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Abstract

In reaction to recent requests for interoperability between central coun-
terparties of European stock markets, regulators have issued new guide-
lines to contain systemic risk. Our analysis confirms that the currently
applied cross-CCP risk management model can be a source of contagion,
particularly if applied in multilateral frameworks. While regulators’ new
guidelines eliminate systemic risk, this comes at the cost of an inefficiently
overcollateralised clearing system. We discuss further approaches that
contain systemic risk while reducing or eliminating overcollateralisation.
Interoperability is of economic importance as it may contribute to the
efficiency and safety of a worldwide fragmented clearing infrastructure.

JEL classification: E42; E58, G01, G28
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1 Introduction

This paper investigates the risk management of financial exposures resulting
from links between central counterparties (CCPs). Such links are referred to as
interoperability. On the one hand, interoperability enables multilateral netting
of trading positions among all participants of interoperating CCPs, thereby
reducing the overall financial exposure within the clearing system. Further-
more, it allows securities traders to access multiple markets via a single CCP.
Consequently, interoperability facilitates direct competition between CCPs, an
objective pursued by the European Union to encourage consolidation of the
fragmented European clearing industry. Fragmentation is not only an issue in

*We are indebted to Ernst Baltensperger, Marco Cecchini, Darrell Duffie, Philipp Haene,
Beéatrice Kraus, Antoine Martin, Klaus Neusser, Robert Oleschak, Andy Sturm, partic-
ipants of the Brownbag Seminar at the University of Berne 7 September 2010, of the
GFRI/FINRISK/SFI Conference on Financial Networks 10 June 2011, of the BIS Research
Seminar 14 June 2011, of the Economics of Payments V Conference hosted by the Federal
Reserve Board and the Bank of Canada 23/24 June 2011, of the Research Seminar at the
Bank of Canada 8 July 2011 and an anonymous referee for helpful comments.
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FEuropean cash equity clearing, but is also globally present in many other ar-
eas, such as the emerging clearing of over-the-counter (OTC) derivatives. On
the other hand, interoperability creates financial exposures between CCPs and
can give rise to systemic risk. As a reaction to the financial crisis, central
counterparty clearing has gained momentum, both driven by market demand
as well as regulatory reforms such as the G-20 proposal for mandatory clearing
of OTC derivatives. Linking central counterparties through interoperability is
of economic importance as it may help to overcome inefficiencies related to a
worldwide fragmented clearing infrastructure.

The currently applied cross-CCP risk management model of European cash
equity CCPs has raised systemic risk concerns among some European finan-
cial regulators.! In response, regulators have issued new guidelines on how to
structure cross-CCP risk management models. Analysing the currently applied
cross-CCP risk management model, we find regulators’ systemic risk concerns
to be justified. However, while the new guidelines effectively contain systemic
risk, they leave the clearing system inefficiently overcollateralised. Therefore, we
introduce alternative cross-CCP risk management models that address systemic
risk concerns while reducing or eliminating overcollateralisation.

Interoperating European cash equity CCPs currently cover cross-CCP ex-
posures via the rehypothecation of collateral collected from their participants.?
Regulators claim that margins collected from CCPs’ members may be insuffi-
cient to cover these exposures. Since cross-CCP exposures may easily exceed a
CCP’s own capital, regulators suspect that undercollateralisation may become
a source of systemic risk. Due to interoperability arrangements, the default
of a CCP may easily spread across the linked clearing system. Therefore, the
authorities regulating those CCPs that are most actively pursuing interoper-
ability initiatives have issued new guidelines on how to structure cross-CCP
risk management models.®> These guidelines require cross-CCP exposures to
be fully collateralised and to be covered by extra collateral that is funded via
financial resources other than the members’ ordinary margin contributions to
collateralise exposures vis-a-vis the CCPs.

We analyse the currently applied cross-CCP risk management model by de-
riving conditions for sufficient collateralisation of cross-CCP exposures. Indeed,
undercollateralisation emerges as a valid concern. This already applies for bi-
lateral interoperability frameworks if CCPs apply margin models that are too
distinct. Worse, multilateral interoperability arrangements - involving three
or more CCPs - are generally prone to undercollateralisation, even if the in-
volved CCPs apply identical margin models. Thus, a default by a CCP could
have a domino effect among CCPs. According to our analysis, regulators’ new
guidelines eliminate the risk of undercollateralisation. However, the funding of
cross-CCP exposures by means of additional collateral on top of existing finan-
cial resources results in an overcollateralised clearing system. That is to say,

ISee "LCH.Clearnet in last-minute hitch", Financial Times, Friday 30 October 2009, and
"Clearers’ linkages may introduce new risks", Financial Times, Saturday 15 February 2010.
The appendix provides a more detailed discussion.

2For a definition of rehypothecation, see Committee on Payment and Settlement Systems
(CPSS) (2003).

3For a discussion of guidelines, see European Commission (2009). These guidelines go
beyond international minimum requirements issued by the CPSS and the Technical Committee
of the International Organization of Securities Commissions (IOSCO). See recommendation
11 in CPSS/IOSCO (2004) and the discussion in the appendix.



the collateral requirements of interoperability arrangements would substantially
exceed those of a single CCP, if regular margins provided by members cannot
be used to cover cross-CCP exposures.

Margins are generally characterised as a defaulter-pays instrument. How-
ever, if a CCP rehypothecates its members’ margins to another CCP, margins
change into a survivors-pay instrument. This transformation of margins’ creates
additional collateral. Based on this observation, we investigate two alternative
cross-CCP risk management approaches that reduce or avoid excessive collater-
alisation without rendering CCPs prone to undercollateralisation. In particular,
the establishment of a meta-CCP - i.e. a CCP for CCPs - eliminates under-
collateralisation without requiring any additional financial resources. From this
perspective, regulators’ new guidelines increase the cost of collateralisation with-
out necessarily increasing the safety of the clearing system.

This paper is related to Duffie and Zhu (2011). Our stylised model illus-
trates the efficiency gains of central clearing with a single CCP compared to
a fragmented clearing structure with multiple but isolated CCPs. The results
are in line with Duffie and Zhu (2011), who demonstrate that netting efficiency
might be reduced and counterparty risk might even be exacerbated if more than
one CCP is present. We go beyond Duffie and Zhu (2011) by illustrating that
interoperability may resolve the issues of a fragmented clearing system. In par-
ticular, we show that a clearing system with multiple interoperating CCPs can
achieve the same netting efficiency as a clearing system with a single CCP. This
result is relevant with respect to the clearing system more generally. For in-
stance, Duffie, Li and Lubke (2010) emphasise that the market structure which
is emerging for the clearing of OTC derivatives is likely going to be fragmented.

The paper is structured as follows: Section 2 reviews the existing literature
on CCPs. The stylised model is presented in section 3. Section 4 analyses a
bilateral interoperability framework that covers cross-CCP exposures by means
of rehypothecated members’ margins. Multilateral interoperability is investi-
gated in section 5, and section 6 evaluates alternative risk management models.
The final section summarises the paper. The appendix offers a brief discussion
of the risk management and regulation of a single CCP and of interoperability.
Furthermore, it briefly examines the new guidelines.

2 Literature

While our paper is the first to analyse risk management models for interoper-
ability, many others have analysed aspects of risk management techniques of
an isolated CCP. Various studies investigate the optimal size and calculation
method for margin requirements. Kupiec (1994) and Kupiec and White (1996)
evaluate the degree of risk protection from margin requirements. Others, such
as Gemmil (1994), Bates and Craine (1999) and Shanker and Balakrishnan
(2005), analyse whether margins in combination with other financial resources
sufficiently protect CCPs. Knott and Mills (2002) provide an overview of these
and similar studies.

