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rely on stress-tests, which analyze the impact of a major participant’s de-
fault combined with extreme (unfavorable) movements in market prices. Both
factors—the maximum exposure and the adverse price movements—can be
based on historic observations or on theoretical assumptions. CCPs then need
to ensure that their �nancial resources are su�cient to cover the identi�ed
potential stress losses. To do so, CCPs may rely on various risk management
instruments, which can be broadly grouped according to two principles: the
defaulter-pays principle—where the defaulting participant covers the loss—,
and the survivors-pay principle—where the loss is covered by the remaining
participants. The defaulter-pays principle is typically implemented by requir-
ing participants to post margins in relation to the current risk exposure they
incur for the CCP. That is, an increase in the participant’s open position or
an increase in market volatility (or both) translate instantaneously into higher
margin requirements. In contrast, the survivors-pay principle usually requires
participants to make contributions to a pre-funded collective default fund. In-
dividual default fund contributions are typically based on each participant’s
(average) risk exposure over a longer time period. These contributions are thus
less reactive to temporary shifts in current open positions or changing market
volatility.

4 A Model of CCP Risk Management

In practice, CCPs tend to apply both margin requirements and default fund
contributions, but to varying degrees. This raises the question whether there
is an optimal balance between these risk management instrumtents, and if
yes, by what factors this balance is a�ected. To answer these questions, this
section introduces a stylized model of CCP risk management.

4.1 Assumptions

The model covers one period, which could be interpreted, for instance, as
one day, one month or one year. The market place for which the CCP o�ers
its services is covered byi = 1 . . . n homogenous and risk-neutral �nancial
institutions. The CCP is user-owned and user-governed, which ensures that the
CCP’s risk management framework re�ects the preferences of its participants.

A �nancial institution’s bene�t from cl earing its transactions via the CCP is
Bi . As discussed in Section 2, this bene�t may arise from the reduction of
counterparty risk and simpli�ed risk management, multilateral netting and
post-trade anonymity. Participants’ costrelated to clearing their transactions
via the CCP are threefold:
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(1) Service fees Fi, intended to recover the CCP’s operational cost (including
some return on capital). Fi is assumed to be a fixed cost.

(2) Opportunity costs Ci from posting collateral at the CCP in the form of
margins, a default fund contribution, or both. The marginal opportunity
cost of collateral is α ≥ 0.

(3) In case of another participant’s default, the remaining participants might
lose some or all of their default fund contributions (but none of their
margins). The associated expected cost is denoted Li.

Financial institutions’ expected utility from participating in the CCP thus is

Ui = Bi − Fi − Ci − Li. (1)

Below, we will assume that Bi is sufficiently large, so that the participation
constraint Ui ≥ 0 is always satisfied. Moreover, since Fi is a fixed cost and
does not depend on the CCP’s risk management framework, the analysis will
focus exclusively on the two other cost factors, Ci and Li.

Given participants’ trading strategy (which is not modeled explicitly), any
participant defaults with some positive probability on its obligations vis-à-vis
the CCP during the period under consideration. In case of a default, the CCP
invokes the close-out netting procedure, which—depending on the defaulting
participant’s positions and movement of market prices—may or may not result
in positive replacement costs and thus a loss to the CCP. For any participant,
the probability of a default which leads to positive replacement costs for the
CCP is φ > 0. Note that we ignore those defaults which do not result in
a loss to the CCP (because the replacement cost is negative). Hence, the
default probability may be larger than φ. For simplicity, it is assumed that
the replacement cost Λ is uniformly distributed over the range [0, Λmax] and
that at most one participant defaults per period.

The regulatory authority requires the CCP to have at its disposal sufficient
financial resources R to cover its losses in case of default of any of its partic-
ipants in extreme but plausible circumstances. In other words, the regulator
requires that R ≥ Λmax, which ensures that the CCP will always be able to
fulfil its obligations vis-à-vis the non-defaulting participants.

