ically from the CDS market relationships between the G14 dealers, we weight the

original time series by the individual CDS market share of each CDS dealers accord-

ing to the OCC statistics (as described in section 4.2.2). In our second robustness
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check, we perform the same tests as in the previous chapter using the unweighted

time series. If the results are virtually identical to those of the previous section, our

results do not seem to capture the CDS market-specific contagion risk.

Finally, we back up our results from the CDS data by performing the same tests

using stock market data. CDS data may be affected by the introduction of central

clearing themselves and therefore distort the results. Although stock prices do not

indicate the default risk of a company as pure as CDS spreads, theoretical and em-

pirical studies show its relation to company-specific probability of default (Merton,

1973, 1974; Clare and Priestley, 2002; Byström, 2004; Vassalou and Xing, 2004;

Carr and Linetsky, 2006; Carr and Wu, 2009; Carr and Medan, 2010). Therefore,

we hypothesize that the results should be similar when performing the same tests

with stock market data and may provide evidence that our baseline models with

CDS data are not subject to a major bias due to the effect of central clearing on the

CDS spread time series.

4.4.1 Analysis of contagion risk within the CDS dealer net-

work in calendar time

In this section, we analyze how the contagion risk among the G14 CDS dealer

network develops along calendar time. If contagion risk changes over time to a

similar extent as our results attribute to the introduction of central clearing, our

initial results may be misleading. For this purpose, we divide our sample into two

parts which roughly correspond to 50% of the sample size and observation period.

The date at which we split the sample is July 1st 2013. Similar to splitting our

sample into pre-clearing and post-clearing period in the previous chapter, we now

split our sample into two parts before and after July 1st 2013.

If our initial results are driven by a global time trend in terms of contagion risk

that may have even caused the introduction of central clearing, we should see very

similar results when performing the same tests along calendar time. In order to be

able to compare our results, we perform the same tests as in the previous chapter by

examining cointegration relationships, Granger causality, volatility spillover effects,

and CDS dealer connectedness for the same subsets of G14 dealers as in the previous

section.

First, we examine whether the extent to which CDS spread time series of the

G14 CDS dealers are cointegrated changes over time. Table 4.4.1 displays results
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on the cointegration of the CDS spread time series of the G5 (peripheral) dealers

for the period before and after July 1st 2013 in its Panels A (B) and C (D).

Panel A of Table 4.4.1 shows that we can reject the null hypothesis of no coin-

tegration between the G5 dealers for the period before July 1st 2013 at only the

10% significance level. Panel B of Table 4.4.1 suggests that we cannot reject the

null hypothesis of no cointegration at any conventional significance levels. For the

subset of peripheral dealers, we cannot reject the null hypothesis of no cointegration

between five or more peripheral dealers at the 5% significance level for the period

before July 1st 2013. For the period from July 1st 2013 onwards, we cannot reject

the null hypothesis of no cointegration for only two peripheral dealers at the 10%

significance level. The results of the cointegration tests indicate that contagion risk

among the G5 CDS dealers has been persistently low during our observation period

without any major changes.

Table 4.4.1: Cointegration test (calendar time)
This table shows cointegration tests on CDS spread time series for CDS core and periphery dealers
separately prior to and after July 1st 2013. We test cointegration by the maximum eigenvalue
test statistic and allow for a constant term in the cointegration relationship. The number of
lags is determined by the Akaike Information Criterion. Panel A (Panel B) shows results on the
cointegration of CDS spread time series of the five largest CDS dealers (G5) prior to (after) July
1st 2013. Panel C (Panel D) shows results on the cointegration of CDS spread time series of the
remaining nine CDS dealers (periphery) prior to (after) July 1st 2013. Green- (red-)colored values
are (not) exceeded by the test statistic and (do not) lead to a rejection of the null hypothesis of
no cointegration on the corresponding level of statistical significance.

Panel A: G5 - Pre July 2013

test stat 10pct 5pct 1pct
r¡=4 4.83 7.52 9.24 12.97
r¡=3 6.17 13.75 15.67 20.20
r¡=2 16.28 19.77 22 26.81
r¡=1 23.17 25.56 28.14 33.24
r=0 32.88 31.66 34.4 39.79

Panel B: G5 - Post July 2013

test stat 10pct 5pct 1pct
r¡=4 5.20 7.52 9.24 12.97
r¡=3 8.79 13.75 15.67 20.20
r¡=2 13.94 19.77 22.00 26.81
r¡=1 16.98 25.56 28.14 33.24
r=0 27.68 31.66 34.40 39.79

Panel C: Periphery - Pre July 2013

test stat 10pct 5pct 1pct
r¡=8 3.73 7.52 9.24 12.97
r¡=7 9.07 13.75 15.67 20.2
r¡=6 10.89 19.77 22 26.81
r¡=5 16.60 25.56 28.14 33.24
r¡=4 27.06 31.66 34.4 39.79
r¡=3 44.17 37.45 40.3 46.82
r¡=2 61.75 43.25 46.45 51.91
r¡=1 71.64 48.91 52 57.95
r=0 108.18 54.35 57.42 63.71

Panel D: Periphery - Post July 2013

test stat 10pct 5pct 1pct
r¡=8 3.00 7.52 9.24 12.97
r¡=7 8.66 13.75 15.67 20.20
r¡=6 11.64 19.77 22 26.81
r¡=5 13.57 25.56 28.14 33.24
r¡=4 18.40 31.66 34.4 39.79
r¡=3 24.00 37.45 40.3 46.82
r¡=2 30.39 43.25 46.45 51.91
r¡=1 50.12 48.91 52 57.95
r=0 54.37 54.35 57.42 63.71
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Contagion risk among peripheral CDS dealers may have slightly decreased during

our observation period as Panel C and Panel D show. Considering the negligible

change in contagion risk over time, it is unlikely that the results of the cointegration

test in the previous chapter can be explained to a significant extent by a global

change in the cointegration of the CDS spread time series of the G14 dealers during

our observation period.

Second, we analyze Granger causality between the 20-day CDS return volatility

time series of G5 CDS dealers and peripheral CDS dealers along calendar time.

Panels A-F of Table 4.4.2 display F statistics and p values of bi- and multivariate

Granger causality tests for the period before and after July 1st 2013 similar to Table

4.3.2.

Out of twenty Granger-causal relationships among CDS core dealers, Panel A

of Table 4.4.2 shows nine Granger-causal relationships that are statistically signif-

icant at least at 5% level in the period before July 1st 2013. For the post-clearing

period, Panel B of Table 4.4.2 reports seven Granger-causal relationships that are

statistically significant at least at the 5% level.

Looking at the results on the multivariate Granger-causal relationships for the

G5 dealers in Panel C and Panel D, we find that three of the G5 dealers CDS

return volatility time series seem to be Granger-caused by all respective remaining

G5 dealers in the pre-clearing period. For the post-clearing period, two G5 dealers’

CDS return time series are Granger-caused by the respective remaining G5 dealers.

For the peripheral dealers, we cannot reject the null hypothesis of no Granger

causality for all dealers in the pre-clearing period but can reject the null hypothesis

for all dealers in the post-clearing period at a significance level of 1%.

These results indicate that contagion risk among the G5 CDS dealers has slightly

decreased over time. However, the effect seems to be very small compared to our

baseline results, especially since all coefficients are highly significant for the pre-

clearing period whereas already around 50% of the coefficients are not statistically

significant at the 5% level for the period before July 1st 2013. Contagion risk among

peripheral dealers seems to have strongly increased over time. These results seem to

imply that the two different time series capture very different effects on contagion

risk that do not seem to overlap to a larger extent. Instead, these results make us

confident that centering our time series around one central clearing eligibility event

creates time series that are not affected by global contagion risk time trends.

Third, we run the ADL model along the calendar time dimension in order to

examine whether volatility spillover from the three largest CDS dealers to the re-

128



4.4. ROBUSTNESS TESTS

maining dealers of the network changes during our observation period. Panel A of

Table 4.4.3 displays results of the ADL model for the period before July 1st 2013

and Panel B of Table 4.4.3 for the period after July 1st 2013.

