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1. Research background and rationale for the topic 

 
After the distress hit the financial system in 2008, at the London Summit in April 

2009, the G20 leaders all agreed that the current system in the whole world is 

vulnerable. Globally appropriate steps shall be taken to overcome the discrepancies. 

The biggest concern related to the regulatory framework was that it was incapable of 

preventing imbalances and spillover of distress among entities or even countries. As a 

result, over the past decade, structural changes have been applied in the financial 

system. Recent regulatory initiatives aim to enforce the system by proposing more 

substantial prudential requirements and improved protection rules. Attention has 

turned to the regulation of central clearing. 

1.1. Aim of research 
My research aims to give an overview of the regulatory framework proposed by the 

relevant authorities and identify the most suitable default waterfall design that suits the 

profile of the CCP, but it avoids distorting the competence on the market among 

clearing members. The study connects with authorities’ steps and contributes to the 

existing literature in two ways. Firstly, the proposed model for defining the optimal 

level of default fund contribution by calibrating the applied stress tests will give a 

practical overview of the default waterfall’s optimal size. The trading incentives 

concerning the amount of capital a CCP is willing to contribute to the default 

waterfall, so this is also an essential milestone of the study. On the other hand, 

regulatory constraints on this topic are emphasized, giving examples of how 

inadequate or highly regulated environments can harm the system and its participants.  

Therefore, the research question focuses on the design of the default waterfall in two 

cases: How does the default fund contribution of the clearing members take shape 

if the CCP manages its default fund separately or merged on the spot and 

derivatives market? The amount of CCP capital in the system plays an important 

role, so its size can define the system’s riskiness, but it can also alter incentives. This 

reasons why the model is improved to answer to the other question of the study: What 

should be the size of the CCP’s capital in order to avoid using the non-defaulting 

member’s default fund contribution? What should be the size of the CCP’s 

capital just to have a default waterfall that covers the losses of the defaulting 

member? 

1.2. Literature review and hypotheses 
Before 2007, there were slightly few studies on CCPs, but especially in the past five 

years, CCPs gained blooming literature that focuses on five main areas (Berndsen, 



2020). Among others, Cont (2015), Cont and Kokholm (2014), Duffie and Zhu 

(2011), Pirrong (2011, 2014), Biais et al. (2016), Cecchetti et al. (2009) analyze the 

clearing benefits and dangers of clentral clearing. The optimal number of CCPs were 

analyzed by Duffie and Zhu (2011), Cont and Kokholm (2014). The size of the default 

waterfall, where my connects to was studied by Cont (2015), Paddrik et al., 2020, 

Murphy (2017), Lewis and McPartland (2017), Poce et al. (2018), Berlinger et. al 

(2016 and 2019) The end of the default waterfall is studies by Peters and Wollny 

(2018), Domanski et al. (2015), Plata (2017), Priem (2018), Bignon and Vuillemey 

(2020). Regarding the skin-in-the-game (SITG) Huang and Takáts (2020), Faruqui et 

al. (2018), Lewis and McPartland, (2018), Carter and Garner (2016), Cox and 

Steigerwald (2016) contrubited to the literature.  

There are two important aims a CCP must keep in mind when designing the default 

waterfall. One is to protect the non-defaulting parties from being involved in loss-

covering of the defaulting ones, and second, to avoid the implementation of resolution 

and recovery and, therefore, assuring the system’s resilience. In this thesis, I aim to 

present the risk mitigation effects if the CCP can choose the structure of the default 

waterfall from the viewpoint of mutualizing risk between different markets and market 

segments by handling the default fund differently. The research points out how the 

handling of the markets can change the requirements of the CCP from its members 

and how sensitive the value of SITG is if the CCP aims to meet the two objectives 

mentioned above. 

Based on the research questions I formulated the following hypotheses: 

H1: Cross-financing takes place in the merged setup of spot and derivative 

markets. 

H2: The clearing of several markets by a merged guarantee fund affects the 

structure and size of the guarantee system. 

H3: In the merged clearing of spot and derivative markets, a CCP needs a higher 

skin-in-the-game amount to remain liquid, avoiding implementing recovery and 

resolution plans. 