Other papers investigate incentive effects of different risk management frame-
works. The effects of limited collateral availability are discussed in Hartzmark
(1986), Hardouvelis and Kim (1995) and Gibson and Murawski (2008). The

4For a more detailled discussion, see the last subsection of the appendix.



moral hazard problem engendered by establishing a collective default fund is
analysed in the context of payment systems in Kahn and Roberds (1998).
Koeppl and Monnet (2009) discuss an economy with time-critical trades, scarce
liquidity and limited enforcement of trades. They illustrate that efficient trading
behaviour is achieved if a CCP allows for default losses to occur. To cover such
losses, a CCP optimally uses margins and, if the default problem becomes more
severe, should first impose a loss sharing agreement and then position limits.
Haene and Sturm (2009) investigate the optimal allocation of financial resources
between a defaulter-pays and a survivors-pay instrument.

During the recent financial turmoil, CCPs demonstrated their robustness.
However, the CCPs’ scope is currently challenged by proposals to clear more
complex financial products such as OTC derivatives. The fundamental welfare
effects resulting from the sharing of default risks are analysed in Pirrong (2009);
the benefits of a CCP are investigated under the assumption of asymmetric in-
formation. Koeppl, Monnet and Temzelides (2009) analyse optimal clearing
arrangements for various financial products. In a framework with central clear-
ing of regular exchange-traded products and bilateral clearing of OTC products,
the combination of both being cleared through a single CCP turns out to be
efficient if the clearing of OTC products can be cross-subsidised via the fees
for ordinary exchange-traded products. This particularly applies when clearing
is costly in terms of credit and liquidity needs. Koeppl and Monnet (2010)
analyse the welfare effects of mutualisation in the presence of default risk. They
investigate the effect of mandatory CCP services when there is a choice between
exchange trading with central clearing and OTC trading with bilateral clearing.
They conclude that OTC trading can limit the scope of central clearing, but
emphasise that a CCP can go a long way to insure the risk contained in OTC
trading.

Closest to our paper is the one by Duffie and Zhu (2011). Provided that
central clearing of OTC products is reasonable to a certain extent, the organ-
isation of the clearing system should be considered carefully. Duffie and Zhu
(2011) show that if a CCP - dedicated to a particular class of OTC derivatives
only - is added to the clearing system, netting efficiency is reduced and the
clearing system’s counterparty exposures increase. They further illustrate that
the counterparty risk and netting inefficiency in the clearing system of OTC
derivatives is generally exacerbated if more than one CCP is involved. This is
in line with our findings for cash equity clearing. We go beyond Duffie and Zhu
(2011) insofar as we discuss interoperability arrangements. We demonstrate
that interoperability achieves optimal netting efficiency similar to the reference
case of a single CCP by enabling multilateral netting across all participants of
linked CCPs.

3 Three Clearing Models

We consider a market for one security that is traded among an arbitrary number
of traders, ¢ = 1, ..., k. Let us denote ¢; ; as a sale by trader ¢ to trader j, i.e. ¢; ;
denotes the short position of trader i.°> Consequently, trader i’s long position

5Because of linearity, the model can easily be extended to any arbitrary number of se-
curities. Also, a trade, ¢, could be further detailed. It consists of the volume of securities,
xz, traded at a certain price, p. These variables could be considered as vectors that describe



towards trader j is mirrored by trader j’s short position towards trader . We
further assume that ¢; ; = 0, saying that traders do not trade with themselves.
Trader ¢’s gross short position towards all other traders is defined as the sum of
his short positions towards individual traders: Zle t;,;. The clearing system’s
total gross position is Zle Z?zl tij -

Let the net position of trader ¢ towards trader j be t; ; — t;; = ;. This
denotes trader ¢’s short minus long positions. The net position of trader j
towards trader ¢ is t;; — t; ; = x;,. Net positions of a pair of traders always
offset each other as x; ; + x;; = 0. This also holds true for the entire clearing
system’s net position:

Eok E k
DD (g —ti) = Y @iy =0 (1)
i=1 j=1 i=1 j=1
Because all short positions correspond with a long position - together they
constitute a trade - the clearing system’s net position is flat. Therefore, bilateral
or multilateral net positions are inappropriate indicators of exposures.

We denote the net open position of trader ¢ towards trader j to be the
absolute value of the net position, i.e. [t;; —t;;| = |z;;|. |z;:| depicts the
complementary net open position of trader j towards trader ¢. The net open
positions of a pair of traders are identical, i.e. both traders have the same
exposure towards each other: |z; ;| = |z;,|. The aggregate net open position of
trader ¢ towards all other traders is the sum of all its net open positions:

k
D lwigl>0 (2)
j=1

We determine the clearing system’s net open position to be the sum of all
traders’ net open positions:

k k
DD lwigl =0 (3)
i=1 j=1

In contrast to the clearing system’s net position, the clearing system’s net open
position do not offset each other. Therefore, net open positions proof as valid
indicators of the exposures in the clearing system.®

3.1 Bilateral clearing

Let us assume that - in a bilaterally cleared market - a regulator requires traders
to back net open positions with own capital. For that purpose, the regulatory
authority defines a capital coefficient of 0 < x < 1. The capital coefficient
multiplied by a trader’s aggregate net open position determines the regulatory

several trades with differing numbers and prices.

6Risk management models for cash equity CCPs are usually based on the assumption that
the replacement cost risk of short and long positions are identical. The assumption that
short and long positions offset each other justifies the linearity of the model. If we consider
other than cash equity products, the existence of a counter product (a hedge instrument) is
necessary to justify linearity.



capital charge.” The clearing system’s own capital requirement is then defined
by the clearing system’s net open position multiplied by the capital charge «:

k kK

i=1 j=1

Figure 1 shows a stylised example of a bilateral clearing system. We will
use this example’s basic setup throughout the paper. A trade is indicated by
a red arrow. Let us assume that each trade involves 100 securities at a price
of $1 and the capital coefficient x is equal to 1%. Rectangles depict traders
and contain the sum of own capital charges, defined as the aggregated net open
position of each trader times the capital coefficient. The rectangle from which
an arrow originates denotes the trader that encounters a short position, whereas
the rectangle the arrow points to denotes the trader with the corresponding long
position. Without a central clearing facility, netting only occurs bilaterally. The
red numbers in the rectangles denote the traders’ capital requirement. A trader’s
net open position is calculated as the sum of absolute values of short positions
minus long positions between each pair of traders. According to expression 4,
we sum the red numbers to obtain the clearing system’s total capital charge,
which equals $12.

Figure 1: Example of a clearing system with bilateral clearing
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3.2 Single CCP

Let us analyse a market that is cleared by a single CCP. The CCP requires
traders to provide margins on their net open positions. We define the margin

"The aim of the latest proposal by the Basel Committee on Banking Supervision (BCBS)
is to apply higher capital charges for interbank exposures from trading if these are not secured
by a CCP. See Basel Committee on Banking Supervision (2009).



requirement coefficient to be 0 < u < 1.8 Because the CCP concentrates coun-
terparty risk, it can apply multilateral netting. This may result in a significant
reduction of traders’ exposures. Consequently, with a single CCP the cost of
collateralisation may be lower than under bilateral clearing.