Each participant is obliged to provide financial resources (i.e. collateral) to the
CCP in the form of margins (Mi), pre-funded contributions to a default fund
(DFi), or both. Due to homogeneity the total default fund is DF =

∑
i DFi =

n · DFi. In case of participant i’s default, the CCP may have recourse to Mi

and DF in order to cover its losses. The regulatory requirement can thus be
written as
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R = Mi + n · DFi ≥ Λmax. (2)

In case of a default by participant j, the CCP covers the loss Λ in the following
order:

(1) The CCP realizes participant j’s margins Mj .

(2) If Λ > Mj , the CCP realizes also participant j’s default fund contribution
DFj.

(3) Eventually, if Λ > Mj + DFj , the CCP will take recourse to other par-
ticipants’ default fund contributions on a pro rata basis.

In case of participant j’s default, it is thus possible that some fraction of the
(non-defaulting) participant i’s default fund contribution will be used by the
CCP to cover its losses. The (expected) cost for participant i is captured by
the term Li in Equation (1).

As there is no reason for the CCP to hold more financial resources than re-
quired, it will be assumed that the regulatory requirement in Equation (2)
holds with equality, in which case each participant’s default fund contribu-
tion can be written as a function of its margins, i.e. DFi = Λmax−Mi

n
. The

CCP’s optimization problem can then be restated in terms of the following
cost minimization problem:

min
Mi

Ti(Mi) = Ci(Mi) + Li(Mi), with Mi ∈ [0, Λmax], (3)

and where Ti measures participant i’s total (expected) cost associated with
the CCP’s risk management framework.

In the following, we will analyze how the CCP should set the level of margins
(and hence implicitly also the size of the default fund), taking into account
the trade-off between collateral costs (Ci) and the expected loss of individual
default fund contributions (Li). From the perspective of a participant, this
trade-off can be summarized as follows: Low margin requirements (which imply
a high default fund) allow to economize on collateral costs but go along with
higher expected losses in case of another participant’s default; high margin
requirements (which imply a low default fund) cause high collateral costs, but
the expected losses in case of another participant’s default are lower or even
zero.

As outlined in the introduction, one would expect that the optimal balance
between margin requirements and default fund contributions can also depend
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on the intensity of two incentive mechanisms associated with margin require-
ments. That is, to the extent that higher margins contribute to limiting partic-
ipants’ risk exposures and/or to reducing their default probability, the CCP
should increase its margin requirements (compared to the situation where
these incentives are absent). However, to ease the exposition, subsection 4.2
first determines the optimal risk management framework for the case where
incentives are absent (benchmark model). Subsection 4.3 then discusses to
what extent the result is altered if the CCP’s risk management framework
affects the probability of a default with positive replacement cost for the CCP
and/or the maximum loss to the CCP in case of a default (extended model).

4.2 The Benchmark Model

In this section, it is assumed that participants’ trading and risk management
behavior is not affected by the CCP’s risk management framework. Or, to put
it differently, an individual participant’s probability of a default with positive
replacement cost for the CCP (φ) and the maximum loss to the CCP in case
of default (Λmax) do not depend on the CCP’s risk management framework
(i.e. on the combination of margins and default fund contributions).

In order to determine the optimal balance between margins and default fund
contributions, the terms Ci and Li need to be specified in more detail. First,
participant i’s opportunity costs of collateral increase linearly with the level
of margins and default fund contributions to be posted at the CCP. In this
respect, it is instructive to look at the implications of two extreme solutions.
On the one hand, if the CCP relies solely on a default fund and thus Mi = 0,
it is apparent from Equation (2) that each participant would have to make
a contribution to the default fund of DFi = Λmax

n
and thus Ci = αΛmax

n
. On

the other hand, if the CCP’s risk management is based solely on margins
and hence DFi = 0, it follows that each participant would have to provide
margins of size Mi = Λmax and thus Ci = αΛmax. There are of course an
infinite number of intermediate solutions, but in general the opportunity costs
for collateral can be written as

Ci(Mi) = α(Mi + DFi) =
α

n
[Λmax + (n − 1)Mi] . (4)

Turning to the second term Li, note that participant i’s expected loss due to
the default of any of the other n − 1 participants can be written as
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Li = (n − 1) φ LGDi, (5)

where φ is the probability of a default resulting in positive replacement cost for
the CCP and LGDi is participant i’s expected loss of its default contribution
given a default by any of the other participants. In order to determine LGDi,
assume that participant j defaults. The expected residual loss to be shared
between the non-defaulting participants—i.e. the expected loss to the CCP
after subtracting the margins and default fund contributions by j—is equal
to E(Λ) − (Mj + DFj). Taking into account that E(Λ) = Λmax