Table 4.4.2: Granger causality test (calendar time)
This table shows bi- and multivariate Granger causality tests on CDS return volatility time series
for CDS core and periphery dealers separately prior to and after July 1st 2013. Panel A (Panel
B) shows results on bivariate Granger causality tests according to regression (4.3) on pairs of log
realized 20-day CDS return volatilities among the five largest CDS dealers prior to (after) June
30th 2013. Panels C/E (Panel D/F) show results on multivariate Granger causality tests among
G5/peripheral dealers for the period before (after) July 1st 2013. The number of lags included is
selected according to the Akaike Information Criterion under the assumption of a constant and a
time trend in the VAR model.

Panel A: G5 - Pre July 2013 (bivar.)

Variables F statistic p-value
HSBC - BOFA 0.78 0.51
BOFA - HSBC 0.05 0.82
HSBC - CINC 1.54 0.20
CINC - HSBC 2.50 0.01
HSBC - JPM 2.41 0.07
JPM - HSBC 2.57 0.01
HSBC - GS 20.32 0.00
GS - HSBC 1.52 0.22
BOFA - CINC 5.52 0.02
CINC - BOFA 1.74 0.08
BOFA - JPM 0.01 0.92
JPM - BOFA 2.62 0.01
BOFA - GS 0.57 0.45
GS - BOFA 0.05 0.82
CINC - JPM 1.98 0.05
JPM - CINC 2.76 0.01
CINC - GS 0.83 0.58
GS - CINC 5.26 0.02
JPM - GS 5.72 0.00
GS - JPM 0.40 0.53

Panel B: G5 - Post July 2013 (bivar.)

Variables F statistic p-value
HSBC - BOFA 0.78 0.64
BOFA - HSBC 1.19 0.30
HSBC - CINC 0.84 0.59
CINC - HSBC 2.33 0.01
HSBC - JPM 0.63 0.79
JPM - HSBC 1.67 0.13
HSBC - GS 1.01 0.44
GS - HSBC 3.21 0.00
BOFA - CINC 4.99 0.00
CINC - BOFA 4.61 0.00
BOFA - JPM 1.37 0.20
JPM - BOFA 0.68 0.67
BOFA - GS 1.36 0.21
GS - BOFA 4.44 0.00
CINC - JPM 0.90 0.53
JPM - CINC 2.36 0.03
CINC - GS 0.84 0.59
GS - CINC 3.18 0.00
JPM - GS 1.35 0.23
GS - JPM 1.27 0.25

Panel C: G5 - Pre July 2013 (multivar.)

Variables F statistic p-value
HSBC 6.20 0.00
BOFA 0.72 0.99
CINC 1.50 0.00
JPM 1.68 0.00
GS 0.86 0.84

Panel D: G5 - Post July 2013 (multivar.)

Variables F statistic p-value
HSBC 0.62 1.00
BOFA 1.52 0.00
CINC 1.71 0.00
JPM 0.85 0.84
GS 1.02 0.44

Panel E: Periphery - Pre July 2013 (multivar.)

Variables F statistic p-value
BNP 0.86 0.93
WF 0.70 1.00
SC 0.90 0.86
BC 0.84 0.96
DB 0.92 0.81
LCL 0.88 0.92
UBS 0.86 0.94
MS 0.88 0.91
CS 0.87 0.92

Panel F: Periphery - Post July 2013 (multivar.)

Variables F statistic p-value
BNP 6.44 0.00
WF 18.18 0.00
SC 7.13 0.00
BC 5.64 0.00
DB 6.49 0.00
LCL 12.52 0.00
UBS 10.71 0.00
MS 13.67 0.00
CS 13.53 0.00
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Table 4.4.3: CDS return volatility spillover analysis (calendar time)
This table shows results for regression (4.5), the CDS return volatility spillover analysis from
CDS core dealers to peripheral dealers. We use the 20-day log realized CDS return volatility of
peripheral dealers as dependent variables in the different models 1-10. As independent variables,
we use the lagged 20-, 60-, and 120-day log realized CDS return volatilities of the three largest
CDS dealers: JP Morgan, Citibank, and Bank of America. We also include the corresponding
autoregressive terms of the 20-, 60-, and 120-day log realized CDS return volatility (not reported).
In this specification, we split our sample into a period before and after July 1st 2013 and show
corresponding results in Panel A and Panel B. In parentheses, we display Newey-West standard
errors.

Panel A: Pre July 2013

Dependent variable:

HSBC WF SG BC DB LCL GS MS UBS CS

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

bofa20 −0.0036 −0.0412 −0.0216 −0.0285 −0.0184 −0.0215 −0.0291∗∗ −0.0457 −0.0216 −0.0308
(0.0041) (0.0876) (0.0521) (0.0473) (0.0488) (0.0525) (0.0139) (0.0557) (0.0527) (0.0500)

bofa60 −0.0056 0.5604 0.2994 0.3271 0.2673 0.3155 0.0524 0.3537 0.3204 0.3129
(0.0183) (0.6295) (0.3071) (0.3082) (0.2867) (0.3143) (0.0393) (0.3234) (0.3134) (0.3118)

bofa120 0.0220 −0.3385 −0.0737 −0.1221 −0.0695 −0.1060 0.0558 −0.1052 −0.1023 −0.0786
(0.0183) (0.4969) (0.1667) (0.1758) (0.1592) (0.1704) (0.0478) (0.1763) (0.1741) (0.1730)

citi20 0.0183 0.1205 0.0939 0.0908 0.0817 0.0855 0.1524∗∗∗ 0.1895∗ 0.0928 0.1067
(0.0117) (0.1875) (0.1294) (0.1097) (0.1253) (0.1111) (0.0326) (0.1082) (0.1106) (0.1076)

citi60 −0.0448 −0.8132 −0.3953 −0.4034 −0.3608 −0.4168 −0.2199∗∗∗ −0.4694 −0.4029 −0.4035
(0.0305) (0.8293) (0.4777) (0.4625) (0.4635) (0.4752) (0.0843) (0.4330) (0.4463) (0.4509)

citi120 0.0394∗ 0.8865 0.4127 0.4589 0.4051 0.4651 0.0961∗∗ 0.4509 0.4344 0.4122
(0.0224) (1.0179) (0.5145) (0.5059) (0.5153) (0.5195) (0.0476) (0.4806) (0.4871) (0.4921)

jpm20 0.0111 0.1157 0.1197 0.0970 0.1575 0.0667 −0.0782∗ 0.0159 0.0437 0.0849
(0.0234) (0.1740) (0.1130) (0.0960) (0.1233) (0.0935) (0.0416) (0.0922) (0.0873) (0.1006)

jpm60 0.0444 −0.8791 −0.6742 −0.6379 −0.6510 −0.6333 0.1389 −0.6524 −0.6139 −0.6661
(0.0284) (0.9124) (0.5428) (0.5112) (0.5133) (0.5223) (0.0901) (0.5746) (0.5380) (0.5290)

jpm120 −0.0858∗∗∗ 0.7863 0.6724 0.6356 0.6199 0.6452 −0.1639∗ 0.6532 0.6064 0.6431
(0.0316) (1.2706) (0.6331) (0.6049) (0.5976) (0.5923) (0.0923) (0.6166) (0.6085) (0.6102)

Observations 1,025 1,025 1,025 1,025 1,025 1,025 1,025 1,025 1,025 1,025
Adjusted R2 0.9545 0.8969 0.8994 0.8995 0.8998 0.8990 0.9417 0.8990 0.8999 0.9008

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Panel B: Post July 2013

Dependent variable:

HSBC WF SG BC DB LCL GS MS UBS CS

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

bofa20 0.0388 −0.0095 0.0692 0.0230 0.0360 −0.0061 0.0599 −0.0209 0.1050∗ 0.0463
(0.0694) (0.0517) (0.0704) (0.1031) (0.0636) (0.0975) (0.0388) (0.0669) (0.0591) (0.0792)

bofa60 −0.0086 −0.1820 −0.1277 −0.1065 −0.1153 −0.0274 −0.0650 −0.1612 −0.2588∗∗ −0.2238
(0.1094) (0.1202) (0.1524) (0.1843) (0.1503) (0.1781) (0.0870) (0.1509) (0.1223) (0.1438)

bofa120 0.1086 0.2141 0.2305 0.1802 0.3238 0.0494 0.0959 0.3043 0.2855 0.2978
(0.1895) (0.1924) (0.2904) (0.3815) (0.3082) (0.2786) (0.1326) (0.3117) (0.2224) (0.2650)

citi20 −0.0147 −0.0255 −0.0140 −0.0440 −0.0120 0.0291 0.0171 0.0084 −0.0926∗ −0.0487
(0.0558) (0.0363) (0.0753) (0.0797) (0.0594) (0.0743) (0.0258) (0.0467) (0.0547) (0.0546)

citi60 −0.0644 0.1383 −0.0264 0.0054 −0.0240 −0.1186 −0.0298 0.0942 0.1883 0.1288
(0.0929) (0.1102) (0.1438) (0.1762) (0.1289) (0.1683) (0.0693) (0.1324) (0.1213) (0.1281)

citi120 −0.1126 −0.1950 −0.2344 −0.0992 −0.2894 −0.0201 −0.0150 −0.2452 −0.3137 −0.2858
(0.1791) (0.2169) (0.2794) (0.3858) (0.2931) (0.3263) (0.1079) (0.3108) (0.2483) (0.2832)

jpm20 0.0018 0.2898∗ 0.1377 0.2065 0.2165∗ 0.2232∗ −0.0450 0.2832 0.2200∗ 0.2540∗

(0.0478) (0.1732) (0.1166) (0.1268) (0.1141) (0.1233) (0.0382) (0.1800) (0.1181) (0.1422)
jpm60 0.0001 −0.1882 0.0419 −0.0672 −0.0170 0.0501 0.0200 −0.1842 −0.1526 −0.1074

(0.0749) (0.1301) (0.1370) (0.1256) (0.0989) (0.1226) (0.0618) (0.1426) (0.1240) (0.1115)
jpm120 0.1094 0.1794 0.0681 −0.0334 −0.0023 −0.0933 −0.0008 0.1040 0.1486 0.1143

(0.1044) (0.2019) (0.1792) (0.1739) (0.1476) (0.1564) (0.0626) (0.1804) (0.1490) (0.1470)

Observations 1,141 1,141 1,141 1,141 1,141 1,141 1,141 1,141 1,141 1,141
Adjusted R2 0.9451 0.9266 0.9336 0.9515 0.9327 0.9396 0.9428 0.9356 0.9240 0.9301

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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4.4. ROBUSTNESS TESTS

In this specification, we see rather similar results to those in our baseline specifi-

cation. We observe four statistically significant coefficients in the pre-clearing period,

two of them for the short-term risk of core dealers. In the post-clearing period, we

observe only one statistically significant mid-term risk coefficient. If we consider

also coefficients that are statistically significant at the 10% level, the number stays

constant from the pre-clearing period to the post-clearing period (8). Although the

results do not allow us to completely rule out that our baseline findings are caused

by declining contagion risk between core and peripheral dealers over time, they do

not provide evidence for a strong declining contagion risk time trend.

Last, we compute spillover tables according to Diebold and Yilmaz (2009) and

Diebold and Yilmaz (2012) along calendar time again using CDS return and CDS

return volatility time series. Also in these specifications, we see an increase in the

connectedness within the CDS dealer network during our observation period. This

indicates that our results in the previous chapter are not driven by a general trend

in decreasing CDS dealer connectedness during our observation period.

In conclusion, we do not see any effects in the decrease of contagion risk within

the CDS dealer network along calendar time that are even close to being comparable

with our baseline results from the previous section. Instead, we rather see an increase

of contagion risk in our measures along calendar time or no significant change at

all. This makes us confident that our initial results are not distorted by a global

contagion risk time trend or the results of reverse causality. In order for both cases

to be possible, we should observe a decrease in the contagion risk measures along

calendar time that is similar to the decrease in the contagion risk measures that we

attribute to the introduction of central clearing in the previous section. As this is

not the case, our methodology seems to allow us to capture the contagion risk that

arises specifically from the CDS market.
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4.4.2 Unweighted CDS time series

In this section, we perform the test on cointegration relationships, Granger causality,

volatility spillover models and CDS dealer connectedness as in the previous chapter

but using unweighted CDS time series. This may indicate whether we are able to

capture the CDS market-specific contagion risk component in our baseline specifica-

tions by weighting our original time series with the individual CDS market share of

the corresponding CDS dealer. More specifically, any substantially different findings

in terms of the economic size or direction of the effect may make us confident that

the weighting of the original time series leads to a data input that represents the

dynamics within the CDS financial network more accurately.

First, we perform the cointegration test using unweighted CDS spread data.

Again, we use the CDS time series of the five largest CDS dealers according to the

OCC statistics and of the remaining peripheral dealers in separate analyses. The

results of the cointegration test using the unweighted CDS spread time series of the

G5 (peripheral) dealers for the pre-clearing period are given in Panel A (C) of Table

4.4.5 and for the post-clearing period in Panel B (D) of Table 4.4.5.

Panel A of Table 4.4.5 shows that we can reject the null hypothesis that three

or fewer unweighted CDS spread time series of the G5 dealers are not cointegrated

at a significance level of 1%. For the post-clearing period (Panel B), we cannot

reject the null hypothesis of no cointegration for all of the CDS spread time series.

For the peripheral dealers, Panel C of Table 4.4.9 shows that we can reject the null

hypothesis of no cointegration for eight out of nine unweighted CDS spread time

series for the pre-clearing period. For the post-clearing period, Panel D of Table

4.4.9 displays that we can reject the null hypothesis of no cointegration for only two

of the unweighted CDS spread time series of the peripheral dealers.

In this analysis, we see a slightly larger decrease in contagion risk indicated by

the cointegration tests using unweighted CDS spreads as for the cointegration tests

using weighted CDS spreads. Unweighted CDS time series treat all CDS dealers as

equally influential on contagion risk. This may overweight trading relationships of

low systemic importance and underweight trading relationships with high systemic

importance. This is why it may not be surprising to observe a stronger effect of

central clearing on contagion risk using the unweighted CDS time series.

In another robustness check, we perform the Granger causality test using the

20-day unweighted CDS return volatility time series of the G5 CDS dealers and
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Table 4.4.5: Cointegration test (unweighted time series)
This table shows cointegration tests on unweighted CDS spread time series for CDS core and pe-
riphery dealers separately prior to and after the introduction of central clearing. We test cointegra-
tion by the maximum eigenvalue test statistic and allow for a constant term in the cointegration
relationship. The number of lags is determined by the Akaike Information Criterion. Panel A
(Panel B) shows results on the cointegration of CDS spread time series of the five largest CDS
dealers prior to (after) the introduction of central clearing. Panel C (Panel D) shows results on
the cointegration of CDS spread time series of the remaining nine peripheral CDS dealers prior
to (after) the introduction of central clearing. Green- (red-)colored values are (not) exceeded by
the test statistic and (do not) lead to a rejection of the null hypothesis of no cointegration on the
corresponding level of statistical significance.