We denote trader ¢’s multilateral net open position towards the CCP as
follows:

.
Z%j (5)

The margin requirement of a CCP is defined as the multilateral net open position
multiplied by the margin requirement coefficient. Thus, aggregated margins
collected by the CCP are equal to:

k k
nY 1D wiy (6)

i=1 |j=1

By applying the triangle inequality,” it is easy to see that the clearing system’s
net open position can be reduced through multilateral netting:

k k k k
S il =D D wiy (7)

i=1 j=1 i=1 |j=1

Inequality 7 states that the clearing system’s net open position under bilateral
clearing is greater than or equal to the multilateral net open position of a cen-
trally cleared system. Thus if £ > u, margin requirements of a CCP are smaller
than or equal to the capital charges which the regulator imposes on traders that
clear bilaterally. Depending on the reduction of exposures due to multilateral
clearing, margin requirements by a CCP might even be lower if k < p.

Equality in expression 7 is achieved if either no trading takes place - i.e.
t;; =0Vi, j=1,.. k- or if traders are exclusively on ‘one side of the market’
- i.e. each trader exclusively either buys or sells securities.'® Thus, in a one-
sided market, some traders always exhibit short positions of ¢; ; > 0, while their
counterparts always exhibit short positions of ¢;; = 0. Exactly the reverse holds
true for long positions. Thus, a trader’s multilateral net open position equals
the sum of its net open position:

k k
D owigl = |wiyl (8)
j=1 j=1

As a result, inequality 7 collapses to an equality.'!

8Standard models applied by CCPs - such as a historical Value-at-Risk (VaR) model -
essentially result in a margin requirement of a certain percentage of the aggregate net open
position of a trader. The linearity of the model is also based on this assumption.

9The triangular inequality is defined as |A| + |B| > |A + B].

10We do not make any assumptions on the realisation of trade flow patterns. Considering
all possible realisations allows us to draw conclusions that are generally valid, irrespective of
any market structure. Furthermore, regulators do not take a probabilistic view but require
CCPs to be sufficiently collateralised for any arbitrary trade flow pattern.

M This is a typical characteristic of money markets. Apart from market-makers, participants
are usually on one side of the market, i.e. they are either cash takers or cash lenders. This
sharply reduces the effects of multilateral netting. See e.g. Kraenzlin and Scarpatetti (2010).



To summarise, if at least one participant has gross short and long positions
towards its counterparties, the implementation of a CCP - i.e. the adoption
of multilateral netting - may significantly reduce both the participants’ and
the clearing system’s exposures. Therefore, given similar capital and margin re-
quirement coefficients, the opportunity cost of collateralisation might be smaller
if securities are cleared centrally instead of bilaterally.

Figure 2 illustrates the effect of a CCP for the same clearing system as rep-
resented in figure 1. Instead of calculating capital requirements on the basis of
bilateral netting, a CCP calculates margin requirements on the basis of multi-
lateral netting. The multilateral net open position is easily calculated according
to expression 5, i.e. as the absolute value of the sum of all arrows pointing to a
trader’s rectangle minus the sum of all arrows pointing away. The red number
in a trader’s rectangle now indicates the margins charged by the CCP. In our
example, the clearing system switches from a capital charge of $12 to a margin
contribution of $8 (given k = p = 1%).

Figure 2: Example of a clearing system with a single CCP
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3.3 Interoperability

Interoperability enables traders to consolidate their participation in a single
CCP. The consolidation of a trader’s overall trading activity is beneficial because
multilateral netting can be applied to a larger set of trades and between a larger
set of traders.'?

To illustrate this, let us assume that the clearing system consists of two
CCPs clearing two different securities, ¢! and t?>. CCP1 clears ¢! and CCP2

12Traders may also reduce their default fund contributions by consolidating their CCP
memberships. In addition traders also safe membership fees, operating costs, etc.



clears t2. There is a set of traders ¢ = 1,...k. All of them participate in both
CCPs, which apply the same margin requirement coefficient 0 < p < 1.

Let us first investigate a situation without interoperability. Each trader
delivers separate margins to both CCPs. Total margins collected sum to:

k k k

k
DIIEFEID WIS ©)

i=1 |j=1 i=1 |j=1

If traders can net their open positions multilaterally through a single CCP, the

following overall margin requirement results:

k| k
(i + i) (10)

I
i 1

?

g

By applying the triangle inequality, it is easy to see that expression 9 is
greater than or equal to expression 10. In other words, the margin requirements
of two distinct CCPs are greater than or equal to the margin requirement of
a single CCP. We assume complete netting between the two securities. Even
if a lower level of netting is applied, the linearity of the model ensures that
multilateral netting through a single CCP increases netting efficiency. Only
if netting between different securities is excluded does a merger not increase
netting efficiency. Linearity also ensures that the results apply for any arbitrary
number of markets and CCPs. Similar to Duffie and Zhou (2010), we find a
single CCP to be optimal as it reduces margin requirements and counterparty
risk to the lowest possible extent.

Interoperability enables multilateral netting across all traders of multiple
CCPs. We let traders 1,...,l be members of CCP1 and [ + 1, ..., k traders are
members of CCP2, where k = [ 4 m. Then, CCP1 collects margins equal to:

k
D (el +ai)) (11)

Jj=1

MN
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while CCP2 collects margins equal to:

k k
w1 (e (12)

i=1+1 |j=1

It is easy to see that the sum of margins collected by the two interoperating
CCPs equals exactly the margins collected by a single CCP (see expression 10).
Thus, in terms of margin efficiency and counterparty risk reduction, interoper-
ability is as efficient as a single CCP.

4 Bilateral interoperability

In this section, we analyse interoperability between two CCPs. We investigate
whether the collateral collected and rehypothecated by a CCP suffices to cover
resulting exposures across the two CCPs. We analyse two cases. First, both



CCPs apply the same margin model and, second, CCPs apply different margin
models.'3

4.1 Identical margin models

We consider a clearing system consisting of one security and two CCPs with
k =1+ m traders. We let traders 1,...,l be members of CCP1 and traders
Il +1,...,k be participants of CCP2. The margin requirement coefficient for
CCP1 is defined as 0 < pu < 1 (and identical for CCP2: 0 < v < 1). For the
time being, we assume margin requirement coefficients to be equal, u = v.

Interoperating CCPs enable participants to multilaterally net their trades
across all counterparties in the framework. Thus, CCP1 requires margins from
its traders equal to:

l k
W3S s (13)

i=1 [j=1

while CCP2 collects margins equal to:

k k
14 Z in’j (14)

i=I+1 [j=1

Summing the two margin requirements, we find that a single CCP would collect
the same margin requirement.

If margins collected by either CCP are greater than or equal to the margins
that interoperating CCPs require from each other, we say that CCPs are suffi-
ciently collateralised. If this condition is fulfilled, systemic risk is contained as
adequate collateralisation is ensured. By contrast, we say that a CCP is under-
collateralised if at least one of the CCPs collects less margin than required by
interoperating CCPs. In this case, contagion can occur if a CCP’s cross-CCP
collateral and its own funds are not large enough to absorb losses caused by the
defaulting CCP.

The cross-CCP net position between CCPs is determined similarly, as the
net position of a CCP’s member towards its CCP. For instance, the cross-CCP
net position of CCP1 towards CCP2 is simply the sum of net positions, z; j,
between traders of CCP1, ¢ = 1,...,1, and traders of CCP2, j =1+ 1,...,k.
Thus, the cross-CCP net position of CCP1 is determined by:

>

Cross-CCP margin requirements are calculated as margin requirements for traders,
i.e. the cross-CCP net open position is multiplied by the margin coefficient. The
cross-CCP net open position is defined as the absolute value of the cross-CCP

k
xi,j (15)
+1

13 As margins are only one element of a CCP’s risk management model, distinct margin
requirements do not necessarily imply that a CCP with a lower margin requirement is less
secure than a CCP with a higher requirement. We do not analyse the allocation strategy of
a CCPs’ various defence lines as Haene and Sturm (2009) do.

