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Abstract 

In the first part of the thesis, we study the credit risk profiles of a publicly traded CLO (the Ares IIIR/IVR 

CLO) and a fictitious CLO of ABS. We demonstrate how the Vasicek model and the multi-pool 

correlation model can be used to evaluate the credit risk of these products by determining appropriate 

minimum attachment points given a set of desired credit ratings. The results of this part, and the two 

products themselves, are used to concretize our findings regarding regulatory capital for securitizations 

under the Basel frameworks throughout the rest of the thesis. 

In the second part of the thesis, we study and evaluate the treatment of regulatory capital for both the 

Ares IIIR/IVR CLO and the CLO of ABS under the Basel Accords I, II, and III. We demonstrate how 

Basel I’s simplistic “one-size-fits-all” approach for assigning risk weights to securitization exposures could 

be used by banks to engage in regulatory capital arbitrage (RCA) by securitizing corporate loans of high 

credit quality while providing the SPV with a subordinated loan. Next, we show how the improved credit 

risk-sensitivity of the Basel II framework prevented banks from exploiting the previously investigated types 

of RCA. However, we argue that the look-up tables and overreliance on external credit assessment 

institutions associated with the simplistic Standardized Approach (SA) and, to some extent, the Ratings-

Based Approach (RBA) still offered inadequate credit risk-sensitivity. In contrast, we argue that the more 

advanced Supervisory Formula Approach was adequately credit risk-sensitive as it is based on a widely 

accepted statistical measure of credit risk. Nevertheless, this approach was plagued by significant levels of 

cliff-effects. Additionally, we demonstrate how Basel III attempts to rectify the weaknesses associated with 

Basel II by 1) greatly enhancing the credit risk-sensitivity of the SA by making regulatory capital dependent 

on the credit ratings of the underlying obligors rather than on the credit ratings of the tranches themselves 

and 2) by introducing the Simplified Supervisory Formula for allocating regulatory capital across tranches, 

which considerably reduced the levels of cliff-effects that were observed from Basel II. 

In the third part of the thesis, we investigate the issue of the Basel framework amplifying the procyclicality 

of the banking sector with respect to securitizations and the potential issue of capital requirements for 

securitizations being portfolio-independent. 

Our results show that the fluctuation of regulatory capital for securitizations throughout time heavily 

depends on the reinvestment behavior of CLO managers. We propose two initiatives aimed at mitigating 

the procyclical tendencies of the Basel framework with respect to securitizations: 1) an autoregressive filter 

that smooths the output of the current capital requirements across time and 2) basing capital requirements 

on through-the-cycle rather than point-in-time risk statistics. Moreover, we show that both of these 

initiatives are able to reduce the volatility of capital requirements for securitizations throughout time 

without significantly altering the long-term average mean. 

With respect to portfolio-invariance, we propose a two-factor setting that explicitly accounts for the 

potentially imperfect correlation between the risk factors specific to the pool underlying a securitization 

and the risk factors specific to the bank’s existing portfolio.  
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1. Introduction 

The purpose of this thesis is to provide an analysis of how the treatment of regulatory capital for 

securitizations has evolved throughout the three Basel accords. Furthermore, we investigate the 

procyclical tendencies of the Basel setting as well as the potentially problematic fact that capital 

requirements are independent of a bank’s existing portfolio. 

Structured financial products are interesting for banks as they provide great flexibility when it comes to 

the transference of credit risk between parties. From an intellectual standpoint, we find securitizations 

interesting to analyze due to their innate complexity. 

Historically, some banks have used securitizations to circumvent regulation by reducing capital 

requirements without actually transferring any significant credit risk. Acknowledging the issues associated 

with securitizations, the Basel Committee has worked continuously to combat these sort of abuses by 

imposing increasingly sophisticated approaches in an effort to align regulatory capital with actual credit 

risk exposures. 

Credit risk models are necessary in order to provide rigorous estimates of the amount of economic capital 

needed to support a bank’s risk-taking activities. In the case of securitizations, it is vital that such a model 

is able to account for the default-dependence across obligors in the underlying pool. The most widely-

used model for loan portfolio losses has its roots in the 1991 document “Limiting Loan Loss Probability 

Distribution” by Oldrich Vasicek (we will refer to this model as “the Vasicek model” throughout this 

thesis). To this day, this is the model that shapes the foundation of regulatory capital for securitizations as 

determined under the current Basel accord. 

Throughout the thesis, our analysis will revolve around a publicly traded collateralized loan obligation 

(CLO) and a fictitious CLO of asset-backed securities (ABS). The thesis can be thought of as being 

divided into three parts: In the first part, we analyze and model the credit risk associated with these two 

structured products. In the second part, we investigate how regulatory capital of securitization and 

resecuritization exposures have been computed under the different Basel frameworks. Additionally, we 

evaluate the drawbacks associated with each framework and whether the succeeding framework has 

successfully mitigated these drawbacks. In the third part, we investigate issues with the current accord that 

we consider potentially detrimental from a macroprudential viewpoint. Specifically, we investigate the 

issue of procyclicality as well as the potential issue of capital requirements being portfolio-independent. 

Furthermore, we propose initiatives aimed at mitigating these issues. 

Our thesis is aimed at the interested reader who desires to obtain a more thorough understanding of the 

Basel frameworks with respect to securitizations. 
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1.1. Fundamentals of Bank Funding 

One of the most important financial theories of capital structure is the Modigliani and Miller Propositions 

I and II. If we believe that M & M’s capital structure irrelevance principle is applicable to banks, then the 

way that a bank chooses to fund its securitization exposures is irrelevant for the bank’s value. The 

implication is that regulatory capital requirements should not impact the value of banks. But is it 

reasonable to assume that this principle is applicable to banks? 

Demand deposits are the major source of financing for most banks, and they cannot be directly compared 

to traditional corporate bonds and loans. Demand deposits are typically insured by a government-funded 

deposit insurance scheme. In the M & M world, the cost of debt is not influenced by such an insurance 

scheme. As one can imagine, you would demand a lower expected return on government-backed debt 

compared to regular, uninsured debt. As government insurance schemes are not provided for any type of 

corporate debt, it stands to reason that banks have access to a cheaper source of financing compared to 

non-bank corporations. As such, it seems possible to argue that M & M’s capital structure irrelevance 

principle does not apply to banks. Following this logic, we argue that the capital structure of banks is most 

likely to be skewed in favor of the generally more advantageous source of financing, i.e. debt. Additionally, 

the fact that interest payments are tax deductible further promotes this argument (Miller (1995), p. 485). 

If banks do indeed attempt to finance themselves predominantly with debt, then regulatory capital 

requirements will directly influence their debt-equity ratios. A bold assumption is that banks always strive 

to hold the minimum capital requirements set forward by regulators. Historically, this assumption is 

supported by empirical evidence suggesting that banks actually have circumvented regulation by holding 

less equity than the regulatory minimum as specified by Basel for the purpose of increasing shareholder 

value (Jones (2000), p. 38). 

We have argued that it is not reasonable to assume that the capital structure of banks is irrelevant to their 

firm values. Instead, banks are more likely to maximize their debt-equity ratio subject to regulatory capital 

minimums in order to maximize shareholder value. This motivates the importance of regulatory capital 

requirements from the perspective of banks. It also explains why some banks might be inclined to 

circumvent regulation of minimum capital standards. 

1.2. Problem Formulation 

We articulate the following problem formulation: 

How has the treatment of capital requirements for securitization and resecuritization exposures 

evolved under the three Basel frameworks? 

In order to achieve a coherent structure throughout the thesis, we ask the following research questions 

for the purpose of supporting the problem formulation: 
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i. How can the credit risks associated with securitization and resecuritization exposures be analyzed 

such that it is possible to construct these types of products with desired credit risk profiles? 

ii. How have regulatory capital requirements for securitizations and resecuritizations been 

computed under Basel I, II, and III, and what are the relative merits of each of the employed 

approaches? 

iii. Which issues have the different frameworks suffered from, and how has the succeeding 

framework attempted to resolve these issues? 

iv. Which unresolved issues do we identify with the current framework, and how can these be 

mitigated? Specifically, we will look at the issues of procyclicality and portfolio-independent 

capital requirements. 

1.3. Delimitations 

We certainly acknowledge that the capital structure of banks is an extremely complicated subject that 

could easily be dedicated a thesis of its own. As such, our very brief discussion on the topic is obviously a 

gross simplification of its intricacy. Nevertheless, the focus of this thesis is not on the optimal capital 

structure of banks, but rather on the minimum regulatory standards for securitizations. Our brief 

discussion on the fundamentals of bank funding merely serves the purpose of motivating the importance 

and relevance of regulatory capital requirements for banks. We refer the reader to Miller (1995) for a 

more thorough discussion of the M & M Propositions in relation to banks, and to Diamond & Rajan 

(2000) for a more comprehensive explanation of the mechanism underlying bank capital. 

The human imagination is the limiting factor when it comes to the assets that can be pooled and tranched. 

Similar for all of the different types of securitizations is that you analyze their associated credit risks by 

modelling the default-dependence across obligors in the underlying pool. We have chosen to focus on 

securitizations where the underlying obligors are corporations, as we find this type to be particularly 

interesting. However, the general methodology presented in this thesis should be applicable for 

securitizations consisting of other types of underlying assets. 

The implications of the transactions related to constructing and selling a CLO is comprehensive and 

concern many parties (e.g. the obligors, the sellers of loans, the CLO manager, and the final investors). 

Our analyses will primarily be conducted from the perspective of an investing bank that holds 

securitization interest directly on its balance sheet. 

With respect to the Basel accords, we will exclusively look at the parts that are relevant for regulatory 

capital for securitizations. 

The two unresolved issues that are mentioned in research question iv is not meant to be an exhaustive list 

of issues with the current framework (there are certainly other unresolved issues). 
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2. Presentation of the Structured Products 

In this section, we will present a publicly traded CLO (the Ares IIIR/IVR CLO) and a fictitious 

resecuritization (ABS CLO). We will construct the CLO of ABS from 100 tranches with the properties 

of the Ares IIIR/IVR CLO’s BB-rated tranche. We have chosen this particular construction method in 

order to heighten the level of comparison between the two structured products. Both products will be 

used throughout the thesis in order to concretize our discoveries. 

2.1. The Ares IIIR/IVR CLO (Securitization) 

The Ares IIIR/IVR CLO consists of six classes of secured notes and one subordinated note (the equity 

tranche). The assets securing the secured notes consist primarily of a diversified portfolio of underlying 

assets consisting of primarily loans made to corporate obligors organized in the United States, Canada, 

and “Moody’s Group of Countries”
1

. These loans come mainly in the form of high-yield bonds, senior 

secured floating rate notes, structured finance securities, and synthetic securities. All of the tranches are 

publicly traded on the Irish Stock Exchange (except for the Class A-1 Notes). 

Throughout the thesis, we will be using the composition of the CLO as of January 9, 2008, which is first 

date that detailed data regarding the CLO is available to us. The data stems from 

http://cloi.creditflux.com/, and it consists of information regarding the ratings, maturities, notional 

amounts, interest rates etc. of both the tranches themselves as well as the loans underlying the CLO from 

2008 to 2015. All of the data is reported on a monthly basis. 

The CLO was initially listed on March 29, 2007. As of January 9, 2008, there was invested $679,386,540 

across 475 different corporate loans and bonds stemming from 198 different obligors. This amount 

corresponds to 97% of the target amount of $700,000,000. As of January 9, 2008, the underlying pool 

consists of roughly 89% loans and 11% bonds. Moving forward, however, we will assume that all of the 

underlying assets are corporate loans for the sake of simplicity. At the time of January 9, 2008, the CLO 

was still in the reinvestment period (which began in September 2007 and ended in April 2014). The 

choice of report date should not significantly impact our results and conclusions. However, as almost the 

whole target amount is invested as of January 9, 2008, this date gives the best picture of a fully invested 

CLO. Figure 1 graphically illustrates typical CLO-transactions (using the Ares CLO as an example). This 

figure is based on both the prospectus of the Ares IIIR/IVR CLO and on the document “Global 

CBO/CLO Criteria” by S&P’s Structured Finance (1999). 

                                                      
1

 The list of countries included in this group can be found on the pages 139-140 of the Ares IIIR/IVR CLO 

Prospectus (found at http://www.ise.ie/debt_documents/Ares_7187.pdf) 

http://cloi.creditflux.com/
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Figure 1 - Transactions of the Ares IIIR/IVR CLO 
From left to right: Deutsche Bank assigns a portfolio of corporate loans and sells it to Ares IIIR/IVR, who uses the corporate 

loans as collateral to issue seven different tranches. Deutsche Bank needs not have a loan agreement with the different obligors, 

but can assign an agreement with different banks who have loan agreements with the obligors. As long as principal and interest 

payments on the securitized loans are sufficient to cover the tranches above, the subordinated note will receive the excess cash 

flow - functioning as an equity position. 

Table 1 details the structure of the Ares IIIR/IVR CLO. 

Table 1 - Structure of the Ares IIIR/IVR CLO 
A-1 and A-2 notes have the same attachment and detachment points, as these notes rank pari passu to payments of principal and 

interest. The equity tranche is the subordinated note, and it is not rated. The equity tranche receives excess cash flows and 

principal when all of the tranches senior to it have received interest and principal. The target IRR of the equity tranche is 13-

15%. 

Tranches S&P Moody's Thickness Attachment Detachment Amount Interest rate 

A1 AAA Aaa 7.1% 29.1% 100.0% $    50,000,000 See below* 

A2 AAA Aaa 63.8% 29.1% 100.0% $  446,300,000 LIBOR + 0.22% 

B AA Aa2 6.0% 23.1% 29.1% $    42,000,000 LIBOR + 0.37% 

C A A2 6.0% 17.1% 23.1% $    42,000,000 LIBOR + 0.65% 

D BBB Baa2 5.0% 12.1% 17.1% $    35,000,000 LIBOR + 1.35% 

E BB Ba2 4.5% 7.6% 12.1% $    31,500,000 LIBOR + 3.50% 

Equity NR NR 7.6% 0.0% 7.6% $    53,200,000  

*The notional amount of the Class A-1 Notes will accrue interest at an annual rate of LIBOR + 0.26%, and any 

unpaid Class A-1 Commitment Fee will accrue interest at an annual rate of LIBOR + 0.17%. 
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The different tranches can be classified as follows: A-1: Variable Funding Floating Rate Notes, A-2 and 

B: Senior Secured Floating Rate Notes, C: Senior Secured Deferrable Floating Notes, D and E: Secured 

Deferrable Floating Rate Notes, and Equity: Subordinated Notes. 

The stated maturity for each of the tranches is the payment date occurring in April 2021. The notes will 

mature at this date unless redeemed or repaid prior thereto. The average life of each tranche is expected 

to be less than what is specified by their maturity. 

The Ares IIIR/IVR CLO will occasionally be mentioned simply as “the Ares CLO” throughout the thesis 

for readability purposes. 

2.2. CLO of ABS (Resecuritization) 

As mentioned in the introduction, we also wish to explore regulatory capital for resecuritizations. For the 

greatest comparison with the Ares IIIR/IVR CLO, we will construct/simulate our own ABS CLO based 

on 100 tranches similar to Tranche E of the Ares IIIR/IVR CLO (which is rated BB or Ba2). The size of 

the simulated ABS CLO is therefore $31,500,000 ∗ 100 =  $3,150,000,000. We will construct the 

CLO of ABS such that its tranches receive the same ratings as the tranches of the Ares IIIR/IVR CLO, 

i.e.  

Table 2 – Tranches of the ABS CLO 

Tranches A B C D E Equity 

S&P AAA AA A BBB BB N/R 

Moody's Aaa Aa2 A2 Baa2 Ba2 N/R 

We do not know which values will yield the desired credit ratings with respect to tranche thickness, 

attachment/detachment points, and nominal amounts. These values will be based on a simulation of the 

fractional loss distribution of the pool consisting of the 100 BB-rated tranches underlying the ABS CLO. 

More on this in Section 3.2. 

3. Sensitivity Analysis 

The purpose of this section is to analyze and model the credit risk associated with the Ares IIIR/IVR 

CLO and the CLO of ABS. The tools presented in this section will allow us to construct both 

securitizations and resecuritizations with the desired credit risk profiles. Explicitly, we use “credit risk 

profile” to refer to the number of tranches and their credit ratings. 

3.1. The Ares IIIR/IVR CLO 

In this section, we test, under a variety of different assumptions, which levels of attachment points that are 

reasonable for the tranches of the Ares IIIR/IVR CLO if these are to have appropriate probabilities of 

taking a hit as specified by their S&P rating class. Additionally, we also test the probabilities of taking a hit 

for each of the tranches of the Ares IIIR/IVR CLO using different parameter-values. 
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First, we will introduce a model for determining the underlying loss distribution of a portfolio of corporate 

loans, as specified by Vasicek (1991). The Vasicek model is widely used within the field of credit risk 

modelling. Moreover, the more advanced approaches for computing capital requirements under Basel 

are based on this model. 

Consider a pool of 𝑁 firms. In the Vasicek model, the log-asset value of firm 𝑗 at time 𝑇 (i.e. 𝑉𝑗,𝑇) is 

modelled according to the Merton model (see Merton (1973)): 

𝑙𝑛(𝑉𝑗,𝑇) = 𝑙𝑛(𝑉𝑗,0) + 𝜇𝑗𝑇 −
1

2
𝜎𝑗
2𝑇 + 𝜎𝑗√𝑇𝑅𝑗, 

where 𝑅𝑗 is a standard normal random variable, 𝜇𝑗 is the drift-rate of firm 𝑗, and 𝜎𝑗 is the standard 

deviation of firm 𝑗. Firm 𝑗 defaults if the value of its assets at loan maturity 𝑇 falls below the value of its 

obligations payable, 𝐷𝑗. Skipping a few intermediate steps, the probability of default for loan 𝑗 is then 

𝑃𝐷𝑗 = 𝑃[𝑉𝑗,𝑇 < 𝐷𝑗] = 𝑃 [𝑅𝑗 <
𝑙𝑛(𝐷𝑗) − 𝑙𝑛(𝑉𝑗,0) − 𝜇𝑗𝑇 +

1
2
𝜎𝑗
2𝑇

𝜎𝑗√𝑇
] = 𝛷 (

𝑙𝑛(𝐷𝑗) − 𝑙𝑛(𝑉𝑗,0) − 𝜇𝑗𝑇 +
1
2
𝜎𝑗
2𝑇

𝜎𝑗√𝑇
), 

where 𝛷 is the cumulative standard normal distribution. The variables 𝑅𝑗 in ln(𝑉𝑗,𝑇) for 𝑗 = 1,… , 𝐽 are 

jointly standard normal with equal pair-wise correlation, 𝜌. The Vasicek model is a single-factor model 

where 𝑅𝑗 can be written as 

𝑅𝑗 = √𝜌𝑋
∗ +√1 − 𝜌𝜖𝑗 , 

where 𝑋∗ and 𝜖𝑗 are mutually independent standard normal variables. 𝑋∗ is the market factor, and 휀𝑗 is a 

firm-specific risk factor. We refer the reader to Vasicek (2002) for a more thorough explanation of the 

model. 

In the case of the Ares IIIR/IVR CLO, √𝜌𝑋∗ is the corporate loans’ exposure to the market risk factor, 

and the term √1 − 𝜌𝜖𝑗 represents the corporate loans’ firm-specific risk. 

In the Vasicek model, corporate loan 𝑗 defaults if 

𝑅𝑗 = √𝜌𝑋
∗ +√1 − 𝜌𝜖𝑗 < 𝐾𝑗, 

where 𝐾𝑗 determines the expected default rate of firm 𝑗. Given the fact that 𝑅𝑗 is standard normally 

distributed, the probability of default for loan 𝑗 is 𝑃𝐷𝑗 = 𝛷(𝐾𝑗) ↔ 𝐾𝑗 = 𝛷
−1(𝑃𝐷𝑗). 

A key assumption of the Vasicek model is that the underlying pool of 𝑗 firms is homogenous and 

asymptotically fine-grained such that all of these firms have the same probability of default, denoted 𝑃𝐷. 

This implies that all firms are subject to the same default barrier, denoted 𝐾. Another key assumption is 
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that the number of loans in the underlying pool is “very large” – this is known as the large portfolio 

approximation: 

If the default rate of the loans in the portfolio were independent of each other, the portfolio loss 

distribution would converge to a standard normal distribution as the portfolio size increases (as given by 

the Central Limit Theorem). But since defaults are dependent on each other in this model, the Central 

Limit Theorem is not satisfied, and the gross loss (before recovery) is therefore not asymptotically normal. 

However, Vasicek (2002) shows that the distribution of the portfolio does converge to a limiting form as 

the number of corporate loans becomes large enough. Therefore, it is possible to express the conditional 

portfolio loss distribution, which is the probability of 𝑅𝑗 < 𝐾 conditional on 𝑋∗, using the cumulative 

distribution function of a sufficiently large portfolio: 

𝑃[𝑅𝑗 < 𝐾 |𝑋
∗ = 𝑥∗] = 𝑃 (√𝜌𝑋∗ +√1 − 𝜌𝜖𝑗 < 𝛷

−1(𝑃𝐷)) = 𝛷 (
𝛷−1(𝑃𝐷) − √𝜌𝑥∗

√1 − 𝜌
). 

This gives the probability of default of firm 𝑗 if 𝑋∗ is known and the default events are dependent on each 

other. In the limiting case, the realized default is thus equal to the probability of default. 

As previously mentioned, the Ares IIIR/IVR CLO consists of 475 corporate loans stemming from 198 

different obligors. We are able to test the accuracy of the large portfolio approximation for these 198 

obligors by generating 198 standard normal values (i.e. 𝜖𝑗 for 𝑗 = 1,2,… ,198) and a single standard 

normal value (i.e. 𝑋∗). Using these values, we are able to count the fraction of corporate loans that 

defaulted in this simulation. Repeating this process 1,000,000 times yields a Monte Carlo estimator for 

the portfolio loss distribution. This distribution can then be compared to the theoretical loss distribution 

under the large portfolio approximation that is computed by inserting the 1,000,000 random draws of 𝑥∗ 

into 𝛷 (
𝛷−1(𝑃𝐷)−√𝜌𝑥∗

√1−𝜌
). 

In order to conduct this test, we need to find a realistic value of 𝑃𝐷 for the pool. The vast majority of the 

corporate loans in the Ares IIIR/IVR CLO are rated as either B or BB. As such, they can be regarded as 

non-investment grade speculative or highly speculative. The S&P weighted long-term average one-year 

corporate global default rates are 0.76% (standard deviation = 1.03%) and 3.82% (standard deviation = 

3.36%) for BB and B ratings respectively (S&P (2015), p. 10). As we do not know the exact probabilities 

of default for the different corporate loans, we expect these values to lie somewhere between 1% and 5% 

based on the ratings of the underlying loans. We view a 𝑃𝐷 of 5% as being rather conservative. 

In accordance with the assumptions of the Vasicek model, we assume a single 1-year 𝑃𝐷 for the whole 

portfolio of corporate loans. Given the ratings of the underlying loans, 𝑃𝐷 ∈ {0.01, 0.03, 0.05}  seems 

like reasonable estimates. 
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A quick note regarding the 𝜌 parameter: Basel supply a supervisory formula for computing 𝜌 as a 

decreasing function of 𝑃𝐷 for corporate exposures (see BCBS (2006), p. 64): 

𝜌(𝑃𝐷) = 0.12(1 − 𝑒−50 𝑃𝐷) + 0.24 𝑒−50 𝑃𝐷. 

Throughout the entire thesis, we will be using this formula for determining the value of 𝜌 unless otherwise 

specified. 

A comparison between the distribution of fractional losses as specified by the Monte Carlo simulation 

(using 𝐽 = 198 obligors and 1,000,000 simulations) and the large portfolio approximation respectively 

can be seen below in Figure 2. 

 

Figure 2. Fractional Loss Distributions 
Comparison of the fractional loss distributions computed by a Monte Carlo simulation (J = 198 and number of simulations = 

1,000,000) and the large portfolio approximation respectively. 

On a general level, the two distributions seem to follow each other by peaking around the same fractional 

loss levels. However, the volatile appearances of the red and black graphs of the MC distribution is of 

concern. The validity of capital requirements based on the Vasicek model for the Ares IIIR/IVR CLO 

can be questioned as a result of this volatility. Optimally, we would like to conclude that the expected 

default-rate is equal to the realized default-rate, as is the case in the limiting case (𝐽 → ∞). Nevertheless, 

as the probability masses of the distributions are focused around the same levels of fractional losses for 

the two figures, we can expect the large portfolio approximation formula to provide estimates that are “in 

the correct ballpark” for 𝐽 = 198. 

3.1.1. Analyzing Attachment Points 

Thus far, we have only considered losses before potential recovery. As with 𝑃𝐷, we will assume that all 

of the obligors of the underlying portfolio are subject to the same loss-given-default (𝐿𝐺𝐷).. 
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The probability that tranche 𝑘 experiences losses is equal to the probability that losses of the underlying 

portfolio exceed the attachment point of that tranche (denoted 𝐴𝑘). In order for tranche 𝑘 to not 

experience losses, it must hold that 

𝐴𝑘 ≤ 𝐿𝐺𝐷 𝛷 (
𝛷−1(𝑃𝐷) − √𝜌(𝑃𝐷)𝑥∗

√1 − 𝜌(𝑃𝐷)
). 

If we desire tranche 𝑘 to have a specific probability of taking a hit, 𝑃ℎ𝑖𝑡,𝑘, then the minimum attachment 

point of said tranche, 𝐴𝑚𝑖𝑛,𝑘, can be computed as 

𝐴𝑚𝑖𝑛,𝑘 = 𝐿𝐺𝐷 𝛷 (
𝛷−1(𝑃𝐷) − √𝜌(𝑃𝐷) 𝛷−1(𝑃ℎ𝑖𝑡,𝑘)

√1 − 𝜌(𝑃𝐷)
). 

One of the objectives of the issuer of the CLO can be to create value from spread arbitrage. Spread 

arbitrage refers to the profit that is earned when the weighted average interest paid by the underlying pool 

of assets is less than the weighted average interest paid to the investors of the securitization. Therefore, 

the greatest value is achieved when the credit quality of the tranches is maximized (Hull & White (2010), 

p. 55). The process is as follows: First, the AAA-rated tranche is made as wide as possible, then the AA-

rated tranche is made as wide as possible, and so on. Thus, it is of interest to determine the minimum 

attachment points for the different tranches given a desired credit risk profile. 

The Ares IIIR/IVR CLO consists of six different classes of secured notes. For the sake of simplicity, we 

will treat tranches A1 and A2 as a single tranche in the following examples. We argue that this 

simplification is reasonable, as they are both rated AAA and they are both considered as the most senior 

tranches of the CLO. We will denote this “merged” tranche as Class A (or tranche A). 

The tranches of the Ares IIIR/IVR CLO consist of five different rating classes, specifically AAA, AA, A, 

BBB, and BB. Brennan et al. (2009), p. 907, give appropriate probabilities of taking a hit for differently 

rated tranches using the S&P rating system: 

Table 3 – Appropriate probabilities of taking a hit for tranches in the S&P rating system 

S&P rating AAA AA A BBB BB 

Probability of taking a hit 0.219% 0.459% 2.323% 10.425% 24.460% 

It is now possible to evaluate whether the attachment points of the tranches of the Ares IIIR/IVR CLO 

are reasonable for different values of 𝐿𝐺𝐷 and 𝑃𝐷. 

Before being able to analyze the attachment points, a suitable spectrum of 𝐿𝐺𝐷-values is necessary. The 

average senior unsecured bond recovery rate by year prior to default from 1982 to 2008 determined by 

Moody’s for Ba and B rated bonds are 48% (𝐿𝐺𝐷 = 52%) and 37% (𝐿𝐺𝐷 = 63%) (see Moody’s (2009), p. 

25).  
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As such, we will evaluate the attachment points for all combinations of 𝐿𝐺𝐷 ∈ {0.3, 0.5, 0.7} and 𝑃𝐷 ∈ {0.01, 0.03, 0.05}. Inserting these values into the formula 

for 𝐴𝑚𝑖𝑛,𝑘 yield the following values: 

Table 4 – Minimum attachment points for the desired tranche rating for different values of 𝑃𝐷 and 𝐿𝐺𝐷 

 

 

Class A (AAA) Class B (AA) Class C (A) Class D (BBB) Class E (BB) 

LGD LGD LGD LGD LGD 

30% 50% 70% 30% 50% 70% 30% 50% 70% 30% 50% 70% 30% 50% 70% 

PD 

1% 3.47% 5.78% 8.10% 2.82% 4.70% 6.59% 1.59% 2.65% 3.71% 0.72% 1.21% 1.69% 0.37% 0.61% 0.85% 

3% 5.89% 9.82% 13.75% 5.09% 8.48% 11.87% 3.39% 5.65% 7.92% 1.95% 3.25% 4.55% 1.20% 2.01% 2.81% 

5% 7.61% 12.69% 17.77% 6.74% 11.23% 15.72% 4.80% 8.00% 11.21% 3.02% 5.04% 7.05% 2.02% 3.37% 4.71% 

Actual 𝐴𝑘 29.10% 23.10% 17.10% 12.10% 7.60% 

The attachment points are sensitive to the two parameters, 𝑃𝐷 and 𝐿𝐺𝐷. As 𝑃𝐷 and 𝐿𝐺𝐷 increase, the minimum attachment points increase. The value of 𝜌(𝑃𝐷) 

and the minimum attachment points also move in the same direction. However, as 𝜌(PD) is decreasing for 𝑃𝐷, this somewhat counteracts the effect that an 

increased value of 𝑃𝐷 has on the minimum attachment points. Thus, a change in 𝑃𝐷 causes two shifts of opposite direction to the minimum attachment points. 