Panel A: G5 - Pre-clearing

test stat 10pct 5pct 1pct
r¡=4 9.89 7.52 9.24 12.97
r¡=3 12.60 13.75 15.67 20.2
r¡=2 40.46 19.77 22.00 26.81
r¡=1 118.31 25.56 28.14 33.24
r=0 235.64 31.66 34.40 39.79

Panel B: G5 - Post-clearing

test stat 10pct 5pct 1pct
r¡=4 2.56 7.52 9.24 12.97
r¡=3 4.87 13.75 15.67 20.2
r¡=2 17.87 19.77 22 26.81
r¡=1 24.69 25.56 28.14 33.24
r=0 37.90 31.66 34.4 39.79

Panel C: Periphery - Pre-clearing

test stat 10pct 5pct 1pct
r¡=8 1.65 7.52 9.24 12.97
r¡=7 15.92 13.75 15.67 20.2
r¡=6 21.21 19.77 22 26.81
r¡=5 30.37 25.56 28.14 33.24
r¡=4 47.62 31.66 34.4 39.79
r¡=3 111.76 37.45 40.3 46.82
r¡=2 198.52 43.25 46.45 51.91
r¡=1 282.69 48.91 52 57.95
r=0 337.20 54.35 57.42 63.71

Panel D: Periphery - Post-clearing

test stat 10pct 5pct 1pct
r¡=8 4.06 7.52 9.24 12.97
r¡=7 4.60 13.75 15.67 20.2
r¡=6 7.62 19.77 22 26.81
r¡=5 10.90 25.56 28.14 33.24
r¡=4 17.77 31.66 34.4 39.79
r¡=3 24.73 37.45 40.3 46.82
r¡=2 27.06 43.25 46.45 51.91
r¡=1 49.78 48.91 52 57.95
r=0 70.55 54.35 57.42 63.71

peripheral dealers as data input. The results on the bi- and multivariate Granger

causality tests are displayed in Table 4.4.6.

Panel A (Panel B) of Table 4.4.6 displays F statistics and p values for the bivari-

ate Granger causality tests across the five largest CDS dealers in the pre- (post-)

clearing period using 20-day unweighted CDS return volatility time series as data in-

put. As in our initial results, all Granger-causal relationships are statistically highly

significant for the pre-clearing period. For the post-clearing period, we observe four

Granger-causal relationships becoming statistically insignificant at the 5% level. For

the multivariate Granger causality tests, all Granger-causal relationships are statis-

tically highly significant for the pre-clearing period. Panel D of Table 4.4.6 shows

that this does not change for the post-clearing period.

The results for the peripheral dealers in Panel E and Panel F are comparable

to our baseline results, as all Granger-causal relationships are statistically highly

significant for the pre-clearing period, and eight out of nine Granger-causal rela-

tionships are statistically highly significant for the post-clearing period. According
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to the Granger causality tests using the unweighted CDS return volatility time se-

ries, contagion risk among CDS dealers does not seem to change strongly from the

pre-clearing to the post-clearing period. This is contrary to our results with the

weighted CDS time series which may be able to provide a more detailed picture for

the CDS financial network.

Third, we perform the ADL model using unweighted CDS return volatilities in

order to test our results on contagious effects from core dealers to peripheral dealers

in the CDS market for robustness. The results of the ADL model are displayed in

Table 4.4.7. Compared to our initial model using the CDS data input, we see more

statistically significant effects of any of the three core dealers’ short-term risk on

the short-term risk of peripheral dealers for the pre-clearing period. The number of

statistically significant coefficients at least at the 5% level decreases from twelve to

eight from the pre-clearing period to the post-clearing period. Again, the contagious

effects that we find using the unweighted CDS time series seem to be structurally

larger compared to the weighted CDS time series. This may point to our expectation

that weighting our original time series by the dealer-specific CDS market share allows

us to isolate the CDS market-specific contagion risk more accurately.

In the Diebold-Yilmaz framework using the unweighted CDS returns and CDS

return volatilities of CDS dealers, we find a slight increase in the connectedness of

CDS dealers by 0.01 and 0.04 respectively. This is contrary to our baseline results

that report a decrease in CDS dealer connectedness.

In conclusion, we cannot observe a consistent effect of central clearing on the

different contagion risk measures using the unweighted CDS spread time series. We

observe a stronger decrease of contagion risk following the introduction of central

clearing according to the cointegration tests and volatility spillover models, no sig-

nificant changes for the Granger causality tests and even slight increases according

to the volatility spillover tables. Based on these results, we claim that the CDS time

series, weighted by the CDS market share in terms of outstanding positions, repre-

sent a substantially different contagion risk dynamic than the unweighted CDS time

series. We are confident that the different contagion risk dynamic in the weighted

CDS time series represents the CDS market-specific contagion risk more accurately

due to the incorporation of the CDS financial network trading relationships into the

CDS time series.

136



4.4. ROBUSTNESS TESTS

Table 4.4.6: Granger causality test (unweighted time series)
This table shows bi- and multivariate Granger causality tests on unweighted CDS return volatility
time series for CDS core and periphery dealers separately prior to and after the introduction of
central clearing. Panel A (Panel B) shows results on bivariate Granger causality tests according
to regression (4.3) on pairs of unweighted log realized 20-day CDS return volatilities among core
and peripheral CDS dealers prior to (after) the introduction of central clearing. Panel C/E (Panel
D/F) shows results on multivariate Granger causality tests according to regression (4.4) using the
G5/peripheral dealers’ unweighted log realized 20-day CDS return volatilities prior to (after) the
introduction of central clearing. The number of lags included is selected according to the Akaike
Information Criterion under the assumption of a constant and a time trend in the VAR model.

Panel A: G5 - Pre-clearing (bivar.)

Variables F statistic p-value
HSBC - BOFA 42.98 0.00
BOFA - HSBC 12.99 0.00
HSBC - CINC 138.28 0.00
CINC - HSBC 69.16 0.00
HSBC - JPM 37.31 0.00
JPM - HSBC 49.22 0.00
HSBC - GS 32.61 0.00
GS - HSBC 13.73 0.00
BOFA - CINC 9.98 0.00
CINC - BOFA 77.64 0.00
BOFA - JPM 12.55 0.00
JPM - BOFA 32.54 0.00
BOFA - GS 8.98 0.00
GS - BOFA 24.85 0.00
CINC - JPM 31.57 0.00
JPM - CINC 16.09 0.00
CINC - GS 37.52 0.00
GS - CINC 9.26 0.00
JPM - GS 16.21 0.00
GS - JPM 33.03 0.00

Panel B: G5 - Post-clearing (bivar.)

Variables F statistic p-value
HSBC - BOFA 2.53 0.01
BOFA - HSBC 3.18 0.00
HSBC - CINC 5.09 0.00
CINC - HSBC 2.68 0.00
HSBC - JPM 2.66 0.01
JPM - HSBC 3.40 0.00
HSBC - GS 3.49 0.00
GS - HSBC 1.89 0.05
BOFA - CINC 8.60 0.00
CINC - BOFA 2.46 0.01
BOFA - JPM 9.37 0.00
JPM - BOFA 1.79 0.06
BOFA - GS 1.46 0.17
GS - BOFA 4.44 0.00
CINC - JPM 2.05 0.03
JPM - CINC 4.63 0.00
CINC - GS 1.24 0.26
GS - CINC 8.27 0.00
JPM - GS 0.56 0.83
GS - JPM 6.04 0.00

Panel C: G5 - Pre-clearing (multivar.)

Variables F statistic p-value
HSBC 24.62 0.00
BOFA 10.19 0.00
CINC 23.04 0.00
JPM 20.25 0.00
GS 9.43 0.00

Panel D: G5 - Post-clearing (multivar.)

Variables F statistic p-value
HSBC 2.74 0.00
BOFA 3.37 0.00
CINC 2.08 0.00
JPM 3.94 0.00
GS 3.58 0.00

Panel E: Periphery - Pre-clearing (multivar.)

Variables F statistic p-value
BNP 19.44 0.00
WF 13.84 0.00
SC 12.54 0.00
BC 16.99 0.00
DB 9.73 0.00
LCL 12.45 0.00
UBS 11.21 0.00
MS 15.53 0.00
CS 12.13 0.00

Panel F: Periphery - Post-clearing (multivar.)