10



net position denoted in expression 15. Because the short and long positions have
the same weight, cross-CCP net open positions are the same for both CCPs:*

l k k l
SO wmg =D wiy (16)

i=1 j=l+1 i=1+1j=1

Therefore, CCP1 is exposed to a cross-CCP margin requirement by CCP2 equal

to:
l k
14 Z Z T4 (17)

i=1 j=I+1

The necessary and sufficient condition to avoid undercollateralisation of
CCP1 is that the margins collected by CCP1 - as denoted in expression 13
- are greater than or equal to the cross-CCP margins that CCP2 requires from
CCP1 - as denoted in expression 17. Thus, CCP1 is sufficiently collateralised if
the following condition applies:

1|k
DI )IE
i=1 |j=1

According to equation 1, the right-hand side of condition 18 can be expanded

as follows:
l k Ik
DD wig| =D wi (19)
i=1 j=1

i=1 j=I+1

k
v

MN

(AVA

(18)

Ti,j
i=1 j=I+1

Equation 19 enables us to apply the triangle inequality to condition 18 to verify
that sufficient collateralisation of cross-CCP exposures is ensured:

l k 1 k 1 k
Z me = szlJ = Z Z Zi,j (20)
i=1|j=1 i=1 j=1

i=1 j=I+1

The same can be derived for CCP 2 as depicted in expression 21:

k k ko1 k l
Do mia = DD i = | Do D wi (21)
i=l+1 |j=1 i=1j=1 i=14+1 j=1

This essentially says that in a bilateral framework traders cannot increase expo-
sures across CCPs without an equivalent and simultaneous expansion of expo-
sures towards their CCP. This ensures that the margin requirements of a CCP
towards its traders is always equal to or greater than the margin requirement
of the interoperating CCP.

In summary, provided that both CCPs apply identical margin requirement
coefficients, p = v, the currently applied risk management model is not prone
to systemic risk.

14 As we assume that a short position has the same exposure as a long position, we allow for
complete netting. Consequently, exposures between a pair of CCPs are identical. This does
not hold if either short or long positions’ exposures a weighted differently.

11



As illustrated in figure 3, the cross-CCP margin requirements - as a result
of bilateral netting between the two CCPs - are equal to $2 (denoted by green
numbers). Rectangles within an ellipse - which denotes a CCP - are the traders
that clear through this CCP. Traders from the right-hand CCP sell 300 secu-
rities to traders of the left-hand CCP and traders from the left-hand CCP sell
100 securities towards members from the right-hand CCP. Both CCPs are suffi-
ciently collateralised since for each CCP the sum of margins collected (numbers
in red) is greater than or equal to the cross-CCP margin requirement (numbers
in green). The overall margin requirement of $8 is identical to that of a single
CCP. As predicted by the model, cross-margin requirements of both CCPs are
identical for pu = v.

Figure 3: Example of a bilateral interoperability framework
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4.2 Different margin models

Relevant international standards require that a CCP should be able to withstand
the default of its largest participant. In order to meet this requirement, CCPs
can implement different risk management models. One CCP may emphasise
the defaulter-pays principle (and, thus, high margin requirements), whereas
another CCP may give more weight to the survivors-pay principle (and, thus, a
high default fund). As a result, margin requirements of any two CCPs typically
differ, i.e. p # v. Therefore, the question arises whether the above result
changes if we relax the condition of equal margin requirement coefficients.
Without loss of generality, we assume that 0 < p < v. This implies that
CCP2 requires higher margins from CCP1 than vice versa. Consequently, CCP1
bears a higher risk of being undercollateralised. In order to avoid a degenerate
problem, we assume that traders of CCP1 accumulate positive multilateral net

12



open positions:
k

l
Z in’j >0 (22)

i=1|j=1

This allows us to rearrange condition 18 for sufficient collateralisation as follows:

Ik
> D

? i=1 =
125244151——20 (23)
14 l
DD wy
i=1 |j=1

The numerator of expression 23 reflects the cross-CCP net open position result-
ing from trades across CCPs. The denominator depicts the sum of all traders’
multilateral net open positions on which the total margin collection of CCP1 is
based. From expression 20, we know that the numerator of expression 23 is less
than or equal to the denominator, which results in a ratio less than or equal to
1. The ratio of margin requirement coefficients is also less than or equal to 1.
However, the ratio of coefficients is not necessarily greater than or equal to the
ratio of margins.

The equality of the margin requirement coefficients is a sufficient but not
a necessary condition for avoiding undercollateralisation. Whether or not con-
dition 23 holds crucially depends on the difference between margin coefficients
chosen by CCPs and the trade flows which CCPs face. The larger the difference
of coefficients, the smaller the cross-CCP exposure has to be in relation to the
margins collected by CCP1. Otherwise undercollateralisation occurs.

The importance of the trade flow structure can be highlighted by assuming
that only one trader participates in CCP1. If so, the margins collected by CCP1
are exactly equal to the cross-CCP margin requirement of CCP2 because all
margin requirements of CCP1 necessarily result from trades across CCPs. Thus,
CCP1 is constantly undercollateralised as p < v. However, figure 3 illustrates
that undercollateralisation can also occur in less extreme circumstances. In the
given example, margins collected by the right-hand CCP are exactly sufficient to
meet the cross-CCP margin requirement. Therefore, the right-hand CCP would
be undercollateralised, if its margin requirement coefficient is smaller than that
of the left-hand CCP.

In reality, CCPs may exclusively clear additional markets alongside the com-
monly cleared exchanges of the interoperability framework. Results established
in this section do not change for the case of heterogenous market coverage. If
CCPs apply the same risk management models, undercollateralisation will not
occur. If CCPs apply different risk management models, the risk of undercol-
lateralisation depends on trade flow patterns and on the extent to which CCP’s
margin requirement coefficients differ.

To summarise, a bilateral interoperability framework with CCPs applying
different risk management models is prone to undercollateralisation. However,
undercollateralisation does not necessarily have to occur if these risk manage-
ment models are not too distinct and corresponding trade flow patterns are not
too extreme. The larger the difference in the margin requirement coeflicients,
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the more restricted the trade flow patterns compatible with sufficient collater-
alisation. Furthermore, trade flow patterns might allow for larger differences
in coefficients the more participants CCPs have and the more equally these are
distributed among CCPs. This is particularly relevant for emerging interoper-
ability arrangements since an entering CCP might initially start with a limited
number of participants.

5 Multilateral interoperability

This section analyses the risk of undercollateralisation in multilateral interop-
erability frameworks in which three or more CCPs participate.'®

We consider the clearing of one security by three CCPs that apply identical
margin requirements, i.e. = v = . Let CCP1 clear for participants 1,...,1,
CCP2 for participants [+1, .. .,l4+m and CCP3 for participants [+m+1,...,l+
m+n, where [+m+n = k. If multilateral netting is applied, CCP1 - for instance
- requires the following margins from its members:

l k
W3S (24)

i=1 |j=1

Again, if we sum each CCPs’ margin requirements, we find that a clearing
system with several linked CCPs collects the same value of margins as a single
CCP does.

CCP2 and CCP3 require CCP1 to deliver the following cross-CCP margins:

L l+m
V>, D wi (25)
i=1 j=I+1

l k
A Z Z Ti,j5 (26)

i=1 j=l+m+1

As = v = A, the condition for sufficient collateralisation of CCP1 is:

|k .| U m k
PBHIEH E DD BN LA DD DR (27)
i=1 |j=1 i=1 j=I4+1 i=1 j=l+m+1

For CCP2 and CCP3 similar conditions can easily be derived. As in a bi-
lateral framework, the cross-CCP net open positions for a pair of CCPs are
also identical in a multilateral framework. However, in contrast to the bilateral
framework, total cross-CCP margin requirements between CCPs in a multilat-
eral framework are not identical. This is a consequence of the cross-CCP margin

requirement being based on the sum of two cross-CCP net open positions that
differ from CCP to CCP.