However, it seems like 𝑃𝐷 has a greater effect than 𝜌(𝑃𝐷), as the minimum attachment points exclusively increase as 𝑃𝐷 increases. 

For all combinations of 𝑃𝐷 and 𝐿𝐺𝐷, the Ares CLO’s actual attachment points are significantly greater than the minimum attachment points that are specified in 

Table 4. Based on this, we do not believe that the Ares IIIR/IVR CLO has been structured for the purpose of maximizing spread arbitrage (i.e. by setting the 

attachment points to their minimum levels). 

On the other hand, it might be that our 𝐿𝐺𝐷 and 𝑃𝐷 parameter-combinations have been set too low. Nevertheless, we feel like a 𝑃𝐷 of 5% and an 𝐿𝐺𝐷 of 70% 

are rather conservative estimates. 

Alternatively, the manager of the Ares CLO might have set the attachment points of the CLO above the minimum levels in order to be able to keep the desired 

ratings even if the underlying obligors perform below expectations. By setting the attachment points at the minimum levels, the tranches face a great possibility of 

being downgraded in slightly more stressed periods. 
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Nevertheless, it is of interest to compute the current probabilities of taking a hit for the different tranches in order to quantify their secureness. The probability that 

a tranche takes hit is given by (휃 denotes the fraction of defaulting obligors) 

𝑃 (휃 ≥
𝐴𝑘
𝐿𝐺𝐷

) = 1 − 𝛷(
√1 − 𝜌(𝑃𝐷)𝛷−1 (

𝐴𝑘
𝐿𝐺𝐷

) − 𝛷−1(𝑃𝐷)

√𝜌(𝑃𝐷)
). 

Inserting the actual attachment points for the five differently rated classes of the Ares IIIR/IVR CLO yields the following values for all possible combinations of 

𝑃𝐷 ∈  {0.01, 0.03, 0.05} and 𝐿𝐺𝐷 ∈  {0.3, 0.5, 0.07}: 

Table 5 – Probabilities of taking a hit for the tranches of the Ares IIIR/IVR CLO 

 

Class A (AAA) Class B (AA) Class C (A) Class D (BBB) Class E (BB) 

LGD LGD LGD LGD LGD 

0.3 0.5 0.7 0.3 0.5 0.7 0.3 0.5 0.7 0.3 0.5 0.7 0.3 0.5 0.7 

PD 

0.01 0.000% 0.000% 0.000% 0.000% 0.000% 0.001% 0.000% 0.000% 0.005% 0.000% 0.006% 0.038% 0.004% 0.070% 0.278% 

0.03 0.000% 0.000% 0.001% 0.000% 0.000% 0.006% 0.000% 0.004% 0.060% 0.001% 0.064% 0.420% 0.047% 0.753% 2.658% 

0.05 0.000% 0.000% 0.003% 0.000% 0.001% 0.031% 0.000% 0.022% 0.279% 0.004% 0.295% 1.685% 0.222% 2.847% 8.537% 

Class A has a probability of taking a hit ranging around nearly zero. This means that the AAA-rated tranche are not on the verge of being downgraded to AA. As 

such, the tranche is likely to keep its current rating even if the underlying obligors perform slightly below expectations. The lowest class (Class E) also has a 

possibility of taking a hit significantly below the appropriate level set by S&P of 24.460% for all combinations of 𝑃𝐷 and 𝐿𝐺𝐷. In fact, all tranches in the Ares 

IIIR/IVR CLO have possibilities of taking hits below the appropriate levels set by S&P. Essentially, our analysis indicates that the Ares CLO is exposed to far less 

credit risk than what is specified by the ratings of its tranches. As such, we believe that classes B and C, for instance, should be rated AAA (except for the parameter-

combination 𝑃𝐷 = 0.05 and 𝐿𝐺𝐷 = 0.7 in the case of class C). This is consistent with the results of the previously conducted analysis of the minimum attachment 

points.  

In conclusion, it is hard to determine exact values of 𝑃𝐷 and 𝐿𝐺𝐷. However, we believe that values of 𝑃𝐷 and 𝐿𝐺𝐷 in the ranges of 3-5% and 50-70% respectively 

seems appropriate for the Ares IIIR/IVR CLO. 
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3.2. CLO of ABS 

The main purpose of this section is to introduce a modeling approach used to construct a resecuritization 

in the form of an ABS CLO. A sensitivity analysis of the minimum possible attachment points for this 

ABS CLO with respect to the underlying model parameters will also be conducted to demonstrate the 

dramatic difference in parameter-sensitivity between a standard “one-layer” securitization and a 

resecuritization. We will construct our own artificial ABS CLO based on 100 BB- rated tranches similar 

to that of the previously introduced Ares IIIR/IVR CLO. This ABS CLO will consist of six tranches with 

the following ratings: Aaa, Aa2, A2, Baa2, Ba2, and equity, which is non-rated. The reason why we now 

use Moody’s rating system is that it is a system which is based on expected loss values, a feature which is 

very desirable when it comes to determining minimum attachment points given the approach used in this 

section, as we will later explain. The methodology of construction will follow that of Hull and White 

(2010). In Section 5, the constructed ABS CLO will serve as an example of a resecuritization for which 

we will be computing capital requirements using the various different models of each of the Basel Accords. 

In the so-called multi-pool correlation model, log-asset values are modelled according to (𝑗 denotes firms, 

𝑙 denotes pools) 

𝑅𝑗,𝑙 = √𝜌𝑀𝑙 +√1 − 𝜌휀𝑗,𝑙 

with 

𝑀𝑙 = √𝛼𝑀𝑏𝑝 +√1 − 𝛼𝑀𝑤𝑝,𝑙 . 

where 𝛼 is the proportion of the default correlation that stems from a factor common to all pools such 

that √𝛼 = 𝑐𝑜𝑟𝑟(𝑀𝑙 , 𝑀𝑏𝑝), 𝜌 is the total within-pool correlation, 𝑀𝑏𝑝 is a “between-pool” factor, 𝑀𝑤𝑝,𝑙 is 

a “within-pool” factor, 휀𝑗,𝑙 is a factor affecting only the 𝑗’th corporate loan in the 𝑙’th pool. 𝑀𝑙 can be 

thought of as the risk factor driving pool 𝑙, and 𝑅𝑗,𝑙 can be thought of as the standardized return on the 

assets of firm 𝑗 in pool 𝑙. 

The default of a single corporate loan 𝑗 in pool 𝑙 occurs when 

𝑅𝑗,𝑙 = √𝛼𝜌𝑀𝑏𝑝 +√(1 − 𝛼)𝜌𝑀𝑤𝑝,𝑙 +√1 − 𝜌휀𝑗,𝑙 < 𝛹
−1(𝑃𝐷𝑗,𝑙), 

where 𝑃𝐷𝑗,𝑙 is the 1-year probability of default for each of the individual loans, and 𝛹 is the cumulative 

probability distribution of 𝑅𝑗,𝑙. We will once again assume a single probability of default for all of the 

firms of the underlying pool, denoted 𝑃𝐷. 

𝜌 can be thought of as the correlation between the asset-value of each of the obligors whose loans belong 

to a single pool 𝑙, and 𝛼𝜌 is the asset-value correlation between obligors of different pools. If 𝛼 = 0, the 

realized default events of the different pools are independent of each other. If 𝛼 = 1, the realized default 
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events of all of the pools are perfectly correlated and thus equal. As such, the value of 𝛼 can be thought 

of as a measure of the diversification benefit one might receive from combining pools of loans (a low 𝛼 

value indicating a high diversification benefit). 

Assuming that 𝑀𝑏𝑝, 𝑀𝑤𝑝,𝑙, and 휀𝑗,𝑙 are standard normally distributed, the distribution of 𝑅𝑗,𝑙 can be shown 

to be standard normal, i.e. 𝑅𝑗,𝑙~𝑁(0,1): 

𝐸[𝑅𝑗,𝑙] = √𝛼𝜌𝐸[𝑀𝑏𝑝] + √(1 − 𝛼)𝜌𝐸[𝑀𝑤𝑝,𝑙] + √1 − 𝜌𝐸[휀𝑗,𝑙] = 0 

𝑉[𝑅𝑗,𝑙] = √𝛼𝜌
2
𝑉[𝑀𝑏𝑝] + √(1 − 𝛼)𝜌

2
𝑉[𝑀𝑤𝑝,𝑙] + √1 − 𝜌

2
𝑉[휀𝑗,𝑙] = 𝛼𝜌 + 𝜌 − 𝛼𝜌 + 1 − 𝜌 = 1. 

Thus, 𝛼 and 𝜌 have no effect on 𝛹, as it is simply the cumulative standard normal probability distribution. 

Assuming that the large homogenous portfolio approximation holds, the fraction of loans that default in 

pool 𝑙 can be computed as 

𝜙(
𝜙−1(𝑃𝐷) − √𝛼𝜌𝑀𝑏𝑝 −√(1 − 𝛼)𝜌𝑀𝑤𝑝,𝑙

√1 − 𝜌
). 

Multiplying by the relevant 𝐿𝐺𝐷 parameter yields the fractional loss for each of the 𝑙 pools (denoted 𝜉𝑙): 

𝜉𝑙 = 𝐿𝐺𝐷𝜙(
𝜙−1(𝑃𝐷) − √𝛼𝜌𝑀𝑏𝑝 −√(1 − 𝛼)𝜌𝑀𝑤𝑝,𝑙

√1 − 𝜌
). 

The fractional loss for tranche 𝑘 in pool 𝑙 with attachment point 𝐴𝑘 and detachment point 𝐷𝑘 can thus 

be computed as (denoted 휂𝑘,𝑙) 

휂𝑘,𝑙 =

{
 

 
0,                                  𝑖𝑓 𝜉𝑙 ≤ 𝐴𝑘
𝜉𝑙 − 𝐴𝑘
𝐷𝑘 − 𝐴𝑘

, 𝑖𝑓 𝐴𝑘 < 𝜉𝑙 < 𝐷𝑘

1,                                 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 

The total fractional loss of an ABS CLO constructed from 𝐿 different CLO tranches is then calculated as 

the sum of the fractional losses of the relevant tranche, 𝑘, from each CLO, 𝑙: 

𝐹𝑟𝑎𝑐𝑡𝑖𝑜𝑛𝑎𝑙 𝐿𝑜𝑠𝑠𝐴𝐵𝑆 𝐶𝐿𝑂 =∑휂𝑘,𝑙

𝐿

𝑙=1

. 

In the case of the Ares IIIR/IVR CLO’s BB-rated tranche, the relevant attachment and detachment points 

are 7.60% and 12.10% respectively. 

Brennan et al. (2009) provides the following appropriate expected loss values for tranches of the desired 

ratings (based on Moody’s rating system): 
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Table 6 – Minimum expected loss values for tranches using Moody’s ratings 

Moody’s Rating Aaa Aa2 A2 Baa2 Ba2 

Expected Loss 0.002% 0.037% 0.257% 0.869% 4.626% 

Given this table, we are able to compute the lowest possible attachment point for each of the tranches of 

the ABS CLO by finding the 1 − 𝑞’th quantile of its fractional loss distribution, where 𝑞 is the expected 

loss of the tranche with the desired rating according to Moody’s rating system. By doing this, we ensure 

that the expected losses of the different tranches is exactly equal to the expected loss values in the table 

(meaning that each tranche is as wide as it can possibly be given its rating). Using the Monte Carlo method, 

we are able to simulate the fractional loss distribution of the ABS CLO (and thus find the relevant 

minimum attachment points for each of the tranches) for different values of 𝛼, 𝑃𝐷, and 𝐿𝐺𝐷. Note that 

while it is technically possible to also vary the 𝜌 parameter, we have decided to use the previously 

described Basel formula for computing 𝜌 for matters of consistency, which means that 𝜌 is entirely 

dependent on the value of 𝑃𝐷 and thus automatically varies when 𝑃𝐷 is changed. 

The choices of 𝑃𝐷 and 𝐿𝐺𝐷 values have already been discussed in Section 3.1. The choice of 𝛼, however, 

is a bit more complicated. As was previously mentioned in Section 2.1, the Ares IIIR/IVR CLO, on which 

the 100 loan-pools are based, is already diversified. While the extent of this diversification is a bit unclear, 

it seems sensible that it would not be possible to reap a great diversification benefit by combining already 

diversified pools of loans. Following this line of thought, it would make sense that the value of 𝛼 is rather 

high, such that the diversification benefit is rather low. On the other hand, we do not want to be too 

restrictive in our choice of parameter value, as the evidence on which we are basing our decision is 

somewhat vaguely specified. As such, a span going from 0.5 to 0.9 seems appropriate for 𝛼. 

Table 7 shows the computed minimum attachment points for the different tranches of the ABS CLO for 

all combinations of 𝛼 ∈ {0.5, 0.7, 0.9}, 𝑃𝐷 ∈ {0.01, 0.03, 0.05}, and 𝐿𝐺𝐷 ∈ {0.3, 0.5, 0.7}. See 

Appendix A for our implementation of the simulation of the fractional loss distribution in R. We have 

used 100,000 simulations for each of the computed attachment points. 
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Table 7 – Minimum attachment points for the tranches of the ABS CLO 
Each of the minimum attachment points for each of the five tranches of the ABS CLO have been computed based on 100,000 simulations of the fractional loss distribution using the Monte 

Carlo method for different combinations of 𝑃𝐷, 𝐿𝐺𝐷 and 𝛼. The ABS CLO consists of 100 BB-rated tranches similar to that of the previously described Ares IIIR/IVR CLO (with attachment 

and detachment points equal to 7.60% and 12.10% respectively). The minimum attachment points have been constructed such that the expected losses of the different tranches are equal to 

the minimum expected loss value for a tranche with the desired rating according to Moody’s rating system – see Table 6 for these expected loss values. More specifically, this means that the 

minimum attachment point of an Aaa-rated tranche of the ABS CLO using the parameters 𝛼 = 50%, 𝑃𝐷 = 1.00%, and 𝐿𝐺𝐷 = 30% is 2.97% using Moody’s rating system (with the expected 

loss of this particular tranche being equal to 0.002%). 

Simulations = 100,000 Aaa (EL= 0.002%) Aa2 (EL= 0.037%) A2 (EL = 0.257%) Baa2 (EL = 0.869%) Ba2 (EL = 4.626%) 

𝑨𝒌 = 7.60% α α α α α 

𝑫𝒌 = 12.10% 50% 70% 90% 50% 70% 90% 50% 70% 90% 50% 70% 90% 50% 70% 90% 

 LGD = 30% LGD = 30% LGD = 30% LGD = 30% LGD = 30% 

PD 

1.00% 2.97% 4.70% 15.49% 0.86% 0.63% 0.09% 0.05% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

3.00% 9.26% 19.84% 41.02% 3.02% 4.48% 7.40% 0.99% 0.82% 0.20% 0.35% 0.15% 0.00% 0.00% 0.00% 0.00% 

5.00% 25.72% 50.17% 73.21% 9.47% 17.10% 36.82% 3.64% 4.59% 5.51% 1.44% 1.32% 0.38% 0.22% 0.00% 0.00% 

 LGD = 50 % LGD = 50 % LGD = 50 % LGD = 50 % LGD = 50 % 

PD 

1.00% 24.23% 54.88% 68.71% 6.46% 9.43% 19.10% 1.94% 1.78% 0.82% 0.81% 0.40% 0.00% 0.00% 0.00% 0.00% 

3.00% 41.83% 85.62% 95.73% 26.55% 50.43% 76.12% 12.47% 19.92% 32.57% 6.34% 7.65% 6.19% 1.44% 0.81% 0.00% 

5.00% 77.84% 98.89% 100.00% 52.17% 81.61% 98.03% 32.21% 48.46% 77.78% 19.65% 28.05% 40.69% 6.32% 5.84% 2.89% 

 LGD = 70 % LGD = 70 % LGD = 70 % LGD = 70 % LGD = 70 % 

PD 

1.00% 43.50% 71.76% 99.16% 16.59% 29.59% 63.37% 6.69% 10.47% 11.19% 3.07% 3.07% 0.99% 0.59% 0.10% 0.00% 

3.00% 75.51% 96.41% 100.00% 53.08% 78.74% 99.51% 33.23% 52.64% 82.46% 20.66% 29.56% 43.92% 6.82% 6.33% 2.92% 

5.00% 95.10% 99.79% 100.00% 81.09% 96.64% 100.00% 61.82% 84.58% 99.08% 46.19% 64.93% 89.20% 22.10% 27.57% 31.83% 

The first thing to notice is how large an effect the combination of parameter values can have on the minimum attachment points. For instance, the Aaa rated 

tranche spans from a minimum attachment point of 2.97% to 100% depending on the parameter combination. This means that in one case, it is possible 

to have nearly the entire ABS CLO being rated as Aaa, while in the other end of the spectrum, nothing of the ABS CLO’s notional value will be Aaa rated. 

However, one might argue that a probability of default of 1.00% and an 𝐿𝐺𝐷 of 30.00% might be setting the bar excessively low considering that the Ares 

IIIR/IVR CLO primarily consists of BB and B rated corporate loans, as was already touched upon in Section 3.1. In any case, it seems quite obvious that 

the minimum attachment points for tranches in a resecuritized product is heavily dependent on the choice of model parameters – dramatically more so than 

what was the case for a standard securitization. A quick comparison of Table 4 and Table 7 makes this abundantly clear:
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For the Ares IIIR/IVR CLO, the minimum attachment point of an AAA rated tranche was found to be 

somewhere between 3.47% and 17.77% for the combination of values {𝑃𝐷 = 0.01, 𝐿𝐺𝐷 = 0.3} and {𝑃𝐷 =

0.05, 𝐿𝐺𝐷 = 0.7} respectively, which is a span of 14.3%. For the simulated ABS CLO, the minimum 

attachment point of an Aaa tranche was found to be somewhere between 4.70% and 99.79% for the 

combination of values {𝑃𝐷 = 0.01, 𝐿𝐺𝐷 = 0.3} and {𝑃𝐷 = 0.05, 𝐿𝐺𝐷 = 0.7} respectively (holding 𝛼 

constant at 0.7), which is a span of 95.09% – an enormous difference! 

The marginal effect on the minimum attachment points for each of the parameters seems to be in accordance 

with what one would expect. Increasing the probability of default should have two effects: 1) it should increase 

the default rate of the loans in the different pools, which should shift the fractional loss distribution of the ABS 

CLO to the right (or “upwards”) leading to higher minimum attachment points, and 2) it should decrease the 

value of 𝜌(𝑃𝐷), as defined by the Basel formula. Intuitively, the latter change should decrease the probability 

mass of the tails of the loss distribution (making it more peaked around the value of 𝑃𝐷) as a result of an increased 

diversification benefit within the different pools. In order to test this intuition, we have simulated the fractional 

loss distribution of the ABS CLO for values of 𝜌 ∈ {0.12, 0.24, 0.50} holding 𝑃𝐷, 𝐿𝐺𝐷, and 𝛼 constant at 

0.05, 0.7, and 0.5 respectively. In this case, we are thus not using the Basel formula for 𝜌(𝑃𝐷) for demonstrative 

purposes. Figure 3 shows our results. 

 

Figure 3 – Fractional loss distribution of the ABS CLO for different values of 𝜌 holding other parameters constant 

We observe that the fractional loss distribution receives more probability mass in the right-tail for increasing 

values of 𝜌, but not in the left-tail, which is surprising. In any case, this indicates that outcomes with higher loss 

percentages are more likely to occur when asset-value correlation is high, which should increase the minimum 

attachment points for all of the tranches. As such, our initial intuition regarding the effect of 𝑃𝐷 (and thus 𝜌(𝑃𝐷)) 
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with respect to the minimum attachment points seems to be correct: An increase in 𝑃𝐷 (meaning a decrease in 

𝜌(𝑃𝐷) ) will cause two shifts of opposite direction in the fractional loss distribution. This means that the effect 

of 𝑃𝐷 is difficult to predict. From Table 7, however, we only see higher minimum attachment points for 

increasing values of 𝑃𝐷, which means that the impact of 𝑃𝐷 generally seems to outweigh that of 𝜌(𝑃𝐷). 

Similarly, an increase in 𝐿𝐺𝐷 would mean that each defaulted loan would have a larger impact on the fractional 

loss distribution, which should increase the minimum attachment points of the tranches of the ABS CLO – this 

is in accordance with what is observed. Finally, there is the 𝛼 parameter, which mostly behaves as expected. As 

previously mentioned, 𝛼 is a measure of how large a proportion of the asset-value correlation of the different 

obligors that stems from a factor common to all pools. An increase in 𝛼 would diminish the diversification 

benefit, which means that extreme outcome are more likely to occur (indicating that more probability mass is 

distributed to the tails of the loss distribution). This is somewhat similar to the effect of 𝜌. In order to demonstrate 

the effect of 𝛼, we have simulated the loss distribution for 𝛼 = {0.2, 0.5, 0.9} holding 𝑃𝐷, 𝐿𝐺𝐷, and 𝜌(𝑃𝐷) 

constant at 0.05, 0.7, and 𝜌(0.05) ≈ 0.13 respectively. Figure 4 shows our results. 

 

Figure 4 - Fractional loss distribution of the ABS CLO for different values of 𝛼 holding other parameters constant 

We observe that our initial understanding of the 𝛼-parameter seems to be in accordance with the figure: As 𝛼 

increases, more probability mass is put in the tails of the fractional loss distribution. Once again, this indicates 

that extreme outcomes are more likely to occur when 𝛼 is large. Looking at the results in Table 7, there seems 

to be a trend where the lowest rated tranches of the ABS CLO (with attachment points less than 8%) can receive 

lower attachment points as 𝛼 increases. For instance, the Ba-rated tranche for 𝐿𝐺𝐷 = 0.70 and 𝑃𝐷 = 0.03 has 

minimum attachment points equal to 6.82%, 6.33%, and 2.92% for 𝛼 equal to 0.5, 0.7, and 0.9 respectively. A 
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possible explanation for this trend might be that the lowest rated tranches (and equity) tend to benefit more from 

a loss distribution with extreme outcomes (i.e. fat tails), leading to greater tranche thicknesses for these tranches. 

On the other hand, the higher rated tranches of the ABS CLO (with attachment points greater than 8%) seem 

to receive higher attachment points as 𝛼 increases. An explanation might be that a fat right-tail is detrimental to 

the higher rated tranches, which is why the minimum attachment points of these tranches increase as 𝛼 increases. 

The above observations should of course be taken with a grain of salt, as they are based on numerical 

approximations that associated with uncertainty. However, the results should be moderately accurate when using 

100,000 simulations. 

As previously mentioned, 𝑃𝐷 and 𝐿𝐺𝐷 values of 0.01 and 0.3 respectively are too unrealistically low, as they 

result in the Aaa-rated tranche covering nearly all of the ABS CLO’s notional value. As such, we will not be 

moving forward with these values. In order to limit the parameter-combinations that we will be using for the 

computation of capital requirements, we have decided to move on with only 𝛼 = 0.7 (in addition to 𝑃𝐷 ∈

{0.03,0.05} and 𝐿𝐺𝐷 ∈ {0.5,0.7}). The reason why we decided upon using 𝛼 = 0.7 is that this seems to give 

the smoothest progression of minimum attachment points across the different tranches out of the three different 

values of 𝛼 used. 

4. The Basel Accords Briefly 

The Basel Committee on Banking Supervision has its roots in the financial market turmoil that followed the 

breakdown of the Bretton Woods system of managed exchange rates in 1973. Since the creation of the Banking 

Supervision Committee, its work has resulted in three separate accords regarding banking regulation, supervision, 

and minimum regulatory capital standards. The general purpose of these accords was to harmonize capital 

requirements in order to decrease competitive inequality. That is, banks from different countries competing for 

the same loans would have to set aside approximately the same amount of regulatory capital. 

The purpose of this section is to give a brief introduction and overview of the most important elements of each 

of these accords. 

4.1. Basel I 

Basel I, which became effective for the G-10 countries in 1992, refers to the capital standards imposed on credit 

institutions and is defined by the following elements: 

- The definition of capital as composed of core capital (Tier I Capital) and supplementary capital (Tier II 

Capital) 

- Determining the risk weights of banks’ assets, respectively: 0% - zero risk, 20% - low risk, 50% - medium 

risk, and 100% high risk and establishing the assets that fall into each category.  
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- The capital adequacy standard refers to the minimum level of capital that banks had to maintain with 

respect to their risk weighted assets. The standard was defined as 

𝑇𝑖𝑒𝑟 1 𝐶𝑎𝑝𝑖𝑡𝑎𝑙+𝑇𝑖𝑒𝑟 2 𝐶𝑎𝑝𝑖𝑡𝑎𝑙

𝑅𝑊𝐴
≥ 8% and 

𝑇𝑖𝑒𝑟 1 𝐶𝑎𝑝𝑖𝑡𝑎𝑙

𝑅𝑊𝐴
≥ 4%. 

Banks face many different risks, e.g. investment risk, interest rate risk, exchange risk, and concentration risk. For 

most banks, the major risk is credit risk, which is the risk of borrowers defaulting. Basel I exclusively dealt with 

credit risk, whereas Basel II expanded its focus to also include operational and market risks. The accord was 

based on a 1988 document that was updated in 1998 - we shall refer to this updated document as BCBS (1998) 

henceforth. 

4.2. Basel II 

In June 1999, the Basel Committee proposed a revised framework with the main purpose of strengthening the 

solidity of the international banking system by, among other things, ensuring that regulatory capital requirements 

were more in-line with actual risk exposures. The misalignment between these two concepts was considered one 

of Basel I’s primary shortcomings. After several iterative proposals that were composed during a long consultative 

process between the committee, member counties, and supervisory authorities worldwide, a finalized revamped 

framework was released in June 2006 to be adopted by the G-10 countries – see the BCBS (2006) document. 

The framework is divided into three pillars, each with a different focus: 

- The First Pillar – Minimum Capital Requirements: Specifies regulatory capital requirements related to 

credit risk (including securitization and resecuritization exposures), operational risk, and market risk (a 

significant shift from Basel I, which primarily dealt with credit risk). Includes very specific (and far more 

sophisticated than those of Basel I) approaches for computing capital charges for different types of 

exposures. The capital adequacy ratio from Basel I is still in place in this framework, stating that 

𝑇𝑜𝑡𝑎𝑙 𝑅𝑒𝑔𝑢𝑙𝑎𝑡𝑜𝑟𝑦 𝐶𝑎𝑝𝑖𝑡𝑎𝑙

𝑅𝑊𝐴
≥ 8%. Several changes regarding the constituents of capital were also made, and 

a new form of capital (Tier 3 capital) was introduced. 

- The Second Pillar – Supervisory Review Process: Aimed at improving the interaction between banks 

and their regulators by introducing specific guidelines regarding the procedures for assessing the banks’ 

internal performance with respect to risk, capital requirements, and strategies. This pillar also encourages 

the banks’ supervisors to actively intervene at an early stage in situations where banks might drop below 

the minimum capital requirements.  

- The Third Pillar – Market Discipline: Pillar 3 works as a complement to the previous pillars by specifying 

a set of disclosure requirements for the banks. The aim of these requirements are to encourage market 

discipline by allowing market participants to assess, primarily, the capital adequacy of the institution in 

question. The need for more comprehensive disclosure requirements was in part provoked by the new 
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availability of internal assessment approaches for measuring credit risk that was introduced with the Basel 

II framework (more on these approaches later). 

Given the focus and purpose of this thesis, we will only be looking at the part of the first pillar that deals with 

computing the minimum capital requirements of securitization and resecuritization exposures. 

In the wake of the financial crisis, the Basel Committee released in 2009 a consultative document containing 

proposed enhancements to each of the pillars of the Basel II framework with respect to resecuritization  (see the 

BCBS (2009) document). The proposed changes acted as a direct response to lessons learned from the crisis 

with the intention of strengthening the framework by, among other things, increasing the risk weights for 

resecuritization exposures. These changes were implemented anno 2010. 

Our primary focus will be on the 2006 framework. However, we will also mention and discuss any relevant 

changes that the BCBS (2009) document introduced. 

4.3. Basel III 

Acting as a supplement to the Basel II framework, Basel III introduces various reforms for the purpose of 

rectifying several key weaknesses of Basel II that were revealed during the financial crisis. Specifically, the 

framework aims to i) improve the banking sector’s ability to absorb shocks arising from financial and economic 

stress, ii) improve risk management and governance, and iii) strengthen banks’ transparency and disclosures (see 

bis.org/bcbs/basel3.htm). 

The first Basel III document was released in 2011, and the framework is supposed to be implemented 

progressively throughout the years 2013 to 2019 for each of the G-20 countries. Apart from a thorough reworking 

of the securitization framework (which is expected to come into effect in January 2018 – the document detailing 

these changes was released in December 2014), Basel III introduces several new ratios and buffers, the most 

important being: 

- Liquidity Coverage Ratio (LCR): The LCR specifies that banks must hold enough high quality liquid 

assets to be able to withstand a 30-day stressed funding scenario specified by the supervisors. 

- Net Stable Funding Ratio (NSFR): The purpose of the NSFR is to ensure that banks have a stable long-

term liquidity profile in order to mitigate issues related to maturity-mismatch. 