 

2. Methods used 

I built a model to show how the stress test parameters affect the default fund and the 

contribution’s scale members are required to meet. At first, the theoretical framework 

will be established and tested. Sensitivity tests are also subject of the research. 



The model and results of the baseline model are the summary extracted from a 

recently (August 2021) published article in the special issue of Risks. 

2.1 Baseline model 

In this study, our main question is how the default waterfall’s size and structure 

changes regarding the initial margin and default fund size if we clear two markets 

separately or jointly and how it affects risk mitigation. We choose two markets: the 

spot market for securities and the derivative market for these securities. It is vital to 

select two markets that have a connection with each other because we want to show 

how the risk mitigation of the hedged positions between the spot and derivative assets 

changes the riskiness of the positions of the clearing members, and through this, the 

guarantees the clearing members have to pay after their positions. We build up a 

theoretical model using a Monte Carlo simulation (MCS). During our analysis, we do 

not simulate or include the value of the SITG. Our model has one CCP, four different 

clearing members, three different financial assets: a stock, a bond, and a currency. The 

stock can be traded on the options, futures, and spot markets, while the bond can be 

traded only on the futures and spot markets, and the currency can be traded only on the 

options and futures markets. For the MCS, we had to assume the financial assets’ price 

evolution since we need a time series for initial margin calculation and estimating the 

default fund. We choose the arithmetic Brownian motion (ABM) to simulate the daily 

logreturns of the stock and the currency, while we choose the Vasicek model (Vasicek, 

1977) to simulate the instantaneous rate in the case of the bond. Based on this, 

Equation 1 shows the ABM we use for the stock and the currency, 

 

(1)

where ‘dY’ is the change in the logreturn during ‘dt’ period, ‘α’ is the expected value 

of the logreturn, ‘σ’ is the standard deviation for the logreturn, and ‘N(0,1)’ is a 

standard normal random variable. The price is determined by Equation 2, where ‘t’ 

stands for time, and ‘S’ stands for the asset’s price, 

 

(2)

In our simulation, the stress test has a central role. We simulate 30 years – since this is 

the look-back period for defining historical scenarios within the EMIR regulation – for 

both financial assets. To simulate the stock price and the currency, we set the value of 

the parameters needed to run the simulation. Moreover, to use “realistic” values in the 

simulation, which represent the European stock market and currency market, we 

estimate the expected value of the logreturn () and standard deviation () – between 



12th January 1991 and 11th January 2021 – of the DAX index, and – between 1st 

December 2003 and 11th January 2021 – for the EUR/USD (finance.yahoo.com, 

2021a, 2021b). Unfortunately, the time series for the EUR/USD was not available for 

30 years since the EUR does not exist for 30 years. The first day’s price in the 

simulation is the price of DAX on 12th January 1991 and the price of EUR/USD on 

1st December 2003. In the case of the bond, we apply the Vasicek model (Vasicek, 

1977) determined in Equation 3:  

   (3)

where ‘dy’ is the change in the instantaneous interest rate ‘y’, ‘a’ is the speed of 

reversion to ‘b’, which is the long term mean level, ‘σ’ is the instantaneous volatility 

of ‘y’. Based on the model, the bond price (‘P’) is the following according to 

Equations 4-6, where ‘T’ is the bond’s maturity (Mamon, 2004). 

   (4)

(5)

 

(6)

The applied parameters for the bond price simulation can be seen in Table 1. The 

parameter estimation basis is the monthly time-series data of the term structure of 

interest rates on listed Federal securities with a residual maturity of 0.5 years between 

the time period of January 1991 and December 2020, also for 30 years as for the stock 

and the currency. 