2
, Mj = Mi,

DFj = DFi, and DFi = Λmax−Mi

n
, it can be shown that

LGDi(Mi) =

⎧⎪⎪⎨
⎪⎪⎩

(n−2)Λmax

2n(n−1)
− Mi

n
if 0 ≤ Mi < n−2

2(n−1)
Λmax

0 if n−2
2(n−1)

Λmax ≤ Mi ≤ Λmax.

(6)

In case of another participant’s default, the expected residual loss is thus
decreasing in Mi, reaching zero whenever margins are set sufficiently high.

Substituting Equations (4), (5) and (6) into (3), the CCP’s cost minimization
problem thus becomes

min
Mi

Ti(Mi) =
α

n
[Λmax + (n − 1)Mi]+φ (n−1) max

�
0,

(n − 2)Λmax

2n(n − 1)
− Mi

n

�
.

(7)

The first order condition ∂Ti/∂Mi = 0 then yields the optimal individual
margin requirements

M∗
i =

⎧
⎪⎨
⎪⎩

0 if α > φ

n−2
2(n−1)

Λmax if α < φ
(8)

as well as the optimal individual default fund contributions

DF ∗
i =

⎧
⎪⎨
⎪⎩

Λmax

n
if α > φ

Λmax

2(n−1)
if α < φ.

(9)
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The two cases are illustrated in Figure 1. 4 One may observe that irrespective
of the specific parameter values for α and φ, it is always beneficial to establish
a default fund, whereas the exclusive use of margin requirements is never
optimal. This can be explained by the fact that if margins are set above
a certain level, the risk that default fund contributions are being retained to
cover other participants’ losses becomes very small, which makes the collective
default fund more attractive.

Fig. 1. Optimal Margin Contribution – Benchmark Model
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The relative importance of the optimal default fund in the CCP’s risk manage-
ment framework, in the following measured by the variable df ≡ DF ∗/Λmax ∈
[0, 1], depends on the specific parameter values. If the opportunity cost of
collateral is larger than the default probability (α > φ), then df = 1 and
the CCP should thus not collect any margins at all. In contrast, if α < φ,
then df = n

2(n−1)
and the optimal balance between margins and default fund

contributions depends on the number of clearing participants: The more par-
ticipants, the smaller should the relative importance of the default fund be.
As the number of participants increases, the risk of a default increases, even
if the participants’ individual default probabilities remain unchanged. This
increases the expected loss on default fund contributions and makes them
less attractive. However, even with a large number of participants, the size of
the default fund should never fall below 50% of the total required financial
resources.

How do these theoretical results relate to existing CCPs’ risk management
arrangements? As noted above, CCPs typically apply a combination of both

4 If α = φ, there is a continuum of optimal solutions with M∗
i ∈

[
0, n−2

2(n−1)
Λmax

]
and DF ∗

i ∈[
Λmax
2(n−1)

, Λmax
n

]
.
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margin requirements and default fund contributions. Assuming that CCPs
have chosen an optimal risk management framework, this would imply that
the opportunity cost of collateral is lower than the perceived probability of
a default with positive replacement cost for the CCP. For instance, assuming
that opportunity cost of collateral is 5 basis points per annum, this would
imply that the perceived default probability of participants over a one year
horizon is larger than .0005.

4.3 The Extended Model

In this subsection, the model is expanded by taking into account that margins—
as opposed to default fund contributions—may affect participants’ behavior
via two different incentive mechanisms.

First, margins may limit the maximum loss the CCP needs to cover in case of a
participant’s default. Indeed, higher margins make peak exposures more costly
and, in addition, to the extent that participants face a collateral constraint,
margins impose a cap on participants’ trading activity and hence their risk ex-
posures. These assumptions are supported both theoretically and empirically
by Hartzmark (1986), Hardouvelis and Kim (1995) and Gibson and Murawski
(2007). One might argue that higher default fund contributions also increase
the cost of trading and therefore reduce trading activity, but these contribu-
tions are typically tied to average risk exposures over a past period. They thus
have only a limited bearing on peak trading activity and risk exposures.

