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| Executive Summary

Financial markets depend on a vast, largely invisible infrastructure of clearing houses,
payment rails, settlement systems, and messaging networks that connects buyers to

sellers and ensures money and securities actually change hands.

This report examines the most critical layer of that infrastructure — central counterparty
(CCP) clearing — drawing on 15 sources spanning Federal Reserve educational materials,
regulatory guidance from CPMI-IOSCO and the BIS, CCP stress test disclosures, industry
whitepapers from the FIA, SIFMA, and ISDA, and the published rulebooks and governance
structures of LCH, one of the world's largest CCPs.

A central counterparty interposes itself between every buyer and every seller, becoming
the seller to every buyer and the buyer to every seller [1], [9]. This transformation
converts bilateral counterparty credit risk into centralized risk managed through a tiered

loss-absorption structure known as the "default waterfall."

The sources reveal a system with a strong track record: LCH.Clearnet has successfully
managed seven clearing member defaults without knock-on impact on other members
[1], and survived the March 2020 COVID crisis with at least three member defaults

contained without full waterfall exhaustion [7].

Yet the same sources expose significant structural vulnerabilities. CCP skin-in-the-game

averages just 3% of waterfall resources across major CCPs [7]. The Einar Aas default at



Nasdaq Clearing consumed EUR 107 million from non-defaulting members' funds after
only EUR 7 million of CCP capital was exhausted [2]. LCH's own stress tests show default
fund contributions can be fully exhausted with as few as three simultaneous defaults,
triggering assessments of up to 200% on surviving members [10]. And cross-CCP
contagion — potentially the most dangerous failure scenario — is explicitly excluded from

published stress tests [10].

The sources also illuminate ongoing tensions between industry participants (who seek
lower capital costs and more operational flexibility) and regulators (who seek financial
stability through higher loss-absorbing buffers). These tensions play out in debates over
CCP skin-in-the-game adequacy (1], [2], [3], the calibration of regulatory capital for
default fund contributions [4], the sufficiency of the Cover 2 default coverage standard

(5], [7], [12], and the design of end-of-waterfall recovery mechanisms [5].

A significant gap persists in the available sources regarding payment messaging networks
such as SWIFT, the mechanics of wire transfers, settlement delay causes, and the physical
pipes through which money and securities actually move between institutions. The
research topic's emphasis on the Society for Worldwide Interbank Financial
Telecommunication is largely unaddressed in the source base, representing a critical area

where the hidden infrastructure remains genuinely hidden — even from this analysis.

| Key Questions Answered

What is a CCP and why does it matter? A central counterparty acts as an intermediary in
financial transactions, performing clearing and settlement, and guaranteeing trade terms
even if one party defaults [9]. It collects margin from each buyer and seller to cover
potential losses and shields trader identities from one another [9]. By interposing itself
through novation, it transforms bilateral credit risk into a centralized risk management
problem [9]. In the United States, the equivalent entity is a Derivatives Clearing
Organization (DCO), regulated by the CFTC under 17 core principles from the Commodity
Exchange Act [9].

What actually happens when you wire money? This question is not answered by the
available sources. While the sources describe the clearing layer extensively, they do not
address the payment rail layer — the messaging networks (such as SWIFT), real-time
gross settlement systems (such as Fedwire or TARGET2), or correspondent banking
chains through which funds move between institutions. The gap is acknowledged
explicitly by multiple chunk reports: LCH's rulebooks reference a settlement and delivery
chapter but provide no operational content [13], and no source in the catalog describes

the end-to-end mechanics of a wire transfer.

Who holds settlement and default risk in centrally cleared markets? Through CCPs,
settlement risk is mutualized among clearing members via the default waterfall. CCP skin-
in-the-game accounts for only 3% of waterfall resources on average across five major
CCPs, while initial margin accounts for 75% and default funds for 22% [7]. This means the
entities least able to control systemic risk bear the vast majority of direct financial
exposure [7]. Initial margins posted by non-defaulting members are never used in the

default waterfall at LCH.Clearnet [1].

What happens when clearing infrastructure fails? The sources provide two detailed

failure case studies: the Einar Aas default at Nasdaq Clearing (September 2018), where



losses exceeded margin and consumed EUR 107 million from mutualized default fund
contributions [2]; and multiple member defaults during the March 2020 COVID crisis,
which were contained without full waterfall exhaustion [7]. The sources also reveal that
at a shock multiplier of a=1.18, the funded waterfall resources of ICE Clear Credit are

exhausted, and assessments extend this to only a=1.36 [5].

What are the systemic risk scenarios? A correlated market event triggering simultaneous
defaults of multiple large clearing members at one or more CCPs could overwhelm Cover
2 resources. Members belonging to all five major CCPs analyzed (CME, LCH Ltd, LCH SA,
Eurex, ICE) contribute 44% of systemic risk (measured by SRISK) while representing only
approximately 15% of members [7]. Concurrent default management auctions would
strain participant resources [6], and cross-CCP contagion is explicitly excluded from

published stress testing [10].

| Core Findings

The Central Counterparty Clearing Model

A central counterparty interposes itself between every buyer and every seller in a cleared
market, becoming the seller to every buyer and the buyer to every seller [1], [9]. This
structural transformation converts bilateral counterparty credit risk into centralized risk
managed by a single entity — the CCP. The model provides several interconnected

benefits:

« Counterparty risk mitigation: CCPs guarantee trade terms even if one party defaults,

reducing the web of bilateral exposures that characterized pre-2008 OTC markets [9].

« Identity shielding: CCPs shield trader identities from one another, providing a layer of

anonymity in otherwise transparent markets [9].

e Operational risk reduction: By standardizing clearing and settlement processes, CCPs

reduce operational failures that arise from bilateral reconciliation [9].

e Netting: By consolidating offsetting trades, CCPs reduce the gross value of settlements

required, lowering systemic liquidity demands [9], [13].

LCH.Clearnet reports managing seven clearing member defaults without knock-on

impact on other clearing members or cleared markets [17]:

1. Drexel Burnham Lambert (1990)

2. Woodhouse Drake and Carey (1991)
3. Barings (1995)

4. Griffin (1998)

5. Lehman Brothers (2008)

6. MF Global UK (2011)

7. Cyprus Popular Bank (2013)

This record is frequently cited as evidence that the CCP model works. However, there is
an important caveat: the source making this claim is LCH.Clearnet itself, and the
document serves both as educational material and promotional content [1]. The claim of

zero knock-on impact across all seven defaults cannot be independently verified from



these sources alone.