- Countercyclical Buffer (CCB): The CCB specifies that banks must build up capital during times of 

economic growth, which may then be released in times of economic distress. The aim of the CCB is to 

mitigate the procyclical tendencies of the framework. 

Generally speaking, Basel III imposes more conservative and restrictive measures on banks compared to Basel 

II. 
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A revised version of the 2014 document detailing the Basel III revisions to the securitization framework was 

released in July 2016. This amended document introduces a new classification of securitizations – so-called 

“simple, transparent, and comparable” (STC) securitizations. Subject to a myriad of different criteria a 

securitization can obtain STC-status, which means that it effectively receives different and less strict capital 

treatment than non-STC securitizations. “Simple” refers to the level of homogeneity of the underlying assets as 

well as the complexity of the securitization transaction. “Transparent” refers primarily to the level of information 

available regarding the underlying assets. “Comparable” refers to the level of comparability between different 

types of securitizations. 

The capital requirements that we compute for the Ares IIIR/IVR and the ABS CLO will be based on the 

assumption that these products are non-STC. However, when explaining the Basel III approaches, we will also 

detail how STC-securitizations are treated. 

5. Analyzing the Accords 

The purpose of this section is to investigate how the different Basel accords have treated securitizations and 

resecuritizations. Additionally, we identify and analyze issues that these frameworks have suffered from as well 

as evaluate whether the succeeding framework has resolved these issues. 

In order to evaluate the different Basel approaches for computing capital requirements in a coherent fashion, we 

will be judging them according to four evaluation criteria that we believe contribute to a logical analysis of 

advantages and drawbacks. The four criteria that we will be using have been suggested by Duponcheele et al. 

(2013) and are as follows: 

1. Objective statistical basis: Capital for securitization exposures should be based on their marginal 

contribution to a single, widely accepted statistical measure of the bank’s total portfolio risk. 

2. Neutrality: Apart from model risk charges, the capital a bank must hold against a set of assets should be 

unaffected by packaging these assets into securities. 

3. Regulatory control: Control parameters should be available that permit regulators and supervisors to 

achieve their objective and exercise judgment in allocation of capital across different types of exposure. 

Such parameters should reflect the economic reality of transactions so that they could in principle be 

calibrated from empirical data. 

4. Transparency: Capital formulae should reflect, in a simple way, the nature of risk and be consistent with 

other regulatory capital approaches to facilitate comparisons and promote transparency. 

5.1. Basel I 

The purpose of this section is to analyze how the Ares IIIR/IVR and the ABS CLO would have been treated 

with respect to capital requirements under Basel I. We will also be looking at how the Ares CLO might have 
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been used for regulatory capital arbitrage purposes (RCA). Regulatory capital arbitrage was one of the most 

heavily debated issues of the accord with respect to securitizations. 

Risk Weights 

Basel I had a very simplistic approach to setting credit risk weights for on-balance-sheet structured financial 

products (and other types of assets). According to Jones (2000), p. 43, subordinated tranches were subject to a 

1,250% risk weight if they were treated as a financial guarantee (termed “recourse”). All other tranches of 

securitizations and resecuritizations would receive a risk weight of 100% because these tranches were classified 

as “all other assets” in the risk-weights-by-category of on-balance-sheet assets (BCBS (1998), p. 18). 

Table 8 - On-balance-sheet risk weights 
The table illustrates the very simplistic approach utilized in Basel I for risk-weighing securitizations and resecuritizations. 

Tranche Rating Ares IIIR/IVR CLO ABS CLO 

A1 / A AAA /Aaa 100% 100% 

A2 AAA / Aaa 100%  

B AA / Aa2 100% 100% 

C A / A2 100% 100% 

D BBB / Baa2 100% 100% 

E BB / Ba2 100% 100% 

Subordinated N/R 1,250% 1,250% 

The risk weights were based on what the parties of the Accord negotiated rather than on the actual risk of each 

asset. Therefore, the risk weights did not stem from any particular loss probability standard. Instead, they seem 

to have been arbitrarily chosen. Even though the approach is unsophisticated, it still has some advantageous 

properties, which we will discuss in Section 5.1.1. 

Off-Balance-Sheet Engagement 

The framework took account of the credit risk of off-balance-sheet exposures by applying credit conversion 

factors to the different types of off-balance-sheet instruments or transactions. The credit conversion factors would 

be multiplied by the notional amount of the exposure. This credit-equivalent amount is then assigned a risk 

weight as if the exposure was on-balance-sheet. 

The different instruments and techniques were divided into five broad categories as given by BCBS (1998), p. 

12. We will not go into further details regarding credit conversion factors (CCF) for off-balance-sheet items. 

However, we will apply the appropriate conversion factors when analyzing how to treat the Ares CLO in a 

regulatory capital arbitrage context. 

5.1.1. Evaluating the Risk-Weighing Approach 

We will now analyze the appropriateness of the Basel I risk-weighing approach according to the four previously 

specified evaluation criteria: 
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On objective statistical basis, the Basel I approach is not based on any loss probability standard when determining 

the risk weights for securitized assets. As such, it fails to measure the expected loss and/or unexpected loss of the 

underlying. The approach does not distinguish between the tremendous differences in risk of the senior tranche 

and the least senior tranche for securitized corporate loans (or other assets), which we regard as a major flaw. 

The neutrality criterion implies that the total regulatory capital requirements should be independent of whether 

the assets are securitized or not. Corporate loans are prone to a 100% risk weight, and all the tranches are also 

prone to 100% risk weights. Consequently, the bank is subject to the same capital requirements if the corporate 

loans are held directly or indirectly through securitization or resecuritization. However, this is only the case for 

those asset categories that receive a 100% risk weight (such as corporate loans). Mortgages, for instance, receive 

a 50% risk weight when held directly on a bank’s balance sheet. Mortgage-Backed-Securities (MBS), however, 

would receive a 100% risk weight, thus violating capital neutrality. 

On regulatory control, the risk weight for securitized products have no economic sense, and the regulators and 

supervisors have no way of making judgment of the credit risks associated with securitization exposures on banks’ 

balance sheets. 

On transparency, the risk-weighted assets are straightforward and easy to comprehend for regulated banks and 

regulators alike. However, the justification for each of the specific risk weights have not been explained by Basel. 

As such, these very specific risk weights seem somewhat arbitrary to us.  

Even though the approach failed to incorporate the actual risk of the assets, evidence suggests that in the short 

run, most banks reacted as intended to the capital pressures. That is, banks generally increased their capacity to 

absorb unexpected losses through increased earnings retention and capital issuance. Additionally, they also 

tended to lower their assumed risk through reductions in loans (Jones (2000), p. 36). 

Despite the on-balance-sheet adjustments that Basel I enforced, banks occasionally attempted to boost reported 

capital ratios by artificially inflating the measure of capital appearing in the numerator or deflating the measures 

of total risk appearing in the denominator (Jones 2010, p. 26). Securitization provided opportunities for banks 

to deflate the total risk appearing in the denominator with little or no corresponding reduction in their overall 

economic risk – a process termed regulatory capital arbitrage. We will investigate potential RCA possibilities 

under Basel I using the Ares IIIR/IVR CLO in the next section. This investigation will not include the ABS 

CLO, as the conclusion would not be altered by including this product. 

5.1.2. Basel I in Practice 

The argument for engaging in regulatory capital arbitrage is based on the idea that equity is perceived to be more 

costly than debt for banks, as was argued in Section 1.1. When banks are required to maintain more equity 

because of regulatory standards than what they otherwise would, based on market disciplines alone, they might 

interpret the capital adequacy standard as a sort-of regulatory taxation (Jones (2000), p. 38). Just as with taxation, 
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banks will try to minimize or negate the negative impact of the capital adequacy standard (from the bank’s 

perspective) in order to increase shareholder value. The decision to engage in RCA activities, and the size of this 

engagement, reflects a cost-benefit analysis. We will not go into a cost-benefit analysis of whether to engage in 

RCA activities, as this section’s main purpose is to discuss how RCA was achieved. 

In the rest of this section, we will be using a fictional bank for illustrative purposes. The fictional bank’s balance 

sheet consists of $4,500M in B and BB rated corporate loans, $(67.5M) in loan loss reserves, $4,182.5M in 

deposits, and $250M in equity. Straightforward computation shows that the implied leverage ratio is 5.98%. The 

balance sheet of the bank can be seen in Table 9. For the sake of simplicity, the loan loss reserves are assumed 

to equal the bank portfolio’s expected credit loss. It was argued in Section 3.1 that a 𝑃𝐷 = 3% and 𝐿𝐺𝐷 = 50% 

were reasonable values for the portfolio of 475 corporate loans in the Ares IIIR/IVR portfolio. As such, loan 

loss reserves = $4,500.0M ∗ 3% ∗ 50% = $67.5M. 

As mentioned earlier, off-balance-sheet engagements were subject to capital requirements (by applying CCFs) 

under Basel I. If Basel I did not consider off-balance-sheet engagements, then an easy way to change the risk 

profile of the bank was to sell, for instance, $700M of corporate loans to a third-party investor while providing 

credit enhancements through the issuance of $700M standby letter of credit or another off-balance-sheet financial 

guarantee. Straightforward calculation shows that this would change the leverage ratio to 6.97%, while the risk 

profile of the bank would not change. Under Basel I, when the corporate loans have been on the bank’s balance 

sheet, the financial guarantee is treated as “recourse”, which normally incurs an effective 100% (dollar-for-dollar 

or 1,250% risk weight) regulatory capital requirement equal to the nominal value of the guarantee (BCBS WP 

(1999), p. 23). Therefore, the bank cannot lower its effective risk-based capital merely by selling with 100% 

recourse, but must use other more creative financial guarantees to lower its effective risk-based capital. 

The following methodologies used to illustrate the concept of RCA are inspired by the excellent paper by Jones 

(2010). 

Table 9 - Balance sheet of the fictional bank and its regulatory measures 
The bank does not engage in any form of securitization and keeps all the loans on its balance sheet. The bank’s assets are risk-weighed 

by applying a 100% risk-weight to all corporate loans, and its total risk based capital ratio is 7.06%, which is below the minimum level of 

8%. 

Balance Sheet of Fictional Bank 

Corporate loans $4,500M Deposit $4,182.5M 

Less Reserves $(67.5M) Equity $250M 

Total $4,432.5M Total $4,432.5M 

The bank’s regulatory measures: 

Total Risk-weighted assets Tier I Capital Total Capital Total RBC Ratio Tier I RBC Ratio 

$4,500M $250M $318M 7.06% 5.56% 
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To exemplify the implication of the various forms of RCA, we shall compare the presented forms to the 

benchmark scenario presented in Table 9. 

When the bank only keeps the assets on its balance sheet, the total risk based capital (RBC) ratio is 7.06%, which 

is below the minimum level of 8%. Therefore, the bank needs to either sell off assets or increase its capital to 

comply with Basel I regulation. 

5.1.2.1. Securitization without Retained Risks 

In this section, we will demonstrate how the bank could securitize a portion of its loans in order to raise its capital 

ratio such that it will comply with the minimum capital ratio of 8% without engaging in RCA. The size of the 

securitized portion is chosen to be exactly equal to the notional value of the Ares CLO minus the A1 and the 

equity tranche (i.e. securitizing $597M in corporate loans). The reason why we subtract the A1 tranche is that we 

believe it serves the purpose of over-collateralizing the special purpose vehicle (SPV). This over-collateralization 

will be discussed further in Section 5.1.2.3. Similarly, we subtract the equity tranche since the bank in this 

particular instance does not retain any interest in the SPV (for simplicity, we round the notional value of the 

equity tranche down to $53M in these examples). 

Essentially, the SPV will consist of the A2, B C, D, and E tranches of the original Ares CLO, with the desired 

ratings of AAA, AA, A, BBB, and BB respectively.  Figure 5 shows the transactions: 

 

Figure 5 – Securitization without retained risk 
The bank securitizes $597M in corporate loans and decreases its risk exposure. The securitized values correspond to Ares IIIR/IVR 

excluding the A1 tranche of $50M and subordinated note of $53M. 

The SPV’s balance sheet after the transactions: 

Balance Sheet of Ares IIIR/IVR (the SPV) 

Corporate loans $597M Secured Notes $597M 

The bank’s balance sheet after the transactions: 

Balance Sheet of Fictional Bank 

Corporate loans $3,903M Deposit $3,585.5M 

Less Reserves $(67.5M) Equity $250M 

Total $3,835.5M Total $3,835.5M 

The bank’s regulatory measures: 

Total Risk-Weighted Assets Tier I Capital Total Capital Total RBC Ratio Tier I RBC Ratio 

$3,903M $250M $318M 8.13% 6.41% 
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The bank securitizes $597M in corporate loans from its balance sheet by selling the assets without recourse (at 

par) to a bankruptcy-remote SPV. The SPV funds the purchases by issuing $597M of secured notes through the 

Irish Stock Exchange (where the actual Ares CLO is traded). The bank transfers all of the credit risk of the 

securitized loans to investors via the SPV. The bank has thus made a risk reduction on its balance sheet, and its 

total risk-weighted assets are reduced. This increases its total regulatory capital ratio from the original 7.06% to 

8.13%, and the bank now complies with the minimum level of 8%.  

This example assumes that cash from the sale of asset-backed securities are used to pay off the bank’s outstanding 

deposit liabilities. As a result of this, the bank’s loan loss reserves remain unchanged. The other examples will 

also adhere to this assumption. 

In this example, the tranches of the SPV might not be able to achieve the desired ratings of AAA, AA, A, BBB, 

and BB, as the risk of the loans is completely transferred to the investors (i.e. the bank does not retain any 

interest). To assure that the desired ratings are achieved, the bank can provide loans to the SPV. We will illustrate 

this in the following section. 

5.1.2.2. Securitization with Recourse 

This section will build upon the example of the previous section. In this case, the bank will also provide the SPV 

with a subordinated loan equal to the notional value of the equity tranche of the Ares CLO (i.e. $53M). This 

methodology is an example of how banks might have engaged in RCA under Basel I. 

 

Figure 6 – Securitization with recourse 
The bank sells off $650M in corporate loans. In addition, the bank provides a loan of $53M to Ares IIIR/IVR CLO. This loan is provided 

to enhance the credit rating of the tranches. 

The SPV’s balance sheet after the transactions: 

Balance Sheet of Ares IIIR/IVR (the SPV) 

Corporate loans $650M 
Secured Notes $598M 

Subordinated Loan $53M 

Total $650M Total $650M 
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The bank’s balance sheet after the transactions: 

Balance Sheet of Fictional Bank 

Corporate loans $3,850M Deposit $3,585.5M 

Loan to Ares IIIR/IVR $53M 
Equity $250M 

Less Reserves $(67.5)M 

Total $3,835.5M Total $3,835.5M 

The bank’s regulatory measures: 

Total Risk-Weighted Assets Tier I Capital Total Capital Total RBC Ratio Tier I RBC Ratio 

 $4,512.5M   $250M   $318M  7.04% 5.54% 

The bank securitizes $650M in corporate loans from its balance sheet. Unlike in the case with where the bank 

securitized without retained risks, the bank now provides loans to the SPV to improve the credit ratings in the 

secured notes by providing credit enhancement to the investors. 

In theory, the size of the subordinated loan should be calibrated such that the secured notes of the SPV would 

receive the desired ratings (in our case, AAA, AA, A, BBB, and BB). Considering these ratings, little credit risk 

is actually transferred from the bank to the investors via the secured notes. A short quantification of this risk: 

Table 5 in Section 3.1.1 shows that the estimated probability of default of the subordinated note in the Ares 

IIIR/IVR CLO is 0.75% assuming that the 𝑃𝐷 and 𝐿𝐺𝐷 of the underlying corporate loans are 3% and 50% 

respectively. This means that the secured notes will take a hit with 0.75% probability. Therefore, the bank is left 

with the vast majority credit risk when engaging in this transaction. 

The subordinated note in the Ares IIIR/IVR CLO is structured such that the contractual principal and interest 

payment on the securitized loans exceed the costs of administrating the SPV. Typically, the fair value of this 

equity functioning position would be recorded as an asset on the bank’s balance sheet, and would be treated as 

recourse. The loan would thus be subject to a 1,250% risk-weight (dollar-for-dollar). 

The procedure in this example decreases the total RBC ratio slightly from 7.06% to 7.04% (the 7.06% is the 

original benchmark RBC ratio that can be found in Table 9). Considering the fact that this methodology was an 

example of how RCA might have been engaged in, we were expecting the RBC ratio to increase. 

As the RBC ratio actually decreased, the bank would not have had a great incentive to sell off the risky corporate 

loans in this case under Basel I. As such, the Basel I approach was quite good at aligning the enforced risk weights 

with the actual underlying exposure in this case. 

Before we attempt to explain this surprising result, an explanation of the relationship between the desired ratings 

of the secured notes, the size of the subordinated loan, and the quality of the underlying corporate loans must 

be given. In order to achieve a certain set of ratings, the direct credit enhancement required by the rating agencies 

tends to be inversely related with the quality of the underlying corporate loans. As the size of the subordinated 
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loan increases, the credit quality of the underlying loans needs to decrease if we wish to achieve the desired set 

of ratings, and vice versa (BCBS WP (1999), p 48). 

Keeping the above in mind, the explanation for this surprising result is that the loans underlying the Ares CLO 

are of too poor credit quality for this RCA methodology to work.  If the underlying loans were of better quality, 

the RCA attempt would have succeeded, and the RBC ratio would have increased.  

Since we have relied on the structure of the Ares IIIR/IVR CLO, no calibration of the size of the subordinated 

loan given the credit quality of the underlying loans was needed. We will now attempt to modify the size of this 

subordinated loan in order to achieve the desired RCA. However, when changing the size of the subordinated 

loan, the credit quality of the underlying loans must also change accordingly in order to achieve the desired 

ratings. In the following example, we will not go into details regarding the required shifted credit quality of the 

underlying loans. Rather, we will simply assume that an appropriate shift has occurred. 

If we assume that the subordinated loan is decreased to $10M, then the credit quality of the underlying corporate 

loans would have to increase accordingly in order to still achieve the desired credit ratings. The new balance 

sheets of the SPV and the bank, by changing the size of the subordinated loan to $10M (and implicitly increasing 

the credit quality of the underlying corporate loans sold to the SPV), would then take the following form: 

The SPV’s balance sheet after the transactions with only $10M in subordinated loan:  

Balance Sheet of Ares IIIR/IVR (the SPV) 

Corporate loans $650M 
Secured Notes $640M 

Subordinated Loan $10M 

Total $650M Total $650M 

 

The bank’s balance sheet after the transactions with only $10M in subordinated loan:  

Balance Sheet of Fictional Bank 

Corporate loans  $3,850M  Deposit  $3,542.5M  

Loan to Ares IIIR/IVR  $10M  
Equity   $250M 

Less Reserves  $(67.5)M 

Total  $3,792.5M  Total  $3,792.5M  

The bank’s regulatory measures with only $10M in subordinated loan: 

Total Risk-Weighted Assets Tier I Capital Total Capital Total Risk Based Capital Ratio Tier I RBC Ratio 

 $3,975M   $250   $318  8.00% 6.29% 

The procedure in the example above increases the total RBC ratio from 7.06% to 8.00% (the 7.06% is the original 

benchmark RBC ratio). Therefore, the bank is able to increase its RBC ratio by selling off assets of better quality 



  

37 

 

than those underlying the Ares CLO, as the bank in this case can provide a smaller loan to the SPV in order to 

achieve the desired ratings of the tranches. This is an example of regulatory capital arbitrage. 

The reason the bank is able to increase its RBC ratio is the failure of Basel I to distinguish between credit risks 

of commercial loans. In other words, there was no difference in capital requirements between commercial loans 

of high and those of low credit quality respectively. Thus, securitizing higher quality loans allowed the bank to 

provide a smaller subordinated loan to the SPV. Consequently, Basel I created incentives for banks to securitize 

low-risk commercial loans while retaining high-risk commercial loans.  

In conclusion, the smaller the subordinated loan provided to the SPV in order for the secured notes to achieve 

the desired ratings, the more the bank is able to increase its RBC ratio with little to no corresponding reduction 

in its overall risk profile. This is termed as exploiting regulatory capital arbitrage opportunities. Furthermore, the 

failure to distinguish between credit risks of commercial loans created incentives for the bank to move its highest 

quality loans off of its balance sheet. 

An issue with the aforementioned structure is that the credit rating of the tranches may be downgraded in slightly 

more stressed periods. A possible way for the bank to provide even more credit enhancement to the Ares 

IIIR/IVR CLO is to assign revolving credit lines to the obligors, which we will look at in the following section. 

5.1.2.3. Securitization of Revolvers with Recourse 

This section will build upon the example of the previous section. In this case, the bank will also provide a seller’s 

interest equal to the notional value of the A1 tranche of the Ares CLO (i.e. $50M). We assume that the A1 note 

exhibits the same attribution as the seller’s interest described in Jones (2000). We will denote the seller’s interest 

as the “A1 Note” moving forward in this section. This methodology is an example of how banks might have 

engaged in RCA under Basel I. 
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Figure 7 – Securitization of revolvers with recourse. 
The bank securitizes $700M in corporate loans to the Ares IIIR/IVR CLO. The bank provides a subordinated loan and an A1 Note to 

the SPV. The A1 is not directly subordinated to the investors’ interest. 

The SPV’s balance sheet after the transactions: 

Balance Sheet of Ares IIIR/IVR (the SPV) 

Corporate loans  $700M 

Secured Notes  $597M  

Subordinated Loan  $53M  

A1 Note  $50M 

Total  $700M Total  $ 700M  

The bank’s balance sheet after the transactions: 

Balance Sheet of Fictional Bank 

Corporate loans $3,850M Deposit $3,585.5M 

Loan to Ares IIIR/IVR $53M 
Equity $250M 

Less Reserves $(67.5)M 

Total $3,835.5M Total $3,835.5M 

The bank’s regulatory measures: 

Total Risk-Weighted Assets Tier I Capital Total Capital Total RBC Ratio Tier I RBC Ratio 

 $4,512.5M   $250M   $318M  7.04% 5.54% 

The example above illustrates a securitization with withdrawals under revolving credit facilities (e.g. revolving 

business lines of credit). In this transaction, the bank designates certain lines of credit to the Ares IIIR/IVR CLO.  

All withdrawals under the designated credit lines are required to be sold to Ares IIIRV/IVR (SPV). The SPV 

funds these purchases by issuing, in this example, secured notes in the amount of $597M to investors, and a pari 

passu A1 Note for the residual amount (i.e. $50M) to the sponsoring bank. This is done to further enhance the 

Ares IIIR/IVR CLO by providing over-collateralization as the bank’s interest is the difference between the total 

amount of assets included in the securitization and the amount of assets underlying issued securities. 
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Under generally accepted accounting principles in the US (GAAP) when Basel I was active, the A1 Note would 

be reported as “loans” by the sponsoring bank (BCBS WP (1999), p. 51). 

The A1 Note is not directly junior to the secured notes. The sponsoring bank is entitled to its pro rata shares of 

principal and interest payment received by the Ares IIIR/IVR CLO on the underlying pool of corporate loans, 

and is required to absorb only its pro rata share of any credit losses (e.g. charge-offs) on the secured notes. 

Principal and interest on the securitized loans that are not distributed to the A1 Note are available to support the 

secured notes. This particular property is the exact reason why we have assumed that the A1 Note is similar to 

the seller’s interest described in Jones (2010). 

For regulatory purposes, the A1 Note is not directly present on the bank’s balance sheet and not subject to any 

CCF under Basel I (BCBS WP (1999), p. 51). Therefore, the resulting regulatory measures have not changed 

compared to the previous example, “Securitization with Recourse”, and the same conclusion regarding regulatory 

capital arbitrage can be reached. I.e. the size of the subordinated loan and, by implication, the quality of the 

underlying loans matter for RCA purposes.  

However, we believe that a proper risk-weighing approach would have included all aspects of engagements such 

that the RBC ratio would have decreased even further relative to the example of “Securitization with Recourse”, 

as the bank in this example has an even greater interest in the SPV. 

5.1.2.4. Summing up “Basel I in Practice” 

Throughout the section, it has been shown that it would not have been possible for a bank to achieve regulatory 

capital arbitrage using the Ares IIIR/IVR CLO under the Basel I framework using the presented methodologies. 

One reason for this is the composition of the CLO (e.g. quality of underlying assets and attachment/detachment 

points). The listing date for the CLO on the Irish Stock Exchange was in 2007, where Basel I was not effectively 

enforced (at this time, Basel II was active). We may therefore conclude that the Ares IIIR/IVR CLO was not set 

up for the purpose of engaging in RCA under Basel I in the forms we have presented. 

On the other hand, by lowering the size of the subordinated loan and increasing the credit quality of the 

underlying loans accordingly, we showed that it was possible to increase the bank’s total RBC ratio, thus achieving 

RCA under Basel I. Therefore, regulatory capital arbitrage was possible to achieve under Basel I, which 

undermined the effectiveness of the framework and the capital ratios that were computed. This was one of the 

reasons for creating a new accord that actually took the credit risk of commercial loans into account. 

5.2. Basel II 

As the Basel II framework is dramatically more comprehensive than Basel I, the structure of this section is 

somewhat different than that of the previous section. This section consists of five major subsections, the purpose 

of each being the following: 
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- Section 5.2.1: The purpose of this section is to demonstrate how capital requirements for both the Ares 

IIIR/IVR and the ABS CLO would have been computed using the different approaches of Basel II. 

- Section 5.2.2: The purpose of this section is to evaluate each of the approaches utilized in Section 5.2.1 

according to the four evaluation criteria that were mentioned in the beginning of Section 5. 

- Section 5.2.3: The purpose of this section is to revisit the RCA examples that were analyzed in Section 

5.1.2 by applying the Basel II guidelines instead.  

- Section 5.2.4: The purpose of this section is to identify and discuss shortcomings of the framework. 

- Section 5.2.5: The purpose of this section is to analyze how banks used asset-backed commercial paper 

(ABCP) conduits to engage in a form of RCA under Basel II. 

5.2.1. Approaches for Computing RWA 

This section draws heavily upon information provided in the BCBS (2006) document, more specifically upon 

the subsections II, III, and IV of the part denoted Part 2: The First Pillar – Minimum Capital Requirements2
. 

Specific and pertinent references will be supplied when necessary. 

Under the Basel II framework, several methodologies that banks can use to compute regulatory capital 

requirements for securitization and resecuritization exposures exist.  These methodologies can be categorized 

into two main approaches: 1) The Standardized Approach (SA) for securitization exposures, which exclusively 

relies on external credit assessments and look-up tables that depend on the underlying exposures securitized, 

and 2) the Internal Ratings-Based Approach (IRBA) for securitization exposures, which depends on a mixture 

of external credit assessments, look-up tables, and the bank’s internal estimates of relevant risk components. The 

IRBA for securitization exposures is further divided into three approaches: 1) The Ratings-Based Approach 

(RBA), which primarily relies on external credit assessments, 2) the Internal Assessment Approach (IAA), and 

3) the Supervisory Formula (SF). 

Somewhat confusingly, the two main approaches for computing capital requirements for non-securitized risk 

exposures are also denoted the Standardized Approach and the Internal Ratings-Based Approach respectively.  

What determines which approach a bank must apply to a given securitization exposure is the approach that it 

uses to compute capital requirements for the predominant type of underlying exposure(s) securitized (i.e. either 

the SA or the IRBA). 

Since the IRBA is the more sophisticated of the two approaches, a bank must receive explicit approval from its 

supervisor in order to apply it. If no approval is given, a bank is forced to apply the SA, which is generally more 

conservative than its counterpart (i.e. it generally assigns higher capital requirements) – see BCBS (2006), §§ 50-

51. 

                                                      
2

 Explicitly, these pages can be found on the pages 19-143 in the aforementioned document. 
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Furthermore, the three sub-approaches of the IRBA for securitization exposures is divided into a hierarchy that 

determines which of these approaches that must be applied depending on the information available to the bank. 

The RBA is at the top of this hierarchy, meaning that the bank must use this approach in the case where a valid 

external credit assessment exists (or can be inferred). This of course assumes that the bank has received approval 

to use the IRBA for the underlying exposures of the securitization. If no such credit assessment exists, the bank 

is free to choose between either the IAA or the SF approach. 

In the following subsections, each of these aforementioned approaches will be thoroughly examined and 

discussed except for the IAA, as it is a methodology that relies upon the individual bank’s internal assessment 

model, which varies depending on the bank. In addition to this, risk weights will be computed and compared for 

all of the tranches for both the Ares IIIR/IVR CLO and the previously constructed ABS CLOs using different 

parameter-values (where applicable) for all of the aforementioned approaches of the Basel II framework. 

Additionally, off-balance sheet exposures are still subject to Credit Conversion Factors. We will not be delving 

into the specific parts of this type of exposure, but instead simply apply it when necessary (as we did in Basel I). 

5.2.1.1. Standardized Approach (SA) for Securitization Exposures
3

 

This simplistic approach relies exclusively on risk weight look-up tables and external credit assessments of the 

securitization or resecuritization exposures made by eligible external credit assessment institutions (ECAIs – see 

BCBS (2006), § 565). Essentially, tranches are assigned risk weights depending on their credit ratings using the 

look-up tables. Two different look-up tables are used: One for short-term and one for long-term exposures 

respectively. The type of the assets being securitized is not taken into account. 

In the original 2006 framework, the same look-up tables were used for resecuritization and standard 

securitization exposures – these tables can be found in § 567 BCBS (2006). However, the consultative document 

of 2009 increased the risk weights assigned to resecuritization exposures without changing risk weights for 

standard securitization exposures (for the tables, see BCBS (2009), p. 5). 