15Due to the linearity of the model, the same results apply to any arbitrary number of CCPs
equal to or greater than three.
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We apply the following equality to show that the condition for sufficient
collateralisation may be violated:

L l4+m l k l k
oD wmty, Y wmg =YD g (28)
i=1 j=l+1 i=1 j=l+m+1 i=1j=1

The left-hand side of expression 28 is the cross-CCP margin that CCP2 and
CCP3 would require from CCP1 if CCP2 and CCP3 were merged. Equality 28
can be derived as a result of expression 1.

According to the triangle inequality, the right-hand side of expression 28
is less than or equal to the left-hand side of condition 27, which represents
the members’ margins collection of CCP1. Given identical coefficients, this
inequality says that a bilateral relationship - the merger of CCP2 and CCP3
- fulfils the condition for sufficient collateralisation. According to the triangle
inequality, the right-hand side of equation 27 is greater than or equal to the
left-hand side of condition 28. In other words, the cross-CCP net open position
between CCP1 and the merged CCP2 and CCP3 is less than or equal to the
sum of cross-CCP net open positions between CCP1 and separated CCP2 and
CCP3. Combining these results yields the following expression:

k l k 1 l+m l k
§ E Tij| = E E: Tij| < E E T + E E Tij (29)
i=1 |j=1 i=1 j=l+1 i=1 j=l+1 i=1 j=l+m+1

Expression 29 shows that the condition of sufficient collateralisation as defined
by expression 27 does not necessarily hold. Extending interoperability from a
bilateral to a multilateral framework may result in cross-CCP margin require-
ments that violate the condition for sufficient collateralisation - even if CCPs
apply identical margin coefficients. Unlike in a bilateral framework, traders in
a multilateral framework may accumulate offsetting net open positions towards
their own CCPs while their CCP’s cross-CCP net open position does not off-
set. For instance, CCP1’s traders can offset a long position towards CCP2 by
a short position towards CCP3. As a result, CCP1’s traders are flat towards
their CCP while CCP1 has an exposure to CCP2 and CCP3. The inequality on
the left-hand side of expression 29 illustrates that this does not happen if CCP2
and CCP3 were merged.

Figure 4 shows a multilateral framework with an undercollateralised CCP.
Again, the net open position of a trader can easily be calculated as the absolute
value of the number of arrows pointing towards a rectangle minus the number
of arrows pointing away. The resulting margin requirements for traders are
displayed as red numbers in the respective rectangles (since the calculation is
still based on multilateral netting, the same numbers result as for a single CCP
or for bilateral interoperability). The cross-CCP net open position between each
pair of CCPs is calculated on the basis of bilateral netting (indicated as the green
numbers closest to the respective CCP’s ellipse). Summing the green numbers
of a CCP results in the total cross-CCP margin requirement which a CCP must
be able to cover in order to be sufficiently collateralised. Therefore, if the sum
of traders’ margin requirements (red numbers within an ellipse’s rectangles)
is greater than or equal to the sum of cross-CCP margin requirements (green
numbers within an ellipse), a CCP is sufficiently collateralised. In figure 4,
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Figure 4: Example of a multilateral interoperability framework

Trader

Trade Flow
_—

all but the right-hand CCP are sufficiently collateralised. The trader at the
bottom of the right-hand CCP ellipse illustrates that in a multilateral framework
a trader may accumulate offsetting net open positions towards its own CCP
while its CCP’s cross-CCP net open position does not offset. In our example,
this trader faces a zero margin requirement while his trade pattern imposes a
positive cross-CCP margin requirement on his CCP.

One could easily invent trade flows for which none, one, two or all CCPs
end up undercollateralised. Thus, even if all CCPs apply the same margin re-
quirement coefficients, p = v = A, sufficient collateralisation in the currently
applied rehypothecation model is not ensured if the interoperability arrange-
ment involves more than two CCPs. This result generalises to any multilateral
framework with an arbitrary number of CCPs greater than two. Because under-
collateralisation even occurs with equal margin coefficients, we do not investigate
a model with differing margin requirement coefficients.

To summarise, CCPs may find themselves in a paradoxical situation. Even
though the sum of margins collected by CCPs equals the margins collected by
a single CCP, margins may not suffice to collateralise cross-CCP exposures.

6 Other rehypothecation models

It is evident that the issue of undercollateralisation can not be circumvented
by simply raising margin requirement coefficients. Even though more margins
would be collected from traders - and CCPs are better protected from a partic-
ipant’s default - proportionately more collateral would also have to be delivered
to the other CCPs. Therefore, the probability of undercollateralisation persists.

Regulators’ solution to avoid undercollateralisation is straightforward. CCPs
are expected to collect additional, specifically dedicated margins to cover cross-
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CCP exposures. Furthermore, CCPs are not allowed to use existing margins
to cover cross-CCP exposures. Consequently, more collateral is needed to fulfil
margin requirements.

Let us consider the example on bilateral interoperability in figure 3. 4% of
additional collateral are required to cover cross-CCP exposures (sum of green
numbers). Thus, margin requirements for the clearing system sum up to 12$
(the sum of red and green numbers). This is identical to the capital charges in
the example on bilateral clearing in figure 1. Under the new guidelines, traders
are indifferent between central clearing or bilateral clearing for the chosen ex-
ample. Formally, bilateral interoperability is preferred to bilateral clearing if
the following condition holds:

l k k l
Do D0 wig T a| Do D wis| <

i=1 j=I+1 i=l+1j=1
k k l k k k
Y Y gl = > D mig|+v YD @iy (30)
i=1 j=1 i=1 |j=1 =141 |j=1

The left-hand side of inequality 30 denotes the additional margins required to
fulfill regulators’ new guidelines (being the sum of cross-CCP margin require-
ments), the right-hand side denotes the benefits from multilateral netting (be-
ing the difference between capital requirements under bilateral clearing and the
sum of both CCPs margin requirements under bilateral interoperability). Thus,
traders only prefer bilateral interoperability to bilateral clearing if the bene-
fits from multilateral netting are large enough to compensate for the additional
margins required by regulators. A similar condition can easily be derived for
any multilateral interoperability framework.

Considering the example on multilateral interoperability in figure 4, regula-
tors’ guidelines result in 8% of additional margins to secure cross-CCP exposures
(sum of green numbers). Thus, total margin requirements sum up to 16$ (sum
of red and green numbers). In comparison to multilateral interoperability with
three CCPs, traders save 48 under bilateral clearing and 8% under a single CCP.
Thus, for the given trade flow, netting benefits do not compensate for the ad-
ditional margins required. Even bilateral clearing is preferred to multilateral
interoperability.

Even though this is not generally true, the statement can be generalised by a
simple thought experiment. Netting benefits are less likely to outweigh the costs
of additional collateral as the number of CCPs in an interoperability framework
increases. At the limit, &k traders are distributed over k¥ CCPs (each serving a
single trader). This interoperability framework implies that all trades are cross-
CCP trades. As CCPs clear bilaterally, they face the same cross-CCP margin
requirements as under bilateral clearing. Therefore, in addition to the CCPs’
regular margin requirement based on multilateral netting, traders would have to
provide additional collateral that, at the limit, equals the collateral requirement
under bilateral clearing (assuming identical capital and margin requirement co-
efficients). Applying this setup to the trade flow of our example - assuming each
trader is served by one CCP - traders have to meet margin requirements of 8%
(multilateral netting through the CCP given as the sum of red numbers) plus
an additional 12§ to cover cross-CCP margin requirements (sum of red numbers
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in figure 1 on bilateral clearing).