LCH interposes itself across fixed income and triparty repos, over-the-counter credit
default swaps, and digital asset derivatives [13]. The inclusion of Digital Asset Derivatives
as a distinct clearing service represents a relatively recent expansion of CCP

infrastructure into cryptocurrency-related products [13].

The Default Waterfall: Anatomy of Loss Absorption

The default waterfall is the central risk management mechanism of any CCP, defining the
sequential order in which losses are absorbed when a clearing member fails. The
hierarchy, described consistently across multiple sources (1], [3], [5], [8], [10], [12],

proceeds as follows:

Tier 1 — Defaulter's Resources: The initial margin and variation margin posted by the
defaulting clearing member, plus their default fund contribution, are consumed first [1],

(3], (8], [10], [12].

Tier 2 — CCP Skin-in-the-Game (SITG): A portion of the CCP's own capital sits ahead of
non-defaulting member contributions [1], [2], [3], [10], [12]. The PFMI guidance requires
CCP capital to be of high quality and liquid — cash, cash equivalents, or liquid securities
[12]. At LCH SA, this is described as "a proportion of LCH SA's own CCP capital" [3]. At
Nasdaq Clearing, this amount was EUR 7 million [2]. At ICE Clear Credit, CCP capital was
S50 million against $14.1 billion in initial margins and $2.4 billion in guarantee fund —

roughly 0.3% of funded waterfall resources [5].

Tier 3 — Non-Defaulting Members' Prefunded Default Fund: Contributions from
surviving clearing members, which were fully prefunded before any default occurred, are

then tapped [1], [2], [3], [5], [8], [10].

Tier 4 — Assessment Powers: If prefunded resources are exhausted, CCPs can call upon
surviving members for additional contributions, subject to caps [5], [8], [10]. Nasdaq
Clearing caps assessments at 100% of each clearing member's contribution [8]. ICE Clear
Credit caps assessments at 3 times nondefaulting members' guarantee fund contributions
[5]. LCH CDSClear caps assessments at 100% per default with a maximum of 200% total

[10].

A critical design principle at LCH.Clearnet: initial margins posted by non-defaulting
members are never used in the default waterfall [1]. This protects the collateral positions
of surviving members even in a severe stress scenario. However, this principle is not
universal; some end-of-waterfall mechanisms (notably initial margin haircuts) do reduce

margin paybacks to non-defaulting members [5].

Quantitative composition of the waterfall. Across five major CCPs (CME, LCH Ltd, LCH
SA, Eurex, ICE), the average default waterfall composition is: initial margin 75%, default
fund 22%, and CCP skin-in-the-game just 3% [7]. This asymmetry is striking: the entity at
the center of the system — the CCP — contributes negligibly to its own survival compared

to its clearing members and their clients [7].
Nasdaq Clearing's published waterfall illustrates a typical detailed arrangement [8]:

1. The defaulted member's initial margin
2. Their default fund contribution

3. Nasdaq Clearing's junior capital, dedicated per market



4. Aloss sharing pool for OTC interest rate derivatives
5. Separate default funds per clearing service (Commodities and Financial Markets)
6. Senior capital

7. Assessment power obligating non-defaulting members to contribute up to 100% of

their default fund contribution

Default funds for Commodities and Financial Markets are maintained separately, with

contributions ring-fenced to cover only losses in their respective markets [8].

Margin Calibration, Confidence Levels, and Procyclicality

Margin model calibration. The quantitative foundations of margin models reveal the

statistical assumptions underpinning CCP risk management:

e LCH SA calibrates initial margin to a 99.7% confidence level to cover losses during the

close-out of a defaulting clearing member under normal market conditions [3].

o CPMI-IOSCO guidance establishes a minimum 99% single-tailed confidence level for

initial margin models [12].

 Collateral haircuts at LCH SA are calculated to a 99.7% confidence level over a 3-day

horizon based on a 10-year look-back period [3].
e Default funds at LCH SA are calibrated monthly and tested daily [3].

« Holding periods vary by product: 5 days for CDS and sovereign repos, 7 days for

certain repo products, and 2 days for digital asset clearing [3].

e The minimum look-back period is 10 years for RepoClear and DigitalAssetClear, and

since April 2007 for CDSClear [3].

 All risk models at LCH SA are reviewed by an independent validation team at least

annually; material changes and new models receive additional independent validation

[3].

Confidence assessment: These calibration parameters are presented by the CCPs
themselves. The 99.7% confidence level implies a 0.3% probability of margin being
insufficient, but this assumes distributional and liquidity assumptions that may break
down in tail events — precisely the scenarios CCPs are designed to address. The 99%
minimum from PFMI guidance [12] is even more permissive, allowing up to a 1%

probability of insufficient margin.

The procyclical amplification problem. One of the most concerning findings across the
sources is the procyclical nature of margin calls — the tendency for margin requirements
to increase precisely when market participants are least able to meet them (7], [10], [12].
When volatility spikes, margin models demand more collateral, potentially forcing
members into fire sales of assets, which further increases volatility and margin

requirements in a self-reinforcing cycle [10].

Specific evidence on procyclicality:

e Exchange-traded derivatives and equities exhibit the highest procyclicality in margin
calls, driven by short model lookback periods that cause initial margin requirements to

spike sharply during volatility events [7].

» The correlation between initial margin changes and volatility is highest for these

product classes [7].

» No CCPs have enacted anti-procyclicality tools targeting stress periods for equities,



and only a minority have done so for exchange-traded derivatives [7].

e Eurodollar futures margin requirements were at historic lows before the COVID crisis

[7].

« The PFMI guidance requires CCPs to consider the procyclical effects of their margin

models and employ anti-procyclicality tools [12], but implementation is incomplete.