Variables F statistic p-value
BNP 1.83 0.00
WF 4.01 0.00
SC 2.33 0.00
BC 1.75 0.00
DB 3.92 0.00
LCL 0.98 0.56
UBS 4.16 0.00
MS 1.82 0.00
CS 2.71 0.00
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Table 4.4.7: CDS return volatility spillover analysis (unweighted time series)
This table shows results for regression (4.5), the unweighted CDS return volatility spillover analysis
from CDS core dealers to peripheral dealers. We use the 20-day log realized unweighted CDS
return volatility of peripheral dealers as dependent variables in the different models 1-10. As
independent variables, we use the lagged 20-, 60-, and 120-day log realized CDS return volatilities
of the three largest CDS dealers: JP Morgan, Citibank, and Bank of America. We also include the
corresponding autoregressive terms of the 20-, 60-, and 120-day log realized CDS return volatility
(not reported). We split our sample into the pre-clearing period and the post-clearing period
and show corresponding results in Panel A and Panel B. In parentheses, we display Newey-West
standard errors.

Panel A: Pre-clearing

Dependent variable:

HSBC WF SG BC DB LCL GS MS UBS CS

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

bofa20 −0.0177 −0.0198 0.0176 0.0045 −0.0299 −0.0046 0.0307 0.0017 −0.0386 0.0014
(0.0145) (0.0350) (0.0177) (0.0230) (0.0257) (0.0192) (0.0244) (0.0125) (0.0237) (0.0217)

bofa60 0.0261 0.0012 −0.0320 −0.0114 0.0337 0.0015 −0.0199 0.0090 0.0727∗ 0.0266
(0.0269) (0.0403) (0.0249) (0.0334) (0.0331) (0.0263) (0.0264) (0.0127) (0.0421) (0.0206)

bofa120 −0.0023 0.0265 0.0123 0.0148 0.0027 −0.0143 0.0031 −0.0157 −0.0355 −0.0096
(0.0201) (0.0343) (0.0140) (0.0195) (0.0465) (0.0164) (0.0245) (0.0145) (0.0235) (0.0138)

citi20 0.0391∗∗∗ 0.0413∗ 0.0285∗ 0.0347∗∗ 0.0548∗∗∗ 0.0239∗∗∗ −0.0143 −0.0032 0.0005 0.0033
(0.0134) (0.0227) (0.0156) (0.0172) (0.0212) (0.0090) (0.0148) (0.0037) (0.0123) (0.0123)

citi60 −0.0300 0.0097 0.0367∗∗ 0.0689 −0.0528∗ −0.0208 0.0047 −0.0079 −0.0687∗ −0.0457∗∗∗

(0.0276) (0.0273) (0.0151) (0.0476) (0.0305) (0.0183) (0.0142) (0.0056) (0.0394) (0.0137)
citi120 −0.0034 −0.0018 −0.0501∗∗∗ −0.0377 0.0181 −0.0073 0.0063 0.0094 0.0355 0.0038

(0.0346) (0.0347) (0.0182) (0.0431) (0.0324) (0.0212) (0.0232) (0.0119) (0.0244) (0.0144)
jpm20 0.0194 −0.0136 0.0063 −0.0029 0.0198 0.0271 0.0024 −0.0020 0.0692∗∗∗ 0.0499∗∗∗

(0.0153) (0.0459) (0.0165) (0.0236) (0.0233) (0.0175) (0.0108) (0.0079) (0.0193) (0.0104)
jpm60 −0.0253 −0.0068 −0.0236 0.0152 −0.0523 −0.0363 −0.0020 −0.0067 −0.0575∗∗ −0.0122

(0.0185) (0.0455) (0.0265) (0.0377) (0.0321) (0.0239) (0.0274) (0.0124) (0.0269) (0.0132)
jpm120 0.0575∗∗ 0.1023 0.0449 0.0172 0.0760∗ 0.0818∗∗ −0.0132 0.0142 0.0780 0.0190

(0.0245) (0.0733) (0.0378) (0.0470) (0.0430) (0.0343) (0.0215) (0.0150) (0.0520) (0.0361)

Observations 3,512 3,512 3,512 3,512 3,512 3,512 3,512 3,512 3,512 3,512
Adjusted R2 0.9666 0.9785 0.9734 0.9793 0.9576 0.9622 0.9638 0.9650 0.9489 0.9592

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Panel B: Post-clearing

Dependent variable:

HSBC WF SG BC DB LCL GS MS UBS CS

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

bofa20 0.0120 0.0291 0.0680∗ 0.0179 0.0568∗ 0.0194 0.0078 0.0111 0.0552 0.0313
(0.0245) (0.0232) (0.0357) (0.0442) (0.0343) (0.0289) (0.0098) (0.0161) (0.0345) (0.0325)

bofa60 0.0372 −0.0924 −0.1484∗ 0.0393 −0.2284 −0.0347 0.0146 −0.0146 −0.2583∗ −0.1743∗

(0.0397) (0.0928) (0.0889) (0.0433) (0.1422) (0.0690) (0.0174) (0.0296) (0.1543) (0.0897)
bofa120 −0.1010 −0.0976 −0.1526 −0.1035∗ −0.0752 −0.0158 −0.0453∗∗ −0.0270 −0.0925 −0.0237

(0.0674) (0.0594) (0.1330) (0.0626) (0.0767) (0.1182) (0.0215) (0.0252) (0.1129) (0.0729)
citi20 0.0364 −0.0030 −0.0581 0.0185 −0.0110 −0.0037 0.0090 0.0037 −0.0545 −0.0046

(0.0306) (0.0321) (0.0581) (0.0465) (0.0556) (0.0436) (0.0200) (0.0154) (0.0601) (0.0250)
citi60 0.0393 0.2031 0.2859∗∗ −0.0800 0.3723∗ 0.1331 0.0138 0.0297 0.4457∗ 0.1023

(0.0729) (0.1337) (0.1264) (0.0623) (0.2229) (0.0875) (0.0333) (0.0370) (0.2357) (0.0661)
citi120 −0.0743 −0.0032 0.0446 0.1127 −0.1683 −0.0918 0.0160 0.0319 −0.0588 −0.0324

(0.0730) (0.1000) (0.1586) (0.0798) (0.1720) (0.1122) (0.0361) (0.0493) (0.1874) (0.0726)
jpm20 −0.0591∗∗ −0.0306 −0.0089 −0.0272 −0.0850∗∗ −0.0015 −0.0022 −0.0071 −0.0628 −0.0270

(0.0231) (0.0234) (0.0318) (0.0200) (0.0422) (0.0372) (0.0109) (0.0129) (0.0459) (0.0191)
jpm60 −0.1047 −0.0201 0.0481 −0.0215 −0.0395 −0.0169 −0.0321 −0.0156 0.0233 0.0273

(0.0869) (0.0611) (0.1081) (0.0477) (0.0691) (0.0998) (0.0288) (0.0247) (0.0963) (0.0388)
jpm120 0.2682∗∗ 0.1374∗∗∗ 0.1084 0.0741 0.2511∗∗ 0.1495 0.0503 0.0408 0.2714∗∗ 0.0588

(0.1227) (0.0513) (0.1328) (0.0602) (0.1014) (0.1475) (0.0317) (0.0290) (0.1216) (0.0450)

Observations 2,973 2,973 2,973 2,973 2,973 2,973 2,973 2,973 2,973 2,973
Adjusted R2 0.9513 0.9606 0.9675 0.9290 0.9539 0.9392 0.9266 0.9377 0.9614 0.9600

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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4.4. ROBUSTNESS TESTS

4.4.3 Stock market data

In this section, we perform the test on cointegration relationships, Granger causality,

volatility spillover models and CDS dealer connectedness as in the previous chapter

but with weighted stock prices and stock returns as input data instead of CDS

spreads and CDS returns.

First, we perform the cointegration test using stock price data. As before, we

use the stock price time series of the five largest CDS dealers according to the OCC

statistics and of the remaining peripheral dealers in separate analyses. The results

of the cointegration test using the stock price time series of the G5 (peripheral)

dealers for the pre-clearing period are given in Panel A (B) of Table 4.4.9 and for

the post-clearing period in Panel C (D) of Table 4.4.9.