In our model, the impact of higher margins on the maximum risk exposure is
captured as follows:

Λ̃max = Λmax − δMi, with δ ≥ 0 and Mi ∈
[
0,

Λmax

1 + δ

]
.

Λmax thus now defines an upper limit for the loss (namely if Mi = 0), and the
parameter δ can be interpreted as measuring the intensity of this incentive
mechanism: The larger δ, the stronger is the dampening effect of margins on
participants’ risk exposure and on the maximum loss in case of a default. One
may also note that it can never be optimal to collect margins higher than
Λmax

1+δ
, as this amount would always be sufficient to cover the maximum loss.

The second incentive mechanism takes into account that higher margins are
likely to increase participants’ incentives to avoid default, thereby reducing
default probability. Indeed, to the extent that the risk of default is an endoge-
nous variable as argued by Kahn and Roberds (1998), too strong reliance on
the collective default fund in the CCP’s risk management framework can raise
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moral hazard issues and lead to higher default rates than is socially optimal.
By internalizing the cost of default, higher margins reduce the incentives to
free-ride on resources provided by other participants and may limit risk tak-
ing. Hence, increasing the relative importance of margins in the CCP’s risk
management framework is expected to reduce participants’ default probabil-
ity. 5

This incentive mechanism is captured by assuming that the probability of a
default (with positive replacement cost for the CCP) φ̃ depends on the level
of margins as follows:

φ̃(Mi) = φ − (φ − φmin)

(
Mi

Λ̃max

)
, with φ ≥ φmin > 0, Mi ∈ [0, Λ̃max]

The parameter φ now defines an upper limit to the probability of a default
resulting in positive replacement cost. A gradual increase in Mi reduces the
endogenous default probability φ̃, which reaches the lower limit of φmin when
margins are raised to Mi = Λ̃max. The spread between φ and φmin captures
the intensity of this incentive mechanism. The larger the spread, the stronger
the impact of margins on participants’ default probability.

To what extent do the two incentive mechanisms affect the optimal CCP risk
management framework? First, note that the regulatory requirement now is

R = Mi + nDFi ≥ Λ̃max = Λmax − δMi. (10)

Maintaining the assumption that the regulatory requirement holds with equal-
ity, it follows that DFi = Λmax−(1+δ)Mi

n
and hence

C̃i(Mi) = α(Mi + DFi) =
α

n
[Λmax + (n − δ − 1)Mi]. (11)

Moreover, the expected loss due to the default of any other participant now is

L̃i = (n − 1) φ̃ L̃GDi, (12)

where

5 Gibson and Murawski (2007) point out that margin requirements may negatively affect partic-
ipants’ wealth and welfare and hence, under specific circumstances, may increase a participant’s
default probability. In our model, this effect is not taken into account.
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L̃GDi(Mi) = 1
n−1

[E(Λ̃) − (Mi + DFi)]

=

⎧
⎪⎨
⎪⎩

(n−2)Λmax

2n(n−1)
− δ(n−2)+2(n−1)

2n(n−1)
Mi if 0 ≤ Mi < (n−2)Λmax

δ(n−2)+2(n−1)

0 if (n−2)Λmax

δ(n−2)+2(n−1)
≤ Mi.

(13)

The cost minimization problem can thus be written as

minMi
T̃i(Mi) = C̃i(Mi) + (n − 1)φ̃ L̃GDi

= α
n
[Λmax + (n − δ − 1)Mi]

+ (n − 1)
�
φ − (φ − φmin)

�
Mi

Λmax−δMi

��
. . .

max
�
0, (n−2)Λmax

2n(n−1)
− δ(n−2)+2(n−1)

2n(n−1)
Mi

�
.