A very important thing to notice is that unrated exposures are simply treated as B+ rated or below for purposes 

related to computing regulatory capital requirements and are subject to deduction. In this case, deduction means 

that the bank effectively must subtract the notional value of the securitized exposure from their total regulatory 

capital (generally, 50% will be taken from Tier 1 Capital and the other 50% will be taken from Tier 2 Capital – 

see BCBS (2006), § 561). Using the look-up tables, we are able to determine the risk weights for each of the 

different tranches of both the Ares IIIR/IVR CLO and the previously constructed ABS CLO (for both the 2006 

and 2009 rules) – see Table 10. 

                                                      
3

 This specific approach is described in the BCBS (2006) document on the pages 126-133. 
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Table 10 – Risk weights for the Ares IIIR/IVR CLO and the ABS CLO under the SA 

Risk Weights – Standardized Approach (SA) 

Ares IIIR/IVR CLO 

Tranche Name A1 A2 B C D E Equity 

Tranche Rating (S&P) AAA AAA AA A BBB BB Non-Rated 

Risk Weight 20% 20% 20% 50% 100% 350% Deduct 

ABS CLO 

Tranche Name A B C D E Equity 

Tranche Rating (Moody’s) Aaa Aa A Baa Ba Non-Rated 

Risk Weight (2006 Framework) 20% 20% 50% 100% 350% Deduct 

Risk Weight (2009 Framework) 40% 40% 100% 225% 650% Deduct 

Our main concern with the SA is its relatively weak risk-sensitivity. For instance, it does not distinguish between 

AAA and AA rated tranches when it comes to risk weights. In addition to this, it does not take into account the 

type of underlying assets that the pool consists of, which is another disadvantageous feature. 

5.2.1.2. Internal Ratings-Based Approach (IRBA) for Securitization Exposures
4

 

The RBA and the SF will now be examined and used to compute risk weights for the Ares IIIR/IVR CLO and 

our previously constructed ABS CLO. 

5.2.1.2.1. Ratings-Based Approach (RBA) 

The RBA is very similar to that of the Standardized Approach in the sense that they both rely on look-up tables 

that require valid credit assessments of the securitization exposures. The main difference between the two 

approaches is that the bank is allowed to infer credit ratings for unrated securitization exposures in the case of 

the RBA. The look-up tables for the RBA also explicitly take into account the granularity of the underlying pool 

and the seniority of the tranche in question; this was not the case for the SA. In addition, the RBA does not take 

into account the type of assets that have been securitized. 

The requirements for a tranche to be considered senior is specified in §§ 613 and 615 of the BCBS (2006) 

document. Specifically, the tranche(s) has to be secured by a first claim on the entire amount of the assets in the 

underlying securitized pool and the effective number of underlying exposures has to be six or more for the 

tranche(s) to be considered senior. In the case of the Ares IIIR/IVR CLO, the first two tranches (i.e. A1 and A2, 

both with AAA rating) are assumed to be senior in this sense. In the case of the ABS CLO, the Aaa-rated tranche 

is likewise considered senior in this sense.  

When it comes to the specification of “non-granular pools”, no clear definition seems to be provided in the 

BCBS (2006) document. Given that the Ares IIIR/IVR CLO and the ABS CLO is based on 475 individual 
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 This specific approach (and its sub-approaches) is described in the BCBS (2006) document on the pages 133-143. 
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corporate loans (over 198 obligors) and 100 BB-rated tranches respectively, we will be assuming that both of the 

underlying pools can be considered “granular”. 

In the original 2006 framework, the assigned risk weights were indifferent to whether the exposure stemmed 

from a standard securitization or from a resecuritization. However, the BCBS (2009) document introduced look-

up tables that were to be used specifically for resecuritization exposures – the table can be found on p. 3 in BCBS 

(2009). For the 2006 rules, the table can be found in §§ 615 and 616 of the BCBS (2006). 

The BCBS (2009) document also implemented another important rule regarding seniority when it comes to 

resecuritizations: Any resecuritization exposure where the underlying exposure includes resecuritization 

exposures will always be classified as non-senior (BCBS (2009), p. 3). This, however, is not relevant for neither 

the Ares IIIR/IVR nor the ABS CLO. 

Table 11 shows the computed risk weights for both the Ares IIIR/IVR CLO and the ABS CLO using the Ratings-

Based Approach for both the 2006 and 2009 rules. 

Table 11 - Risk weights for the Ares IIIR/IVR CLO and the ABS CLO under the RBA 

Risk Weights – Ratings-Based Approach (RBA) 

Ares IIIR/IVR CLO 

Tranche Name A1 A2 B C D E Equity 

Seniority Senior Non-Senior 

Granularity Granular 

Tranche Rating (S&P) AAA AAA AA A BBB BB Non-Rated 

Risk Weight 7% 7% 15% 20% 75% 425% Deduct 

ABS CLO 

Tranche Name A B C D E Equity 

Seniority Senior Non-Senior 

Granularity Granular 

Tranche Rating (Moody's) Aaa Aa2 A2 Baa2 Ba2 Non-Rated 

Risk Weight (2006 Rules) 7% 15% 20% 75% 425% Deduct 

Risk Weight (2009 Rules) 20% 40% 65% 225% 650% Deduct 

One observation is that the risk weight floor in the case of the RBA is 7% (at least for the 2006 framework) – for 

the SA, it was 20%! Furthermore, the RBA appears to be more risk-sensitive than the SA, which is demonstrated 

by the fact that every tranche receives different risk weights for this approach (except for the special case of the 

A1 and A2 tranches that are both senior in the Ares IIIR/IVR CLO). 

According to Duponcheele et al. (2013) p. 3, the so-called Pykhtin-Dev model (see Pykhtin & Dev (2002)) was 

used to calibrate the risk weights of the look-up table for the Ratings-Based Approach. The Pykhtin-Dev model 

itself did not end up being explicitly utilized for computing capital requirements in the Basel II framework. 
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5.2.1.2.2. Supervisory Formula Approach (SFA) – Securitization Exposures 

The Supervisory Formula Approach (SF or SFA) is by far the most complex of all of Basel II’s approaches for 

computing regulatory capital requirements for securitization exposures. The main difference between the SF and 

the other approaches is that the former does not rely on external credit assessments. Instead, it primarily relies 

on the following five parameters for which the bank itself must produce estimates: the IRB capital charge had 

the underlying exposures not been securitized (including the expected loss portion) (𝐾𝐼𝑅𝐵), the credit 

enhancement level (𝐿) and thickness (𝑇) of the different tranches, and the underlying pool’s effective number of 

exposures (𝑁) and exposure-weighted average loss-given-default (𝐿𝐺𝐷) (see BCBS (2006) § 623). 

While the application of the SF is computationally intensive but mostly straightforward, the main challenge of 

the approach lies in computing the correct value of the parameter 𝐾𝐼𝑅𝐵. The next subsection is dedicated to 

explaining 𝐾𝐼𝑅𝐵. 

5.2.1.2.2.1. The 𝑲𝑰𝑹𝑩 Parameter 

In § 627 of the BCBS (2006) document, 𝐾𝐼𝑅𝐵 is somewhat vaguely defined as “[…] the ratio of (a) the IRB capital 

requirement including the EL portion for the underlying exposures in the pool to (b) the exposure amount of 

the pool (e.g. the sum of drawn amounts related to securitised exposures plus the EAD associated with undrawn 

commitments related to securitised exposures). […]”. 

Breaking it down, (a) can be thought of as the sum of two different parts: 1) the IRB capital requirements for the 

unexpected loss portion of the underlying exposures were they not securitized (𝐾𝑈𝐿)
5

, and 2) the capital 

requirements for the maturity-adjusted expected loss portion of the underlying exposures (𝐾𝐸𝐿). The division 

with (b) is included in order to express the capital requirement as a percentage of the size of the underlying 

exposure. 

The challenging part of computing 𝐾𝐼𝑅𝐵 is calculating the unexpected loss portion of (a), i.e. 𝐾𝑈𝐿. The IRB 

approach, which is used to compute 𝐾𝑈𝐿, is further divided into two approaches: The foundation IRBA and the 

advanced IRBA. Both approaches depend on the same risk components, namely 𝑃𝐷, 𝐿𝐺𝐷, 𝐸𝐴𝐷, and an 

estimate of the effective maturity of the underlying exposure(s), 𝑀. 

Banks that apply the foundation IRBA only provide their own estimates of 𝑃𝐷 and rely on supervisory estimates 

for the remaining three risk parameters. On the other hand, banks that have been approved to apply the 

advanced IRBA must use their own estimates all of the risk parameters (subject to certain minimum standards). 

We will be supplying our own values of 𝑃𝐷, 𝐿𝐺𝐷, and 𝐸𝐴𝐷 for computing risk weights for the Ares IIIR/IVR 

CLO and the ABS CLO. 

                                                      
5

 The methodology for computing 𝐾𝑈𝐿  is thoroughly explained in the BCBS (2006) document on the pages 52-119 (for 

corporate loans specifically, see pages 63-64) 
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Effective maturity is defined as 𝑀 = 𝑚𝑎𝑥 (1,𝑚𝑖𝑛 (5,
∑ (𝑡∗𝐶𝐹𝑡)𝑡

∑ 𝐶𝐹𝑡𝑡
)), where 𝐶𝐹𝑡 denotes the cash flows contractually 

payable by the borrower in period 𝑡. As we do not have detailed information regarding the cash flows of the 

underlying corporate loans of the Ares CLO, we are not able to compute an estimate of 𝑀. As such, we will be 

using 𝑀 = 2.5, which is the value assigned corporate exposures under the foundation IRBA. 

Furthermore, Basel II incorporates a so-called scaling factor of 1.06 for capital requirements computed under 

the IRBA (see § 44 in BCBS (2006)). From the wording of the paragraph, it is unclear to us whether this scaling 

factor should be applied to 𝐾𝑈𝐿 exclusively or to 𝐾𝑈𝐿 + 𝐾𝐸𝐿. However, the more recent BCBS (2014) document, 

which acts as a Basel III revision to the securitization framework, states that the scaling-factor should only be 

applied to the unexpected loss portion of the calculation of 𝐾𝐼𝑅𝐵 (i.e. to 𝐾𝑈𝐿). 

Basel gives the following justification for applying this scaling factor: “The Committee applies a scaling factor in 

order to broadly maintain the aggregate level of minimum capital requirements, while also providing incentives 

to adopt the more advanced risk-sensitive approaches of the Framework.” (BCBS (2006), p. 12). However, we 

fail to see how a scaling factor greater than 1 incentivizes banks to adopt the IRBA, as such a scaling factor would 

result in larger capital requirements. Rather, it acts as a disincentive. In addition, 1.06 seems arbitrary as the 

Committee simply states that this value is their “current best estimate”. 

The IRBA takes into account the predominant type of the underlying exposure(s). For corporate loans, 𝐾𝑈𝐿 is 

expressed as 

𝐾𝑈𝐿 = 1.06(𝐿𝐺𝐷 ∗ [𝐾𝑉 − 𝑃𝐷] ∗ 𝑀𝐴𝑇𝐴(𝑃𝐷,𝑀)), 

where 𝐾𝑉 is the fraction of defaults that we are 99.9% sure of ending below over a 1-year period assuming a large 

portfolio and no recovery according to the Vasicek model and 𝑀𝐴𝑇𝐴(𝑃𝐷,𝑀) is the Basel maturity adjustment 

function that depends on 𝑃𝐷 and 𝑀. 𝐾𝑉 is computed as 

𝐾𝑉 = 𝛷(
𝛷−1(𝑃𝐷) + √𝜌(𝑃𝐷)𝛷−1(0.999)

√1 − 𝜌(𝑃𝐷)
), 

where 𝜌(𝑃𝐷) is the previously specified Basel formula for computing the asset-value correlation parameter 

depending on 𝑃𝐷. In the Vasicek model, √𝜌 determines the correlation between the standardized asset-value 

return, 𝑅𝑗,  and the macroeconomic risk factor, 𝑋∗. Recall that 𝜌(𝑃𝐷) is decreasing for increasing values of 𝑃𝐷. 

BCBS (2005) gives some intuition regarding this relationship: Firms with higher probabilities of default tend to 

be exposed to greater levels of idiosyncratic risk (i.e. 𝜖𝑗) such that their default risk depends relatively less on 

fluctuations in the economy (i.e. 𝑋∗) compared to low-risk firms (and vice versa). 

𝑀𝐴𝑇𝐴(𝑃𝐷,𝑀) is computed as 
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𝑀𝐴𝑇𝐴(𝑃𝐷,𝑀) =
1 + (𝑀 − 2.5)𝑏(𝑃𝐷)

1 − 1.5𝑏(𝑃𝐷)
, 

where 𝑏(𝑃𝐷) = (0.11852 − 0.05467 𝑙𝑛(𝑃𝐷))2. The Basel Committee argues (in BCBS (2005) that low 𝑃𝐷 

borrowers have more room for down-gradings than high 𝑃𝐷 borrowers. Because of this, the relative effect of 

maturity on capital requirements should be greater for low 𝑃𝐷 borrowers. The Basel maturity adjustment 

function attempts to capture this relationship through the declining slope of 𝑏(𝑃𝐷) with respect to 𝑃𝐷. For more 

details regarding the calibration of 𝑀𝐴𝑇𝐴(𝑃𝐷,𝑀), see BCBS (2005) p. 9-11. 

All we need now in order to compute 𝐾𝐼𝑅𝐵 is the capital requirements for the maturity-adjusted expected loss 

portion of the underlying exposures, (𝐾𝐸𝐿), which can be computed as 

𝐾𝐸𝐿 = 𝑃𝐷 ∗ 𝐿𝐺𝐷 ∗ 𝑀𝐴𝑇𝐴(𝑃𝐷,𝑀). 

This finally gives us 

𝐾𝐼𝑅𝐵 = 𝐾𝑈𝐿 + 𝐾𝐸𝐿 . 

Note that we do not divide by the exposure amount of the pool, as 𝐾𝑈𝐿 and 𝐾𝐸𝐿 are already expressed as 

percentages of the size of the underlying exposure. 

5.2.1.2.2.2. The Supervisory Formula 

𝐾𝐼𝑅𝐵 can be thought of as the central parameter driving the capital requirements for securitizations under the 

SFA. The Supervisory Formula presented below might seem intimidating, arbitrary, and difficult to rationalize. 

Nonetheless, it essentially allocates capital across the different tranches of the structured product according to 

𝐾𝐼𝑅𝐵 and the composition of the structured product. 

Note that the aggregated capital requirement of the tranches can never be less than 𝐾𝐼𝑅𝐵 due to how the model 

is specified. On an aggregate level, in the case where a single bank holds the entire CLO, it seems reasonable 

that the capital requirement is equal to (or at the very least greater than) 𝐾𝐼𝑅𝐵. In reality, subordinated tranches 

are often allowed to some cash payout before tranches of higher seniority are fully paid out. This creates 

uncertainty regarding how the underlying pool’s economic losses will be distributed across the individual 

tranches. The SFA takes this uncertainty into account through the 𝐾[𝐿𝑘] function (which will be presented 

shortly). The 𝐾[𝐿𝑘] function is grounded in an uncertainty in loss prioritization (ULP) model developed by 

Gordy & Jones (2002). This is in contrast to a strict loss prioritization (a principle utilized in Pykhtin-Dev (2002)), 

where the hierarchal payout-priority of the tranches is fully adhered to. Additionally, Gordy & Jones (2002) 

mentions that it is an ongoing research question whether it is even appropriate to allocate capital to the individual 

tranches based on 𝐾𝐼𝑅𝐵 due to this uncertainty. 
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Given the comprehensiveness of the ULP model, we will not give a complete explanation nor show Gordy & 

Jones’ derivations. We refer the reader to Gordy & Jones (2014) for these purposes. 

In any case, specified in § 624 in BCBS (2006), the Supervisory Formula, 𝑆[. ], is given by (𝑘 refers to the 

different tranches): 

𝑆[𝐿𝑘] = {

𝐿𝑘                                                                                                          𝑤ℎ𝑒𝑛 𝐿𝑘 ≤ 𝐾𝐼𝑅𝐵

𝐾𝐼𝑅𝐵 + 𝐾[𝐿𝑘] − 𝐾[𝐾𝐼𝑅𝐵] + (𝑑
𝐾𝐼𝑅𝐵
𝜔
)(1 − 𝑒

𝜔(𝐾𝐼𝑅𝐵−𝐿𝑘)
𝐾𝐼𝑅𝐵 )        𝑤ℎ𝑒𝑛 𝐾𝐼𝑅𝐵 < 𝐿𝑘   

 

where 𝐾[𝐿𝑘] (i.e. the ULP model developed in Gordy & Jones (2002)) is specified as 

ℎ = (1 −
𝐾𝐼𝑅𝐵
𝐿𝐺𝐷

)
𝑁

 

𝑐 =
𝐾𝐼𝑅𝐵
1 − ℎ

 

𝑣 =
(𝐿𝐺𝐷 − 𝐾𝐼𝑅𝐵)𝐾𝐼𝑅𝐵 + 0.25(1 − 𝐿𝐺𝐷)𝐾𝐼𝑅𝐵

𝑁
 

𝑓 = (
𝑣 + 𝐾𝐼𝑅𝐵

2

1 − ℎ
− 𝑐2) +

(1 − 𝐾𝐼𝑅𝐵)𝐾𝐼𝑅𝐵 − 𝑣

(1 − ℎ)𝜏
 

𝑔 =
(1 − 𝑐)𝑐

𝑓
− 1 

𝑎 = 𝑔𝑐 

𝑏 = 𝑔(1 − 𝑐) 

𝑑 = 1 − (1 − ℎ)(1 − 𝐵𝑒𝑡𝑎[𝐾𝐼𝑅𝐵; 𝑎, 𝑏]) 

𝐾[𝐿𝑘] = (1 − ℎ)((1 − 𝐵𝑒𝑡𝑎[𝐿𝑘; 𝑎, 𝑏])𝐿𝑘 + 𝐵𝑒𝑡𝑎[𝐿𝑘; 𝑎 + 1, 𝑏]𝑐) 

and where 𝐵𝑒𝑡𝑎[𝐿𝑘; 𝑎, 𝑏] refers to the cumulative beta distribution with parameters 𝑎 and 𝑏 evaluated at 𝐿𝑘 and 

𝜏 = 1,000 

𝜔 = 20. 

Note that 𝜏 and 𝜔 are supervisory parameters that are specified by the Basel committee. Regarding the 𝐿𝑘 , 𝑇𝑘 

and 𝑁 parameters: 𝐿𝑘 is the so-called credit enhancement levels of the different tranches. It is computed as the 

ratio of the amount of all securitization exposures subordinate to the tranche in question to the amount of 

exposures in the pool. 𝐿𝑘 can be thought of as the attachment points of the tranches. 𝑇𝑘 is the thickness of 

exposure for each of the tranches. It is computed as the ratio of the nominal size of the tranche to the notional 

amount of exposures in the pool. N is the effective number of exposures. It is computed as 

𝑁 =
(∑ 𝐸𝐴𝐷𝑗𝑗 )

2

∑ (𝐸𝐴𝐷𝑗𝑗
2)
, 
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where 𝐸𝐴𝐷𝑗 denotes the exposure-at-default associated with the 𝑗’th obligor in the pool, meaning that different 

loans from the same obligor must be consolidated and treated as a single instrument when computing 𝑁. 

The 𝜏 parameter represents the degree of uncertainty in loss prioritization (and by implication, the level of cliff-

effect across mezzanine tranches – cliff-effect refers to dramatic increments in risk weights from one mezzanine 

tranche to the next). The greater the value of 𝜏, the lesser the degree of uncertainty in loss prioritization (and the 

higher the level of cliff-effects) and vice versa. As 𝜏 → ∞, we approach a strict loss prioritization setting (extreme 

levels of cliff-effects or a so-called “knife-edge property”). A strict loss prioritization implies that the capital 

requirement for tranche k is 100% if 𝐿𝑘 + 𝑇𝑘 ≤ 𝐾𝐼𝑅𝐵 and 0% (or the minimum level) if 𝐿𝑘 > 𝐾𝐼𝑅𝐵 (Gordy & 

Jones (2002), p. 2). This might be one of the reasons why the Pykhtin-Dev model did not end up being utilized 

in a Basel framework. Gordy & Jones (2002) find the best fit to be 𝜏 = 1,000 (see p. 6). 

Putting it all together, the capital requirement of tranche 𝑘 (expressed as a percentage of the tranche’s EAD) is 

then computed as 

𝐶𝑎𝑝𝑖𝑡𝑎𝑙 𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑚𝑒𝑛𝑡𝑘 = max(0.0056,
𝑆[𝐿𝑘 + 𝑇𝑘] − 𝑆[𝐿𝑘]

𝑇𝑘
). 

The risk weight of a tranche can then be computed by multiplying its capital requirement by 12.5, which is the 

reciprocal of 0.08 (i.e. the magic number in the capital adequacy ratio). The risk weight of any given tranche 

effectively has a floor of 7% and a cap of 1,250%. In addition, any tranche receiving a risk weight of 1,250% 

must deduct the exposure amount from their regulatory capital as previously described (§ 628 in BCBS (2006)). 

The tranche capital charges (denoted 𝐶𝐶𝑘), which we define as the capital requirement of the individual tranches 

relative to the 𝐸𝐴𝐷 of the entire underlying pool for a given bank, can then be computed as (𝑃𝑘 denotes the 

proportion of securitization exposure that the bank holds in tranche 𝑘) 

𝐶𝐶𝑘 = 𝐶𝑎𝑝𝑖𝑡𝑎𝑙 𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑚𝑒𝑛𝑡𝑘 ∗ 𝑇𝑘 ∗ 𝑃𝑘 . 

An important detail about the IRBA for securitization exposures (hereunder the SFA) is that the maximum 

capital requirement that a bank is required to hold against a securitization exposure is equal to the IRB capital 

requirement that would have been assessed against the underlying exposures had they not been securitized 

(including the expected loss portion), i.e. 𝐾𝐼𝑅𝐵 (BCBS (2006), § 610). The way that the paragraph is phrased, we 

understand it such that ∑ 𝐶𝐶𝑖
𝐾
𝑖=1  (i.e. the bank’s aggregated capital charge) is effectively capped at the value of 

𝐾𝐼𝑅𝐵 or ∑ 𝐶𝐶𝑖
𝐾
𝑖=1 ≤ 𝐾𝐼𝑅𝐵, where 𝐾 is the number of tranches in the securitization. 

Different arguments can be made for and against this rule. The total risk stemming from a securitized pool of 

assets should be the same as the total risk of the assets were they not securitized. This line of thinking supports 

the argument of ∑ 𝐶𝐶𝑖
𝐾
𝑖=1 = 𝐾𝐼𝑅𝐵 assuming 𝑃𝑘 = 1 for 𝑘 = 1,… , 𝐾 (to be more precise, we should really have 

∑ 𝐶𝐶𝑖
𝐾
𝑖=1 = 𝐾𝑈𝐿). 
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The BCBS (2006) document does not specify how the risk weights of the individual tranches are influenced by 

this cap-rule in the case where ∑ 𝐶𝐶𝑖
𝐾
𝑖=1 > 𝐾𝐼𝑅𝐵. As we understand it, the rule only affects the capital requirement 

on an aggregated level (i.e. across all tranches that the bank holds of a given securitization). When computing the 

values of ∑ 𝐶𝐶𝑖
𝐾
𝑖=1  in the following tables, we will be assuming 𝑃𝑘 = 1 for 𝑘 = 1,… , 𝐾 (i.e. the bank holds the 

entire CLO). 

5.2.1.2.2.3. Computing Risk Weights 

The following table shows the computed risk weights for the Ares IIIR/IVR CLO for all of the combinations of 

𝑃𝐷 ∈ {0.03, 0.05} and 𝐿𝐺𝐷 ∈ {0.5, 0.7}: 

Table 12 – Risk weights for the Ares IIIR/IVR CLO under the SFA 

Risk Weights - Supervisory Formula Approach (SF) 

Ares IIIR/IVR CLO | N = 147.09 | M = 2.5 

Tranche Name Tranche Rating 𝑻𝒌 𝑳𝒌 

Risk Weight 

LGD = 50% LGD = 70% 

PD = 3% PD = 5%  PD = 3%  PD = 5%  

A1 AAA 7.14% 29.10% 7.00% 7.00% 7.00% 15.59% 

A2 AAA 63.76% 29.10% 7.00% 7.00% 7.00% 7.00% 

B AA 6.00% 23.10% 7.00% 7.00% 41.59% 511.56% 

C A 6.00% 17.10% 26.16% 274.93% 793.36% Deduct 

D BBB 5.00% 12.10% 736.82% 1248.21% Deduct Deduct 

E BB 4.50% 7.60% Deduct Deduct Deduct Deduct 

Equity Non-rated 7.60% 0.00% Deduct Deduct Deduct Deduct 

Total Capital Charge Post-Securitization (∑ 𝐶𝐶𝑖
𝐾
𝑖=1 ) 15.60% 18.84% 21.50% 26.00% 

𝐾𝐼𝑅𝐵 13.86% 16.96% 19.40% 23.74% 

The first thing to notice is that the previously mentioned rule of ∑ 𝐶𝐶𝑖
𝐾
𝑖=1 ≤ 𝐾𝐼𝑅𝐵 is violated for all of the 

parameter-combinations. In the case where a bank holds the entire CLO, this means that its capital requirement 

for such an exposure would effectively be lowered to 𝐾𝐼𝑅𝐵. For instance, given 𝑃𝐷 = 3% and 𝐿𝐺𝐷 = 50%, the 

capital requirement for a bank holding the entire CLO would effectively be 1 −
12.10%

15.60%
= 11.15% lower than 

the capital requirement specified by the non-capped SFA. 

Generally, the risk weights move as they are supposed to (increasing as we move down in tranche-seniority). 

However, rather large cliff-effects are observed. For instance, going from 41.59% to 793.36% (tranche B to C 

for 𝑃𝐷 = 3% and 𝐿𝐺𝐷 = 70%) seems a tad extreme – this is an increase of more than a factor of 19. 

Additionally, for every tranche where 𝐿𝑘 + 𝑇𝑘 ≤ 𝐾𝐼𝑅𝐵, we observe risk weights of 1,250% (i.e. deduction), which 

is in accordance with a strict loss prioritization. On the other hand, we do not always observe risk weights of 7% 
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(i.e. the minimum level) for tranches where 𝐿𝑘 > 𝐾𝐼𝑅𝐵 – see, for instance, tranche B with 𝑃𝐷 = 3% and 𝐿𝐺𝐷 =

70%. This would seem to indicate that 𝜏 = 1,000 incorporates a low degree of uncertainty in loss prioritization. 

The difference between the risk weights of the A1 and A2 tranches in the case of 𝐿𝐺𝐷 = 70% and 𝑃𝐷 = 5% 

stems from the difference in tranche thickness. Overall, the SFA seems to yield more extreme outcomes when 

compared with the RBA and the SA (assigning lower risk weights to the higher rated tranches and vice versa). 

5.2.1.2.3. Supervisory Formula Approach (SFA) – Resecuritization Exposures 

All of the information provided in the previous section relates to applying the SFA to securitization exposures. 

When it comes to resecuritization exposures, we believe that most of the same principles and formulae apply, 

but with a few important differences. This subsection is dedicated to computing capital requirements for the ABS 

CLO using the SFA. 

Firstly, there are a few minor and easily implementable changes from the standard securitization setting: When 

computing 𝑁 in the case of resecuritization exposures, the formula applies to the number of securitization 

exposures in the pool and not the number of underlying exposures in the original pools. The ABS CLO is 

compromised of 100 BB-rated tranches, meaning 𝑁 = 100. Furthermore, an 𝐿𝐺𝐷 of 100% must be assumed 

for the underlying BB-rated tranches (denoted 𝐿𝐺𝐷𝑡𝑟𝑎𝑛𝑐ℎ𝑒𝑠). This must obviously be the case. 

In addition, the 2009 revision to the framework sets a risk weight floor of 20% for resecuritization exposures (in 

the 2006 framework, this floor was 7% for both securitization and resecuritization exposures). We will be 

reporting our results using the original floor of 7%. 

And then there is the issue of 𝐾𝐼𝑅𝐵, which once again constitutes the main challenge of the approach. As 

previously explained, 𝐾𝐼𝑅𝐵 must be computed according to the IRBA (for non-securitizations). This poses the 

obvious question: How should 𝐾𝐼𝑅𝐵 be computed when the underlying consists of securitization tranches? 

No methodology for computing 𝐾𝐼𝑅𝐵 in this case appears to be specified anywhere in either the BCBS (2006) 

or (2009) documents for resecuritization purposes. This is quite surprising considering the non-trivial nature of 

𝐾𝐼𝑅𝐵 (at least to our minds). 

Therefore, we will estimate 𝐾𝐼𝑅𝐵 based on our interpretation of the parameter. In order to do this, we will rely 

on our previous implementation of the multi-pool correlation model for simulating the fractional loss distribution 

of the ABS CLO. 