The "dash-for-cash" dynamic. End-users employ leverage by posting securities rather
than cash as initial margin during low-volatility environments, which amplifies cash
demand when volatility spikes [7]. The average ratio of cash initial margin to total initial
margin across five CCPs was roughly 60% over the studied period [7]. For CME's Base
product category (exchange-traded derivatives), this ratio was approximately 25% just
before COVID and rose sharply during stress [7]. This dynamic was starkly illustrated
during March 2020: the VIX spiked from a low of 9.14 on November 30, 2017 to 82.69 on
March 16, 2020; the 10-year U.S. Treasury repo rate fell to negative 4.25% annualized [7].

The Cover 2 Standard and Its Critiques

The Cover 2 standard is the global baseline for default fund sizing for systemically
important CCPs. It requires CCPs to maintain sufficient prefunded resources to cover the
simultaneous default of the two clearing members giving rise to the largest losses under

extreme but plausible market conditions [1], [3], [5], [12].

The CPMI-IOSCO 2017 guidance establishes a tiered framework [12]:

e Cover 1: At minimum, CCPs must maintain sufficient prefunded resources to cover the
default of the single largest participant (and its affiliates) in extreme but plausible

market conditions [12].

e Cover 2: For CCPs deemed systemically important in multiple jurisdictions or with

more complex risk profiles, at least Cover 2 is required [12].

» These are explicitly described as minimum requirements; CCPs should consider their

specific risk profiles and may need to maintain resources above these thresholds [12].

LCH.Clearnet further specifies that default funds are fully prefunded and that separate

default funds are maintained for each asset class to minimize contagion risk [1].

The Cover 2 critique. The NYU Stern analysis argues the standard is fundamentally
inadequate because it assigns zero default probability to all clearing members except the
two largest [7]. Given that members participating in all five major CCPs contribute 44% of
systemic risk while representing only 15% of members, the standard ignores precisely the
interconnected concentration that poses the greatest systemic threat [7]. The binary
treatment fails to capture the graduated risk that smaller-but-interconnected members

pose and does not account for correlated defaults across CCPs [7].

A survey of 60 global CCPs (Q4 2017) reveals dramatic regional variation in mutualization
capacity: Asian CCPs hold 31% mutualized funds (guarantee fund + CCP capital as a share
of total funded resources), European CCPs 26%, while North American CCPs hold only

15% [5]. South American CCPs, with just 2.3% mutualized funds, can survive shocks only

up to a=1.2, whereas Asian and European CCPs survive beyond a=1.75 [5].

Default Management Auctions: The Last Line of Defense

When a clearing member defaults, CCPs may use default management auctions to

transfer positions to surviving participants and restore a matched book [6].



Auction mechanics. Two common formats exist: (1) Single Unit Pay Your Price, where a
single winner pays the highest price; and (2) Modified Dutch auction, where multiple
winners pay a uniform price set at the lowest accepted bid [6]. CCPs may hedge the
defaulted portfolio before auction — via brokers, direct offers, or hedging auctions — to

reduce risk and attract more competitive bids [6].

Incentive structures. Juniorisation incentivizes competitive bidding by using the default
fund contributions of members who did not bid (or bid less competitively) before those
who bid competitively [6]. This mechanism is most effective when a portion of the default
fund is expected to be consumed [6]. Mandatory bidding requirements provide additional

assurance of auction participation [6].

Operational complexity. A typical default management group (DMG) consists of three to
five seconded personnel from CCP participants [6]. CCPs should test default procedures
at least annually or after material changes, per PFMI Principle 13, Key Consideration 4 [6].
Multi-CCP default management exercises have revealed operational and financial
bottlenecks, overlaps in clearing membership, and potential conflicts for seconded

traders [6].

Client participation. Clients may participate in auctions directly (interfacing with the
CCP) or indirectly (via their clearing member), but the clearing member bears ultimate
responsibility for the bid [6]. This arrangement creates information asymmetries and
raises questions about whether clients have sufficient information and incentives to bid

competitively [6].

When auctions fail. In the event of an unsuccessful auction, a CCP may rerun the auction
with modifications — different portfolio splitting, additional participants, altered hedging
— or invoke other default management or recovery tools [6]. A critical gap: there is no
published data on how often CCP default management auctions succeed or fail in

practice [6].

End-of-Waterfall Recovery Mechanisms

When all funded waterfall resources are exhausted, CCPs have several recovery tools

available, each with distinct risk characteristics [5]:

Variation Margin Gains Haircutting (VMGH). VMGH allows the CCP to theoretically
withstand unlimited losses by haircutting gains owed to non-defaulting members [5].
However, VMGH produces the largest systemic losses among end-of-waterfall
mechanisms due to spillover contagion effects [5]. Clearing members facing VMGH may
inadvertently increase systemic losses and their own losses compared to contributing
additional resources via assessments or IM haircuts [5]. The mechanism effectively forces
profitable surviving members to subsidize the losses of the default, creating perverse
incentives and potentially triggering further defaults among members who depended on

those margin payments [5].

Assessment mechanisms. Assessments obligate non-defaulting members to provide
additional funds. For ICE Clear Credit, the assessment cap was 3 times members'
guarantee fund contributions, extending the shock survivability from a=1.18 to a=1.36 [5].
Nasdaq Clearing caps assessments at 100% of each clearing member's contribution [8].

LCH CDSClear caps assessments at 100% per default with a maximum of 200% total [10].

Initial Margin (IM) haircuts. IM haircuts allow the CCP to reduce margin paybacks to

non-defaulting members, extending survivability to a=1.87 in the ICE Clear Credit



scenario [5]. Both assessments and IM haircuts provide more resilience than VMGH but

impose higher direct costs on clearing members [5].

Critical implication. There is no single global consensus on optimal default waterfall
design [5]. The choice of end-of-waterfall mechanism has profound effects on who bears
losses and how far contagion spreads [5]. Some jurisdictions have adopted VMGH while
others favor assessments or IM haircuts, reflecting fundamental disagreements about

who should bear tail risk [5].

Clearing Member Concentration and Cross-CCP Systemic Risk

The sources reveal a troubling concentration of systemic risk among large clearing

members that participate across multiple CCPs [7].

The cross-CCP concentration problem. Members belonging to all five CCPs analyzed
(CME, LCH Ltd, LCH SA, Eurex, ICE) contribute 44% of systemic risk (measured by SRISK)
while representing only approximately 15% of members [7]. This means the failure of a
single large clearing member would simultaneously stress multiple CCPs, potentially

triggering concurrent default management processes [6].