(14)

As it is not possible to derive closed-form solutions for M∗
i or DF ∗

i from
the first-order condition, we evaluate the results numerically. To facilitate the
discussion and to compare the results with the benchmark model, it is again
useful to look at the relative importance of the default fund in the CCP’s risk
management framework, which now is d̃f ≡ DF ∗/Λ̃max ∈ [0, 1]. Depending
on the values of the parameters α and φ, the following four cases can be
distinguished:

Case 1: α is significantly larger than φ. Recall that in the benchmark
model, for α > φ, it would be optimal to rely solely on a collective default fund.
Now, allowing for incentive effects, the maximum loss and the probability of
default need to be highly sensitive to margin requirements in order to make
margins attractive, i.e., δ would need to be high and φmin significantly lower
than φ. For realistic values of δ and φmin, however, the CCP should again rely
exclusively on default fund contributions, i.e. d̃f = 1.

Case 2: α is slightly larger than φ. The sensitivity of the maximum loss
(described by δ) and the default probability (described by φ− φmin) to an in-
crease in margins can now compensate for the slightly higher cost of collateral
relative to the default probability and make margin contributions in combina-
tion with a default fund worthwhile for the CCP’s risk management. As can
be seen in the left panel of Figure 2, which shows d̃f for various parameter
combinations of δ and φmin, d̃f drops quickly as δ increases, while the effect is
less pronounced for a reduction in φmin. This can be explained by the oppos-
ing effects a reduction in φmin has on the optimal margin requirement. On the
one hand, margin contributions reduce the total cost of risk management by
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reducing the default probability and therefore margin contributions become
more attractive. On the other hand, however, the lower default probability
makes default fund contributions comparatively less costly, as the risk that
some or all of the contributions are retained to cover losses from a partici-
pant’s default is also reduced. Overall, a reduction in φmin still increases the
optimal amount of margins, but to a lesser (and declining) degree compared
to an increase in δ.

Case 3: α is slightly smaller than φ. As the sensitivity of the maximum
loss to margins increases (i.e., an increase in δ), the optimal absolute level of
margins decreases, as the maximum loss is reduced. However, the optimal bal-
ance between margins and default fund contributions (and therefore also d̃f)
remains unchanged. An increase in the sensitivity of the default probability to
margins (i.e. a decrease in φmin) leads to a higher d̃f . While this might seem
counter-intuitive at first sight, it is again explained by the opposing effects a
reduction in φmin has on the optimal margin requirement. On the one hand,
margins reduce the total cost of risk management by reducing the default
probability, which makes margins more attractive. On the other hand, how-
ever, the reduced default probability makes default fund contributions again
less costly, as the risk that some or all of the contributions are retained to cover
losses from a default is reduced. Overall, and as illustrated in the right panel
in Figure 2, a reduction in φmin decreases the optimal amount of margins and
increases d̃f . This is exactly the opposite result as in case 2, where a reduc-
tion in φmin was found to increase the optimal amount of margins. While this
might seem counter-intuitive, it is explained by the fact that only by requiring
margins the CCP can profit from a reduction in the default probability, which
then again makes default fund contributions more attractive. Therefore, the
negative effect of margin requirements on the default probability makes a bal-
anced combination of margins and default fund contributions preferable for
the CCP.

Case 4: α is significantly smaller than φ. An increase in the sensitiv-
ity of the maximum loss to margins (i.e. an increase in δ) reduces the opti-
mal absolute level of margins, but leaves the optimal combination of margin
requirements and default fund contributions unchanged. An increase in the
sensitivity of the default probability to margins (i.e. a decrease in φmin) has
no effect on the optimal balance nor the absolute level of margins and default
fund contributions.

These results thus demonstrate that by taking into account incentive effects
margins become more attractive in some—but not all—cases. In particular,
it is again never found to be optimal for the CCP to rely solely on margin
requirements. That is, even if the alleged incentive effects of margin require-
ments are important, it is always beneficial to establish some sort of collective
default fund.
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Fig. 2. Optimal Default Fund Contribution Share – Extended Model

If the cost of collateral is significantly smaller or higher than the probability of
a participant default (with a positive replacement cost for the CCP), incentives
typically have no effect on the optimal combination of the risk management
instruments. However, if cost of collateral and the probability of a partici-
pant default are fairly similar, incentives can determine the optimal balance
between margins and the default fund. If the maximum loss decreases with
an increase in margin requirements, the latter can become preferable even if
the opportunity cost of collateral is equal or slightly higher than the proba-
bility of a participant default. If we take into account that margins reduce the
probability of a participant default, a balanced combination of default fund
contributions and margins becomes preferable. If the opportunity cost of col-
lateral is smaller than the default probability, there is the counter-intuitive
effect that an increase in the sensitivity of the default probability to margin
requirements can actually reduce the optimal share of margins relative to the
default fund. Indeed, in that case, even a small increase in margin require-
ments implies a significant reduction of the default probability, which in turn
makes the default fund contributions comparatively cheaper.