Since 𝐿𝐺𝐷𝑘 = 100%, 𝐾𝐸𝐿 is simply equal to the maturity-adjusted weighted-average 𝑃𝐷 for all of the 100 BB-

rated tranches that the ABS CLO consists of (denoted 𝑃𝐷𝑘). As all of the BB-rated tranches are similar, this 

implies that the weighted-average 𝑃𝐷 of these tranches is simply equal to 𝑃𝐷𝑘. In Section 3.1.1, the probability 

that tranche 𝑘 loses everything (i.e. 𝑃𝐷𝑘) was computed as (𝐷𝑘 is the detachment point of tranche 𝑘): 
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𝑃𝐷𝑘 = 𝛷(
𝛷−1(𝑃𝐷𝑙𝑜𝑎𝑛𝑠) − √1 − 𝜌(𝑃𝐷𝑙𝑜𝑎𝑛𝑠) ∗ 𝛷

−1 (
𝐷𝑘

𝐿𝐺𝐷𝑙𝑜𝑎𝑛𝑠
)

√𝜌(𝑃𝐷𝑙𝑜𝑎𝑛𝑠)
). 

As such, we have 𝐾𝐸𝐿 = 𝑃𝐷𝑘 ∗ 𝑀𝐴𝑇𝐴(𝑃𝐷𝑘,𝑀) where 𝑘 refers to the BB-rated tranche of the Ares CLO. 

Assuming that the effective maturity is kept at 𝑀 = 2.5, we are able to compute the values of 𝐾𝐸𝐿 for the 

previously used parameter combinations of 𝑃𝐷𝑙𝑜𝑎𝑛𝑠 and 𝐿𝐺𝐷𝑙𝑜𝑎𝑛𝑠. 

For the ABS CLO, 𝐾𝑈𝐿 can be defined as 𝐾𝑈𝐿 = 1.06[𝐾𝑉 − 𝑃𝐷𝑘] ∗ 𝑀𝐴𝑇𝐴(𝑃𝐷𝑘 ,𝑀). 

𝐾𝑉 was defined as the fraction of losses that we are 𝑞 = 99.9% sure of ending below over a 1-year period 

assuming a large portfolio. We are able to estimate this value by taking the 𝑞′𝑡ℎ quantile from the simulated 

fractional loss distributions of the ABS CLO (the simulation procedure was explained in Section 3.2, and our 

implementation in R can be found in Appendix A). 

With a relevant estimate of 𝐾𝐼𝑅𝐵, we are now able to allocate capital across the tranches of the ABS CLO using 

the Supervisory Formula. Please note that we have limited 𝐾𝐼𝑅𝐵 such that 𝐾𝐼𝑅𝐵 < 1. The justification for this 

limitation is that the model crashes for 𝐾𝐼𝑅𝐵 = 1, and 𝐾𝐼𝑅𝐵 > 1 does not make any regulatory sense, as capital 

requirements are capped at 100% of the exposure. Table 13 shows our results. Note that ℎ denotes the tranches 

of the ABS CLO – 𝑘 still denotes the tranches of the Ares IIIR/IVR CLO.  Thus, 𝑇ℎ and 𝐿ℎ refer to the tranche 

thickness and attachment point of tranche ℎ of the ABS CLO. 𝐻 is the total number of tranches in the ABS 

CLO. 
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Table 13 – Risk weights for the ABS CLO under the SFA 
The table shows the computed risk weights for the different tranches of the ABS CLO using the SFA for resecuritization exposures for different input parameters. For instance, the risk weight 

of tranche A for LGDloans = 50%, LGDk = 100%,PDloans = 3%, and PDk = 0.0064% is equal to 7%. Note that we have used the multi-pool correlation model for estimating the value of 

KV. Also, the values of PDk have been taken directly from Table 5. 

Risk Weights - Supervisory Formula Approach (SF) 

ABS CLO | 𝜶 = 70% | M = 2.5 | N = 100 | 𝑳𝑮𝑫𝒌 = 100% 

Tranche Name Tranche Rating 

𝑳𝑮𝑫𝒍𝒐𝒂𝒏𝒔 = 50% 𝑳𝑮𝑫𝒍𝒐𝒂𝒏𝒔 = 70% 

𝑷𝑫𝒍𝒐𝒂𝒏𝒔 = 3% 

𝑷𝑫𝒌 = 0.064% 

(𝑲𝑽 = 32.25%) 

𝑷𝑫𝒍𝒐𝒂𝒏𝒔 = 5% 

𝑷𝑫𝒌 = 0.295% 

(𝑲𝑽 = 65.40%) 

𝑷𝑫𝒍𝒐𝒂𝒏𝒔 = 3% 

𝑷𝑫𝒌 = 0.420% 

(𝑲𝑽 = 69.94%) 

𝑷𝑫𝒍𝒐𝒂𝒏𝒔 = 5% 

𝑷𝑫𝒌 = 1.685% 

(𝑲𝑽 = 96.20%) 

𝑻𝒉 𝑳𝒉 𝑹𝑾𝒉 𝑻𝒉 𝑳𝒉 𝑹𝑾𝒉 𝑻𝒉 𝑳𝒉 𝑹𝑾𝒉 𝑻𝒉 𝑳𝒉 𝑹𝑾𝒉 

A Aaa 14.38% 85.62% 7.00% 1.11% 98.89% 397.26% 3.59% 96.41% 458.92% 0.21% 99.79% Deduct 

B Aa 35.19% 50.43% 383.12% 17.28% 81.61% 1217.53% 17.67% 78.74% 1,241.31% 3.15% 96.64% Deduct 

C A 30.51% 19.92% Deduct 33.15% 48.46% Deduct 26.10% 52.64% Deduct 12.06% 84.58% Deduct 

D Baa 12.27% 7.65% Deduct 20.41% 28.05% Deduct 23.08% 29.56% Deduct 19.65% 64.93% Deduct 

E Ba 6.84% 0.81% Deduct 22.21% 5.84% Deduct 23.23% 6.33% Deduct 37.36% 27.57% Deduct 

Equity Non-rated 0.81% 0.00% Deduct 5.84% 0.00% Deduct 6.33% 0.00% Deduct 27.57% 0.00% Deduct 

∑ 𝐶𝐶𝑖
𝐻

𝑖=1
 61.30% 98.79% 97.61% 100% 

𝐾𝐼𝑅𝐵 57.71% 97.25% 95.46% 100% 

The results are rather curious, as the computed risk weights are generally significantly higher than the ones found using the RBA (for both the 2006 and the 

2009 framework). Only the two most senior tranches receive risk weights below the 1,250% cap except in the case of 𝐿𝐺𝐷𝑙𝑜𝑎𝑛𝑠 = 70% and 𝑃𝐷𝑙𝑜𝑎𝑛𝑠 = 5%, 

where all of the tranches must be deducted. 

It is interesting to see that the value of 𝐾𝐼𝑅𝐵 decreases from 97.25% to 95.46% for the combinations 𝑃𝐷𝑙𝑜𝑎𝑛𝑠 = 5% ∧ 𝐿𝐺𝐷𝑙𝑜𝑎𝑛𝑠 = 50% and 𝑃𝐷𝑙𝑜𝑎𝑛𝑠 =

3% ∧ 𝐿𝐺𝐷𝑙𝑜𝑎𝑛𝑠 = 70% respectively despite 𝐾𝑉 and 𝑃𝐷𝑘 increasing. The explanation lies in the relationship between 𝑀𝐴𝑇𝐴(𝑃𝐷𝑘,𝑀) and 𝑃𝐷𝑘: Holding 

𝑀 constant at 2.5, 𝑀𝐴𝑇𝐴(𝑃𝐷𝑘, 2.5) is decreasing for increasing values of 𝑃𝐷𝑘. In this particular example, the decrease in 𝑀𝐴𝑇𝐴(𝑃𝐷𝑘, 2.5) is more impactful 

on 𝐾𝐼𝑅𝐵 than the impact of the increase in 𝐾𝑉 and 𝑃𝐷𝑘.
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Our results reiterate our previous finding regarding the parameter-sensitivity of resecuritizations: The capital 

requirements of the unexpected loss portion of the ABS CLO is highly sensitive to parameter input. An increase 

in 𝑃𝐷𝑙𝑜𝑎𝑛𝑠 from 3% to 5% holding 𝐿𝐺𝐷𝑙𝑜𝑎𝑛𝑠 and 𝛼 constant at 50% and 70% respectively results in a 𝐾𝑉 that is 

approximately twice as large. Also, we once again notice that ∑ 𝐶𝐶𝑖
𝐻
𝑖=1 > 𝐾𝐼𝑅𝐵 for 𝑃ℎ = 1 for ℎ = 1,… ,𝐻. 

Considering the fact that the documentation regarding the usage of SFA for resecuritization exposures is 

extremely limited, we cannot be sure that our methodology is in-line with the committee’s intentions. The fact 

that we base our estimation of 𝐾𝑉 on a multi-factor model might be questioned given that 𝐾𝑉 for standard 

securitizations are based on the single-factor Vasicek model. 

Nevertheless, if we were in charge of conducting the interpretation of the Basel II framework on a national 

supervisory level, this is how we would choose to implement the guidelines that the Basel Committee has 

provided. 

5.2.2. Evaluation of the Basel II Approaches 

In terms of sophistication and when it comes to aligning capital requirements with actual risk exposures, the 

approaches of the Basel II framework are all vastly superior to the extremely simplistic approach that was applied 

in the Basel I framework. However, this increased sophistication has come at the price of higher complexity. In 

this section, we will attempt to evaluate the strengths and weaknesses of each of the different Basel II approaches 

discussed in the previous section. 

5.2.2.1. Standardized Approach (SA) & Ratings-Based Approach (RBA) 

Due to the very similar nature of the SA and the RBA, these two approaches will be evaluated simultaneously in 

this subsection. 

Objective Statistical Basis 

While the approaches do not explicitly depend on any widely accepted statistical measure of the bank’s risk 

exposure, they instead depend exclusively on credit ratings made by eligible external credit assessment 

institutions. These institutions can only be approved subject to certain eligibility criteria (BCBS (2006) § 2), one 

of which demands assessment objectivity. The quality of the approaches with respect to their objective statistical 

basis therefore depends entirely upon these institutions, assigning them a very large responsibility. 

In addition, considering the fact that the ratings are provided ex ante, the rating agencies cannot know the 

portfolios to which the structured products will be added at the time of rating. As such, we conclude that the 

marginal aspect of the risk exposure cannot have been taken into account appropriately by the rating agencies. 

Neutrality 

For both the RBA and the SA, there is no explicit mechanism in place that ensures that the non-securitized 

exposures and their securitized counterparts receive credit ratings that result in capital neutrality. Without 
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specifying a completely unambiguous and perfectly aligned rating methodology (across rating agencies), achieving 

capital neutrality seems like an impossibility due to the simple nature of look-up tables. 

Regulatory Control 

The only control parameters of the approaches that the regulators and supervisors are able to exert judgment 

upon in order to gauge the appropriateness of the given institution’s capital allocation are the external ratings 

(and also seniority and granularity in the case of the RBA). Considering that the regulators and supervisors are 

in charge of approving the external credit assessment institutions who provide these rating-estimates, this seems 

somewhat in order. One tool that the supervisory authorities could utilize to assess the validity of the risk weights 

assigned by the RBA is the Pykhtin-Dev model, upon which the RBA is based. 

Transparency 

Both the SA and the RBA are very simple models, and risk weights are easy to compute, comprehend, and 

compare for supervisors and banks alike. In the case of the SA, however, the risk weights of the look-up table 

seem somewhat arbitrary. It might have been nice for the Basel Committee to disclose their calibration 

methodology, as was the case for the RBA (the Pykhtin-Dev model was used to calibrate this approach). 

5.2.2.2. Supervisory Formula Approach (SFA) 

Objective Statistical Basis 

The SFA distributes capital requirements, as specified by 𝐾𝐼𝑅𝐵, across the tranches of a securitization. 𝐾𝐼𝑅𝐵 is a 

Basel-adjusted version of the Vasicek model including expected losses. We can say that the objective statistical 

basis of the SFA is mostly very good as it is based on a widely accepted statistical measure of credit risk. 

Additionally, it is grounded in a well-defined uncertainty in loss prioritization model. However, a potential 

drawback of the model is its inability to incorporate the marginal contribution of a given risk exposure to the 

bank’s total portfolio of risk. Gordy (2003) gives conditions under which the bank’s existing portfolio is irrelevant 

for the marginal contribution of risk: 1) all asset-values must exclusively depend on a single systematic risk factor 

and 2) the securitization exposure must be arbitrarily small compared to the exposure of the bank’s existing 

portfolio. We would argue that both of these assumptions are unrealistic. Asset-values almost certainly depend 

on more than one systematic risk factor, and real bank portfolios are not perfectly fine-grained. As such, the 

bank’s existing portfolio should theoretically be accounted for when computing marginal capital requirements. 

A more thorough investigation of marginal risk-contributions will be conducted in Section 7.  

Neutrality 

Recall that 𝐾𝑈𝐿 is the capital requirement of the underlying loans were they not securitized. Given the fact that 

the sum of the capital charges exceeded the value of 𝐾𝐼𝑅𝐵 (and thus, by implication, 𝐾𝑈𝐿) for every single 

parameter-combination that we used, the capital neutrality criteria is violated for the model. 
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However, the previously mentioned Basel rule regarding maximum capital requirements specifies that the sum 

of the capital charges are effectively capped at the value of 𝐾𝐼𝑅𝐵. If the purpose of the “cap-rule” is to achieve 

capital neutrality, then we would argue that the cap should instead be specified as ∑ 𝐶𝐶𝑖
𝐾
𝑖=1 ≤ 𝐾𝑈𝐿. Under this 

rule, a bank holding the entire CLO would receive a capital charge equal to 𝐾𝑈𝐿, and the capital neutrality 

principle would be adhered to.  

In any case, there is no mechanism in place that ensures that the two capital requirements are perfectly aligned 

under the actual Basel II framework. Optimally, the notion of capital neutrality should have been integrated into 

the SFA (at least on an aggregate level where the bank holds the entire CLO). 

Regulatory Control 

Given the fact that the approach utilizes several parameters that mostly have clear economic intuitions (𝑃𝐷, 𝐿𝐺𝐷, 

𝐸𝐴𝐷, and to a certain extent, 𝜌(𝑃𝐷), effective maturity, 𝐿𝑘, 𝑇𝑘, and so on), the regulators and supervisors should 

be able to exert judgment as to whether or not the parameter values, and thus the computed regulatory capital 

requirements, are realistic and adequate. 

Transparency 

The model has many computationally intensive requirements, and it includes some apparently unjustified 

supervisory parameter values and functions. Certain of the actual formulae and parameters of the SFA seem 

difficult to rationalize beyond their existence in the model. These include (in a non-exhaustive list) the maturity-

adjustment function 𝑀𝐴𝑇𝐴(𝑃𝐷,𝑀), the scaling factor of 1.06, 𝜔, and the Supervisory Formula itself. 

Furthermore, the computation and comprehension of 𝐾𝐼𝑅𝐵 is definitely not trivial. This is even truer for 

resecuritization exposures, where little to no guidance exists (as far as we can tell). As such, we deem the 

transparency of the approach to be lacking. 

5.2.3. Revisiting “Basel I in Practice” 

This section is dedicated to reexamining the examples that were investigated in the “Basel I in Practice” section 

in a Basel II setting. 

It was argued in Section 5.1.2 that Basel I encouraged banks to securitize high quality loans, as this allowed the 

banks to engage in regulatory capital arbitrage. 

In order to analyze how Basel II has changed the aforementioned RCA examples, we will recalculate the risk 

weights for each of the examples using the Basel II framework. That is, we will compute the IRB capital 

requirement, or 𝐾𝑈𝐿, for the loans. We will not take into account the expected loss portion of the non-securitized 

assets, as this portion does not directly incur any risk weights in the IRBA (for non-securitizations). We will 

assume that the fictional bank that was previously set up (see Table 9) is approved to use the advanced IRBA for 

corporate claims. 
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We argued in Section 5.1.2 that the relationship between the credit qualities of the underlying loans in a SPV is 

inversely related with the size of the subordinated loan in order to achieve a set of desired tranche ratings. The 

exact increase in credit quality of the underlying loan that must occur when decreasing the size of the 

subordinated loan was previously neglected, as the credit quality of corporate loans was not taken into account 

when assigning capital requirements under Basel I. 

However, Basel II did consider the credit quality when assigning capital requirements. As such, we need to 

assume a credit quality of the underlying corporate loans when the size of the subordinated loan is decreased to 

$10M from $53M, as was done in the example “Securitization with Recourse” (Section 5.1.2.2). When the 

subordinated loan is decreased to $10M, we will assume that each obligor has a 𝑃𝐷 of 1% and 𝐿𝐺𝐷 of 30%, 

which we assume will be sufficient for achieving tranche ratings similar to those of the Ares IIIR/IVR CLO (i.e. 

AAA, AA, A, BBB, and BB). Obviously, a more thorough calibration (like what was done in the sensitivity 

analysis section) would have to be conducted in order to find the exact values of 𝑃𝐷 and 𝐿𝐺𝐷 that would result 

in the desired ratings. Nevertheless, such a calibration is not relevant for the purpose of this section. Thus, we 

will be moving forward with the assumed values. 

We are considering a slightly altered version of the fictional bank. Explicitly, the corporate loans are split up into 

high-risk and low-risk categories respectively for the slightly altered bank as we wish to securitize loans of both 

categories. 

The composition of this slightly altered bank’s balance sheet: 

Balance Sheet of Altered Fictional Bank 

High-Risk Corporate Loans  $3,850M Deposits  $4,182.5M 

Low-Risk Corporate Loans  $650M  
Equity  $250M 

Less Reserves  $(67.5M) 

Total  $4,432.5M   Total  $4,432.5M  

The $3,850M of corporate loans (high-risk corporate loan) would receive an IRB capital requirement of 𝐾𝑈𝐿 =

12.10% (using 𝑃𝐷 = 3%, 𝐿𝐺𝐷 = 50%, and 𝑀 = 2.5), which translates into a risk weight of 151.25% for each 

corporate loan. The $650M corporate loans (low-risk corporate loans) would receive an IRB capital requirement 

of 𝐾𝑈𝐿 = 5.22% (risk-weight of 65%) (using 𝑃𝐷 =  1%, 𝐿𝐺𝐷 =  30%, and 𝑀 =  2.5). 

Straightforward calculation shows that the slightly altered bank would be charged with the following regulatory 

measures: 

Total Risk-Weighted Assets Tier I Capital Total capital Total RBC Ratio Tier I RBC Ratio 

$6,246.6M $250M $318M 5.09% 4.00% 

When the bank only keeps the assets on its balance sheet, the total risk based capital ratio is 5.09%, which is 

significantly below the minimum level of 8%. 
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5.2.3.1. Securitization without Retained Risk 

Recall that the bank securitizes $597M of its high-risk corporate loans to a bankrupt-remote SPV in this example. 

The SPV’s balance sheet after the transaction: 

Balance Sheet of Ares IIIR/IVR (SPV) 

High-Risk Corporate loans  $597M Secured Notes  $597M 

The bank’s balance sheet after the transaction: 

Balance Sheet of Fictional Bank 

High-Risk Corporate Loans  $3,253M Deposits  $3,585.5M 

Low-Risk Corporate Loans  $650M  Equity  $250M 

Less Reserves  $(67.5M)   

Total  $3,835.5M     $3,835.5M 

The bank’s regulatory measures: 

Total Risk-Weighted Assets Tier I Capital Total Capital Total RBC Ratio Tier I RBC Ratio 

$5,343.7M $250M $318M 5.95% 4.68% 

The impact of securitizing the $597M high-risk corporate loans is greater on the bank’s total RBC ratio under 

Basel II compared to Basel I, as each high-risk corporate loan is assigned a risk-weight of 151.25% (100% in 

Basel I). 

5.2.3.2. Securitization with “Recourse” 

Recall that in this example, the bank was unable to engage in RCA by securitizing $650M high-risk corporate 

loans under Basel I (subordinated loan-size of $53M). Instead, we conducted the same procedure using $650M 

low-risk corporate loans (subordinated loan-size of $10M), which did allow the bank to engage in RCA. Both of 

these examples will be reevaluated in a Basel II setting in this section. 

The first balance sheet refers to the example where the bank securitizes $650M of high-risk corporate loans, and 

the second refers to the example where the bank securitizes $650M of low-risk corporate loans. Both 

subordinated loans are subject to deduction under the RBA as they are non-rated (50% from Tier I and 50% 

from Tier II). 

The SPVs’ balance sheets after the two transactions: 

Balance Sheet of the SPV (Subordinated Loan = $53M) 

High-Risk Corporate Loans  $650M 
Secured Notes  $597M 

Equity  $53M 

 

Balance Sheet of the SPV (Subordinated Loan = $10M) 

Low-Risk Corporate Loans  $650M 
Secured Notes  $640M 

Equity  $10M 
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The two balances of the fictional banks after the transactions: 

Balance Sheet of Fictional Bank (Subordinated Loan = $53M) 

High-Risk Corporate loans  3,200M  
Deposit  $3,585.5M 

Low-Risk Corporate Loans  $650M 

Subordinated Loan  $53M 
Equity  $250M 

Less Reserves  $(67.5M) 

Total  $3,835.5M  Total  $3,835.5M 

 

Balance Sheet of Fictional Bank (Subordinated Loan = $10M) 

High-Risk Corporate loans  $3,850M 
Deposit  $3,542.5M 

Low-Risk Corporate Loans  $0 

Subordinated Loan  $10M  
Equity  $250M 

Less Reserves  $(67.5M) 

Total  $3,792.5M  Total  $3,792.5M 

The bank’s regulatory measures after the transaction of securitizing high-risk corporate loans: 

Total Risk-Weighted Assets Tier I Capital Total Capital Total RBC Ratio Tier I RBC Ratio 

$5,262.5M $224M $265M 5.04% 4.25% 

The bank’s regulatory measures after the transaction of securitizing low-risk corporate loans: 

Total Risk-Weighted Assets Tier I Capital Total Capital Total RBC Ratio Tier I RBC Ratio 

$5,823.1M $245M $308M 5.29% 4.21% 

The total RBC ratios in both transactions are somewhat similar. In case of securitizing $650M in high-risk 

corporate loans, the total RBC ratio is 5.04%. In case of securitizing $650M in low-risk corporate loans, the total 

RBC ratio is 5.29%. The somewhat similar RBC ratios imply that the incentive to securitize low-risk corporate 

loans has been eliminated. 

Furthermore, the total RBC ratios are both relatively close to 5.09%, which was the RBC ratio when the bank 

held all of the loans on its balance sheet. This suggests that RCA in this form was not possible under Basel II. 

The relatively higher RBC ratio of 5.29% in the case of low-risk corporate loans might be explained by the fact 

that we did not properly calibrate 𝑃𝐷 and 𝐿𝐺𝐷 for the obligors. 

5.2.3.3. Securitization of Revolvers with “Recourse” 

Recall that in this example, the bank will also provide an A1 Note (equal to seller’s interest) to the SPV with a 

notional value of $50M. 

Under the Basel I framework, the A1 Note was not subject to any risk-weight (i.e. 0% credit conversion factor). 

However, Basel II enforces stricter regulatory capital requirements on off-balance sheet engagements. That is, 

banks must determine whether an off-balance sheet securitization exposure qualifies as an ‘eligible liquidity 
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facility’ or an ‘eligible servicer cash advance facility’ under Basel II. If the off-balance sheet engagement does not 

qualify as either of these, then the off-balance sheet securitization exposures will receive a 100% CCF. 

We believe that the A1 Note would qualify as an eligible liquidity facility as defined in § 578 in BCBS (2006). 

Furthermore, eligible liquidity facilities with maturities greater than one year face a CCF of 50%. As the A1 Note 

has a maturity of 13 years, we would apply a CCF of 50%.  

Basel II is therefore more appropriate for risk-weighing off-balance sheet engagements, as it actually assigns a 

CCF to the A1 Note. The risk-weighing approach under Basel II decreases the RBC ratio even further relative 

to the example of “Securitization with Recourse”, which seems appropriate as the bank in this example has an 

even greater interest in the SPV. Then again, banks were still able to utilize other off-balance sheet methods for 

the purpose of engaging in another form of RCA under Basel II. We will explore one of these methods in 

Section 5.2.5. 

5.2.3.4. Summing up Revisiting “Basel I in Practice” 

Throughout the section, it has been shown that it would not have been possible for a bank to achieve regulatory 

capital arbitrage under Basel II by securitizing either high-risk corporate loans or low-risk corporate loans by 

using the methodologies presented. The primary reason for this is the enhanced alignment between credit quality 

of corporate loans and regulatory capital requirements. 

5.2.4. Criticism of the Basel II Framework 

While the Basel II framework certainly improved many of the shortcomings of its predecessor, it was definitely 

not without its own shortcomings. This section is dedicated to examining some of these shortcomings. 

In the Basel III document that revises the securitization framework (see BCBS (2014)), the Basel Committee 

identifies several key weaknesses of the Basel II framework with respect to securitization. Each of these points 

will now be examined. 

i) Mechanistic reliance on external ratings. 

Methodologies that based their risk weights on external credit assessments provided by eligible ECAIs were at 

the top of the IRBA hierarchy of approaches when it came to capital requirements under Basel II. This generally 

made it difficult for the supervisory authorities to gauge the adequacy of a given bank’s regulatory capital with 

respect to its credit risk exposure beyond what was specified by these external ratings. As such, the ECAIs had 

an extremely prominent position in the framework, which assigned them a lot of power. This was not necessarily 

being a bad thing depending on how accurately these rating agencies were able to measure the credit risk of the 

relevant exposures. Duponcheele et al. (2014c) points out that the performance of these agencies has been 

heavily criticized leading up to and even after the financial crisis of 2007-2008. Primarily, they have been criticized 

for being too lax in evaluating the credit quality of US mortgage related securitizations. They have also been 
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criticized for lacking transparency and providing risk assessments that were inconsistent with regulatory credit 

requirements. 

The reliance on external credit rating agencies may also lead to conflicts of interests between the banks, the 

agencies, and the supervisory authorities when the banks are the ones paying for the credit assessments. It is 

generally in the interest of the banks to receive as good credit ratings as possible for their products, whereas the 

supervisory authorities are more interested in the validity and legitimacy of the assessment. 

ii) Excessively low risk weights for highly-rated securitization exposures and excessively high risk 

weights for low-rated senior securitization exposures 

As we have not computed any risk weights for low-rated senior securitization exposures, the second part of the 

statement is difficult for us to comment on with respect to the SFA. However, a risk weight of 60% for a senior 

and granular BBB-rated securitization exposure does not seem too excessive to our minds (as would be the case 

using the RBA). In the case of the SA, the same exposure would receive a risk weight of 100%, which still does 

not seem too inappropriate considering the BBB rating. 

As to the excessively low risk weights for highly rated securitization exposures, the legitimacy of this criticism 

seems very apparent when looking at the RBA look-up table. Senior positions in securitizations with AAA-ratings 

receive 7% risk weights using this approach. This seems very low, especially when you take into account the fact 

that the credit assessment institutions were perhaps a bit too lax when it came to evaluating the credit quality of 

US mortgage related securitizations leading up to the financial crisis, as previously mentioned. The SFA also 

produced 7% risk weights for the senior positions of the Ares IIIR/IVR CLO for all but one of parameter-

combination (for 𝑃𝐷 = 5% and 𝐿𝐺𝐷 = 70%, the A1 tranche received a 15.59% risk weight). 

iii) Cliff-effects 

Cliff-effects refer to an excessively steep increment in risk weights that may be assigned to mezzanine tranches of 

increasing seniority. For instance, we computed risk weights of respectively 41.59% and 793.36% for the B and 

C tranches of the Ares IIIR/IVR CLO using the SFA with parameters equal to 𝑃𝐷 = 3% and 𝐿𝐺𝐷 = 70% (see 

Table 12). It is very difficult to justify such a dramatically steep increment in risk weights from one tranche to the 

other, which is exactly what is being criticized by the Basel Committee in the 2014 revisionary document. 

iv) Insufficient risk sensitivity of the framework 

While the risk weight approaches of the Basel II framework are dramatically more risk sensitive than the overly 

simplistic approach of Basel I, there is still an argument to be made about the risk sensitivity of approaches that 

compute risk weights by utilizing non-exhaustive look-up tables. The great sinner in this regard is obviously the 

Standardized Approach, but even the RBA does not assign a unique risk weight to every single possible credit 

rating. There is also the issue that methodologies that rely on external credit assessments do not explicitly take 

certain important parameters into account (e.g. 𝑃𝐷, 𝐿𝐺𝐷, maturity, asset-value correlation, and so on). While 
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the credit institutions (hopefully) consider these parameters when they assess the credit risk of the exposures, the 

methodology can be less transparent for the supervisors. On the other side of the coin, increased risk sensitivity 

in the form of highly sophisticated and complex models comes at the cost of generally being far more difficult to 

implement and understand. 

v) Bifurcated System 

Another criticism of the framework (which is not mentioned by the Basel Committee) is the idea that it promotes 

a bifurcated system which favors/disfavors banks in different scenarios depending on whether or not they have 

received approval to use the more advanced IRB approach over the SA. As such, the capital requirement for a 

given exposure can change, to a certain extent, depending on the bank’s level of sophistication and available tools 

for measuring credit risk exposure. Calem and Follain (2007) argue that this framework design skews the 

competitiveness between the smaller banks that have not received approval for using the more advanced 

approaches and the larger banks with more options when it comes to computing risk weights. While there may 

be some merit to this argument, it is difficult to come up with a solution that solves the problem effectively. In a 

uniform, “one-size-fits-all” approach where every banking institution uses the same homogenous methodology 

for calculating regulatory capital requirements, the complexity of said approach will have to depend exclusively 

on the tools available to the lowest common denominator of the users (i.e. the bank(s) with the least tools for 

assessing credit risk). One might argue that a bifurcated system is the lesser of two evils in this regard, as the 

importance of systemically important banks being forced to hold a sufficiently large amount of capital against 

their credit risk exposures is crucial for ensuring a stable banking sector. 

vi) Procyclicality 

Finally, there is the criticism that the Basel II framework might promote procyclical tendencies in the economy. 