For a single CCP, the left-hand side of inequality 30 equals zero by definition.
Provided that the new guidelines become effective and assuming multilateral
netting is beneficial (the right-hand side of inequality 30 is greater than zero),
total margin requirements are minimised if there is a single CCP. Relative to
the reference case of a single CCP, new guidelines lead to overcollateralisation,
as they prohibit the reuse of exisiting margins. By contrast we argue that re-
hypothecated margins represent additional collateral because they change its’
characteristic from a defaulter-pays instrument to a survivors-pay instrument.
Consequently, we allow for the rehypothecation of members’ margins and eval-
uate whether less collateral-intensive approaches may comply with regulators’
guidelines of fully collateralised cross-CCP exposures. The next two subsections
consider a scaleable margin model and a meta-CCP approach.

6.1 Scaleable margin model

To reduce excessive collateralisation in a multilateral interoperability frame-
work, CCPs could ask for additional margins if and only if the sum of regular
margins is insufficient to cover cross-CCP exposures. For this purpose, we derive
a margin allocation rule that ensures sufficient collateralisation for any arbitrary
number of interoperating CCPs by closing the collateral gap between margins
collected and cross-CCP margin requirements.

For the sake of simplicity, we analyse the above defined multilateral interop-
erability case with h = 3 CCPs. Let us define 22:1 CM; = /‘22:1 ‘2?21 xm—‘
as the sum of collected margins from CCP1’s participants ¢ = 1, ...,[. Further-
more, ITM?! = 2222 IM}! represents CCP1’s cross CCP margin requirement,
the sum of cross-CCP margin calls, IM}, by CCP1’s interoperating CCP2 and
CCP3. Thus, CCP1 must meet the following condition to avoid undercollater-

alisation:
l

> CM; = IM! (31)
i=1
If inequality 31 does not hold, CCP1 calls for additional margins from its mem-
bers by applying the following allocation rule:

l
AM; = <1M1 -3 cm) lciM +CM; (32)
i=1 Zi:l CM;

AM; denotes the adjusted margin requirement that each trader ¢ has to
meet in order for CCP1 to avoid undercollateralisation. The first term of the
right-hand side represents the gap between cross-CCP margins required and the
margins collected from members. The gap is multiplied by the allocation rule,
which is simply trader i’s share in the sum of collected margins. As proposed,
this could either be a real-time measure of a trader’s share in margins or an av-
erage share over a predetermined period of the past. Because some participants
might regularly be flat,! a CCP can alternatively base the allocation rule on
the traders’ share in the gross position. The last term is the usual margin re-
quirement that a trader has to meet. It is easy to see that summing the adjusted

16For instance, algorithmic traders usually end the trading day flat.
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margin requirements over all traders of CCP1 results in the sum of cross-CCP
margin calls for CCP1:

1 l m l k
ORI, o S FY) Sl SEPH I

=1 i=1 j=I+1 i=l j=l4+m+1

To avoid undercollateralisation, we determine the effective margin requirement
for trader i as follows:

Excessive collateralisation can be reduced since additional collateral is col-
lected only to close the gap between margins collected and cross-CCP margin
requirements. As can easily be seen from the example in figure 4, the under-
collateralised CCP on the right-hand side would have to collect $2 of additional
margins. Therefore, the clearing system requires $6 less than under the new
risk management model imposed by regulators’ new guidelines and $2 less than
under bilateral clearing. In our example, the scaleable margin model is more
costly than a single CCP approach, but is able to restore incentives to clear
through interoperating CCPs rather than via a bilateral clearing framework.

This is generally true and can be formalised by comparing equation 33 with
the capital requirements of a bilateral clearing system:

l m k l k
vID D g A oo <edY iyl (35)
I j=l+m+1 i=1 j=1

i=1 j=l+1 i=

Expression 35 illustrates that CCP1’s margin requirement under interoperability
is less than or equal to the capital requirements under bilateral clearing with
participants ¢ = 1,...[. The inequality certainly holds true if k > u, v, X but
may - depending on the multilateral netting effect - be valid for a lower value of
k. We can further expand the result of expression 35 to each individual CCP of
the interoperability framework. Ultimately, the entire clearing system is better
off when moving from bilateral clearing to an interoperability framework with
adjusted margin requirements. Due to linearity, the result can be generalised to
any arbitrary number of CCPs participating in a multilateral interoperability
framework. Thus, in terms of margin requirements multilateral interoperability
is preferred to bilateral clearing.

Additionally, we can show that a single CCP is more beneficial than the
interoperability framework in terms of margin requirements. Summing up ex-
pression 32 over all traders and CCPs and comparing the result with the margin
requirement of a single CCP on the left hand side of inequality 36 we obtain:

k
s
1=1

k
> Tiy
j=1

3
< S IMh (36)
h=1

Expression 36 says that the sum of margin requirements of a single CCP is less
than or equal to the sum of cross-CCP margin requirements of the interoper-
ability framework which is the upper-bound of margin requirements for traders
under the new guidelines.

The scaleable margin model can be used for bilateral as well as for mul-
tilateral frameworks. Additionally, differences in cross-CCP risk management
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models do not require harmonisation of individual risk management models.
However, sufficient collateralisation is ensured if and only if all interoperating
CCPs apply the scaleable margin model.

6.2 Meta-CCP

Undercollateralisation in a multilateral framework occurs, because cross-CCP
exposures are not linked to the exposures between members and the CCP. A
way to mitigate the risk of undercollateralisation is to re-establish this linkage,
i.e. to collapse a multilateral framework into a bilateral one. For this purpose,
we introduce the concept of a meta-CCP, i.e. a CCP for CCPs. The intuition
is simple. A meta-CCP reduces multilateral relationships between CCPs into
bilateral relationships between CCPs and the meta-CCP (essentially, this is the
same as what a CCP does for its participants).

Again, without loss of generality, we concentrate our attention to the mul-
tilateral interoperability framework with three CCPs and analyse the case of
CCP1 only. We assume that all CCPs apply identical margin requirement co-
efficients, y = v = A, and, for the sake of simplicity, we omit them. Margins
collected by CCP1 from its traders equal:

l k
M1 = Z in’j (37)

i=1 |j=1

In contrast to a framework without a meta-CCP, the meta-CCP does not
have to account for bilateral exposures between CCPs, but can multilaterally net
cross-CCP exposures. The multilateral net open position of a CCP towards the
meta-CCP is defined as the absolute value of the sum of total multilateral net
open positions that traders of a CCP have towards traders of all interoperating
CCPs. For instance, CCP1 has the following exposure towards the meta-CCP:

Ik
MCCP, = Z Z Ti,j (38)

i=1 j=I+1

As we omit identical margin coefficients, exposures equal margins. To com-
pare resulting margin requirements, we define CM?' as the cross-CCP margin
requirements of CCP2 and CCP3 towards CCP1:

I l+m k
CM' =13 > wig|+ 22 Do i (39)
i=1 j=l+1 i=1 j=l+m+1

Applying the triangle inequality to expressions 38 and 39, we find that the
margin requirement of the meta-CCP is lower than or equal to the sum of
requirements by interoperating CCPs:

MCCP, < CM! (40)

Multilateral netting by a meta-CCP collapses cross-CCP margin requirements
into the requirement of a merged CCP2 and CCP3 (as denoted in expression
29).
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To investigate whether the margin requirements of the meta-CCP are suffi-
ciently collateralised, we derive the condition for sufficient collateralisation by
combining expressions 37 and 38:

.|

l k k
M1 = Z me Z Z Z Tij| = MCCPl (41)
i=1 |j=1

i=1 j=I+1

Again, by applying expression 1, the right-hand side of inequality 41 can be

extended as follows:
Ik Ik
DD mg| = DD w (42)

i=1 j=l+1 i=1j=1

Indeed, the triangle inequality confirms that sufficient collateralisation is en-
sured if CCP1 simply rehypothecates its collected margins towards the Meta-
CCP. The same result can be derived for all three CCPs.