Concurrent auction risk. When a common participant defaults across multiple CCPs,
concurrent auctions can create operational and financial strains on surviving auction
participants, including potential conflicts for DMG member secondments [6]. This is not a
theoretical concern: the global financial system's largest clearing members participate in

virtually all major CCPs simultaneously.

Membership as a risk filter. LCH membership is restricted to major financial groups
including the majority of major investment banks, broker-dealers, and specialist
commodity houses [14]. Members must meet minimum net capital requirements that vary
depending on the products to be cleared [14]. This restriction creates a two-tier market
structure where only well-capitalized firms can access central clearing directly, while
others must access clearing services indirectly through clearing member intermediaries
[14]. This also means that default fund replenishment obligations during stress fall on a

concentrated group of large institutions.

Central Bank Access and Liquidity Management

A critical but underappreciated aspect of CCP resilience is the extent to which CCPs can

access central bank deposit facilities for their cash margin holdings [7].

e Only LCH SA and Eurex have ECB banking licenses, allowing them to allocate nearly

100% of cash margin to central bank deposits [7].

* CME gained access to Federal Reserve deposits in 2016 through Designated Financial
Market Utility (DFMU) status and shifted to approximately 90% central bank deposit

allocation [7].

e LCH Ltd and ICE allocate significantly less cash to central bank deposits compared to
these three [7].

Implications. CCPs without central bank access must place cash margin with commercial
banks, introducing counterparty risk on the very institutions that are also clearing
members — a circular dependency that could amplify stress [7]. Granting central bank
deposit access to systemically important CCPs would improve liquidity management but

may raise questions about central bank exposure to derivatives market risk [7].



The COVID-19 Stress Test of 2020

The March 2020 COVID crisis provided an involuntary stress test of CCP infrastructure
[7].

Market indicators:

The VIX spiked from a low of 9.14 (November 30, 2017) to 82.69 (March 16, 2020) [7]

The CVIX spiked from a low of 4.87 (February 12, 2020) to 16.36 (March 19, 2020) [7]

The MOVE index surged from 42.53 (March 20, 2019) to 163.7 (March 9, 2020) [7]

The 10-year U.S. Treasury repo rate fell to negative 4.25% annualized [ 7]

Member defaults:

At least three member defaults occurred: Ronin Capital at CME, and one each at IRGiT

and Keller [7]
e At CME, only initial margin was needed to cover the Ronin Capital default [7]

e At IRGIT and Keller, additional waterfall resources were drawn upon [7]

The relatively contained outcome — no CCP required full waterfall exhaustion — provides
some reassurance but should not breed complacency. The defaults were small, and the
largest clearing members survived. A simultaneous default of two or more G-SIBs
operating across multiple CCPs would test the system under conditions not yet

experienced [7].

The Einar Aas Default: A Case Study in CCP Fragility

The most detailed failure analysis in the sources is the September 2018 default of Einar
Aas, a natural-person self-clearing member at Nasdaq Clearing AB [2]. This event was the
first use of a default fund by a major CCP since 2013 (when a default occurred on KRX,

the South Korean exchange) [2].

What happened:

 Aas held a concentrated portfolio with a large spread position between Nordic and

German power futures, plus carbon credits [2]

e On September 10, 2018, the spread moved dramatically, triggering an intra-day margin

call on September 11 that Aas could not meet [2]

e The spread margin level had been calibrated at more than twice the worst-ever 2-day
movement observed by Nasdaq Clearing [2] — suggesting the event exceeded

historical precedent

» Nasdaq Clearing's Margin Period of Risk for these products was set at two days [2]

The close-out process was itself problematic:

» The auction required two rounds; the first reportedly failed to produce adequate bids
(2]
* Only four members were considered suitable bidders out of six with signed

participation agreements [2]

 This liquidity shortage during the auction process highlights a fundamental tension:
CCPs rely on clearing members to absorb distressed portfolios, but members may be

unwilling or unable to participate during stress events [2]



Loss allocation:

e Aas's margin was consumed first
 His default fund contribution was consumed
e Nasdaq's EUR 7 million skin-in-the-game was consumed

e Approximately EUR 107 million was drawn from the mutualized commodities default

fund of non-defaulting members [2]

e On September 14, 2018, Nasdaq temporarily added an extra SEK 200 million (~EUR 20

million) to its skin-in-the-game [2]
* Non-defaulting members fully replenished the commodities default fund [2]

e Nasdaq has since recovered some sums from Aas [2]

Self-clearing member concerns. The case raised the issue of natural persons and small
entities who self-clear and may lack independent risk management capabilities. The FIA
recommends such members "should be intermediated by a clearing member that can

risk-manage the participant's portfolio” [2].

KRX comparison. The KRX default in 2013 is noted as having a particularly weak
structure: it "did not have a prefunded CCP skin-in-the-game layer" [2], suggesting that
not all CCPs globally meet the standards described by LCH.

LCH Stress Test Results: When the Waterfall Runs Dry

LCH's Q3 2025 procyclicality stress test disclosures provide granular evidence of how the

waterfall performs under stress [10]:

RepoClear (default fund: €2.6616 million) [10]:

« Under a theoretical "mono Italy down" scenario (Italian 5-year swap rates moving -275

basis points), skin in the game is fully consumed for all default counts tested.

e Non-defaulter assessments reach 44.15% of funded contributions for 3 defaults and
escalate to 101.19% for 10 defaults [10].

CDSClear (default fund: €5.3261 billion) [10]:

e Under historical 2007 stress scenarios (5Y OTR equivalent shift of 200%), skin in the

game is again fully consumed.

o Non-defaulter assessments reach 64.56% for 3 defaults, 199.12% for 8 defaults, and hit
the 200% cap for 9 and 10 defaults [10].

e CCP own-capital is fully consumed (100%) in all tested scenarios involving 3 to 10

simultaneous defaults [10].

These figures carry critical implications: default fund contributions are not sufficient to
cover losses beyond 3 defaults for RepoClear and 4 defaults for CDSClear without
assessments exceeding 100% [10]. In the CDSClear scenario, surviving members would
be required to pay up to twice their original default fund contribution — a potentially

destabilizing burden during a systemic crisis.