Parameters for the price simulation 

Vasicek Bond 
a 5 
 2.49% 
b 12.20% 
y0 2.69% 
T 5 
dt 1 day 
Face value 100 

Table 1: The parameters of the price simulation in the case of the bonds 

Besides the price evolution for the financial assets, we also assume a correlation 

between the three financial assets’ returns. They do not evolve independently from 

each other. The correlation is considered through the N(0,1) standard normally 

distributed random number in all three processes. We apply the Cholesky 



decomposition, which means that the relation between the random variables is the 

following, based on Equation 7-9 (Medvegyev and Száz, 2010), where ‘ϵ’ will be a 

random number used in case of the three assets, and' ‘is the correlation coefficient. 

 

(7)

 

(8)

 

(9)

The correlation between the assets is 0.2 in normal market conditions. However, in our 

price simulation, it is not enough to capture the normal market conditions since we 

also need stress/shocks in the simulated time series. As we stated before, the initial 

margin covers possible losses in normal market conditions, while the default fund 

should cover the losses in extreme but plausible market conditions, which we estimate 

with stressed market events. As a result, we modify the simulation of the logreturns of 

the three assets by simulating stresses in the time series of assets’ returns as well, so 

the ABM and Vasicek are not enough for us as we presented before. The stress/shock 

occurrence is modeled with a Poisson process, while the extent of the shock is 

modeled with a lognormal distribution. The correlation at the time of the shock – in 

the case of any of the assets – is increased to 0.95, decreasing by 0.95 every day. The 

applied parameters for the model are the following according to Table 2. 

Shock parameter affecting the value of the shock 
 Stock Currency Bond 

 -10.00 -10.00 -10.00 
 2.25 2.25 2.25 

decrease of shock 0.97 0.97 0.97 
Shock parameters affecting the date of the shock 

 0.005 0.0045 0.004 

Table 2: The parameters of the shock simulation 

Four clearing members (CM) are present on the market, with different positions. The 

positions of the clearing members are built in order to be able to analyze how the 

merged and separated default funds affect the margin and default fund contributions of 

the markets. CM4 has positions only on the spot market, while the other clearing 

members have risky positions, like short straddles, and also positions that handle risk, 

like a protective put or covered call positions. This is important because if the markets 

are cleared separately, this risk hedging cannot be used by the clearing members 

regarding initial margin and default fund payment, while on the merged market, they 



can hedge the risk. CM3 takes the riskiest position since it has large unhedged short 

futures positions and also unhedged short straddles as well.  

The following shows how we estimate the initial margin and the default funds from 

the simulated times series data and the clearing members’ positions. The margin of the 

underlying assets (stock, bond, currency) is calculated by Béli and Váradi’s (2017) 

EWMA-based method, according to Equation 10-11, 

 

(10)

 

(11)

 

where N-1(99%) is the inverse of the normal distribution’s cumulative distribution 

function at the 99% probability, D* is the modified duration of the bond, while  

is the Value-at-Risk at day t for the logreturn (y) in case of the stock and the currency, 

while  is the Value-at-Risk for the bond’s logreturn. The Value-at-Risk 

expressed for the price instead of the logreturn is based on Equation 12-13, where S is 

coming from the ABM (Equation 1-2), while P is coming from the Vasicek model 

(Equation 3-6), and T is the liquidaton period, that is being set to 2 days, based on the 

regulation (EMIR 2012, RTS 2013), 

 

(12)

 

(13)

Also, a 25% procyclicality buffer is used as well. It is exhausted and built back based 

on the two standard deviations, and it works the same way for all of the three products, 

so we will not highlight the bond separately as in Equations 10-13. If the EWMA 

standard deviation is greater, then the buffer is exhausted gradually. If the equally 

weighted standard deviation is greater, it is gradually built back, according to Equation 

14-16, where  stands for the procyclicality buffer  

 

(14)

 

(15)

 

(16)

Finally, the margin at time t is defined by Equation 17-21 for all the three products by 

calculating a so-called margin band with a minimum and maximum margin value in 

Equation 17-18.  



 

 

(17)

 

(18)

Till the calculated margin in Equation 10-16 does not reach this minimum and 

maximum value, the margin requirement will not change, according to Equation 19-

21. The main goal of this calculation is to stabilize the value of the margin, not to have 

to change it on a daily basis, which is essential in practice from the clearing members’ 

liquidity management point of view. 