Figure 5: Example of a multilateral interoperability framework with a meta-
CcCP

Trader

Trade Flow
—_—

Identical margin requirement coefficients are not a prerequisite for ensur-
ing sufficient collateralisation. As we can derive from the analysis of bilateral
interoperability in section 4, the sufficient condition for avoiding undercollat-
eralisation is that the meta-CCP’s margin requirement coefficient must be less
than or equal to any of the CCPs’ margin requirement coefficients. Again, this
is not a necessary condition. If trade flows are not too adverse, a slightly greater
margin coefficient for the meta-CCP might still be compatible with sufficient
collateralisation.

The establishment of a meta-CCP enables CCPs to avoid undercollaterali-
sation in a multilateral framework without requiring any additional margin. A
meta-CCP reintroduces the bilateral relationship that links cross-CCP margins
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to members’ margins. In other words, multilateral netting between CCPs must
always result in multilateral net open positions between the meta-CCP and its
CCPs that are less than or equal to the regular margins collected by CCPs.

Figure 5 illustrates a clearing system with a multilateral interoperability
framework secured by a meta-CCP (represented by the triangle). CCPs now
cover their cross-CCP exposures via the meta-CCP, which allows them to net
their cross-CCP positions on a multilateral basis. The blue numbers in the
triangle denote the margin requirements of the meta-CCP towards the CCPs.
Sufficient collateralisation is ensured if the sum of red numbers in an ellipse is
greater than or equal to the blue number closest to the respective ellipse. As
predicted by the model, all CCPs collect sufficient margins from their members
to cover the meta-CCP’s margin requirement. In particular, while the right-
hand CCP still collects $2 from its members, it also has to deliver exactly $2
as cross-CCP margin to the meta-CCP (instead of $4 without a meta-CCP, i.e.
the sum of green numbers).

7 Conclusions

Similar to Duffie and Zhu (2011), we find that a fragmented clearing system
with multiple CCPs is inefficient. Going beyond their findings, we illustrate
that interoperability resolves the inefficiencies associated with fragmentation.
In particular, interoperability enables traders to multilaterally net their posi-
tions across all CCPs. This minimises margin requirements and counterparty
exposures in the clearing system.

The paper is inspired by recent efforts on the part of some European CCPs to
establish multilateral interoperability in European cash equity markets. CCPs
proposed that the existing bilateral cross-CCP risk management model also
be applied to forthcoming multilateral interoperability arrangements. In this
model, CCPs cover exposures via rehypothecated margins that are collected
from participants. We analyse the rehypothecation model and demonstrate
that collateralisation in a bilateral framework suffices as long as CCPs’ mar-
gin requirements are not too distinct. However, multilateral interoperability
arrangements are generally prone to undercollateralisation. Therefore, we con-
firm regulators’ concerns about systemic risk.

Moreover, we analyse regulators’ recently issued guidelines on interoperabil-
ity arrangements to contain systemic risks. They effectively eliminate contagion
insofar as sufficient collateralisation is ensured. However, because regulators re-
quire additional collateral on top of the existing financial resources, they do
so at a cost of an overcollateralised clearing system. Considering that CCPs
all over Europe collect several billion euros as margin in cash equity markets,
overcollateralisation is not only of commercial relevance but might also have a
wider economic impact by increasing the opportunity cost of collateral and the
transaction costs of clearing. Heller and Vause (2011) and Singh (2010) provide
evidence for OTC derivatives that supports this view. As a reaction, traders
may try to bypass CCPs and, in so doing, reintroduce fragmentation - which
increases the clearing system’s overall exposure - or reduce trading that allows
to reallocate risks more efficiently.

With regard to the G-20 commitment towards mandatory clearing of OTC
derivatives, Duffie, Li and Lubke (2010) assume that the market structure of
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the OTC derivatives clearing system will be fragmented. Furthermore, the in-
tegration of local markets and access for small and mid-tier market participants
emerge as serious concerns among remote markets such as, for instance, Aus-
tralia and Canada.!” Fragmentation and limited access for global CCPs will
inevitably lead to tiering, i.e. access of smaller participants through larger
participants. However, tiering may be subject to further concerns such as ineffi-
cient market outcomes. Moreover, tiering countervails the G-20’s overall target
to strengthen financial stability by mandatory clearing because it concentrates
risks at a few large participants and, consequently, amplifies the too-big-to-fail
problem. A clearing system of interoperating local and global CCPs may help
to resolve these issues. However, significant efforts are required to establish and
operate safe and efficient interoperability arrangements.

We introduce two cross-CCP risk management models that either reduce or
eliminate undercollateralisation while reducing or avoiding overcollateralisation.
Whereas the ‘scaleable margin model’ is easy to implement, it does require
extra collateral to avoid undercollateralisation, although to a lesser extent than
imposed by regulators. We illustrate that the clearing system can go a step
further in reducing collateral requirements by introducing a CCP for CCPs.
Under certain conditions this ‘meta-CCP’ allows sufficient collateralisation to
be ensured without requiring any extra collateral. Although the establishment
of a meta-CCP may be difficult due to the complexity of its risk management
and the commercial, regulatory and political concerns, it may be worthwhile to
further explore its feasibility.
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Appendix

The appendix briefly introduces the relevant CPSS/IOSCO recommenda-
tions. In the first subsection we illustrate a CCP’s generic risk management
model. Further we discuss interoperability arrangements. Finally, we present
the new guidelines issued by Dutch, Swiss and UK authorities.

A central counterparty

A CCP is an entity that interposes itself between the seller and the buyer
of a financial contract. The original contract is replaced by two new ones, one
between the CCP and the seller and one between the CCP and the buyer. Es-
sentially, the CCP becomes the new counterparty of the seller and the buyer. A
CCP typically guarantees the fulfilment of the new contracts to its participants
even if one of them fails to meet its obligations. As a result, a CCP concen-
trates credit risks. In cash equity markets, principal risk is usually mitigated
via a delivery-versus-payment (DvP) mechanism. However, the replacement cost
risk - which is the potential loss from replacing open contracts of a defaulting
participant - remains on the books of the CCP.!®

Given the specific role CCPs play in financial markets, they are typically
regulated entities. In particular, a CCP is required to collect financial resources
to cover potential losses that may result from a defaulting participant. Regu-
latory requirements are outlined in the report on Recommendations for Cen-
tral Counterparties (RCCPs), and represents international minimum require-
ments.'® With respect to financial resources, CCPs have to meet the following
two recommendations:

18DvP is a mechanism in an exchange-for-value settlement system that ensures that the
final transfer of one asset occurs if and only if the final transfer of another asset occurs. See
CPSS (2003).