Important caveats about these stress tests:

e Defaults are assumed instantaneous and under the same stress conditions [10]

e A "member group" may contain more than one member, meaning the effective number



of defaulting entities could be higher [10]
» Links with other CCPs are not considered [10], omitting potential contagion channels

» These results cover only two of LCH's clearing services; the full picture across all

services is not represented [10]

Regulatory Capital Treatment and Cross-Margining

Current U.S. regulatory capital rules require banks to hold capital for default fund
contributions based on a hypothetical capital requirement (Kccp) calculated using
Exposure at Default (EAD) [4]. The problem, according to SIFMA, ISDA, and FIA, is that
these calculations fail to properly recognize the risk-reducing impact of cross-

margining arrangements [4].

Cross-margining allows positions cleared at different CCPs to be margined as a combined
portfolio, reducing overall margin requirements. However, the capital calculation for
default fund contributions does not account for this risk reduction, leading to what

industry groups call "overcalibration" of capital requirements [4].

This problem is expected to intensify because the SEC has mandated central clearing of
U.S. Treasury securities, which will make cross-margining arrangements significantly

more prevalent [4].

The joint industry whitepaper proposes two solutions [4]:

1. Preferred approach: A single EAD calculation per clearing member using an allocation

factor (summing to 1) to distribute risk among participating QCCPs [4]

2. Alternative approach: Two separate EAD calculations (non-cross-margined and cross-

margined) with a cap at the current Kccp level [4]

Both approaches require qualifying cross-margining arrangements to meet three criteria:
combined portfolio aggregation for margin, all CCPs involved must be QCCPs, and

regulatory approval [4].

A key tension in central clearing policy. At lower shock levels (a < 1.25), the benefits of
greater central clearing rates dominate the benefits of increased CCP waterfall resources
[5]. However, at extreme shocks (a > 1.25), stronger waterfalls become more important —
a scenario where a 20% lower central clearing rate with a strong waterfall produces less
loss than a 20% higher clearing rate with a weak waterfall [5]. This finding challenges the

post-2008 regulatory consensus that more central clearing is always better.

Bias warning: Source 4 represents the advocacy position of industry trade associations
(SIFMA, ISDA, FIA) whose members would directly benefit from reduced capital
requirements. The claims of "overcalibration" are not supported by quantitative evidence
in the source. No opposing regulatory viewpoints or risk assessments of reducing capital

buffers are presented [4].

Membership, Governance, and Transparency

Membership criteria. LCH membership is restricted to major financial groups including
the majority of major investment banks, broker-dealers, and specialist commodity houses
[14]. Firms must meet minimum net capital requirements that vary by product class [14].
Members are characterized as having "high credit quality" and "large financial resources,’
though no specific metrics are provided to substantiate these characterizations [14]. The

FIA argues that CCP membership criteria should include objective assessment of



operational capabilities and not be solely financial [2].

Risk governance structure. LCH operates a multi-tier governance structure [15]:

e Board Level: LCH Group Board oversees both LTD and SA boards; each entity board

has its own Risk Committee and Audit Committee [15]

Executive Level: Separate Executive Risk Committees exist for LTD, SA, and SAL2 [15]

Sub-Executive Level: Risk Resilience Committee, Rule Change Committee, Investment
Committee, Operating Committee, Operational Resilience Committee, and

Information Security (InfoSec) Committee [15]

The Risk Committee at LCH SA is chaired by an Independent Non-Executive Director

and includes representatives from CCP users and their clients [3]

Some committees are marked as dormant or being restructured [15]

The governance document is marked "RESTRICTED (INTERNAL ONLY)" [15]

Transparency disclosures. The CPMI-IOSCO "Public quantitative disclosure standards for
central counterparties" (February 2015) mandate disclosure across several categories:
products/accounts/transactions, margin requirements, collateral on deposit, risk and
stress testing results, and treasury and liquidity positions [11]. However, the actual
content of CCP disclosures published under these standards is not readily accessible on
the LSEG disclosure page [11], and no empirical evidence is available on whether

disclosures have actually increased transparency [11].

Rulebook update cadence. LCH SA's rulebook sections show wide variance in update
dates: membership and operations sections updated in 2025, the Business Continuity
section dates to 2014, the Default Fund section to 2020, and the Complaint Resolution
section has not been updated since 2012 [13]. This uneven cadence may reflect either
stability in foundational provisions or differential regulatory attention across risk

domains.

Multi-Jurisdictional Regulation of CCPs

LCH.Clearnet's regulatory footprint illustrates the complexity of overseeing globally

active CCPs. LCH.Clearnet Ltd is simultaneously regulated as [1]:

» A Recognised Clearing House by the Bank of England
* A Designated Clearing House by the CFTC (U.S.)
 Licensed by ASIC (Australia)

» Recognised by the Ontario Securities Commission (Canada)

LCH.Clearnet LLC is separately regulated as a Derivatives Clearing Organization by the
CFTC [1].

This regulatory fragmentation means that a single CCP's risk management practices are
subject to multiple, potentially conflicting regulatory frameworks — a concern relevant to
recovery and resolution frameworks [1]. Twenty-eight jurisdictions participate in the
PFMI implementation monitoring programme [12], but the sources do not provide

evidence of actual compliance rates or enforcement actions.

Blockchain, DLT, and the Future of Clearing Infrastructure

The financial industry has experimented with blockchain and distributed ledger



technology (DLT) as potential replacements for or supplements to traditional clearing

infrastructure [9].

Failures:

e The Australian Securities Exchange (ASX) blockchain project, initiated in 2017 to
replace its CHESS clearing system, was terminated in mid-2022 after nearly seven

years and approximately $250 million invested [9]

e The Australian Securities and Investments Commission (ASIC) brought a suit against
ASX in August 2024 for allegedly making false and misleading statements about the

project's progress [9]
Conservative approaches:

» DTCC's blockchain-based settlement platform "Project Ion" is designed to work
alongside existing systems, which remain authoritative [9]. This reflects a
conservative U.S. approach that treats blockchain as supplementary rather than

replacement technology.
European innovation:

e Euroclear partnered with Paxos to create a blockchain platform for gold trades and

has been working on a CBDC with Banque de France since 2021 [9]

e In 2024, SDX, the World Bank, and the Swiss National Bank issued the first CHF 200
million Swiss Franc digital bond by an international issuer, settling via wholesale CBDC

on the SDX platform [9]

« Approximately 40 financial institutions participate in the Post Trade Distributed
Ledger Group (PTDLG) [9]

Technical limitations: Blockchain technology is not yet capable of managing all CCP risk
functions like collateral management, netting of positions, and default management
procedures [9] (confidence: uncertain). The ASX failure provides evidence for this

assessment, but the evidence base remains narrow.