Panel A of Table 4.4.9 shows that we cannot reject the null hypothesis of no coin-

tegration for three or fewer stock price time series of the G5 dealers at a significance

level of 1%. At a 10% significance level, we can reject the null hypothesis that less

than five time series are not cointegrated. On the basis of these results, we assume

that more than three stock price time series of the G5 dealers are cointegrated in

Table 4.4.9: Cointegration test (stock prices)
This table shows cointegration tests on stock price time series for CDS core and periphery dealers
separately prior to and after the introduction of central clearing. We test cointegration by the
maximum eigenvalue test statistic and allow for a constant term in the cointegration relationship.
The number of lags is determined by the Akaike Information Criterion. Panel A (Panel B) shows
results on the cointegration of stock price time series of the five largest CDS dealers (G5) prior to
(after) the introduction of central clearing. Panel C (Panel D) shows results on the cointegration
of stock price time series of the remaining nine CDS dealers (periphery) prior to (after) the intro-
duction of central clearing. Green- (red-)colored values are (not) exceeded by the test statistic and
(do not) lead to a rejection of the null hypothesis of no cointegration on the corresponding level of
statistical significance.

Panel A: G5 - Pre-clearing

test stat 10pct 5pct 1pct
r¡=4 8.01 7.52 9.24 12.97
r¡=3 14.93 13.75 15.67 20.2
r¡=2 30.79 19.77 22 26.81
r¡=1 40.35 25.56 28.14 33.24
r=0 79.53 31.66 34.4 39.79

Panel B: G5 - Post-clearing

test stat 10pct 5pct 1pct
r¡=4 5.70 7.52 9.24 12.97
r¡=3 8.17 13.75 15.67 20.2
r¡=2 11.25 19.77 22 26.81
r¡=1 18.19 25.56 28.14 33.24
r=0 34.85 31.66 34.4 39.79

Panel C: Periphery - Pre-clearing

test stat 10pct 5pct 1pct
r¡=5 10.89 7.52 9.24 12.97
r¡=4 16.26 13.75 15.67 20.2
r¡=3 41.06 19.77 22 26.81
r¡=2 125.07 25.56 28.14 33.24
r¡=1 199.52 31.66 34.4 39.79
r=0 205.20 37.45 40.3 46.82

Panel D: Periphery - Post-clearing

test stat 10pct 5pct 1pct
r¡=5 3.10 7.52 9.24 12.97
r¡=4 8.33 13.75 15.67 20.20
r¡=3 11.63 19.77 22.00 26.81
r¡=2 17.27 25.56 28.14 33.24
r¡=1 25.31 31.66 34.40 39.79
r=0 30.43 37 40.30 46.82
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CLEARING AND CONTAGION RISK WITHIN THE CDS DEALER

NETWORK

the pre-clearing period. Panel B of Table 4.4.9 displays results for the post-clearing

period. In the post-clearing period, we cannot reject the null hypothesis of no coin-

tegration for only two stock price time series of the five largest CDS dealers in the

post-clearing period.

For the peripheral dealers, Panel C of Table 4.4.9 shows that we can reject the

null hypothesis that less than five stock price time series of the peripheral dealers

are not cointegrated in the pre-clearing period. For the post-clearing period, Panel

D of Table 4.4.9 displays that we cannot reject the null hypothesis, that none of the

stock price time series of the peripheral dealers are cointegrated. We see a similar

decrease in contagion risk indicated by the cointegration tests using stock prices as

for the cointegration tests using CDS spreads as data input. This finding supports

our initial results.

In another robustness check, we perform the Granger causality test using the

CDS dealers’ 20-day stock return volatility time series as data input. The results

on the bi- and multivariate Granger causality tests are displayed in Table 4.4.10.

Panel A of Table 4.4.10 displays F statistics and p values for the bivariate Granger

causality tests across the five largest CDS dealers in the pre-clearing period using

20-day stock return volatility time series as data input. As in our initial results, all

Granger-causal relationships are statistically highly significant for the pre-clearing

period. For the post-clearing period, only six of the twenty potentially Granger-

causal relationships are statistically significant at the 5% level. Also for the multi-

variate Granger causality tests (Panels C-F), the number of statistically significant

Granger-causal relationships at the 5% level decreases for core dealers from the pre-

to the post-clearing period as well as for peripheral dealers. This result on a decrease

in contagion risk following the introduction of central clearing is even stronger as in

our initial results.
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Table 4.4.10: Granger causality test (stock return volatilities)
This table shows bi- and multivariate Granger causality tests on stock return volatility time series
for CDS core and periphery dealers separately prior to and after the introduction of central clearing.
Panel A (Panel B) shows results on bivariate Granger causality tests according to regression (4.3)
and (4.4) on pairs of unweighted log realized 20-day stock return volatilities among core and
peripheral CDS dealers prior to (after) the introduction of central clearing. Panel C/E (Panel
D/F) shows results on multivariate Granger causality tests according to regression (4.4) using the
G5/peripheral dealers’ log realized 20-day stock return volatilities for the period prior to (after) the
introduction of central clearing. The number of lags included is selected according to the Akaike
Information Criterion under the assumption of a constant and a time trend in the VAR model.

Panel A: G5 - Pre-clearing (bivar.)

Variables F statistic p-value
HSBC - BOFA 38.22 0.00
BOFA - HSBC 64.98 0.00
HSBC - CINC 20.42 0.00
CINC - HSBC 8.52 0.00
HSBC - JPM 15.57 0.00
JPM - HSBC 60.64 0.00
HSBC - GS 3.10 0.00
GS - HSBC 18.36 0.00
BOFA - CINC 9.65 0.00
CINC - BOFA 11.13 0.00
BOFA - JPM 23.68 0.00
JPM - BOFA 66.44 0.00
BOFA - GS 19.34 0.00
GS -¿ BOFA 25.75 0.00
CINC - JPM 6.37 0.00
JPM - CINC 17.70 0.00
CINC - GS 3.45 0.00
GS - CINC 9.07 0.00
JPM - GS 5.86 0.00
GS - JPM 22.59 0.00

Panel B: G5 - Post-clearing (bivar.)

Variables F statistic p-value
HSBC - BOFA 9.64 0.00
BOFA - HSBC 1.74 0.08
HSBC - CINC 0.04 1.00
CINC - HSBC 0.02 1.00
HSBC - JPM 7.64 0.00
JPM - HSBC 0.69 0.72
HSBC - GS 1.28 0.24
GS - HSBC 1.12 0.34
BOFA - CINC 0.25 0.99
CINC - BOFA 0.12 1.00
BOFA - JPM 6.48 0.00
JPM - BOFA 0.57 0.82
BOFA - GS 0.51 0.87
GS - BOFA 1.85 0.05
CINC - JPM 0.26 0.99
JPM - CINC 0.14 1.00
CINC - GS 1.66 0.09
GS - CINC 0.15 1.00
JPM - GS 11.12 0.00
GS - JPM 1.88 0.04

Panel C: G5 - Pre-clearing (multivar.)

Variables F statistic p-value
HSBC 20.65 0.00
BOFA 24.25 0.00
CINC 4.36 0.00
JPM 33.82 0.00
GS 14.66 0.00

Panel D: G5 - Post-clearing (multivar.)

Variables F statistic p-value
HSBC 3.07 0.00
BOFA 1.85 0.00
CINC 0.57 0.98
JPM 3.55 0.00
GS 1.53 0.02

Panel E: Periphery - Pre-clearing (multivar.)

Variables F statistic p-value
WF 8.24 0.00
BC 14.42 0.00
DB 8.26 0.00
UBS 9.54 0.00
CS 7.80 0.00

Panel F: Periphery - Post-clearing (multivar.)

Variables F statistic p-value
WF 5.76 0.00
BC 1.30 0.24
DB 1.48 0.16
UBS 0.93 0.49
CS 1.05 0.40
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Third, we perform the ADL model using stock return volatilities instead of CDS

return volatilities in order to test our results on contagious effects from core dealers

to peripheral dealers in the CDS market for robustness. The results of the ADL

model are displayed in Table 4.4.11. Compared to our initial model using the CDS

data input, we see no consistent and statistically significant effect of any of the three

core dealers’ short-term risk on the short-term risk of peripheral dealers, neither in

the pre-clearing period, nor in the post-clearing period. Panel B of Table 4.4.11

shows that any statistically significant effects of the core dealers’ mid- or long-term

risk to the short-term risk of peripheral dealers vanish in the post-clearing period.