19RCCPs are commonly issued by the CPSS/IOSCO (2004).
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e Margin requirements (Recommendation 4): "If a CCP relies on
margin requirements to limit its credit exposures to participants, those
requirements should be sufficient to cover potential exposures in normal
market conditions. [...]";

e Financial resources (Recommendation 5): "4 CCP should maintain
sufficient financial resources to withstand, at a minimum, a default by the
participant to which it has the largest exposure in extreme but plausible
market conditions.";

Whereas margin requirements are usually designed to cope with normal price
movements, other financial resources should be available to cope with tail events,
i.e. extreme price movements. To meet these requirements, CCPs usually ap-
ply various lines of defence, which can broadly be grouped according to two
principles:

e Defaulter-pays principle: Typically, potential losses of a CCP are cov-
ered via prefunded financial resources of the defaulting participant;2’

e Survivors-pay principle: Survivors-pay instruments cover financial losses
via financial resources of the surviving participants. In contrast to a
defaulter-pays instrument, a survivors-pay instrument is a loss-sharing
agreement between non-defaulting participants.?!

CCPs predetermine the order in which financial resources will be used to
cover losses. Usually, CCPs only fall back on the default fund contributions if
the resources of the defaulting member do not cover losses. A CCP’s reserves
and own capital may be understood as the ultimate line of defence. Finally,
surviving participants are sometimes required to replenish the default fund after
a CCP has experienced a loss.??

B Interoperability

Interoperability arrangements interconnect CCPs by enabling participants
of one CCP to clear trades with participants of another CCP. Thus, a CCP
interposes itself between trades of its own participants and those of participants
from an interoperating CCP. Therefore, exposures result between the buyer and
its CCP, the seller and its CCP and, as a particular feature of interoperabil-
ity, across CCPs if a buyer and a seller do not participate in the same CCP.
Participants benefit from interoperability in two ways. First, a participant can
access different trading platforms without necessarily being a member of sev-
eral CCPs. Second, margin requirements are reduced because of the enhanced
netting opportunities of trading positions being cleared through one CCP only.
With regard to the clearing system as a whole, interoperability may reduce
overall risks due to the netting of a larger set of trading positions.

20 Defaulter-pays instruments are typically represented by the margins that a CCP collects
from its members. Margin requirements normally depend on the participant’s current exposure
and are usually intended to cover losses that would occur under normal market conditions.

21Usually, participants are required to prefund a collective default fund. The size of the
default fund contribution typically depends on the size of a participant’s average exposure
over a certain period of time.

22For further explanations of the different lines of defence of a CCP see Duffie, Li and Lubke
(2010). The optimal balance of lines of defence is analysed in Haene and Sturm (2009).
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Regulatory authorities explicitly consider interoperability in the CPSS/TI0OSCO
report on RCCPs in 2004:

e Risks of links between CCPs (Recommendation 11): "CCPs that
establish links either cross-border or domestically to clear trades should
evaluate the potential sources of risks that can arise, and ensure that the
risks are managed prudently on an ongoing basis [...]";

This recommendation is not very specific in addressing cross-CCP risk man-
agement. In particular, the exchange of financial resources to collateralise cross-
CCP exposures is hardly discussed. Further, it only addresses bilateral inter-
operability frameworks - i.e. arrangements involving two interoperating CCPs
- but does not consider multilateral interoperability.

C New guidelines

In existing bilateral interoperability frameworks, exposures between CCPs
are covered by rehypothecating members’ margins. This raises the question
whether participants’ margins collected by a CCP are sufficient to cover its
exposures vis-a-vis its interoperating CCPs. Even though a CCP’s default may
be qualified as a rare event, as Bernanke (1990) points out, only rumours of
a CCP’s potential default can have devastating effects on market confidence
and trading. Worse, if many CCPs are linked via multiple interoperability
frameworks, the whole clearing and trading system could potentially be affected.
As a CCP’s own capital may be far lower than its cross-CCP exposures the
default of an interoperating CCP may result in contagion if the network of
CCPs is subject to undercollateralisation.

Recently, Dutch, Swiss and UK regulators delayed interoperability initia-
tives by the European Multilateral Clearing Facility (NL), EuroCCP (UK),
LCH.Clearnet Ltd. (UK) and SIX x-clear (CH). Regulators released common
guidelines with respect to the management of cross-CCP exposures. Essentially,
RCCP 11 was amended by the following four criteria:

1. CCPs are required to fully collateralise cross-CCP exposures;

2. CCPs are required to collect additional resources to cover cross-CCP
exposures. These resources are expected to be collected on top of partici-
pant’s regular lines of defence;

3. Such extra collateral for cross-CCP exposures must be held in a pre-
funded manner;

4. Interoperability frameworks must be scaleable, i.e. the safety of an in-
teroperability arrangement must not be negatively affected by a change in
the number of participating CCPs.

The term ‘full collateralisation’ refers to cross-CCP margins that must be
determined in accordance with the requirements for ordinary members.

The second guideline requires CCPs to provide additional collateral on top
of the collected financial resources that cover members’ exposures towards their
CCP. The guideline aims to prevent CCPs from rehypothecating existing mar-
gins or default fund contributions of their participants. In particular, regulators
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require additional financial resources as they suspect undercollateralisation or
a weakening of CCPs’ lines of defence if CCPs simply rehypothecate existing
financial resources. Thus, CCPs’ current cross-CCP risk management model
does not comply with the second guideline.

The third guideline attempts to eliminate wrong-way risks. To do so, regula-
tors require financial resources covering cross-CCP exposures to be prefunded.
Therefore, financial resources such as bank guarantees or insurances are not
eligible. Because the availability of such resources crucially depends on the
liquidity and solvency of the guarantor or insurer, the resources may not be
available when needed.

With scalability, regulators require cross-CCP risk management models to
also ensure sufficient collateralisation if additional CCPs join or if participating
CCPs quit the interoperability framework. Alternatively scalability might be
considered as a matter of contestability, i.e. a sound risk management model
must not deter potential entrants from joining a framework.??

Regulators’ guidelines are forcing CCPs to adjust the currently applied cross-
CCP risk management model. To comply with the first two guidelines, CCPs
will refrain from rehypothecating members’ existing margins but will rehypoth-
ecate additional margin collected from their members on top of the regular
margin contributions. In essence, participants will have to ‘double-collateralise’
exposures that result from trades across CCPs.

Generally, we can distinguish three different types of prefunded financial
resources that can be exchanged to cover cross-CCP exposures. These are:
members’ default fund contributions, own capital (including retained earnings)
and members’ margin contributions. The mutual exchange of the first two
financial resources reduces a CCP’s ability to withstand a participant’s default.
If these financial resources were rehypothecated to the other CCPs, they could
not be used by the CCP that incurs a participant’s default. Thus, the CCP’s
has fewer financial resources available to cover potential losses. Therefore, it is
meaningful to refrain from mutually exchanging default fund contributions and
own financial resources to cover cross-CCP exposures.

In contrast, the mutual exchange of margins as a defaulter-pays instrument
does not reduce a CCP’s ability to withstand a participant’s default since -
by definition - only those margins that stem from the defaulting participant
can be used to cover potential losses. Margins of surviving members remain un-
touched since they must be reimbursed to surviving members in case of a CCP’s
default. Indeed, the rehypothecation of participants’ margins towards interop-
erating CCPs changes the original character of margins from a defaulter-pays
instrument to a survivors-pay instrument. A CCP’s default enables surviving
CCPs to use rehypothecated margins of the defaulting CCPs’ members to cover
the losses. Thus, the surviving participants of a defaulting CCP can experi-
ence a loss up to the full amount of their regular margin contributions, which
would not be the case if they were not rehypothecated. Consequently, rehy-
pothecated regular margin contributions actually become additional collateral
for the surviving CCPs.

23Gince we focus on cross-CCP risk management, we do not further discuss the interrela-
tionship between risk management and contestability.
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