Cryptocurrency Exchanges vs. Traditional CCPs

Source 9 provides a revealing comparison between cryptocurrency exchange claims of
CCP-like protections and the actual risk management infrastructure of regulated CCPs

[9]:

DIMENSION TRADITIONAL CCP (E.G., LCH) CRYPTO EXCHANGE (E.G., BINANCE)
Backup fund ~6x larger than Binance's for

$1 billion as of August 2024
size similar volume
Annual
clearing Comparable ~$1.5 trillion
volume
Regulatory Self-imposed, limited

CFTC (17 core principles), PFMI )
framework oversight



DIMENSION TRADITIONAL CCP (E.G., LCH) CRYPTO EXCHANGE (E.G., BINANCE)

Daily stress testing, margin

Risk
models at 99%+ confidence [3], Variable, often opaque
management
(12]
Default Formal hierarchy, skin-in-the-
Ad hoc insurance claims
waterfall game requirements [1], [3]
Board responsibility mandated
Governance Platform-controlled

(12]

The FTX case provides the most extreme example: FTX's publicly displayed "Insurance
Fund" was revealed in 2023 testimony by co-founder Gary Wang to be based on a random
number multiplied by daily volume, with no actual funds stored corresponding to the
displayed amount [9]. This represents not merely inadequate risk management but
outright fraud — fundamentally different from the transparent, regulated, and stress-

tested default fund structures of traditional CCPs [9].

Investment Risk and Collateral Management

LCH SA applies specific constraints to its own investment activities [3]:

» Unsecured investments limited to less than 5% of total lending to commercial banks
 Investment tenor limited to overnight only

» LCH SA holds a legal right of use of margin or Default Fund contributions under EU
financial collateral arrangements (Directive 2002/47/EC) [3]

Collateral quality and fire sale risk. Under the OFR study's stress scenario at a=1.2, BBB-
grade collateral produces 40% greater systemic losses than AAA-grade collateral and
three times the deadweight losses from fire sales [5]. Current CCP collateral standards
mitigate this risk effectively under studied scenarios, but the finding is sensitive to the
assumption that collateral can be liquidated at near-model prices — which may not hold

during the very market conditions that trigger waterfall breaches [5].

The Missing Layer: Payment Raiils, Messaging Networks, and
Settlement

Perhaps the most significant gap in the available sources is the absence of information
about how CCPs connect to the broader financial infrastructure ecosystem. CCPs do not
operate in isolation — they must connect to payment systems (such as TARGET2 for euro-
denominated settlements, CHAPS for sterling), messaging networks (such as SWIFT for
interbank communication), securities settlement systems (such as Euroclear,

Clearstream), and central securities depositories.

LCH's rulebooks reference a settlement and delivery chapter (Title III, Chapter 4) [13], but
the source provides only the chapter title — not its operational content. No source in the

catalog describes:

What actually happens when money moves between banks during settlement

How SWIFT messaging connects to clearing house operations

What causes settlement delays

The interaction between T+1 or T+2 settlement cycles and clearing infrastructure



» How real-time gross settlement systems interface with CCPs

This represents a critical gap given the research topic's emphasis on SWIFT and payment
rails. The infrastructure through which money and securities actually move — the pipes

connecting clearing to final settlement — remains genuinely hidden from this analysis.

| Contradictions & Debates

CCP Skin-in-the-Game: How Much Is Enough?

The most significant debate across the sources concerns CCP skin-in-the-game:

* LCH.Clearnet's position (Source 1): Skin-in-the-game is part of a well-designed default

waterfall that has successfully managed seven defaults [1]

e LCH SA's position (Source 3): A "proportion" of CCP capital sits ahead of members,

without specifying the amount (3]

e FIA's position (Source 2): The Nasdaq default demonstrated that skin-in-the-game can
be absurdly small relative to risk (EUR 7 million vs. EUR 107 million in mutualized

losses); it should be "dynamic and aligned with the level of risk" [2]

* Quantitative evidence (Source 7): CCP skin-in-the-game averages just 3% of waterfall
resources across five major CCPs; at ICE Clear Credit, it was 0.3% (S50 million against

$16.5 billion in total resources) (5], [7]

» Implicit evidence (Source 2): KRX did not even have prefunded skin-in-the-game as of

2013 [2]

This disagreement maps onto underlying incentive structures: CCPs may prefer minimal
skin-in-the-game to reduce their own capital costs, while clearing members prefer larger
CCP contributions to reduce mutualized loss exposure. The FIA represents clearing firms
— the entities that contribute to default funds — so its advocacy for larger CCP

contributions reflects member interests as well as systemic risk concerns.

Central Clearing vs. Stronger Waterfalls

A key tension exists between promoting higher central clearing rates and requiring
stronger waterfall resources [5]. At lower shock levels (a < 1.25), the benefits of greater
central clearing rates dominate [5]. However, at extreme shocks (a = 1.25), stronger
waterfalls become more important [5]. This finding challenges the post-2008 regulatory
consensus that more central clearing is always better, suggesting a point of diminishing

returns where the concentration of risk in CCPs outweighs the netting benefits [5].

Guarantee Fund Incentive Problem

Higher ratios of mutualized funds to initial margin increase CCP resilience and reduce
systemic losses, but may disincentivize clearing members from clearing trades due to
additional capital costs [5]. The difference in systemic loss between zero guarantee fund
and unlimited guarantee fund is 11% at a=1 but exceeds 50% at a=2 [5], illustrating how

mutualization matters most precisely when the system is under the greatest stress.

Regulatory Capital: Burden vs. Safety Buffer

* Industry position (Source 4): Current capital rules for default fund contributions



"overcalibrate" requirements, harming capital efficiency and market functioning [4]

« Implicit regulatory position: Capital requirements serve as safety buffers; reducing
them based on cross-margining assumes the risk reductions are durable and

accurately measured [4]

The industry source provides no quantitative evidence of actual overcalibration, no
assessment of the risks of reducing capital buffers, and no comparison with international

standards [4].