In any case, provided that one or both of the alleged incentive mechanisms
exist, the optimal balance between default fund contributions and margin re-
quirements is similar to or lies in between the two corner solutions established
for the benchmark model in Section 4.2. Moreover, it should also be noted that
the total cost of collateral associated with the CCP’s optimal risk management
framework is lower than in the benchmark model.
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5 Conclusions and Further Considerations

In this paper, we have analyzed the optimal combination of margin require-
ments and a collective default fund in a stylized CCP model. The model takes
into account the total cost of collateral, participants’ default probability and
the potential risk-mitigating incentives associated with margins.

We find that establishing a default fund is always optimal, and in some
cases a sufficiently large default fund is even all it takes. The use of margin
requirements—and hence a somewhat smaller default fund—is recommended
if the opportunity cost of collateral is lower than the probability of a partic-
ipant’s default (resulting in a positive replacement cost for the CCP). More-
over, the imposition of margin requirements becomes more attractive if they
are associated with risk-mitigating incentives, e.g. if higher margins reduce
participants’ default probability or if they put a cap on the maximum loss in
case of a participant’s default.

In practice, CCPs typically combine margin requirements with a default fund.
Against the background of our theoretical results, this could be attributed to
two potential causes: It could mean that the opportunity cost of collateral
is low compared to the perceived probability of a participant’s default; or it
could imply that margins have (or are said to have) significant incentive effects
which are taken into account in the CCP’s risk management framework. The
two explanations are not mutually exclusive.

Our work has implications for CCPs as well as regulatory authorities. In par-
ticular, it suggests that the design of CCPs’ risk management frameworks
should carefully weight the cost and benefits (including incentives effects) of
different risk management instruments. Indeed, by striking the optimal bal-
ance between margin requirements and default fund contributions, CCPs can
either enhance their resilience to financial shocks without imposing additional
cost on their participants, or they can achieve a certain level of resilience at
lower cost. At the same time, our results suggest that regulatory authorities
should not only focus on the total level of financial resources available to a
CCP, but also take into account how the various risk management instruments
are combined and what kind of incentives they create.

There are a number of extensions to our stylized model which warrant further
investigation. First, it would be interesting to allow for multiple defaults. Sec-
ond, one might relax the risk-neutrality assumption by modeling risk-averse
participants. In that case, we would expect the optimal balance between risk
management instruments to shift towards higher margin requirements. Third,
the assumption that the losses to the CCP in case of a participant’s default are
uniformly distributed could be relaxed, for example by analyzing losses which

19



18 19

are positively skewed. Fourth, one might study how heterogeneity among par-
ticipants (e.g. in terms of different trading volumes and hence risk exposures
or in terms of different default probabilities) would affect optimal CCP risk
management.

Finally, it should be stressed that while the model captures two particular
incentive effects associated with margin contributions, it leaves aside other
potential incentives. In particular, Knott and Mills (2002) argue that the mu-
tualization of risk creates stronger incentives for clearing members to take an
active interest in the CCP’s risk management, which could have beneficial
effects on the CCP risk management standards and the quality of its par-
ticipants. Contrary to our model, this would reduce the default probability
when the share of default fund contributions in the CCP’s risk management
increases. From a broader financial stability perspective, one might also men-
tion that margins can have pro-cyclical effects. Indeed, as margins tend to in-
crease in times of higher market volatility, they potentially add further stress
to participants’ liquidity needs (Borio, Furfine and Lowe 2001). As default
fund contributions are typically less pro-cyclical, taking into account this ef-
fect might also shift the optimal balance between the two risk management
instruments in favor of a higher default fund.
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