Again, we find our initial findings are supported by the robustness tests using stock

prices and stock returns as data input.

In the Diebold-Yilmaz framework using the stock returns and stock return volatil-

ities of CDS dealers, we find a decrease in the connectedness of CDS dealers by 7%

and 9% respectively. These findings are in line with our baseline results in terms of

the direction as well as of the size of the economic effect.
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Table 4.4.11: Stock return volatility spillover analysis
This table shows results for regression (4.5), the stock return volatility spillover analysis from
CDS core dealers to peripheral dealers along calendar time. We use the 20-day log realized CDS
return volatility of peripheral dealers as dependent variables in the different models 1-10. As
independent variables, we use the lagged 20-, 60-, and 120-day log realized CDS return volatilities
of the three largest CDS dealers: JP Morgan, Citibank, and Bank of America. We also include the
corresponding autoregressive terms of the 20-, 60-, and 120-day log realized CDS return volatility
(not reported). We split our sample into the pre-clearing period and the post-clearing period
and show corresponding results in Panel A and Panel B. In parentheses, we display Newey-West
standard errors.

Panel A: Pre-clearing

Dependent variable:

HSBC WF BC DB GS UBS CS

(1) (2) (3) (4) (5) (6) (7)

bofa20 −0.0055 0.0952 0.0310 0.0557 0.0017 0.0519 0.0525
(0.0066) (0.0974) (0.0820) (0.0477) (0.0134) (0.0449) (0.0434)

bofa60 0.0464∗∗ 0.1165 0.2704∗∗ 0.0499 0.0073 0.0400 0.0418
(0.0188) (0.1508) (0.1242) (0.0712) (0.0232) (0.0644) (0.0631)

bofa120 −0.0475∗∗∗ −1.2944 −0.9197∗∗ −0.6134 0.0081 −0.5731 −0.6037
(0.0184) (0.8979) (0.4314) (0.4614) (0.0392) (0.4286) (0.4363)

citi20 0.0022 −0.0134 0.0054 −0.0049 0.0010 −0.0054 −0.0065
(0.0018) (0.0138) (0.0095) (0.0070) (0.0009) (0.0063) (0.0066)

citi60 −0.0009 0.0483 0.0038 0.0206 −0.0007 0.0206 0.0219
(0.0019) (0.0446) (0.0254) (0.0242) (0.0014) (0.0217) (0.0219)

citi120 0.0003 −0.0413 −0.0061 −0.0191 −0.0026 −0.0190 −0.0198
(0.0019) (0.0607) (0.0356) (0.0336) (0.0034) (0.0298) (0.0304)

jpm20 −0.0263 −0.3437 −0.4667∗ −0.1779 −0.0314 −0.1566 −0.1495
(0.0222) (0.3054) (0.2402) (0.1566) (0.0419) (0.1436) (0.1433)

jpm60 0.0555 0.0048 0.3728 −0.0560 0.0537 −0.0724 −0.0570
(0.0492) (0.4242) (0.3766) (0.2166) (0.0696) (0.1960) (0.1704)

jpm120 −0.0924∗ 3.2464 1.9577∗ 1.5906 −0.0408 1.5029 1.5620
(0.0500) (2.3915) (1.1366) (1.2358) (0.0710) (1.1528) (1.1621)

Observations 3,508 3,508 3,508 3,508 3,508 3,508 3,508
Adjusted R2 0.9808 0.9259 0.9391 0.9298 0.9417 0.9237 0.9270

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Panel B: Post-clearing

Dependent variable:

HSBC WF BC DB GS UBS CS

(1) (2) (3) (4) (5) (6) (7)

bofa20 0.0597 0.1392∗ −0.0334 −0.0128 −0.0025 0.0026 −0.0038
(0.0441) (0.0821) (0.0578) (0.0577) (0.0227) (0.0515) (0.0550)

bofa60 −0.1063 −0.3107∗∗∗ −0.0382 −0.0639 −0.0512 −0.0701 −0.0807
(0.0717) (0.1205) (0.0494) (0.0678) (0.0342) (0.0538) (0.0553)

bofa120 0.1117 0.1728∗ −0.0269 −0.0171 0.0421 0.0294 0.0242
(0.0958) (0.0980) (0.0528) (0.0703) (0.0369) (0.0485) (0.0477)

citi20 −0.00004 −0.0003 −0.000001 0.0001 0.0002 0.0001 0.0001
(0.0002) (0.0003) (0.0003) (0.0002) (0.0005) (0.0002) (0.0002)

citi60 0.00002 0.0002 −0.0007 −0.0003 −0.0013∗∗ −0.0003 −0.0003
(0.0009) (0.0010) (0.0008) (0.0009) (0.0006) (0.0006) (0.0007)

citi120 −0.0015 −0.0039 0.0014 0.0008 0.0004 −0.00001 0.0001
(0.0016) (0.0028) (0.0014) (0.0017) (0.0009) (0.0014) (0.0014)

jpm20 −0.0981 0.0002 0.0284 0.0388 −0.0295 0.0104 0.0331
(0.0886) (0.0951) (0.0937) (0.0941) (0.0407) (0.0897) (0.0938)

jpm60 0.6793∗∗ 0.2886 0.2569 0.3156∗ 0.0929 0.2671 0.2793
(0.3376) (0.2018) (0.1750) (0.1847) (0.0689) (0.1768) (0.1818)

jpm120 −0.4333∗ −0.3473 0.0127 −0.0481 −0.0313 −0.0563 −0.0570
(0.2279) (0.2625) (0.1740) (0.1845) (0.0870) (0.1596) (0.1603)

Observations 3,063 3,063 3,063 3,063 3,063 3,063 3,063
Adjusted R2 0.9057 0.8974 0.9129 0.9136 0.9172 0.9081 0.9093

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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CHAPTER 4. FIREWALL OR SUPERSPREADER? - CDS CENTRAL
CLEARING AND CONTAGION RISK WITHIN THE CDS DEALER

NETWORK

4.5 Summary and conclusion

We empirically study the effect of CDS central clearing on systemic risk in the CDS

dealer network from the perspective of contagion risk. Our empirical results indicate

that the introduction of central counterparties can reduce default risk dependence

among the G14 dealers. The effect seems to be especially prevalent for the core of the

CDS financial network. This is plausible since the dominant dealers have the largest

CDS exposures and, therefore, are particularly relevant for the stability of the CDS

financial network. Spillover effects from CDS dealers with high exposures to CDS

dealers with low exposures may be reduced as well through the introduction of cen-

tral clearing, although the effect is not consistent in all specifications. Furthermore,

the default risk dependence between core and peripheral dealers does not seem to

be particularly strong in bilaterally cleared markets. Contagion risk does not seem

to be a relevant pricing component of CDS premia during our observation period.

We find evidence that our results are not driven by a global trend of contagion risk

decline among CDS dealers. Therefore, our results do not seem to be explainable

to a significant extent by reverse causality. We also show that our results cannot

represent the overall contagion risk among CDS dealers, but that the incorporation

of the CDS dealers’ market shares into our time series leads to substantially differ-

ent results. Our results also largely hold when using stock data instead of CDS data.