 

(19)

 

(20)

(21)

After defining the margin on the individual asset level, we have to quantify the 

portfolio level margin. We carry it out using the SPAN (Standard Portfolio Analysis of 

Risk) method by applying simplification. For simplicity, we assume that there is only 

a risk array and Short Option Minimum (SOM), which will be 10% of the underlying 

asset’s margin, except in the case of the bond, since there are no options, so SOM is 

not needed either. This means that the positions are revalued with the new underlying 

asset prices and new standard deviations. The scenario that gives the most significant 

loss is considered the margin (will be the MarginCMt in Equation 22) of a particular 

CM portfolio. One unit of change in the spot price will be the value of the asset’s 

actual margin calculated in Equation 10-21, while one unit of change in the standard 

deviation will be 90% of the actual daily standard deviation. 

During portfolio-based margining, we determine the price of the options with the 

Black-Sholes model (Black and Scholes, 1973). We assume the following: the options 

are ATM options, with a maturity of one year, the standard deviation is the actual 

daily standard deviation that is used in the margin model, the one-year risk-free return 

is calculated with the Vasicek model, in the case of the currency option, the counter 

currency’s risk-free return is 0%. The futures positions have the same parameters as 

the options.  

We simulate the margins on a portfolio level in two different ways, once when the 

margin and default fund are calculated for the spot and derivative markets as merged 

markets and once when they are separated. This is important because during the 



portfolio margining with the SPAN method in the merged case to spot position could 

be hedged with the derivative position, hence the risk is lower, so the margin should 

be lower for the portfolio, while in the separated case, one portfolio is for the spot 

positions, and another portfolio is for the derivative positions, hence the risk should be 

higher, and the margin should be higher as well. In our analysis, we aim to show this 

phenomenon, and also we want to show how it affects the value of the default fund, 

and as a final effect, how the size of the guarantees will change.  

We need to run the stress test based on the EMIR regulation (2012) and Hull (2018) to 

calculate the default fund. We estimate historical and hypothetical scenarios, as well. 

Altogether, we have eight stress scenarios: six historical and two hypothetical in our 

stress test. In every scenario, we have a stress parameter for all three financial assets, 

one for the stock, one for the currency, and one for the bond. We use the same stress 

scenarios on the spot and derivative markets. The focus of our stress test is to see that 

if we stress the current market price – which is the last simulated price in our price 

simulation with ABM and Vasicek, so the 7500th day – with every stress scenarios’ 

stress parameters, would the margin be enough to cover the potential losses in case the 

CM would default. According to EMIR, the value of the default fund will be the 

scenario that has the highest loss of the max(1;2+3) exposures. We apply the 

following rule to define the historical scenarios: we take the simulated 30 years time 

series and search for the day where the stock had the lowest return. On this same day, 

we take the return of the bond and the currency as well. This is one scenario, and we 

name this as “min stock.” The other five historical scenarios are based on the same 

method. 

In hypothetical scenarios, we must consider the correlation between the different risk 

factors and risk parameters. To fulfill the regulator’s requirements, we choose the 

stress parameters the European Systemic Risk Board (ESRB) put together during the 

EU-wide stress test for the central counterparties in 2019. The test’s time horizon is 

five days, but we run our test only on a daily time horizon, so we convert the given 

parameters to daily ones. For the DAX index, -14% is given by the ESRB, so on a 

daily basis, it becomes -2.80%, the shortest government bond stress parameter 

belonged to the 1-year maturity bond, which was -36 basis points, so we apply -7.2 

basis points. For the EUR/USD, the USD/EUR parameter is set at -5.8%, which means 

that the EUR/USD parameter would be 6,16%, and on a daily basis it is 1.23% 

(ESRB, 2019). We have two hypothetical scenarios, one with the parameters 

explained and another with the opposite of these numbers.  



Overall, we define the largest and the sum of the second and third largest exposure 

(loss not covered by the initial margin) in every historical and hypothetical scenario. 

That scenario will “win” that has the largest exposure, so the one that had the largest 

max(1;2+3) value. Moreover, this value will be the value of the default fund (DF). 