VMGH as a Recovery Tool

Variation margin gains haircutting is theoretically powerful — it allows a CCP to absorb
unlimited losses — but produces the largest systemic losses among end-of-waterfall
mechanisms [5]. The mechanism effectively forces profitable surviving members to
subsidize losses, creating perverse incentives. Some jurisdictions have adopted VMGH
while others favor assessments or IM haircuts, reflecting fundamental disagreements

about who should bear tail risk [5].

Stress Test Adequacy vs. Systemic Reality

The PFMI guidance frames Cover 1 and Cover 2 as minimum standards [12], yet LCH's
own stress tests show that even with these buffers, losses in multi-default scenarios
rapidly exhaust CCP capital and require assessments of up to 200% on surviving members
[10]. The assumption that defaults are instantaneous and under the same stress
conditions may both overstate correlated losses and understate systemic risk [10]. The
explicit acknowledgment that links with other CCPs are not considered [10] means that

cross-CCP contagion is entirely outside the scope of these assessments.

Blockchain Readiness

There is an implicit tension between the European innovation trajectory and the broader
evidence on blockchain readiness. European institutions like Euroclear, SIX SDX, and the
Swiss National Bank are actively issuing digital bonds and experimenting with CBDC
settlement [9], while the ASX's $250 million failure [9] and the assessment that
blockchain cannot yet manage all CCP risk functions [9] suggest the technology is not
ready for full clearing infrastructure replacement. The resolution may lie in scope:
European experiments tend to be narrower (single asset classes, supplementary

platforms), while ASX attempted wholesale replacement.

| Deep Analysis

The Architecture of Mutualization and Its Public Good Problem

The CCP model fundamentally converts bilateral counterparty credit risk into a
mutualized loss-sharing arrangement. The architecture creates a public good problem:
the system works well when defaults are small and infrequent (the historical record of
seven managed defaults supports this [1]), but the mutualization of losses means that a
single catastrophic event can impose significant costs on non-defaulting members who
had no role in causing the loss. The Aas default consumed EUR 107 million from member
funds — money that individual firms had committed to the default fund but did not expect

to lose [2].



With CCP skin-in-the-game averaging only 3% of waterfall resources [7], the entity that
controls margin models, membership standards, and default management procedures has
minimal direct financial exposure to the consequences of its own decisions. This
asymmetry creates moral hazard: CCPs may optimize for attracting clearing volume
rather than maximizing safety, particularly when competing for business in a landscape

where some jurisdictions impose lower standards than others [5].

Tail Risk, Model Limitations, and the Problem of Historical Data

The sources reveal several tensions in how CCPs manage tail risk:

 Calibration vs. reality: Nasdaq's margin model for Nordic/German power spreads was
set at more than twice the worst-ever 2-day movement [2], yet the event still
exceeded available resources. This suggests historical data may be a poor guide to

future tail risk in concentrated positions.

 Liquidity assumptions: The failed first-round auction at Nasdaq [2] demonstrates that
close-out assumptions embedded in margin models may not hold during stress. If only
four out of six eligible members are willing to bid, the actual liquidation cost may

exceed modeled assumptions.

» Look-back periods: LCH SA uses a minimum 10-year look-back for margin calibration
[3], which should capture the 2008 financial crisis. However, structural market

changes may make even a decade of historical data misleading for certain products.

» Confidence levels are not guarantees: The 99.7% confidence level means losses should
exceed margin in 0.3% of cases — roughly 3 out of every 1,000 default scenarios. In

practice, the distribution of returns may have fatter tails than the models assume.

The PFMI guidance specifies that historical stress scenarios should not be excluded solely
because of the passage of time; exclusion requires comprehensive rigorous analysis and is
expected to be rare [12]. This directive acknowledges the risk of model complacency but

cannot ensure compliance.

The Interaction Between Clearing Infrastructure and Prudential
Regulation

The sources reveal how clearing infrastructure interacts with prudential regulation in
non-obvious ways. Banks must hold regulatory capital against their default fund
contributions to CCPs [4]. When cross-margining reduces actual risk but the capital
calculation does not recognize this reduction, banks hold "excess" capital that reduces
their capacity to intermediate in markets [4]. The SEC's mandate for U.S. Treasury
clearing will amplify this effect because it will create large new cross-margining

arrangements between government bond CCPs and derivatives CCPs [4].

At the same time, BBB-grade collateral produces 40% greater systemic losses than AAA-
grade collateral at a=1.2 [5], suggesting that any relaxation of collateral or capital
standards carries measurable tail risk. Whether the industry's proposed solutions
appropriately balance risk sensitivity against regulatory simplicity cannot be determined

from these sources alone.

The Concentration Paradox

CCPs reduce counterparty risk through centralization, but they simultaneously
concentrate risk in a single point of failure [9]. Members belonging to all five major CCPs
contribute 44% of systemic risk while representing only 15% of members [7]. The failure

of a single major clearing member would simultaneously stress multiple CCPs [6]. LCH's



own stress tests show that with as few as three simultaneous defaults, default fund
contributions are fully consumed and assessments of up to 200% are required from

surviving members [10].

The replenishment timeline adds another dimension to this risk: Nasdaq Clearing requires

replenishment of used clearing capital within two business days [8]. This timeline

assumes that clearing members can mobilize significant capital on extremely short notice

— an assumption that may not hold during systemic crises when multiple CCPs are

simultaneously drawing on the same members.

| Implications

For Market Participants

e Clearing members face mutualized loss exposure that they cannot fully control; the
Aas default demonstrates that even carefully calibrated margin models can be

overwhelmed [2].

 Surviving clearing members face potentially ruinous assessments in severe stress
scenarios — up to 200% of original contributions at LCH CDSClear [10] and up to
300% at ICE Clear Credit [5].

» The opacity of CCP risk models means clearing members may not fully understand the

risks they are assuming [1], [3], [13].

» End-users face margin calls that can spike dramatically during volatility events, driven

by short lookback periods and the securities-to-cash conversion dynamic [7].

e Non-member institutions must access clearing through intermediating members,

creating dependency chains and additional costs [14].