Kashyap and Stein (2004), p. 18, elegantly explains the issue: “[…] in a downturn, when a bank’s capital base is 

likely being eroded by loan losses, its existing (non-defaulted) borrowers will be downgraded by the relevant 

credit-risk models, forcing the bank to hold more capital against its current portfolio. To the extent that it is 

difficult or costly for the bank to raise fresh external capital in bad times, it will be forced to cut back on its 

lending activity, thereby contributing to a worsening of the initial downturn.” While their report was conducted 

several years before the framework was actually finalized, they do make a good point. Later in the thesis, we will 

dedicate an entire section to analyzing the issue of procyclicality (Section 6). 

5.2.5. ABCP Conduits 

In the period leading up to the financial crisis of 2007-2009, banks increasingly devised securitization methods 

that allowed them to retain risks on their balance sheet while receiving reductions in regulatory capital. One form 

of securitization, namely asset-backed commercial paper (ABCP) conduits, is an example of how banks exposed 

themselves to such risks (Acharya et al. (2012), p. 519).  
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As explained in Section 5.2.3, Basel II did mitigate the basic form of regulatory capital arbitrage that was 

presented in Section 5.1.2 by incorporating greater risk sensitivity into the framework. However, banks were still 

able to engage in some form of RCA by utilizing methods that were more sophisticated. 

Conduits are SPVs managed by large commercial banks. Most conduits exhibit significant maturity mismatch. 

They purchase medium to long-term assets (similar to the underlying of Ares IIIR/IVR CLO), which they finance 

by issuing short-term asset-backed commercial paper with maturity of 30 days or less. Conduits regularly roll 

over their liabilities and use the proceeds from new issuances of ABCP to pay off maturing ABCP. 

Conduit sponsors can use four different types of guarantees that provide different levels of insurance to outside 

investors. The four types of guarantees, ranked from strongest to weakest, are credit guarantees, liquidity 

guarantees, extendible notes guarantees, and guarantees arranged via Structured Investment Vehicles (SIV) 

(Acharya et al. (2012), p. 520). 

In order for an ABCP to obtain the desired investment-grade rating, banks typically provide liquidity guarantees 

to the ABCP investor upon the conduit default. A liquidity facility does not cover the loss inflicted by the already 

defaulted assets when the ABCP conduit defaults, but rather assists with timely payment of CP. If the conduit 

defaults, its ABCP investor will only recover the remaining collateral value of the underlying assets. 

Credit guarantees, on the other hand, completely mitigate the ABCP investors’ credit loss upon conduit default 

by having the bank pay the ABCP investor the full principal amount in case of default. 

Acharya et al. (2012) explains the difference between liquidity and credit guarantees as follows (p. 520): “Liquidity 

guarantees are similar to credit guarantees with the main difference being that the sponsor needs to pay off 

maturing ABCP only if the conduit assets are not in default. Hence, liquidity guarantees might not cover credit 

defaults, but in practice liquidity guarantees are structured to prevent this from happening.” 

We will consider an example where the bank provides a liquidity guarantee, as the capital requirements for 

liquidity relative to credit guarantees were lower in the Basel II framework (Acharya et al (2012), p. 525). We 

will set up a bank similar to the one previously used in the RCA examples (see Table 9 for the balance sheet). 

In this case, however, the bank will not sell any assets directly off its balance sheet, but simply provide a liquidity 

facility for loans underlying the conduit. 
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Figure 8 – Asset-backed commercial paper (CP) conduit 
The conduit purchases medium- to long-term corporate loans and issues short-term loans (commercial paper). Hence, the conduit faces 

a maturity mismatch. The sponsoring bank has guaranteed the rollover by supplying a liquidity facility. 

The sponsoring bank faces two main risk components, namely rollover risk and conduit wind down. The short 

maturity of ABCP allows the ABCP investors to liquidate their investment by not rolling over maturing paper if 

they believe the underlying assets are deteriorating. The bank then reissues ABCP, usually at a discounted price. 

The rollover risk is highly correlated within the financial sector. Therefore, the rollover risk increases in more 

stressed periods.  

If a sponsoring bank ever allows ABCP investors to fire-sale the commercial paper upon the default of the 

conduit, then it would lack the creditability to continue placing assets in any other conduits. Therefore, it is in 

the interest of the bank to promise to consolidate a conduit back into its balance sheet when the conduit’s assets 

deteriorate towards a wind down trigger. During the global financial crisis, banks actually suffered sizeable fire-

sale losses of conduit assets when they consolidated conduit assets back onto their balance sheets (Chen (2015), 

p. 7). 

Under the SA, liquidity facilities would be treated as follows under Basel II: Assuming that the liquidity facility 

qualifies as an eligible liquidity facility, then the bank may apply either a 20% Credit Conversion Factor (CCF) 

to the amount of the eligible liquidity facility with an original maturity of one year or less, or a 50% CCF if the 

facility has an original maturity of more than one year. However, if an external rating of the liquidity guarantee is 

used for risk-weighing the facility, then the bank must apply a CCF of 100%. 

Under the IRBA: If the liquidity facility is rated, the bank must apply the RBA to compute a risk weight (using 

the look-up table). If it is not rated, then the bank must use either the IAA or the SFA instead. In both cases, the 

liquidity facility will generally be subject to a 100% CCF. We will not go into further details regarding liquidity 

facilities under the IRBA due to the complexity of finding appropriate estimates for calculating risk weights using 

the SFA (also, no external rating of our fictive liquidity facility exists). 
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The conduit’s issued commercial paper has less than a year in maturity. If we assume that the liquidity facility 

also has a maturity less than one year and that it counts as an eligible liquidity facility, then it receives a credit 

conversion factor of 20% under the SA. Thus, the non-rated liquidity facility would be subject to a credit 

equivalent amount equal to $594𝑀 ∗ 20% = $118.8𝑀. This amount would then be risk-weighed according to 

the highest risk weight assigned to any of the underlying individual exposures covered by the facility (BCBS 

(2006), §576). For instance, if the most risky asset covered by the facility receives a 150% risk weight, then the 

RWA of the facility would be equal to $118.8𝑀 ∗ 150% = $178.2𝑀. 

Alternatively, a credit guarantee is considered equivalent to on-balance sheet financing because they expose banks 

to the same risk as assets on the balance sheet from a regulatory perspective (Acharya et al. (2012), p. 520). As 

such, credit guarantees receive a CCF of 100%. 

The ABCP conduit structure in Figure 8 allows the bank to enjoy some form of RCA.  The Basel II (and I) 

frameworks required the sponsoring bank to hold much less regulatory capital against the ABCP liquidity facility 

(CCF of 0% and 20% in Basel I and II respectively) compared to the regulatory capital it had to hold  when 

providing a credit guarantee (CCF of 100%) to the conduit assets. The favorable risk capital treatment, also 

referred to as the “ABCP exclusion”, permits the bank to save risk capital even in the scenario where the conduit 

assets were first held on the bank’s balance sheet. 

It should be noted that the Basel Committee proposed enhancements to the securitization framework in the 

BCBS (2009) document, as was previously mentioned. The BCBS (2009) document provides some changes 

concerning liquidity facilities in ABCP conduits. In the BCBS (2009) framework, the bank shall apply a 50% 

CCF to the eligible liquidity facility regardless of the maturity of the facility in order to be consistent with the CCF 

applied to long-term eligible liquidity facilities under the standardized approach. Thus, the 2009 revision narrows 

the gap between liquidity facilities and credit guarantees, making liquidity facilities less favorable. As we 

understand it, no significant changes were made to the treatment of ABCP conduits going from BCBS (2009) to 

Basel III. 

5.3. Basel III 

This section is divided into four subsections, the purpose of each of these being: 

- Section 5.3.1: The purpose of this section is to demonstrate how capital requirements for both the Ares 

IIIR/IVR and the ABS CLO are computed using the different approaches of Basel III. 

- Section 5.3.2: The purpose of this section is to analyze the supervisory parameter, 𝑝, of the Simplified 

Supervisory Formula (SSF). 

- Section 5.3.3: The purpose of this section is to discuss and analyze the “cap-rules” that specify the 

maximum capital requirements for securitizations. 
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- Section 5.3.4: The purpose of this section is to evaluate each of the approaches utilized in Section 5.3.1 

according to the four evaluation criteria that were mentioned in the beginning of Section 5. 

- Section 5.3.5: The purpose of this section is to discuss if and how Basel III has overcome the 

shortcomings of Basel II as presented in Section 5.2.4. 

5.3.1. Models for Computing RWA 

The revised Basel III securitization framework consists of three different approaches for computing regulatory 

capital requirements for securitization exposures. These are (in hierarchical order, starting with the top of the 

hierarchy): The SEC-IRBA (Internal Ratings-Based Approach), the SEC-ERBA (External Ratings-Based 

Approach), and the SEC-SA (Standardized Approach). 

The order is hierarchal in the following sense: If a bank has supervisory approval and is able to compute the 

𝐾𝐼𝑅𝐵 parameter that was previously discussed thoroughly in Section 5.2.1.2.2.1, the bank must use the SEC-

IRBA. If this is not the case, and given that a valid external credit assessment of the securitization exposure exists, 

the bank must use the SEC-ERBA. If neither of these conditions are met, and assuming that valid external credit 

assessments of the exposures underlying the securitized pool exist, the bank must apply the SEC-SA. In the case 

where the bank is unable to apply either of these three approaches, the securitization exposure will receive a risk 

weight of 1,250%. 

The Internal Assessment Approach (IAA) is also included in the framework as a separate approach that allows 

banks to perform their own internal evaluation of the credit quality of securitization exposures extended to ABCP 

programs. As the individual banks have to come up with their own internal models within this approach, we will 

not be examining how the IAA might be utilized. 

In the case of resecuritization exposures, only the SEC-SA may be applied (with a few minor adjustments that 

generally lead to more conservative risk weights). 

For both the SEC-ERBA and the SEC-IRBA, a relevant tranche maturity parameter, 𝑀𝑇, must be computed in 

addition to the effective maturity of the underlying, 𝑀, which is similar to the one that was used in Basel II (i.e. 

𝑀 = 2.5). At the banks’ discretion, 𝑀𝑇 can be computed by either of the following two formulae (BCBS (2014) 

§ 22): 

𝑀𝑇 = 𝑚𝑎𝑥 (1,𝑚𝑖𝑛 (
∑ (𝑡𝐶𝐹𝑡)𝑡

∑ 𝐶𝐹𝑡𝑡
, 5)) ∨  𝑀𝑇 = 𝑚𝑎𝑥 (1,𝑚𝑖𝑛(1 + 0.8(𝑀𝐿 − 1), 5), 

where 𝐶𝐹𝑡 denotes the cash flows contractually payable by the borrower in period 𝑡 and 𝑀𝐿 is the final legal 

maturity of the tranche. As we do not have detailed information regarding the specific cash flows of the Ares 

IIIR/IVR CLO, we will opt to use the legal maturity of the tranches to compute 𝑀𝑇. As each of the CLO’s 

tranches have a lifespan of 𝑀𝐿 = 2021 − 2008 = 13 years, 𝑀𝑇 is equal to 5 for all of the tranches. 
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For all three approaches, any securitization fulfilling the previously mentioned STC criteria will be subject to a 

risk weight floor of 10% and 15% for senior and non-senior tranches respectively. For non-STC securitizations, 

the risk weight floors for each of the approaches will be specified in the relevant sections. 

As was the case for Basel II, Basel III also includes a capital requirement cap for securitization exposures that is 

based on the capital requirement of the underlying pool. We will attempt to decipher the meaning of this rule, 

how it should be enforced, and the problematic implications this has on the risk-weighing approaches in Section 

5.3.3. 

The aggregated capital charges from the different risk weight tables throughout this section are computed under 

the assumption that 𝑃𝑘 = 1 for 𝑘 = 1, . . , 𝐾 (as was the case for Basel II). 

In the following subsections, each of the three approaches will be discussed more thoroughly, and relevant risk 

weights for the Ares IIIR/IVR and the ABS CLO will be computed. 

5.3.1.1. SEC-SA (Standardized Approach) – Securitization Exposures 

At the lowest position in the hierarchy of approaches under the Basel III framework, the SEC-SA is generally 

also the most conservative when it comes to regulatory capital requirements. The approach utilizes several risk 

parameters, including 1) the 𝐾𝑆𝐴, which is the capital charge had the underlying exposures not been securitized 

according to the SA of the Basel II framework, 2) the ratio of delinquent underlying exposures to total underlying 

exposures in the pool, 𝑊, 3) tranche attachment and detachment points, 𝐴𝑘 and 𝐷𝑘 respectively, and 4) a 

supervisory parameter, 𝑝. As such, the SEC-SA is far more sophisticated and sensitive to the underlying risk than 

its Basel II counterpart. 

The most challenging task when it comes to implementing this approach is computing the relevant 𝐾𝑆𝐴, the 

interpretation of which can be compared to that of 𝐾𝐼𝑅𝐵 in the Supervisory Formula Approach of the Basel II 

framework. Essentially, 𝐾𝑆𝐴 is the capital requirement that would be assigned to the underlying pool was it not 

securitized according to the Standardized Approach of Basel II
6

. For corporate exposures, each loan of the pool 

is assigned a risk weight according to the following table (see BCBS (2006) § 66): 

Table 14 – Look-up table for Corporate Exposures under the SA (Basel II) 

Claims on Corporates 

Credit Assessment AAA to AA- A+ to A- BBB+ to BB- Below BB- Unrated 

Risk Weight 20% 50% 100% 150% 100% 

𝐾𝑆𝐴 is then the weighted-average of these risk weights (taking the notional value of each of the exposures into 

account) multiplied by 0.08. The value 𝑊 expresses the ratio of the sum of the nominal amount of delinquent 

underlying exposures to the nominal amount of underlying exposures. Taking the delinquent status of the 

                                                      
6

 The methodology for computing 𝐾𝑆𝐴 is thoroughly explained in the BCBS (2006) document on the pages 19-51. 
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underlying exposures into account increases the risk sensitivity of the model. For instance, you could imagine 

that some of the subprime mortgages that were securitized leading up to the Financial Crisis of 2007 had 

delinquent status. This negative impact on the credit risk was not explicitly taken into account under the Basel II 

framework. We assume that the value of 𝑊 is zero in the cases of both the Ares IIIR/IVR and the ABS CLO. 

Using 𝐾𝑆𝐴 and 𝑊, we are able to compute 𝐾𝐴: 

𝐾𝐴 = 𝐾𝑆𝐴(1 −𝑊) + 0.5𝑊, 

meaning 𝐾𝑆𝐴 = 𝐾𝐴 in both of our cases. We are now able to compute 𝐾𝑆𝑆𝐹𝐴(𝐾𝐴),𝑘, which is the capital 

requirement per unit of the securitization exposure for each tranche, 𝑘 (SSFA is an acronym for Simplified 

Supervisory Formula Approach).  Similar to the Supervisory Formula that was described in Section 5.2.1.2.2, 

the SSF distributes capital across tranches according to a capital requirement parameter of the underlying assets 

were they not securitized. In the case of the SEC-SA, that parameter is 𝐾𝐴. 

The SSF uses a simple exponential smoothing function that allocates more capital to mezzanine than to senior 

tranches (Duponcheele et al. (2014a), p. 7). That is, the SSF is not based on the ULP model (as was the case for 

the SF) – neither is it based on a strict loss prioritization model. The SSF is specified as (𝑘 denotes tranches): 

𝐾𝑆𝑆𝐹𝐴(𝐾𝐴),𝑘 =
𝑒𝑎𝑘∗𝑢𝑘 − 𝑒𝑎𝑘∗𝑙𝑘

𝑎𝑘(𝑢𝑘 − 𝑙𝑘)
, 

where 

𝑎𝑘 =
−1

𝑝 ∗ 𝐾𝐴
 

𝑢𝑘 = 𝐷𝑘 − 𝐾𝐴 

𝑙𝑘 = max(𝐴𝑘 − 𝐾𝐴, 0). 

The risk weights of the individual tranches are then computed as: 

𝑅𝑊𝑘 = max

(

 0.15,

{
 

 
12.5                                                                                                       𝑤ℎ𝑒𝑛 𝐷𝑘 ≤ 𝐾𝐴
12.5𝐾𝑆𝑆𝐹𝐴(𝐾𝐴),𝑘                                                                                   𝑤ℎ𝑒𝑛 𝐴𝑘 ≥ 𝐾𝐴

[12.5 (
𝐾𝐴 − 𝐴𝑘
𝐷𝑘 − 𝐴𝑘

)] + [12.5𝐾𝑆𝑆𝐹𝐴(𝐾𝐴),𝑘 (
𝐷𝑘 − 𝐾𝐴
𝐷𝑘 − 𝐴𝑘

)]         𝑤ℎ𝑒𝑛 𝐴𝑘 < 𝐾𝐴 < 𝐷𝑘)

 . 

The supervisory parameter, 𝑝, is set to 1 for all non-STC tranches of securitization exposures in the SEC-SA. 

For STC-securitizations treated under the SEC-SA, 𝑝 is set to 0.5 (a lower 𝑝 reduces capital requirements). In 

Section 5.3.2, we will explore the impact that the value of this supervisory parameter has on capital allocation. 

The computed risk weights for the Ares IIIR/IVR CLO can be seen in the following table: 
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Table 15 – Risk weights for the Ares IIIR/IVR CLO under the SEC-SA (Basel III) 

SEC-SA (Standardized Approach) 

Ares IIIR/IVR CLO | 𝑲𝑨 = 10.87% | W = 0 

Tranche Name A1 A2 B C D E Equity 

Tranche Rating (S&P) AAA AAA AA A BBB BB Non-rated 

𝑅𝑊𝑘 35.78% 35.78% 311.90% 541.65% 894.88% 1231.41% 1250% 

∑𝐶𝐶𝑖

𝐾

𝑖=1

 21.74% 

The table exhibits a very smooth risk weight transition from each of the tranches. It may of course be due to the 

composition of the particular CLO, but the level of cliff-effect produced by the SSF seems to be insignificant 

according to this table. In addition, the risk weights are generally higher than those of the Basel II SA – especially 

so for the lower-rated tranches of the CLO. 

5.3.1.2. SEC-SA (Standardized Approach) – Resecuritization Exposures 

As was previously mentioned, the SEC-SA approach must be applied to resecuritization exposures in the Basel 

III framework. The methodology is nearly identical to what has been described thus far. The only major 

differences are that the supervisory parameter, 𝑝, is set to 1.5 rather than 1, delinquencies, 𝑊, are always set to 

zero for any securitization exposures in the underlying pool, and 𝐾𝑆𝐴 is computed using the Basel II SA for 

securitizations. In addition to this, the risk weights for resecuritization exposures are subject to a floor of 100%. 

This means that even the most senior tranche of a CLO of ABS with a rating of AAA would at the very least 

receive a 100% risk weight. 

The ABS CLO consists of 100 BB-rated tranches, each of which must be assigned a risk weight of 350% under 

the Basel II SA – see Table 10. As such, 𝐾𝑆𝐴 = 𝐾𝐴 = 3.5 ∗ 0.08 = 0.28. 

The following table shows the computed risk weights for the ABS CLO for 𝛼 = 70% and different combinations 

of 𝑃𝐷𝑙𝑜𝑎𝑛𝑠 = {3%, 5%} and 𝐿𝐺𝐷𝑙𝑜𝑎𝑛𝑠 = {50%, 70%} (ℎ denotes the tranches of the ABS CLO):
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Table 16 – Risk weights for the ABS CLO under the SEC-SA  

Risk Weights - SEC-SA (Standardized Approach) 

ABS CLO | 𝜶 = 70% | N = 100 | 𝑲𝑨 = 28% | 𝑾 = 𝟎 | 𝒑 = 𝟏. 𝟓 

Tranche Name Tranche Rating 

𝑳𝑮𝑫𝒍𝒐𝒂𝒏𝒔 = 50% 𝑳𝑮𝑫𝒍𝒐𝒂𝒏𝒔 = 70% 

𝑷𝑫𝒍𝒐𝒂𝒏𝒔 = 3% 

 𝑷𝑫𝒕𝒓𝒂𝒏𝒄𝒉𝒆𝒔 = 0.064% 

𝑷𝑫𝒍𝒐𝒂𝒏𝒔 = 5%  

 𝑷𝑫𝒕𝒓𝒂𝒏𝒄𝒉𝒆𝒔= 0.295% 

𝑷𝑫𝒍𝒐𝒂𝒏𝒔= 3% 

 𝑷𝑫𝒕𝒓𝒂𝒏𝒄𝒉𝒆𝒔 = 0.420% 

𝑷𝑫𝒍𝒐𝒂𝒏𝒔 = 5% 

 𝑷𝑫𝒕𝒓𝒂𝒏𝒄𝒉𝒆𝒔= 2.847% 

𝑻𝒉 𝑨𝒉 𝑹𝑾𝒉 𝑻𝒉 𝑨𝒉 𝑹𝑾𝒉 𝑻𝒉 𝑨𝒉 𝑹𝑾𝒉 𝑻𝒉 𝑨𝒉 𝑹𝑾𝒉 

A Aaa 14.38% 85.62% 268.46% 1.11% 98.89% 228.11% 3.59% 96.41% 235.02% 0.21% 99.79% 225.68% 

B Aa 35.19% 50.43% 496.21% 17.28% 81.61% 285.94% 17.67% 78.74% 304.85% 5.15% 94.64% 240.70% 

C A 30.51% 19.92% 1043.04% 33.15% 48.46% 531.09% 26.10% 52.64% 517.78% 10.06% 84.58% 288.99% 

D Baa 12.27% 7.65% 1250.00% 20.41% 28.05% 988.86% 23.08% 29.56% 926.62% 19.65% 64.93% 414.38% 

E Ba 6.84% 0.81% 1250.00% 22.21% 5.84% 1250.00% 23.23% 6.33% 1248.46% 37.36% 27.57% 836.34% 

Equity Non-rated 0.81% 0.00% 1250.00% 5.84% 0.00% 1250.00% 6.33% 0.00% 1250.00% 27.57% 0.00% 1250.00% 

∑𝐶𝐶𝑖

𝐻

𝑖=1

 62.44% 62.44% 62.44% 62.44% 

Once again, the cliff-effects produced seem insignificant. However, what is interesting is that the risk weights assigned to the different tranches generally seem 

to become lower as we increase 𝑃𝐷𝑙𝑜𝑎𝑛𝑠 and 𝐿𝐺𝐷𝑙𝑜𝑎𝑛𝑠 respectively (holding the other constant). For example, the risk weight of tranche B decreases from 

496.21% to 285.94% going from 𝑃𝐷𝑙𝑜𝑎𝑛𝑠 = 3% to 𝑃𝐷𝑙𝑜𝑎𝑛𝑠 = 5% (holding 𝐿𝐺𝐷𝑙𝑜𝑎𝑛𝑠 constant at 50%). Intuitively, this might seem wrong. Nevertheless, it 

is simply a result of the shift occurring in the attachment/detachment points of the different tranches combined with the fact that the risk weights are driven 

exclusively by 𝐾𝐴 that is constant at 28% across the examples. Indeed, the total capital charge of the ABS CLO is equal to 62.44% for all parameter-

combinations. 

This is a nice feature of the SSF: A given securitization or resecuritization will always receive the same capital charge holding 𝐾𝐴 constant no matter how the 

product is structured with respect to attachment and detachment points. As more underlying exposure is shifted into the mezzanine and equity tranches, the 

risk weights of these tranches become accordingly lower in order to maintain the constant capital charge.
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5.3.1.3. SEC-ERBA (External Ratings-Based Approach) 

No longer at the top of the hierarchy of approaches, the SEC-ERBA assigns risk weights according to valid 

external credit assessments (made by an eligible ECAI, as specified in BCBS (2014) §71). While still taking into 

account tranche seniority and granularity of the underlying pool (as was the case in the equivalent Basel II 

approach), the SEC-ERBA expands on its predecessor by also taking into account tranche thickness and tranche 

maturity explicitly. The look-up table that is used for computing the relevant risk weights can be found in BCBS 

(2014) § 68. According to the Basel Committee, the granularity of the underlying pool is already taken adequately 

into account by external rating agencies, which is why it is not included in the look-up table. 

The look-up table in BCBS (2014) § 68 lists risk weights for tranche maturities of 1 and 5 years respectively. For 

tranche maturities between 1 and 5 years, one simply uses linear interpolation to get the relevant risk weight. For 

non-senior tranches, the tranche thickness is taken into account via the following formula: 

𝑅𝑊𝑛𝑜𝑛−𝑠𝑒𝑛𝑖𝑜𝑟 = 𝑅𝑊𝑓𝑟𝑜𝑚 𝑡𝑎𝑏𝑙𝑒,𝑚𝑎𝑡𝑢𝑟𝑖𝑡𝑦−𝑎𝑑𝑗𝑢𝑠𝑡𝑒𝑑[1 −min(𝑇𝑘 , 0.5)], 

where 𝑅𝑊𝑓𝑟𝑜𝑚 𝑡𝑎𝑏𝑙𝑒,𝑚𝑎𝑡𝑢𝑟𝑖𝑡𝑦−𝑎𝑑𝑗𝑢𝑠𝑡𝑒𝑑 is the maturity-adjusted risk weight from the look-up table. All of this 

gives us the following risk weights for the Ares IIIR/IVR CLO: 

Table 17 - Risk weights for the Ares IIIR/IVR CLO under the SEC-ERBA 

Risk-Weights – SEC-ERBA (External Ratings-Based Approach) 

Ares IIIR/IVR CLO - 𝑴𝑻 = 5 

Tranche Name A1 A2 B C D E Equity 

Seniority Senior Non-Senior 

Tranche Rating (S&P) AAA AAA AA A BBB BB Non-rated 

𝑅𝑊𝑘 20.00% 20.00% 112.80% 169.20% 294.50% 725.80% 1250.00% 

As expected, the risk weights are lower than those that were computed using the SEC-SA and significantly greater 

than those of the ERBA of the Basel II framework. 

STC-securitizations use a slightly less conservative look-up table than non-STC-securitizations under the SEC-

ERBA. 

5.3.1.4. SEC-IRBA (Internal Ratings-Based Approach) 

The SEC-IRBA takes a lot of the same input as the SFA in the Basel II framework. The capital allocation formula 

underlying the SEC-IRBA is the SSF, as presented in Section 5.3.1.1. In the case of the SEC-IRBA, 𝐾𝐴 is simply 

exchanged with 𝐾𝐼𝑅𝐵. 

The values of 𝐾𝐼𝑅𝐵 for the Ares IIIR/IVR CLO for all combinations of 𝑃𝐷 = {3%, 5%} and 𝐿𝐺𝐷 =

{50%, 70%} with 𝑀 = 2.5 were computed in Section 5.2.1.2.3. The methodology for computing 𝐾𝐼𝑅𝐵 and the 

actual values have not changed, and so we will not go over them again. In the same section, we also defined the 

effective number of exposures, 𝑁 (~147 in our case). 
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For the SEC-IRBA, the supervisory parameter, 𝑝, is computed as 

𝑝 = max(0.3, (𝐴 + 𝐵 (
1

𝑁
) + 𝐶 ∗ 𝐾𝐼𝑅𝐵 + 𝐷 ∗ 𝐿𝐺𝐷 + 𝐸 ∗ 𝑀𝑇)), 

where the values of 𝐴, 𝐵, 𝐶, 𝐷, and 𝐸 depend on the granularity and seniority of the tranche in question and can 

be found in the following look-up table (as seen in BCBS (2014) §56) - 𝑀𝑇 is equal to 5, as previously stated. 

Note that 𝐴 and 𝐷 are separate from 𝐴𝑘 and 𝐷𝑘, the latter being attachment and detachment points. 

Table 18 – Look-up table containing parameter values for calculating the supervisory parameter, p 

  A B C D E 

Wholesale 

Senior, Granular (𝑁 ≥ 25) 0 3.56 -1.85 0.55 0.07 

Senior, Non-Granular (𝑁 < 25) 0.11 2.61 -2.91 0.68 0.07 

Non-Senior, Granular (𝑁 ≥ 25) 0.16 2.87 -1.03 0.21 0.07 

Non-Senior, Non-Granular (𝑁 < 25) 0.22 2.35 -2.46 0.48 0.07 

Retail 
Senior 0 0 -7.48 0.71 0.24 

Non-Senior 0 0 -5.78 0.55 0.27 

We consider the two senior tranches of the Ares IIIR/IVR CLO as being wholesale, senior, and granular, and 

the rest of the tranches as being wholesale, non-senior, and granular (the bolded values in the table are used). 

This means that we will be using two different values of 𝑝 for each of the four combinations of 𝑃𝐷 and 𝐿𝐺𝐷 

depending on the specific tranche in question. 

For STC-securitizations, the parameter, 𝑝, is simply multiplied by 0.5 (while still being subject to a floor of 0.3). 