As a final step, this default fund (DF) is split up between the clearing members 

according to their ratio of margin payment within the total margin value on the market, 

according to Equation 22, 

   (22)

 

2.2. Sensitivity of the SITG 

In order to increase efficiency and to analyze and align the incentives of the CCP and 

its clearing members, I decided to use the model presented above to shows how the 

CCP’s own contribution in the default waterfall is affected in different market 

structures. The model needed to be simplified to perform a sensitivity test on the 

SITG. Overall, the model is improved, and all three layers are part of the stress testing 

so results are based on the whole default waterfall rather than just a part of it and 

therefore reached more sophisticated conclusions. 

Using the same model and pricing principles, the following assumptions and methods 

were applied: the economy still has two hypothetical markets cleared by one CCP, one 

of the markets is a spot market with one single stock, the other market is a derivative 

market, on which the market participants can trade with options and futures contracts. 

In this scenario, the number of assets was reduced to stock and currency. The 

underlying asset can be the stock traded on the spot market, and it can be a currency as 

well, not traded on the spot market. The clearing members can still mitigate their risk 

and benefit from the hedged positions between the spot and derivative markets. The 

number of clearing members remains four. The positions of the four members are pre-

defined to see how the contributions behave if one of the members has positions only 

on the spot market, while the other members have on both markets. One of them has 

highly risky positions built up mainly from short straddle positions, and the remaining 

two clearing members have risky positions, but also positions that handle risk 

(protective put or covered call). 



3. Results 

3.1. Baseline model  

We run the simulation 1 000 times within the model we have introduced in the 

previous chapter. The figure below shows the default funds’ values in the cases of 

merged and separated markets for 1000 realizations. In the separated DF-s, the value 

shown in the is the sum of the DF of the spot and the derivative market. I cleaned the 

database from eight outlier values in order to represent the results. 
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This model showed how the guarantee system’s size and structure change if a central 

counterparty applies it merged or separately for different markets. As a general 

conclusion, it can be stated that in the separated case, the overall guarantees that are 

available in the guarantee system is higher; however, the value of the default fund is 

always larger in the merged case, so the cross-guarantee between the clearing 

members and markets are more notable. From the clearing members’ perspective, this 

result makes the merged markets more favorable, since in this case, the trading is 

cheaper for them because less collateral is required to be posted. However, because the 

ratio of the cross-guarantee commitments changes, from a risk-taking point of view is 

note beneficial for every clearing member. From the CCPs point of view, if it wants to 

increase its competitiveness by lowering the guarantees’ value, the merged version 

should be chosen, but if it wants to have a more prudent guarantee system, the markets 

should be separated. Finally, from a financial stability point of view, since in the 

separated case, in more than 60% of the cases, the initial margin was enough to cover 

potential future losses, the default fund value was 0, it can be stated that the separated 

markets are more stable, more stress-resistant, so it should be chosen if the financial 

stability of the CCP is in focus. 

The proposed model’s limitation is that we had one CCP with four clearing members 

with small open positions, and we did not consider the third layer of the default 

waterfall, the SITG. Researches focusing on the SITG highlights that incentives of the 



CCP and its clearing members should be aligned to increase efficiency. During this 

research, the goal was to build a model that offers a solid basis to address future 

improving policies regarding CCPs. However, the model is built in Microsoft Excel, 

and the program can handle a limited set and complexity of data. 

3.2. SITG sensitivity results 

The proposed model shows how the CCP’s own contribution in the default waterfall is 

affected in different market structures. It is an important question since this own 

contribution is being financed from the capital of the CCP. So the larger this 

contribution is, the larger the stake of the CCPs’ capital is risked. The merged market 

scenario is risky for the CCP since it offers the lowest value for the overall default 

waterfall, and also, the CCP has to provide the largest SITG value compared to the 

fully or partially separated structures. This setup is favorable for some members 

engaging in risky trading and also affects clearing members’ liquidity the least. In the 

long run, the CCP would need a tremendous amount of capital to support the system, 

mainly if it aims to protect non-defaulting members. Overall, this setup would not 

increase the resilience of the CCP. However, to avoid resolution, the CCP relies on the 

fund provided by the non-defaulting members. Due to the heightened level of loss-

mutualization, this setup is disadvantageous for members active only on one of the 

cleared markets. 