This first empirical study on the effect of CDS central clearing on systemic risk

may serve as starting point for future research. It may be interesting to test our

methodology on other markets that experienced the introduction of central clearing,

e.g. on the market for interest rate swaps. Furthermore, it would be interesting to

challenge our findings by using other methodologies for the analysis of systemic risk

and to focus especially on tail risks, e.g. with Copula models. Last, a structural

model as theoretical support for the consistent empirical findings in this study may

be insightful.
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CHAPTER 4. FIREWALL OR SUPERSPREADER? - CDS CENTRAL
CLEARING AND CONTAGION RISK WITHIN THE CDS DEALER

NETWORK

Figure C.1: Computation of CDS event time series
This figure illustrates the procedure for the creation of our time series that are centered around the
introduction of central clearing on single-name CDS markets using the example of one dealer CDS
return time series and three clearing eligibility dates. First, we collect all clearing eligibility dates
and compute time series of daily distances to its specific clearing eligibility date for every clearing
eligible CDS contract and every observation date. In order to compute the event-centered time
series for the dealer’s CDS return time series, we take the average CDS return over all identical
clearing distances across all clearing eligible CDS contracts: the value of the first red-(blue-, green-
) colored observation of the event-centered time series is computed as the average of all other
red-(blue-, green-)colored observations in the original time series along calendar time as these
observations match identical clearing distances across the three clearing eligible CDS contracts.
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C. APPENDIX TO CHAPTER 4

Table C.1: Unit root tests on CDS return and CDS spread time series in event time
This table shows p-values for Augmented Dickey-Fuller unit root tests on time series of individual
CDS dealers’ CDS spreads in calendar time dimension (Panel A), average CDS returns and average
CDS return correlations of different subsets of G14 dealers (Panel B), and for individual CDS
dealers’ CDS spreads in event time dimension (Panel C).

Panel A: CDS spreads (cal. time)

G14 time series p value
HSBC 0.18
BOFA 0.44
BNP 0.31
WELLFA 0.01
JPM 0.03
SOCGEN 0.15
BARCLAYS 0.04
CINC 0.17
LCL 0.24
DB 0.05
GS 0.01
UBS 0.02
MS 0.01
CRDSUI 0.09

Panel B: CDS returns and correla-
tions

Variables p-value
cds retG14 0.01
cds retG5 0.01
cds retperi 0.01
ρG14 0.01
ρG5 0.01
ρperi 0.01
ρG5-peri 0.01

Panel C: CDS spreads (event time)

G14 time series pre post
HSBC 0.05 0.60
BOFA 0.56 0.74
BNP 0.31 0.71
WELLFA 0.05 0.85
JPM 0.02 0.25
SOCGEN 0.36 0.69
BARCLAYS 0.27 0.92
CINC 0.02 0.85
LCL 0.31 0.64
DB 0.27 0.99
GS 0.01 0.98
UBS 0.27 0.99
MS 0.03 0.96
CRDSUI 0.48 0.94
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5 Conclusion

Financial market regulation can have adverse effects on the behavior of individual

market participants and on financial stability itself. Especially for activities like

trading of OTC derivatives that include complex pricing and risk management of

long-term financial contracts, the economic consequences of financial regulation are

very likely to be two-sided. We examine the effects of central clearing on the CDS

market in terms of netting efficiency, market liquidity and contagion risk in three

empirical papers. Indeed, we do not find central clearing to affect these three as-

pects of financial stability exclusively positively or exclusively negatively and see

our results as a call for a more market-specific regulation of financial markets.

In Chapter 2, we find netting efficiency to decrease with the introduction of cen-

tral clearing. This is surprising as in most statements of regulators on the concept

of central clearing, an increase in netting efficiency is usually mentioned as one of

the top arguments for the introduction of CCPs. For voluntary central clearing

regimes, this does not seem to be true. The negative effect of central clearing on

netting efficiency is most pronounced for contracts that have the highest netting ef-

ficiency prior to the introduction of central clearing. This result provides empirical

evidence in favor of a hypothesis shown by several theoretical papers without any

empirical evidence so far. Furthermore, the effect of central clearing on the netting

efficiency of centrally cleared contracts seems to increase the longer a contract is

eligible for central clearing. Taking these findings together, our results imply that

the CDS market was not suitable for a voluntary introduction of central clearing

from the perspective of netting efficiency. In markets that are dominated by only

few dealers, and which therefore exhibit a comparably high netting efficiency in a

bilateral clearing regime, central clearing must be either mandated or foregone if

netting efficiency is to be optimized. Consequently, our findings seem to imply a

small probability that higher cleared trading volume (e.g. in a mandatory central

clearing regime) may be able to eventually lead to a positive effect on netting ef-

ficiency. This question remains open for future research. These findings can be

transferred to other OTC markets that are subject to voluntary central clearing.

Our results recommend a more market-specific financial regulation that takes into

account detailed characteristics of the market that is to be regulated.
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CHAPTER 5. CONCLUSION

In Chapter 3, I find central clearing to affect CDS market liquidity positively

by decreasing bid-ask spreads and increasing gross trading volume. However, CDS

dealers seem to provide market liquidity less continuously after central clearing is

introduced. Contracts with high liquidity risks, in terms of high bid-ask spreads

and low trading volume, seem to benefit more from central clearing eligibility than

low-risk contracts. I find evidence that the positive liquidity effects are mediated

by lower counterparty risk and lower regulatory capital charges for centrally cleared

positions. Decreasing bid-ask spreads and increasing gross trading volume point

strongly to increasing dealer competition as already found in previous studies (Slive

et al., 2012; Loon and Zhong, 2014; Mayordomo and Posch, 2016). Central clearing

seems to erase low counterparty risk as a competitive advantage. The findings in

this study on counterparty risk as an economic channel for positive market liquidity

effects of central clearing support this hypothesis even further. I find evidence

for lower regulatory capital charges for centrally cleared trades of increasing the

inventory risk-taking capacity of CDS dealers after the beginning of central clearing

eligibility. Referring back to Chapter 2, this result may also explain the increase in

CDS gross positions and decrease in netting efficiency. Lower inventory costs may

allow dealers to increase competition and to compensate lower profits per trade due

to smaller bid-ask spreads by increasing gross trading volume.

In Chapter 4, we find contagion risk to decrease from the pre-clearing period to

the post-clearing period quite consistently across different time series methodologies.

After many publications on the optimal design of the different default waterfall

resource layers of CCPs, this study finally provides empirical evidence with market-

based data as to whether the default waterfall of CDS clearing CCPs is adequately

capitalized. However, contagion risk does not seem to affect the pricing behavior

of CDS market participants. This raises the question whether a CCP on the CDS

market is actually necessary from the perspective of contagion risk. Although CDS

have been widely blamed in public media for having caused the financial crisis,

economists have been skeptical about it as CDS had rather worked as a vehicle for

securitizing subprime mortgages which in turn could be well considered as the cause

of the global financial crisis (Stulz, 2010). The CDS market itself remained quite

liquid during the crisis and the net exchange of cash as a result of the auction of

Lehman Brother’s default portfolio was moderate because most clients were buyers

and sellers to Lehman Brothers. However, a CCP can decrease contagion risk by

preventing the rise of excessive net sellers of CDS protection (see the AIG case

in the global financial crisis 2007/2008) through superlinear margining of growing
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CDS portfolios. In this case, increasing transparency through mandated CDS trade

reporting would be sufficient from the perspective of contagion risk. Whether the

effect of central clearing on systemic risk is the direct result of the CCP’s sufficient

capital resources, or if it is attributable to the prevention of heavy protection sellers

by the CCP, remains a question for future research.

The second contribution of this study is to open up a new way of analyzing

financial network dynamics in the context of contagion risk using plain time series

methodologies. By incorporating the time-varying market dominance of the indi-

vidual financial network participants into our original dataset, we are able to reflect

the financial network dynamics in our time series. Additionally, we compute new

time series with observations that represent trading days in event time. The results

make us confident that these new time series are fundamentally different compared

to our original time series in calendar time. It seems that global time trends do not

introduce a major bias into the event time series, and that the new time series indeed

seems to capture the contagion risk that arises specifically from the CDS market.

It would be important to test this procedure with more accurate data on the mar-

ket shares of CDS market participants that is not restricted to the US and that is

available at a higher observation frequency. Furthermore, a structural model may

be helpful to connect this empirical procedure more closely with statistical theory.

This thesis provides evidence on the multi-faceted effects of voluntary central

clearing introduction on counterparty risk, market liquidity and systemic risk of

over-the-counter markets. The results can be helpful in guiding the next steps of

the introduction of central clearing on OTC derivatives markets and to base them

on robust empirical evidence.
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