Table 19 shows the computed risk weights (𝑝𝑠 and 𝑝𝑛𝑠 denote the 𝑝 parameter for senior and non-senior 

tranches respectively): 
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Table 19 – Risk weights for the Ares IIIR/IVR CLO under the SEC-IRBA 

Considering that the SEC-SA is supposed to be the most conservative of the three approaches, it is surprising to 

see such high risk weights being generated using the SEC-IRBA, even for the lower estimates of 𝑃𝐷 = 3% and 

𝐿𝐺𝐷 = 50%. The fact that the estimated 𝐾𝐼𝑅𝐵 values are larger than the corresponding 𝐾𝐴 values of the SEC-

SA in all of the four cases is also odd. This might indicate that we are using too high estimates of 𝑃𝐷 and 𝐿𝐺𝐷 

compared to what the SEC-SA was calibrated with. On the other hand, 𝐾𝐴 and 𝐾𝐼𝑅𝐵 are not the only parameters 

affecting the capital requirements, and the results are thus not directly comparable. The 𝑝 values used in Table 

19 are all significantly lower than the 𝑝 = 1 that was used in the SEC-SA section. 

From the definition of 𝑅𝑊𝑘 (found in Section 5.3.1.1), it is obvious that tranches with 𝑇𝑘 + 𝐴𝑘 ≥ 𝐾𝐼𝑅𝐵 receive 

1,250% risk weights. However, we observe a far more smooth progression of capital requirements across tranches 

up to this point compared to the SFA (i.e. for 𝑇𝑘 + 𝐴𝑘 < 𝐾𝐼𝑅𝐵). The implication is that cliff-effects have been 

severely mitigated going from the SFA to the SSFA. 

Compared to the risk weights computed under the SFA (Table 12), the risk weights in Table 19 are generally 

greater. This is in accordance with our expectations, considering that Basel III is supposed to be more 

conservative with respect to regulatory capital requirements for securitizations. 

5.3.2. The Supervisory Parameter, 𝒑 

The SSF utilizes only a single supervisory parameter, 𝑝. According to Duponcheele et al. (2014a), p. 10, this 

parameter is incorporated in order to serve two important purposes:  

Risk Weights - SEC-IRBA (Internal Ratings-Based Approach) 

Ares IIIR/IVR CLO | 𝑵 = 147.09 | 𝑴𝑻 = 5 | 𝑴 = 2.5 

Tranche Name Tranche Rating 𝑻𝒌 𝑨𝒌 

Risk Weight 

LGD = 50% LGD = 70% 

PD = 3%  

𝒑𝒔 = 0.39 

𝒑𝒏𝒔 = 0.49 

PD = 5%  

𝒑𝒔 = 0.34 

𝒑𝒏𝒔 = 0.46 

PD = 3%  

𝒑𝒔 = 0.40 

𝒑𝒏𝒔 = 0.48 

PD = 5%  

𝒑𝒔 = 0.32 

𝒑𝒏𝒔 = 0.43 

A1 AAA 7.14% 29.10% 15.00% 15.00% 39.25% 66.17% 

A2 AAA 63.76% 29.10% 15.00% 15.00% 39.25% 66.17% 

B AA 6.00% 23.10% 214.02% 396.80% 616.21% 1003.37% 

C A 6.00% 17.10% 516.25% 856.45% 1114.29% 1250.00% 

D BBB 5.00% 12.10% 1084.22% 1249.69% 1250.00% 1250.00% 

E BB 4.50% 7.60% 1250.00% 1250.00% 1250.00% 1250.00% 

Equity Non-rated 7.60% 0.00% 1250.00% 1250.00% 1250.00% 1250.00% 

∑𝐶𝐶𝑖

𝐾

𝑖=1

 20.79% 23.97% 27.63% 31.67% 

𝐾𝐼𝑅𝐵 13.86% 16.96% 19.40% 23.74% 
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1) It should minimize the cliff-effects that were observed in the SFA by smoothing capital requirements 

across mezzanine tranches. 

2) It should determine how much greater the sum of capital charges for the securitization is compared to 

the capital requirements that the underlying assets would incur were they not securitized (i.e. the relative 

difference between 𝐾𝐴 or 𝐾𝐼𝑅𝐵 and ∑ 𝐶𝐶𝑖
𝐾
𝑖=1 ). 

We will now perform a numerical exploration of how the 𝑝 parameter impacts the allocation of capital for the 

Ares IIIR/IVR CLO using the SEC-SA. In the following figure, 𝐾𝐴 has been held constant at 10.87% (as 

indicated by the vertical purple line). The figure shows the capital allocation to the different tranches of the CLO 

using four different values of 𝑝: 

 

Figure 9 – Capital requirements under the SEC-SA for different p-values 

The figure shows how the SSFA allocates capital for four different values of p ranging from 0.1 to 1.5. The greater the value of p, the 

greater the amount of capital the bank needs to put aside in order invest in the mezzanine tranches. 

The higher the value of 𝑝, the more slowly capital requirements decrease as we move up in tranche seniority. 

We notice an almost linear decrease in capital allocation across mezzanine tranches for the values 𝑝 = 1 and 

𝑝 = 1.5. For 𝑝 = 0.1, capital requirements decrease rapidly, leading to higher cliff-effects. From Figure 10, it is 

understandable why Basel has chosen 𝑝 = 1 and 𝑝 = 1.5 for securitization and resecuritization exposures 

respectively in order to combat cliff-effects. As 𝑝 moves toward zero, the capital requirements for all tranches 

with attachment points above 𝐾𝐴 move toward the minimum level of 1.2% (a risk weight of 15%) – much like a 

strict loss prioritization. 

In the SEC-IRBA, the 𝑝 parameter is sensitive to several parameters of the underlying pool such as 𝐾𝐼𝑅𝐵 and 

𝐿𝐺𝐷. Recall the formula for 𝑝 = max (0.3, (𝐴 + 𝐵 (
1

𝑁
) + 𝐶 ∗ 𝐾𝐼𝑅𝐵 + 𝐷 ∗ 𝐿𝐺𝐷 + 𝐸 ∗ 𝑀𝑇)). The linear 

coefficient 𝐶 is always negative, and 𝐷 is always positive. We can say for sure that 𝑝 will decrease as 𝑃𝐷 and 𝑀 



  

74 

 

increase, as each of these changes will increase 𝐾𝐼𝑅𝐵. The impact on 𝑝 when changing 𝐿𝐺𝐷, however, is more 

complicated. 

Increasing 𝐿𝐺𝐷 will obviously result in a larger 𝐷 ∗ 𝐿𝐺𝐷 term. On the other hand, a larger 𝐿𝐺𝐷 will result in a 

larger 𝐾𝐼𝑅𝐵, which means that the 𝐶 ∗ 𝐾𝐼𝑅𝐵 term will be smaller (a larger negative number). The effect on 𝑝 of 

changing 𝐿𝐺𝐷 is thus difficult to predict, as the size of the two changes depend on several parameters, hereunder 

the values of 𝐶, 𝐷, 𝑃𝐷, and 𝑀. 

Finally, we explore how the choice of 𝑝 relates to the sum of capital charges: 

Table 20 - ∑ 𝐶𝐶𝑖
𝐾
𝑖=1  for the Ares IIIR/IVR CLO for different values of 𝑝  

𝒑 0.1 0.5 1.0 1.5 

∑𝐶𝐶𝑖

𝐾

𝑖=1

 12.95% 16.97% 21.74% 27.11% 

𝐾𝑆𝐴 10.87% 

The table shows how an increase in 𝑝 significantly increases ∑ 𝐶𝐶𝑖
𝐾
𝑖=1 , which moves the approach further away 

from being capital neutral. Basel utilizes 𝑝 = 1 for securitization under SEC-SA, resulting in  

∑ 𝐶𝐶𝑖
𝐾
𝑖=1  being exactly twice as large as 𝐾𝑆𝐴. Therefore, the choice of 𝑝 does not inspire capital neutrality under 

the SEC-SA. 

5.3.3. Maximum Capital Requirements for Securitizations 

The notion of capital requirement “caps” for securitization exposures makes a return in the Basel III framework. 

The Basel Committee explains that the aim of these caps are to promote consistency with the underlying IRB 

framework and to not disincentivize securitizations of low credit risk exposures (BCBS (2014), p. 5). While the 

documentation regarding these caps is more comprehensive for Basel III compared to Basel II, we still find the 

rule to be problematic
7

. This section is dedicated to discussing these caps. We will attempt to explain how we 

understand them and why we believe they are problematic. 

Firstly, the rule regarding capital requirement caps does not apply to resecuritization exposures. Basel defines 

𝐾𝑃 as the capital charge for the underlying pool of assets (including the expected loss portion and the scaling 

factor of 1.06 in the case of the SEC-IRBA). Thus, for securitization exposures treated under the SEC-IRBA we 

have 𝐾𝑃 = 𝐾𝐼𝑅𝐵. For securitization exposures treated under either the SEC-SA or the SEC-ERBA, 𝐾𝑃 is equal 

to the exposure weighted-average risk weight of the underlying pool as computed by the SA of Basel II. This is 

essentially 𝐾𝑃 = 𝐾𝑆𝐴, where 𝐾𝑆𝐴 is specified in Section 5.3.1.1. 

                                                      
7

 For Basel III, the relevant paragraphs can be found in §§ 88-93 of the BCBS (2014) document. 
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Let 𝑃𝑘 denote the proportion of securitization exposure that the bank holds in tranche 𝑘 (computed as the 

nominal value of the bank’s exposure to tranche 𝑘 divided by the nominal value of tranche 𝑘). The maximum 

aggregated capital requirement for a bank’s exposure to a given securitization is then equal to 𝐾𝑃𝑃. Basel defines 

𝑃 as “[…] the maximum proportion of interest across tranches, […]” where the proportion of interest of the 

individual tranches are equal to 𝑃𝑘 (BCBS (2014), p. 28). We find this definition to be somewhat vague. Our 

interpretation, however, is that 𝑃 is equal to the largest observed value of 𝑃𝑘, i.e. 𝑃 = 𝑚𝑎𝑥 (𝑃𝑘). This implies 

0 ≤ 𝑃 ≤ 1. 

Furthermore, Basel III also incorporates a maximum risk weight for senior exposures equal to 12.5𝐾𝑃. In 

essence, this means that senior exposures are able to receive risk weights below the usual floor of 15% in cases 

where the underlying pool consists of extremely safe assets (𝐾𝑃 would have to be less than 0.15 ∗ 0.08 = 1.2% 

for this rule to come into effect). 

Using the SEC-IRBA, Table 20 gives an example of a bank that holds interest in the Ares IIIR/IVR CLO such 

that its aggregated capital charge (i.e. ∑ 𝐶𝐶𝑖
𝐾
𝑖=1 = ∑ 𝐶𝑎𝑝𝑖𝑡𝑎𝑙 𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑚𝑒𝑛𝑡𝑖 ∗ 𝑇𝑖 ∗ 𝑃𝑖

𝐾
𝑖=1 ) is exactly equal to the 

capital requirement cap (i.e. 𝑚𝑎𝑥(𝑃𝑘)𝐾𝑃): 

Table 21 – Maximum capital requirements under the SEC-IRBA 
A bank holding interest in the Ares IIIR/IVR CLO such that its aggregated capital charge is exactly equal to the capital requirement cap 

using the SEC-IRBA for risk-weighing purposes. 

Maximum Capital Requirements - SEC-IRBA (Internal Ratings-Based Approach) 

Ares IIIR/IVR CLO 

N = 147.09 | 𝑴𝑻 = 5 | M = 2.5 | LGD = 50% | PD = 3% | 𝑲𝑰𝑹𝑩 = 13.86% 

Tranche Name 𝑻𝒌 𝑷𝒌 𝑪𝒂𝒑𝒊𝒕𝒂𝒍 𝑹𝒆𝒒𝒖𝒊𝒓𝒆𝒎𝒆𝒏𝒕𝒌 𝑪𝒂𝒑𝒊𝒕𝒂𝒍 𝑪𝒉𝒂𝒓𝒈𝒆𝒌 

A1 7.14% 0.00% 1.20% 0.00% 

A2 63.76% 0.00% 1.20% 0.00% 

B 6.00% 0.00% 17.12% 0.00% 

C 6.00% 0.00% 41.30% 0.00% 

D 5.00% 40.58% 86.74% 1.76% 

E 4.50% 100.00% 100.00% 4.50% 

Equity 7.60% 100.00% 100.00% 7.60% 

Total Capital Charge Post-Securitization (∑ 𝐶𝐶𝑖
𝐾
𝑖=1 ) 13.86% 

Maximum Aggregated Capital Requirement (𝑚𝑎𝑥(𝑃𝑘)𝐾𝑃) 13.86% 

Note that it would be possible to reach this state of equilibrium using other combinations of 𝑃𝑘. Despite only 

holding ∑ 𝑇𝑖𝑃𝑖
𝐾
𝑖=1 = 14.13% of the notional amount of the CLO, the bank is already at the point from which 

the capital requirement cap will go into effect. For the bank, any interest in the CLO beyond what is already 

specified by the table will in effect be capital-free in the sense that it will not incur any extra capital requirements. 

We find this rule to be problematic as it essentially incentivizes banks to invest more in individual securitizations 

rather than spreading their investments out over multiple securitizations. Why should banks be rewarded for 
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forgoing the potential diversification benefits that might be associated with investing in multiple securitizations 

rather than just a few? This argument obviously rests on the assumption that such diversification benefits are 

actually possible to achieve. We will be taking a closer look at this argumentation in Section 7. 

The problematic nature of the cap-rule is further enhanced when combined with the newly proposed STC 

criteria. One of these criteria refers to the homogeneity of the underlying assets. A pool of assets with a high level 

of homogeneity must, ceteris paribus, be less diversified than a heterogeneous pool of assets. From a 

macroprudential point of view, it is problematic that banks are incentivized to invest a lot in a few securitizations 

with highly homogenous pools of assets. A bold argument is that the current regulation actually disincentivizes 

the idea of diversification when it comes to banks investing in securitizations. Note that we do not find the STC 

criteria to be problematic when evaluated based on their own merits. The problematic incentives related to the 

maximum cap-rule are simply amplified when combined with the STC criterion of homogeneity. 

Another important point to make is that the reason why these caps are needed in the first place is that the SSFA 

(and the SFA in the case of Basel II) spreads out more capital across the tranches than what is specified by 𝐾𝑃 

(i.e. 𝐾𝐼𝑅𝐵 or 𝐾𝐴). The goal of this cap-rule appears to be to achieve capital neutrality for the different risk-weighing 

approaches. If this is the case, it might be better to rely on a model for distributing capital that is actually capital 

neutral rather than imposing somewhat arbitrary rules for maximum capital requirements. One such model is 

the Conservative Monotone Approach proposed by Duponcheele et al. (2014b). 

5.3.4. Evaluation of Basel III 

As Basel III can be seen merely as an amendment to Basel II, we have decided not to assign each approach its 

own evaluation-subsection. Instead, all three of Basel III’s approaches will be evaluated in this section. 

Objective Statistical Basis 

With respect to objective statistical basis, nothing has really changed going from the SFA to the SEC-IRBA, as 

they are both based on the exact same statistical measure for capital requirements, 𝐾𝐼𝑅𝐵. As such, capital 

requirements are still portfolio-invariant. The main difference between the two approaches is how capital is 

allocated across tranches (SF vs. SSF). 

The SEC-SA and SEC-ERBA rely heavily on external ratings, and their objective statistical basis therefore still 

depends entirely upon these institutions. 

The newly established STC-criteria that Basel III promotes is likely to make the pool’s underlying securitizations 

more in-line with the assumptions underlying the Vasicek model – specifically the simplicity criterion, which 

refers to the level of homogeneity of these pools. As a result of this, we believe that capital requirements are 

subject to less uncertainty for STC-securitizations compared to non-STC-securitizations due to the fact that the 

underlying assumptions of 𝐾𝑉 are more plausible for the former type. The fact that a smaller value of 𝑝 for STC-

securitizations is allowed under the SEC-IRBA indicates that the Basel Committee must share our belief. 
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Additionally, we also believe that STC-securitizations must be easier to analyze for rating agencies compared to 

non-STC-securitizations. Thus, ratings of the former type of securitization will probably be more reliable. 

Neutrality 

In accordance with the neutrality-criterion, the total capital requirement of a securitization should be equal to 

𝐾𝑈𝐿 and 𝐾𝑆𝐴 for the SEC-IRBA and the SEC-SA respectively. The SSFA includes a supervisory parameter, p, 

which serves as an add-on factor that forces the total capital of a securitization to be higher after securitizing the 

assets than if the underlying assets were held directly by the bank (BCBS (2014b), p. 13). 

On the other hand, the Basel Committee implements a form of capital neutrality by capping the aggregated 

capital requirements of the securitization to max(𝑃𝑘)𝐾𝑝. While essentially enforcing a form of capital neutrality 

in the case where a single bank holds the entire CLO (a case which we deem unrealistic), the rule entails other 

problems such as the concept of additional securitization exposure being “free” (in terms of capital requirements) 

once the bank hits the capital “breakpoint”. 

For both the SEC-SA and the SEC-IRBA, STC-securitizations use lower 𝑝-values, meaning that these types of 

securitizations will be closer to adhering to the capital-neutrality principle than non-STC-securitizations. 

As was the case for the RBA for securitizations in Basel II, there is no mechanism in place that ensures capital 

neutrality under the SEC-ERBA (beyond the “cap-rule”). 

Regulatory control 

Given that Basel II and Basel III utilize the same parameters as input for 𝐾𝐼𝑅𝐵, the regulators and supervisors 

have roughly the same ability to exert judgment on the parameter values for the SFA and the SEC-IRBA 

respectively. 

The same goes for the SEC-SA and the SEC-ERBA, where the primary regulatory control is the regulators’ 

ability to approve or disapprove external credit rating institutions. 

Transparency  

Comparing the SEC-IRBA with the SFA, the former is definitely more transparent. Firstly, the SEC-IRBA does 

not include the seemingly arbitrary parameter, 𝜔. Furthermore, the SSF does not include nearly as many terms 

as the SF, making it easier to comprehend and implement. In addition, we have not been able to identify the 

calibration method for the parameters 𝐴, 𝐵, 𝐶, 𝐷, and 𝐸 from the look-up table used to determine 𝑝. Therefore, 

the economic sense of these values may be questionable. 

One could argue that the transparency of the SEC-SA has been improved over its predecessor due to the fact 

that the ratings of the exposures underlying the securitization must be used to compute 𝐾𝐴. For the SA under 

Basel II, only the rating of the particular tranche was required. 
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There has occurred no major changes with respect to transparency from the RBA of Basel II and the SEC-

ERBA. 

5.3.5. Basel II vs. Basel III 

The purpose of this section is to evaluate whether or not the Basel III framework has succeeded in resolving the 

shortcomings that were identified in Section 5.2.4. We will now go over each of the points. 

i) Mechanistic reliance on external ratings. 

Reworking the structure of the hierarchy of approaches by assigning the SEC-ERBA a lower hierarchal position 

than the SEC-IRBA strongly undermines the importance of the rating agencies. Greater emphasis is now put on 

the banks’ ability to measure the risk of their own securitization exposures using the SEC-IRBA. The fact that 

tranche thickness and maturity is now explicitly taken into account using the SEC-ERBA further undermines the 

authority of the rating agencies (even though one would think that the rating agencies would already incorporate 

these factors into the assigned ratings). 

These changes are not entirely riskless, however, as there are no guarantees that the banks will do a better job 

than the rating agencies at accurately measuring credit risk exposure. 

ii) Excessively low risk weights for high-rated securitization exposures and excessively high risk weights 

for low-rated senior securitization exposures 

As we do not have any data regarding lowly rated senior tranches, we cannot comment on the latter of the 

statements based on our results alone. However, our results indicate that highly rated securitization exposures 

generally no longer receive excessively low risk weights. All of the senior tranches in the examples that we have 

conducted have received higher risk weights under the Basel III framework compared to the Basel II framework. 

The risk weight floor under Basel III is 15% for all of its three approaches, whereas it was 7%, 7%, and 20% for 

the SFA, the RBA, and the SA respectively under Basel II. As such, we would argue that the risk weight floor is 

no longer excessively low under Basel III (as it has more than doubled from the two most advanced approaches 

of Basel II). 

iii) Cliff-effects 

Recall that cliff-effects were drastic risk weight increments from one mezzanine tranche to the next one in the 

hierarchy of subordination (e.g. tranche B and C in the Ares IIIR/IVR CLO). The largest cliff-effect that we 

observed using the SFA from the Basel II framework was of a factor of approximately 19 (for the Ares IIIR/IVR 

CLO using 𝑃𝐷 = 5% and 𝐿𝐺𝐷 = 50%, the risk weight of tranche C was 19 times larger than the risk weight of 

tranche B – see Table 12). This undesirable feature is far less prominent in the reworked Basel III setting: 

In the case of the SEC-SA, the highest observed cliff-effects according to our results are equal to factors of 

approximately 1.7 and 2.1 for the Ares IIIR/IVR CLO and the ABS CLO respectively (see Tables 15 & 16) 
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In the case of the SEC-IRBA, the largest observed cliff-effect is equal to a factor of approximately 2.4 (see Table 

19). 

As such, the efforts put into mitigating cliff-effects by the Basel Committee seems to have paid off, as the relative 

difference in risk weights of the mezzanine tranches does not appear to be too drastic according to our results. 

This also indicates that the Basel values of the 𝑝 parameter of the SSFA have been well-calibrated, as one of the 

objectives of this parameter was to mitigate cliff-effects. 

Note that we do not consider the concept of cliff-effects when it comes to the SEC-ERBA as it is simply based 

on a look-up table calibrated by the Basel Committee. 

iv) Insufficient risk sensitivity of the framework 

It is probably most fair to compare each of the Basel III approaches with their Basel II counterparts. An 

important detail regarding the criteria by which we evaluate the different approaches: It is not just the current 

quality of the approach that is relevant – the amount by which it has been improved from its Basel II version is 

equally important. 

The SEC-SA has been greatly enhanced compared to the SA of the Basel II framework. Rather than the risk 

weights being based simply on a look-up table and a credit rating of the securitization product itself, the SEC-SA 

takes into account tranche thickness, attachment and detachment points, the rating of (and thus the capital 

requirements of) the individual claims (i.e. 𝐾𝐴), as well as the ratio of delinquent assets of the underlying pool. 

As such, the sophistication and risk sensitivity of this approach has been immensely improved from its Basel II 

version. Considering this approach-refinement and the fact that the SEC-SA is the lowest approach in the Basel 

III hierarchy, one could say that the bar has been raised significantly when it comes to the risk sensitivity of the 

framework. 

In regards to the SEC-ERBA compared to its Basel II counterpart (i.e. the RBA), nothing too drastic has 

changed. As was the case for the RBA, the SEC-ERBA also takes into account tranche seniority and the 

granularity of the underlying pool. However, the SEC-ERBA also includes tranche maturity and thickness in its 

considerations. As such, one might argue that its risk-sensitivity has been somewhat improved. 

With respect to the SEC-IRBA, capital charges are still fundamentally based on 𝐾𝐼𝑅𝐵 and, by implication, on the 

Vasicek model. The main difference between the SEC-IRBA and the SFA is how capital is allocated across 

tranches. It seems like the SEC-IRBA simply generates higher capital requirements than the SFA for a given 

CLO by using a different model for allocating capital across tranches. Furthermore, the existing bank portfolio 

is still not taken into account when determining capital requirements. We will explore the concept of portfolio-

dependency in relation to capital requirements in Section 7. 
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v) Bifurcated System 

While technically not an issue that the Basel Committee has even recognized or actively attempted to mitigate, 

the notion that the Basel framework promotes a bifurcated system by allowing/disallowing certain banks to use 

different risk weighing approaches was mentioned as a criticism by Calem and Follain (2007). This “bifurcated 

system” is obviously still in place, and it is very difficult, if not impossible, to overcome without turning the system 

into a “one-size-fits-all” approach where all banks are obliged to apply the exact same methodology, a solution 

which would definitely also be criticizable. 

However, we argue that the level of bifurcation is far less prominent in the Basel III framework compared to 

Basel II. This argument is based on the fact that the three new approaches are far more aligned in terms of risk 

sensitivity and sophistication than the approaches of Basel II were. As such, any advantage/disadvantage that 

banks may or may not have had when it came to the risk weights of their credit exposure due to differences in 

risk weighing approaches is most likely far less prominent under the Basel III framework. In other words, the 

“gap” between approaches has been reduced due to the baseline approach being greatly enhanced. 

vi) Procyclicality 

As previously mentioned, Basel III introduced a countercyclical buffer for the main purpose of mitigating the 

issue of procyclicality. This buffer aims to influence the capital structure of banks throughout the different 

financial cycles. We acknowledge the potentially great mitigative effects that this buffer may have on 

procyclicality. 

Beyond this buffer, only slight changes were made to the risk weighing approaches when it comes to dealing with 

procyclicality. We would argue that mitigated cliff-effects are helpful in combating procyclicality. Reduced cliff-

effects mean that fluctuations in capital requirements of mezzanine tranches are not as dramatic as before. 

In the next section, we will investigate the extent of the issue of procyclicality as well as potential amendments 

that directly affect the capital requirements for securitizations that banks are charged with. 

6. Procyclicality 

The main purpose of this section is to investigate the issue of procyclicality under Basel II and III as well as 

potential mitigative solutions. 

Several academics and practitioners have pointed out the potentially problematic procyclical tendencies of the 

Basel II framework. These studies include Kashyap & Stein (2004), Gordy & Howells (2006), and Repulla & 

Suarez (2012). The driving factors for capital requirements under Basel II and III are expected and unexpected 

losses. As both of these factors are responsive to changes in borrower default risk, we expect that capital 

requirements will tend to increase as the economy falls into recession and decrease as the economy enters an 

expansion. 
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From a macroprudential perspective, banks’ lending possibilities will worsen in times of recession, while their 

regulatory capital requirements will increase (due to increased loan defaults). This makes it difficult for banks to 

raise sufficient new capital in order to comply with the increased capital requirements. The initial downturn of 

the economy might therefore amplify itself leading to even worse states of the economy. This is precisely the 

issue of procyclicality. From a microprudential perspective, relaxing capital requirements during a recession in 

order to alleviate the issue of procyclicality may have the consequence of increasing the probability of bank failure 

due to higher loan default probabilities (as pointed out by Repullo & Suarez (2012)). As such, mitigating 

procyclicality is a non-trivial problem, and one must consider the economic trade-offs when looking for a 

solution. 

It is worth mentioning that the Basel I framework completely avoids the issue of procyclicality, as Basel I capital 

requirements are constant and thus non-responsive to borrower default risk. However, one could make the 

argument that issues of procyclicality are far less severe than the previously described consequences of the risk 

insensitivity of the Basel I framework. As such, we find that it is more appropriate to investigate mitigative 

measures for dampening procyclicality that do not involve regressing to Basel I-style capital requirements. 

A quick note regarding procyclicality in Basel II versus Basel III: Even though the driving factors for capital 

requirements are the same in Basel II and Basel III, the latter introduced the countercyclical capital buffer. Its 

main purpose is to strengthen banks’ defenses against the build-up for systemic vulnerabilities (Drehmann & 

Tsatsaronis (2014), p. 1). In essence, it is supposed to protect banks from the effect of the business cycle by 

boosting capital in periods when aggregate vulnerabilities are building up. Buffers accumulated in good times can 

then be released in bad times, helping to absorb losses. The intention is clear: to mitigate procyclicality. However, 

the CCB does not change the methodologies employed for computing regulatory capital requirements for 

securitizations. Rather, it alters the funding structure of banks in different periods of the business cycle. This 

section will primarily deal with potential solutions that explicitly modify the methodology for computing capital 

requirements for securitization exposures. 

In order to perform an investigation of the procyclical nature of Basel II and III, we will be implementing a 

modified version of the simulation engine described in the excellent 2006 paper by Gordy & Howells (see Gordy 

& Howells (2006)). For the sake of consistency, we will once again base our analysis on the previously described 

Ares IIIR/IVR CLO. The simulation engine allows us to simulate the evolution of several fictitious CLOs whose 

properties are based on the Ares IIIR/IVR CLO. Each of these CLOs can be thought of as stemming from 

different sectors of the economy. Specifically, this will allow us to examine how the capital requirements for these 

structured products will change over time. This also means that we are able to gauge the effectiveness of the 

different procyclicality-dampening solutions that we will be looking at. In addition to this, our simulation results 

will enable us to demonstrate the difference in capital requirements over time between the Basel II and III 

framework visually. The simulation engine will be explained more thoroughly in the next subsection. 
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The tranches of the Ares IIIR/IVR CLO has a legal maturity of 13 years. Simulating the CLOs over such a short 

timespan may not give a holistic view of the issue of procyclicality. Instead, we will be simulating the CLOs under 

the assumption that they are “evergreen” in the sense that the underlying pools of loans are renewed at the end 

of each period in the case of maturity or default. Specifically, defaulted or matured loans are replaced at the end 

of each period such that the number of non-defaulted loans of each of the CLOs at the beginning of each period 

is equal to the original number of loans. For the sake of simplicity, we will set the maturity of the secured notes 

and the subordinated loan equal to exactly one period. At the beginning of each period (when the tranches have 

matured), new tranche notes with maturity of one period are once again issued. This cycle is repeated indefinitely. 

Note that the maturities of the loans underlying the different pools are thus allowed to be greater than the maturity 

of the tranches. Additionally, all of the loans are assumed to have equal exposure size. 

Consequentially, this setup requires that the CLO managers are always able to acquire new loans and find new 

investors at the beginning of each period (i.e. no rollover risk). The reinvestment strategy for replacing matured 

or defaulted loans will be explained in a later section. Additionally, none of the pool-renewals or the reissuance 

of tranches will affect the structure of the CLOs with respect to tranche thickness and attachment/detachment 

points. In effect, this means that we will be able to simulate the capital requirements for each of the CLOs for an 

indefinite amount of time (we will be conducting our analysis over the interval of 100 years). 