In contrast, the separated design gives an advantage to the CCP from this perspective, 

it can be stated that it is more resilient, but ultimately it can disadvantage more minor 

participants from the market because the clearing activity can become too costly. The 

partially separated on initial margin level was proven to be the most suitable for all 

stakeholders. It brings the benefits of a higher margin requirement and smaller SITG 

for the CCP, but members can profit from hedging and risk-mutualization on a default 

fund level, ultimately, this being the best compromise between parties. 

Regarding how sensitive the SITG is to the price changes of the traded assets prices, 

the thesis summarizes figures below summarize the simulation results for the 49 cases 

(7x7 price change combinations for the stock and currency in the price range of +/-

30%). It can be seen how the SITG ratio within the total value of the default waterfall 

changes if the CCP exhausts the first three levels of the default waterfall or if it 

exhausts all of its levels.  



 

 

Table 3 compares the four different market settings by ordering them on a 1-4 scale (1 

is the worst, 4 is the best). These values are summed up in Table 3, showing which 

method can be the most optimal to use.  

Characteristics Merged markets Separated markets 
Partially separated 

markets - IM 

Partially 
separated 

markets - DF 
CCP’s perspective 

High amount 
of initial 
margin 

1 2 2 1 

SITG amount 2 3 4 1 
Protection 1 4 3 2 

Clearing members’ perspective 
Lower level of 
guarantees 

4 1 3 2 

Risk-
mutualization 

4 1 3 2 

Hedging 
benefits 

4 1 3 2 

Total score 16 12 18 10 

Table 3 Order of the four methods 

Results show that the most favorable setup for both parties is the partially separated 

markets – IM, meaning that while the CCP has higher IMs, so from a safety 



perspective is advantageous. Clearing members can enjoy the benefits of hedging on a 

DF level. 

The hypotheses I addressed were the following: 

H1: Cross-financing takes place in the merged setup of spot and derivative 

markets. As a general conclusion based on the results is that in the separated case, the 

overall guarantees that are available in the guarantee system are higher; however, the 

value of the default fund is always larger in the merged case, so the cross-guarantee 

between the clearing members and markets are more notable.  

H2: The clearing of several markets by a merged guarantee fund affects the 

structure and size of the guarantee system. In order to increase efficiency and to 

analyze and align the incentives of the CCP and its clearing members, I decided to use 

the second model that shows how the CCP’s own contribution in the default waterfall 

is affected in different market structures. The model needed to be simplified to 

perform a sensitivity test on the SITG. Both models showed how the guarantee 

system’s size and structure change if a CCP applies it merged or separately for 

different markets. From the clearing members’ perspective, this result makes the 

merged markets more favorable, since in this case, the trading is cheaper for them 

because less collateral is required to be posted. A CCP’s resilience, in this case, may 

decline since less collateral is available for loss-absorption. 

H3: In the merged clearing of spot and derivative markets, a CCP needs a higher 

skin-in-the-game amount to remain liquid, avoiding implementing recovery and 

resolution plans. The merged market operation requires higher SITG from the CCP, 

so in the long term, a series of defaults can shake the system’s stability since the 

resources of the CCP are finite. The separated setup can shake the stability from a CM 

side since if there is a high level of liquidity tied up at the CCP, members will run out 

of resources, and the stress will be triggered from this side. The initial margin being 

the first layer of defense, it is strongly recommended not to merge the contributions on 

this level. This explains why partially separated – DF setup is a disadvantageous setup: 

it requires more SITG since the margins run out faster and the DF contributions are 

lower. The default fund level merged setup, where the margins are calculated 

separately, benefits both parties: while it motivates the CCP for solid risk 

management, it does not burden parties from a total contribution perspective. The CCP 

can include less SITG; therefore, a series of defaults will not exhaust the CCP’s 

resources intensely in the long term. 
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