For Regulators
e The multi-jurisdictional nature of global CCPs creates regulatory coordination
challenges [1].

* Recovery and resolution frameworks for CCPs remain largely undiscussed in the

sources, despite being referenced [1].

e Cross-CCP contagion is explicitly excluded from published stress tests [10], leaving

the most dangerous failure scenario unmonitored.

» Anti-procyclicality margin tools, currently absent for equities and sparse for

exchange-traded derivatives [7], should be mandated with calibrated lookback periods

and margin floors.

e Central bank deposit access for systemically important CCPs would reduce

commercial bank counterparty risk in margin holdings [7].

» The absence of a single global consensus on default waterfall design [5] creates

regulatory arbitrage opportunities and impedes cross-border crisis coordination.

e PFMI implementation compliance across 28 monitoring jurisdictions [12] requires

independent verification.

For Systemic Risk

e CCPs concentrate risk in entities that are, by design, "super-systemic" — their own



failure is unlikely unless systemic members have already failed [1].

e The mutualization of losses through default funds means that a CCP stress event
could transmit losses to otherwise healthy firms, potentially creating procyclical

effects.

* Members in all five major CCPs contribute 44% of systemic risk while representing
only 15% of members [7] — the failure of a single major clearing member would be an

event of the highest systemic significance.

 The $250 million ASX blockchain failure [9] has likely chilled enthusiasm for wholesale

replacement of clearing infrastructure with DLT.

« Crypto market participants are operating without the risk protections they may

assume exist [9].

| Future Outlook

Optimistic Scenario

Regulators implement risk-weighted default fund requirements that account for cross-
CCP interconnectedness. Anti-procyclicality margin tools become universal. Central bank
deposit access is extended to all systemically important CCPs. The result is a clearing
system where risk is more accurately priced, margin calls are smoother through cycles,
and liquidity management is less dependent on commercial bank counterparties [7].
Default management auctions proceed successfully in stress events because annual
testing has refined procedures and built genuine market participant expertise [6].
Blockchain and DLT mature sufficiently to handle specific clearing and settlement
functions, enabling faster settlement and lower operational costs for digital assets [9].
Crypto markets adopt CCP-like risk management voluntarily or under new regulation,
closing the gap with traditional clearing [9]. The PFMI framework proves robust, and
cross-CCP coordination mechanisms are developed to address the contagion gap

identified in current stress testing [10], [12].

Base Case

The current framework persists with incremental improvements. CCP skin-in-the-game
remains modest relative to mutualized default fund sizes [7]. Industry pressure for capital
relief produces partial reforms that modestly improve capital efficiency without
significantly reducing safety margins [4]. The Cover 2 standard is supplemented but not
replaced. Some CCPs adopt longer lookback periods for margin models, but adoption is
uneven across asset classes and jurisdictions. Central bank access expands slowly,
constrained by political and institutional concerns [7]. Traditional CCP infrastructure
continues to operate alongside experimental DLT platforms for specific use cases (digital
bonds, gold settlement) [9]. Crypto markets remain under-regulated relative to
traditional clearing, with periodic failures serving as costly reminders of the risk gap [9].
Default events remain infrequent and manageable, but the system has not been tested by

a true systemic crisis involving multiple simultaneous CCP stress events.

Pessimistic Scenario

A correlated market event triggers simultaneous defaults of multiple large clearing
members at one or more CCPs, overwhelming Cover 2 resources [5], [7]. VMGH is

invoked at one or more CCPs, triggering spillover contagion as profitable members lose



expected margin payments and face their own liquidity crises [5]. Concurrent default
management auctions strain participant resources [6]. Assessment mechanisms call for
capital replenishment within two business days [8], but members cannot mobilize funds
fast enough during a multi-CCP crisis. Collateral fire sales depress asset values below
model assumptions, deepening losses [5]. Cross-CCP contagion, currently unmodeled
[10], transmits losses across clearing platforms. Procyclical margin calls force cascading
fire sales. Multi-jurisdictional regulatory fragmentation prevents coordinated resolution.
The system enters uncharted territory where the theoretical unlimited absorptive

capacity of VMGH meets the practical reality of member insolvency.

| Unknowns & Open Questions

e SWIFT and payment messaging: No source addresses the role of SWIFT or any
payment messaging network in settlement. How do cleared trades actually settle in

cash terms? What payment rails connect CCPs to real-time gross settlement systems?

» Settlement delay mechanics: What causes delays between trade execution and final

settlement? The sources do not address this.

» Wire transfer mechanics: The fundamental question of what happens when money is

wired between banks is not covered.

e CCP recovery and resolution: Referenced but not detailed [1]. What happens if a CCP

itself fails? How do recovery tools interact with formal resolution regimes?

e Operational and cyber risks: Not discussed in any source despite being critical to
infrastructure resilience. LCH's Business Continuity section has not been updated

since 2014 [13].

e CCP skin-in-the-game amounts: Only Nasdaq's EUR 7 million [2] and ICE Clear
Credit's $50 million [5] are specified. What are the skin-in-the-game levels at CME,
DTCC, and other major CCPs?

» Empirical auction outcomes: There is no published data on how often CCP default

management auctions succeed or fail in practice [6].

* Cross-CCP contagion dynamics: How would multiple CCPs interacting with shared
clearing members affect systemic risk during a correlated default event? (5], (6], [7],

(10]

» Non-default losses: The sources focus almost exclusively on credit defaults, leaving
open questions about operational risk, fraud, cyber events, or investment losses at
CCPs [5].

e PFMI compliance rates: What are the actual compliance rates for PFMI

implementation across 28 monitoring jurisdictions? [12]

» Optimal margin model design: What are the exact lookback periods used by each CCP
for different product categories, and what would be the optimal calibration for anti-

procyclicality tools? [7]

« Liquidity facilities: The size and adequacy of CCP lines of credit and committed

liquidity facilities are not disclosed in detail [7].

» The KRX default: Referenced as having no prefunded skin-in-the-game [2] but not
further described.

e SAL2 entity: Referenced in LCH governance structure [15] but unexplained.

» LCH SA settlement chapter content: Title III, Chapter 4 is referenced [13] but content



not available.

e Minimum net capital requirements: Specific thresholds by product class at LCH are

not disclosed [14].

| Evidence Map
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