We will be using the Supervisory Formula approach (Basel II) and the SEC-IRBA (Basel III) respectively for 

computing capital requirements. One might argue that we should be looking at the External Ratings-Based 

Approach (ERBA) for Basel II, as it was at the top of the hierarchy of approaches. However, the SFA and the 

SEC-IRBA are far more closely related and interesting in our opinion, hence our choices. 

The main difference between our approach and that of Gordy and Howells is that they used the simulation 

engine to generate bank portfolios and capital requirements. We expand this approach by instead generating 

securitizations and capital requirements for these. 

For all computations of capital requirements, we will be using an 𝐿𝐺𝐷 parameter of 0.5 (as we have previously 

done). As always, we will also be using 𝑞 = 99.9% for these computations (as specified by Basel II and III). 

6.1. Simulation Engine 

The simulation engine is far more complex than anything we have previously implemented in the thesis. We 

have enclosed our implementation in R – see Appendix B (the code contains everything that is done throughout 

this section). The basic idea is to simulate the evolution of the underlying loans of each of the different CLOs 

according to certain modelling assumptions and reinvestment strategies. Essentially, we track the rating and 

maturity of these loans throughout time. At each point in time, we replace matured or defaulted loans with fresh 

loans depending on the reinvestment strategy employed. This allows us to compute capital requirements 

throughout time for CLOs of different sectors. 
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Specifically, we track 𝐼 = 90 CLOs each consisting of 𝐽 = 475 loans over 𝑇 = 100 years. Note that we also have 

a 40-year burn-in period preceding these 100 years to dilute sensitivity of our results to initial portfolio conditions. 

For future reference, 𝑡 = 0 will refer to the final year of the burn period (such that 𝑡 = 1 is the first of the 100 

years and 𝑡 = −39 is the first year of the burn-in period). The rating of the individual loans are governed by a 

single-factor CreditMetrics model. The dependence across borrower defaults in this model resembles that of 

Hull and White (2010), which we employed for simulating the fractional loss distribution of the fictitious ABS 

CLO, described in Section 3.2. 

Each of the 90 CLOs is thought of as belonging to a specific sector (you could think of it as different geographic 

regions). Each of the loans underlying a specific CLO share a common systematic risk factor. The performance 

of borrower 𝑗 in sector 𝑖 at time 𝑡, 𝑅𝑗,𝑖,𝑡, which can be thought of as a standardized return on the assets of that 

particular borrower, is then given as 

𝑅𝑗,𝑖,𝑡 = 𝑋𝑖,𝑡√𝜌 + 𝜖𝑗,𝑖,𝑡√1− 𝜌, 

where 𝑋𝑖,𝑡 is the sector risk factor which can be decomposed as 

𝑋𝑖,𝑡 = √𝛽𝑖𝑋𝑡
∗ + 𝑢𝑖,𝑡√1− 𝛽𝑖. 

𝑋𝑡
∗ is a univariate risk factor representing the overall macroeconomy, 𝑢𝑖,𝑡 is a sector-specific risk factor, and 𝛽𝑖 ∈

[0,1] determines the strength of dependence across sectors such that √𝛽𝑖 = 𝑐𝑜𝑟𝑟(𝑋𝑡
∗, 𝑋𝑖,𝑡). The 𝑋𝑖,𝑡 are 

standard normally distributed and serially independent, and the 𝜖𝑗,𝑖,𝑡 are i.i.d. standard normal. 𝜌 is the asset-

correlation parameter. In this particular instance, however, we will hold 𝜌 constant at 0.18 in order to avoid 

unnecessary simulation noise. Holding 𝜌 constant may increase the procyclicality of our results, as an increase 

in 𝑃𝐷 will increase capital requirements while reducing 𝜌, which will reduce capital requirements (according to 

𝜌(𝑃𝐷) as specified by Basel). We have chosen 0.18 based on the fact that 𝜌(𝑃𝐷) lies in the interval [0.12,0.24]. 

As such, 0.18 is the midpoint. 

We set 𝛽𝑖 = 𝛽 = 0.7 for all sectors as it is somewhat similar to the parameter, 𝛼, which we have previously used 

to model default-dependence across sectors (we have been using 𝛼 = 0.7). If 𝛽 = 1 then the model would 

essentially be the standard single factor model employed by the Basel frameworks, as 𝑋𝑖,𝑡 = 𝑋𝑡
∗ for all CLOs in 

this case. Enforcing 𝛽 < 1 effectively implies that the asset value of the firms within each of the 𝐼 different sectors 

are imperfectly correlated. 

The value of 𝑅𝑗,𝑖,𝑡 determines the borrower’s change in creditworthiness from time 𝑡 − 1 to 𝑡. We distribute the 

borrowers across 𝐺 non-defaulted ratings. Grade 1 represents the best credit quality and grade G the worst credit 

quality. Grade 𝐺 + 1 denotes default. We use a Markov transition process with time-homogenous one-year 

transition matrix �̅�. This implies that the ratings will be (more or less) point-in-time (PIT). As opposed to through-
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the-cycle (TTC) ratings, PIT ratings incorporate all available information (or expected changes) such that only 

unexpected events can trigger a rating change. TTC ratings take the long-run average default frequencies, which 

means that these ratings are less volatile. Rating agencies, such as Moody’s and S&P, often use TTC ratings, 

whereas most banks’ internal rating system utilize PIT ratings (Gordy & Howells (2006), p. 405). Section 6.2.1 is 

dedicated to exploring the effect of banks adopting TTC ratings for computing capital requirements. 

For each non-defaulted grade 𝑔, we have a vector of thresholds that determine how the rating of a given loan will 

change depending on the interval into which 𝑅𝑗,𝑖,𝑡 falls: 

∞ = 𝛾𝑔,0 ≥ 𝛾𝑔,1 ≥ ⋯ ≥ 𝛾𝑔,𝐺 ≥ 𝛾𝑔,𝐺+1 = −∞. 

The rating at time 𝑡 of borrower 𝑗 in sector 𝑖 thus depends on two things: 1) the borrower’s rating at time 𝑡 − 1 

and 2) the interval into which 𝑅𝑗,𝑖,𝑡 falls. Assuming that 𝑅𝑗,𝑖,𝑡 is standard normal, we have 

𝛾𝑔,ℎ = 𝜙
−1 ( ∑ �̅�𝑔,𝑚

𝐺+1

𝑚=ℎ+1

) 

For 1 ≤ 𝑔 ≤ 𝐺 and 1 ≤ ℎ ≤ 𝐺. As suggested by Gordy and Howells, we will set �̅� equal to a matrix tabulated 

from annual changes in KMV expected default frequencies (EDFs) (see Gupton et al., 1997, Table 6.3 or Table 

22 in this thesis). Despite the table being based on data that is two decades old, we still believe that the transition 

probabilities are fairly realistic.  

Table 22 – �̅� 
The table shows the KMV one-year transition matrix as tabulated from expected default frequencies for non-financial companies in the 

US using data from January 1990 through September 1995. 

Initial Rating 
Rating at Year-End 

1 (AAA) 2 (AA) 3 (A) 4 (BBB) 5 (BB) 6 (B) 7 (CCC) 8 (Default) 

1 (AAA) 66.27% 22.22% 7.37% 2.45% 0.86% 0.67% 0.14% 0.02% 

2 (AA) 21.66% 43.04% 25.83% 6.56% 1.99% 0.68% 0.20% 0.04% 

3 (A) 2.76% 20.34% 44.19% 22.94% 7.42% 1.97% 0.28% 0.10% 

4 (BBB) 0.30% 2.80% 22.63% 42.54% 23.52% 6.95% 1.00% 0.26% 

5 (BB) 0.08% 0.24% 3.69% 22.93% 44.41% 24.53% 3.41% 0.71% 

6 (B) 0.02% 0.05% 0.39% 3.48% 20.47% 53.00% 20.58% 2.01% 

7 (CCC) 0.01% 0.01% 0.09% 0.26% 1.79% 17.77% 69.94% 10.13% 

As �̅� contains information regarding the one-year probability of default for each of the G different ratings, we 

are able to compute a weighted-average one-year probability of default for the underlying pool of each of the 

CLOs at each point in time. We use these weighted-averaged values to compute the values of 𝐾𝐼𝑅𝐵𝑖,𝑡 (i.e. 𝐾𝐼𝑅𝐵 

for CLO 𝑖 at time 𝑡). Explicitly, the computed values of 𝐾𝐼𝑅𝐵𝑖,𝑡 will be based on point-in-time risk statistics. 
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Now we have all the tools for simulating the evolution of the individual loans underlying the different CLOs. 

However, without a proper reinvestment strategy, all of the loans will eventually end up in the absorbing state of 

default (or, alternatively, they will mature). We impose the restriction that every matured or defaulted loan has 

to be replaced according to one of four different reinvestment strategies. These will be discussed next. 

6.1.1. Reinvestment Strategies 

Following Howells and Gordy, we build our reinvestment strategies from three primitive “idealized” rules. The 

idea is that matured or defaulted loans are replaced by new loans whose rating stem from a multinomial 

probability function over the rating grades 1 through 𝐺. For each of the different strategies, this multinomial 

probability function can be represented as a vector, 𝑆. At the end of each year, we draw i.i.d. from 𝑆 in order to 

replace matured or defaulted loans within each CLO. As such, each CLO will always consist of 475 non-defaulted 

and non-matured loans at the beginning of a new year. After any potential replacements, capital requirements 

are once again computed. 

The first rule, “fixed” replacement, is based on the idea that the CLOs aim to maintain a consistent distribution 

of ratings over time. New loans are drawn from a time-homogenous probability vector, 𝑆𝑓𝑖𝑥𝑒𝑑, which is similar 

for all of the different CLOs. As the CLOs of our simulation are based on the Ares IIIR/IVR CLO, we calibrate 

𝑆𝑓𝑖𝑥𝑒𝑑 to be equal to the original distribution of ratings of the Ares CLO as of January 2008. In order to reduce 

the amount of ratings, we have made the simplifying assumption that the grades BBB-, BBB+, and BBB are all 

equal (and denoted BBB) – and similarly for other ratings (e.g. A+, A-, and A are denoted A). 

Table 23 - 𝑆𝑓𝑖𝑥𝑒𝑑  
The table shows the distribution of loans in the Ares IIIR/IRV CLO as of January 2008. 

AAA AA A BBB BB B CCC 

0.000% 0.000% 0.421% 2.737% 30.316% 65.684% 0.842% 

The second rule, “passive” replacement, is based on the idea that the rating distribution of surviving loans at the 

end of period 𝑡 in a given CLO is representative of that CLO’s reinvestment opportunities. 𝑆𝑖,𝑡
𝑠𝑢𝑟𝑣𝑖𝑣𝑒 is therefore 

simply computed as the frequency distribution of ratings in the non-defaulted portion of the existing pool of 

loans of CLO 𝑖 at the end of period 𝑡. While the acquisition of loans of grade AAA and AA was not possible in 

the fixed replacement reinvestment strategy, the passive replacement enables such acquisitions in the case where 

at least one of the surviving loans holds one of these two ratings. This also means that the resulting rating 

distribution resulting from the passive replacement strategy is likely to be far more volatile than that of the fixed 

replacement strategy. 

The third rule, “cyclical” replacement, is slightly more complicated than the former two. The idea is that bank 

lending “leans against the wind”, i.e. banks are less (more) likely to engage in risky loan-agreements in times of 

recession (expansion). We expect that these changes directly will shift the supply of corporate loans that the 
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different CLOs are able to acquire for reinvestment purposes. We model this by computing new thresholds that 

divide the different ratings into G intervals: 

−∞ = 휁∗(0) ≤ 휁∗(1) ≤ ⋯ ≤ 휁∗(𝐺 − 1) ≤ 휁∗(𝐺) = ∞. 

We compute these baseline thresholds by transforming 𝑆𝑓𝑖𝑥𝑒𝑑 as such: 

휁∗(𝑔) = 𝜙−1(∑ 𝑆𝑓𝑖𝑥𝑒𝑑(𝑚)

𝑔

𝑚=1

), 

for 1 ≤ 𝑔 ≤ 𝐺 − 1. A vector of cyclically-shifted 휁𝑖,𝑡 thresholds helps determine 𝑆𝑖,𝑡
𝑐𝑦𝑐𝑙𝑖𝑐𝑎𝑙

 as  

𝑆𝑖,𝑡
𝑐𝑦𝑐𝑙𝑖𝑐𝑎𝑙(𝑔) = 𝜙 (휁𝑖,𝑡(𝑔)) − 𝜙 (휁𝑖,𝑡(𝑔 − 1)). 

When 𝑋𝑖,𝑡−1 is negative (positive), sector 𝑖 has just experienced a negative (positive) macroeconomic shock. As 

such, the probability mass is shifted to the higher (lower) quality grades by setting the cyclically-shifted 휁𝑖,𝑡 

thresholds as 

휁𝑖,𝑡
𝑐𝑦𝑐𝑙𝑖𝑐𝑎𝑙(𝑔) =

휁∗(𝑔) − 𝛿𝑋𝑖,𝑡−1

√1 − 𝛿2
, 

where 𝛿 ∈ [0,1] determines the sensitivity of 휁𝑐𝑦𝑐𝑙𝑖𝑐𝑎𝑙 to the CLOs’ macroeconomic environment (we set 𝛿 =

0.3 in accordance with Howells and Gordy (2006)). Essentially, we expect that the supply of high (low) quality 

loans will be greater in times of economic distress (expansion). This should directly influence the reinvestment 

possibilities for each of the CLOs, an aspect that this approach attempts to capture. Setting 𝛿 to a greater value 

would most likely cause our simulation results to exhibit more procyclicality. 

With these three idealized rules, a myriad of different reinvestment strategies can be formed by using weighted 

combinations of these. Howells and Gordy apply a reinvestment rule as a weighted average of the passive and 

cyclical rules based on the findings of Basset and Zakrajsek (2003). However, we believe that including the fixed 

replacement strategy is very prudent given that we are dealing with CLOs. As such, our fourth and final 

reinvestment strategy, 𝑆𝑖,𝑡 
𝐹𝑆𝐶, can be expressed as 

𝑆𝑖,𝑡
𝐹𝑆𝐶 =

𝑆𝑓𝑖𝑥𝑒𝑑

3
+
𝑆𝑖,𝑡
𝑠𝑢𝑟𝑣𝑖𝑣𝑒

3
+
𝑆𝑖,𝑡
𝑐𝑦𝑐𝑙𝑖𝑐𝑎𝑙

3
. 

Our justification for using this particular constellation of reinvestment rules is this: We believe that the existing 

pools of loans of the CLOs should be a good indicator for the CLO management’s reinvestment opportunities 

(this is captured by 𝑆𝑖,𝑡
𝑠𝑢𝑟𝑣𝑖𝑣𝑒). On the other hand, the aforementioned cyclical tightening and loosening of the 

banking standards for lending to new customers might also have an impact on these reinvestment opportunities 
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(this is captured by 𝑆𝑖,𝑡
𝑐𝑦𝑐𝑙𝑖𝑐𝑎𝑙

). Finally, we believe that the different CLO managers have an obligation to stay 

somewhat true to the original distribution of the loan-pool with respect to ratings (this is captured by 𝑆𝑓𝑖𝑥𝑒𝑑). We 

base this belief on the assumption that new investors might react negatively to too dramatic changes in the risk-

profiles of the CLOs. 

When we replace a defaulted or matured loan, we draw a random initial maturity, 𝑀 + 1, where 𝑀 is distributed 

Poisson with mean parameter 𝜆 = 1.5. This ensures that we never draw a maturity that is less than or equal to 

zero, and that the average maturity of new loans is 2.5 (which is consistent with the maturity we used in the Basel 

II and III sections). In addition, we initialize each of the CLOs at the first year of the burn period by drawing the 

ratings of the different loans i.i.d. from 𝑆𝑓𝑖𝑥𝑒𝑑 (i.e. each CLO will very closely resemble the Ares IIIR/IVR CLO 

without being exactly identical). At initialization, loan-maturities are generated as specified above. 

In order to make the reinvestment strategies comparable, we will be using the same draws of global systematic 

risk factor (𝑋𝑡
∗) and sector-specific risk factors (𝑢𝑖,𝑡) for each of the four strategies. 

Next, we will discuss methods for smoothing the capital requirements in order to dampen the procyclicality. 

6.1.2. Smoothing the Capital Requirements 

Gordy and Howells propose two different smoothing approaches that are applied directly to the output of the 

IRB capital function (i.e. the value of 𝐾𝑈𝐿 without the 1.06 scaling factor). We expand their approach by applying 

their smoothing approaches to the value of 𝐾𝐼𝑅𝐵 for the different CLOs. We will be comparing the smoothed 

and non-smoothed values of 𝐾𝐼𝑅𝐵 for each of the different reinvestment strategies later in our results section. 

We will also be comparing the capital requirements for two of a given CLO’s tranches using both the smoothed 

and non-smoothed 𝐾𝐼𝑅𝐵 for both the Basel II and III framework (SFA and SSFA) for one of the different 

reinvestment strategies. 

In any case, the two smoothing approaches are as follows. Assuming that the credit assessment ratings are point-

in-time, 𝐾𝐼𝑅𝐵𝑖,𝑡 denotes the non-smoothed value of 𝐾𝐼𝑅𝐵 for the 𝑖′𝑡ℎ CLO at time 𝑡. By applying an 

autoregressive (AR) filter, we are able to generate a smoothed 𝐾𝐼𝑅�̂�𝑖,𝑡
𝐴𝑅

 using the non-smoothed 𝐾𝐼𝑅𝐵𝑖,𝑡 as such: 

𝐾𝐼𝑅�̂�𝑖,𝑡
𝐴𝑅
= 𝐾𝐼𝑅�̂�𝑖,𝑡−1

𝐴𝑅
+ 𝛼 (𝐾𝐼𝑅𝐵𝑖,𝑡 − 𝐾𝐼𝑅�̂�𝑖,𝑡−1

𝐴𝑅
), 

where 𝛼 is used to control the degree of smoothing. The idea is that 𝛼 is publicly announced by the national 

regulators. We have used 𝛼 = 0.25 and the assumption that 𝐾𝐼𝑅�̂�𝑖,−39
𝐴𝑅

= 𝐾𝐼𝑅𝐵𝑖,−39 (since we throw away the 

first 40 years of the simulation, this assumption will not impact our results much). We call this approach “AR 

Smoothing”. The intuition is that shocks to 𝐾𝐼𝑅𝐵𝑖,𝑡 will be incorporated into 𝐾𝐼𝑅�̂�𝑖,𝑡
𝐴𝑅

 over several years instead 

of instantly. The idea is that an economic downswing will not be as detrimental to a bank’s regulatory capital 
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requirements as it currently is, which hopefully should alleviate some of the previously described procyclicality 

issues. 

The second approach we call “CCI Smoothing” (counter-cyclical indexing). Under this rule, we express 𝐾𝐼𝑅�̂�𝑖,𝑡
𝐶𝐶𝐼

 

as 

𝐾𝐼𝑅�̂�𝑖,𝑡
𝐶𝐶𝐼

= 𝛼𝑡𝐾𝐼𝑅𝐵𝑖,𝑡 , 

where 𝛼𝑡 is a time-varying multiplier that is publicly announced by the national regulator for each period and 

applies uniformly to every CLO in the regulator’s jurisdiction. For our modelling purposes, the multiplier is 

specified as 

𝛼𝑡 = exp(𝑎(𝜔1𝑋𝑡−1
∗ +𝜔2𝑋𝑡−2

∗ +⋯+𝜔𝑘𝑋𝑡−𝑘
∗ ) −

𝑎2

2
), 

where 𝜔1
2 +𝜔2

2 +⋯+𝜔𝑘
2 = 1 must be satisfied. We use 𝑘 = 2 i.e. two lags in our simulations. Since we have 

no estimates for 𝑋𝑡−2
∗  until 𝑡 = −37, we cannot compute 𝐾𝐼𝑅�̂�𝑖,𝑡

𝐶𝐶𝐼
 until this point in time. Due to the 40-year 

burn period, this will not affect our results. The 𝑎 parameter controls the degree of smoothing. We use 𝑎 =

0.066, 𝜔1 = 0.8, and 𝜔2 = 0.6. We have run the simulation engine with different values of 𝑎, 𝜔1, and 𝜔2, but 

the specified values seem to produce the most smoothed output. 

6.1.3. Through-the-Cycle Ratings 

Thus far, we have considered smoothing approaches that are supposed to reduce this sensitivity by explicitly 

modifying capital requirements. Alternatively, you could base capital requirements on through-the-cycle ratings 

that essentially “filter out” the impact that the macroeconomic shocks have on the creditworthiness of obligors. 

Gordy and Howells propose a slight expansion of the simulation engine that allows us to compute capital 

requirements based on probabilities of default stemming from TTC ratings: 

While PIT ratings measure the absolute performance of obligors, TTC ratings should measure the performance 

of individual obligors relative to the performance of other obligors of the economy. In order to accomplish this, 

we implement an ordinal rating system where each obligor is assigned an ordinal credit grade according to their 

relative performance in the economy. 

An ordinal credit grade vector, 𝑆𝑔
𝑜𝑟𝑑, determines the proportion of obligors that receive the different ordinal 

grades (𝑔 denotes the ordinal grade). At the beginning of each period (after defaulted and matured loans have 

been replaced), we sort all 𝐼 ∗ 𝐽 obligors in the economy according to their PIT rating in descending quality. The 

top proportion, 𝑆1
𝑜𝑟𝑑, receive ordinal grade 1, the next proportion, 𝑆2

𝑜𝑟𝑑, receives grade 2 and so on. As such, 

the number of obligors receiving each ordinal grade is constant across time for the economy as a whole.  

However, the exact distribution of ordinal grades within the different CLOs are free to vary. A quick word of 
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caution regarding the sorting of PIT rating: In the case where, for example, there are more AAA-rated loans than 

the 𝑆1
𝑜𝑟𝑑 proportion, the loans that receive ordinal grade 1 must be chosen randomly across CLOs. If these loans 

are determined deterministically (e.g. first we assign ordinal grade 1 to CLO 1’s AAA-rated loans, then CLO 2’s 

AAA-rated loans and so on), a simulation bias will inevitably occur. 

We have chosen 𝑆𝑔
𝑜𝑟𝑑 such that it matches the grade distribution of the original Ares IIIR/IVR CLO (still 

consolidating the ratings A+, A-, and A into A and similarly for other ratings). For instance, 𝑆1
𝑜𝑟𝑑 is equal to the 

proportion of A-rated loans in the Ares CLO. 

Table 24 – 𝑆𝑔
𝑜𝑟𝑑 

The table shows the ordinal credit grade vector, 𝑆𝑔
𝑜𝑟𝑑 , which determines the ordinal credit grade distribution of the economy. 

𝑆1
𝑜𝑟𝑑 𝑆2

𝑜𝑟𝑑 𝑆3
𝑜𝑟𝑑 𝑆4

𝑜𝑟𝑑 𝑆5
𝑜𝑟𝑑 

0.421% 2.737% 30.316% 65.684% 0.842% 

We now have PIT and TTC ratings for all obligors across time. The TTC PD for each ordinal grade is then 

computed as the weighted average PIT PD across time and the 𝐼 ∗ 𝐽 obligors (denoted 𝑃𝐷𝑔
𝑇𝑇𝐶). The TTC PDs 

are thus time-invariant and based on the long-term relative performance of the different obligors of the economy 

with respect to their PIT ratings. Note that we do not use the simulated data from the burn-in period to calculate 

𝑃𝐷𝑔
𝑇𝑇𝐶.  

Now we have all we need to compute 𝐾𝐼𝑅𝐵𝑖,𝑡 based on TTC ratings (denoted 𝐾𝐼𝑅�̃�𝑖,𝑡). For 𝐾𝐼𝑅�̃�𝑖,𝑡, we simply 

compute a weighted-average probability of default based on the TTC ratings of the obligors underlying each 

CLO at each point in time using 𝑃𝐷𝑔
𝑇𝑇𝐶. 

A note about our chosen ordinal credit grade vector, 𝑆𝑔
𝑜𝑟𝑑: While the obligors in the simulated economy can be 

assigned seven different PIT ratings, we have chosen 𝑆𝑔
𝑜𝑟𝑑 such that these obligors are sorted across just five 

ordinal credit grades. This might seem a bit questionable, but we would argue that it is better to base 𝑆𝑔
𝑜𝑟𝑑 on the 

original rating composition of the Ares IIIR/IVR CLO instead of arbitrarily choosing an 𝑆𝑔
𝑜𝑟𝑑 with seven ordinal 

grades. Furthermore, we have actually explored an example where the CLOs are based on 𝐽 = 477 loans of 

which 475 of these have the original Ares CLO ratings. In this example, the two extra loans were given ratings 

AAA and AA respectively. Hence, 𝑆𝑔
𝑜𝑟𝑑 consisted of seven ordinal credit grades in this example. The results that 

we obtained using this setting were not significantly different from the results of the original setting that will be 

presented in the next section. 

6.2. Results 

All figures in this section will show the same representative simulated CLO 
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In order to get a more visual understanding of how each of the different reinvestment strategies work, Figure 10 demonstrates how the rating-distribution of 

the underlying pool of one of the 90 simulated CLOs evolve over the relevant 100 years for each strategy. 

 
Figure 10 - Rating distributions of the pool underlying a representative CLO 

The figure shows the rating distributions of the pool underlying a representative CLO for each of the different reinvestment strategies over 100 Years (having discarded the 40 year burn-

period). Despite the rating order to the right, the actual graphs are ordered according to grade level with the highest quality grade being at the bottom and the lowest quality grade being at the 

top. 

Recall that we have used the same shocks for the different reinvestment strategies for each of the different CLOs, which becomes quite apparent when 

looking at the figure. Quite curiously, the cyclical replacement strategy behaves nearly identically to the fixed replacement strategy. Both of these strategies 

exhibit fairly stable rating-distributions, although there appears to be responsiveness to the outcome of 𝑅𝑗,𝑖,𝑡 (cyclical replacement is slightly more stable). For 

these two reinvestment strategies, the rating-distribution of the CLO is moderately similar to that of the original Ares IIIR/IVR CLO throughout time (a large 

proportion of B and BB-rated loans). 

As expected, the passive replacement strategy exhibits extreme responsiveness to the outcome of 𝑅𝑗,𝑖,𝑡. Procyclicality with respect to the rating-distribution is 

quite apparent for this particular strategy. A sort of momentum seems to be generated after a few good or bad years, which leads to heavy fluctuations both 
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upward and downward in ratings. When in an economic upturn, the rating-distribution gets pushed toward the “better” ratings, which means that new loans 

that replace matured or defaulted loans have a higher chance to have a “good” rating. The opposite seems to happen in economic downswings. 

In any case, the FSC replacement strategy exhibits moderate fluctuations with respect to the outcome of 𝑅𝑗,𝑖,𝑡. Nothing too excessive, but still apparent. All 

in all, the FSC strategy behaves as expected in the sense that it seems to capture the elements of the three other strategies. 

The next figure, Figure 11, shows KIRB̂i,t
AR

, KIRB̂i,t
CCI

, and KIRBi,t (blue, black, and red black lines respectively) for the representative CLO over 100 years for 

each of the different reinvestment strategies. 

 

Figure 11 - 𝐾𝐼𝑅�̂�𝑖,𝑡
𝐴𝑅

, 𝐾𝐼𝑅�̂�𝑖,𝑡
𝐶𝐶𝐼

, and 𝐾𝐼𝑅𝐵𝑖,𝑡  

The figure shows 𝐾𝐼𝑅�̂�𝑖,𝑡
𝐴𝑅

, 𝐾𝐼𝑅�̂�𝑖,𝑡
𝐶𝐶𝐼

, and 𝐾𝐼𝑅𝐵𝑖,𝑡  throughout the time-period of 100 years for the representative CLO for each of the four reinvestment 

Table 25 shows the mean value and volatility of each of the different graphs in Figure 11 (computed based on all of the 90 simulated CLOs, not just the one 

depicted in the figure). 
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Table 25 – Mean and Volatility of 𝐾𝐼𝑅�̂�𝑖,𝑡
𝐴𝑅

, 𝐾𝐼𝑅�̂�𝑖,𝑡
𝐶𝐶𝐼

, and 𝐾𝐼𝑅𝐵𝑖,𝑡   

 
Fixed Replacement Passive Replacement Cyclical Replacement FSC Replacement 

Mean SD Mean SD Mean SD Mean SD 

𝐾𝐼𝑅𝐵𝑖,𝑡  12.66% 1.82% 16.99% 3.72% 12.89% 1.34% 14.36% 2.33% 

𝐾𝐼𝑅�̂�𝑖,𝑡
𝐴𝑅

 12.66% 0.80% 16.95% 2.23% 12.88% 0.57% 14.34% 1.25% 

𝐾𝐼𝑅�̂�𝑖,𝑡
𝐶𝐶𝐼

 12.47% 1.54% 16.70% 3.30% 12.71% 1.15% 14.13% 1.99% 

The first thing to notice is that the volatility of 𝐾𝐼𝑅𝐵𝑖,𝑡 between the four different reinvestment strategies is largely 

as expected: Cyclical and fixed replacement have the lowest volatility, followed by FSC, and lastly passive 

replacement (with the absolute largest volatility). 

The AR approach (the thick blue line) seems to be working fantastically. Visually, the volatility seems far lower 

than for any of the other two approaches – this is confirmed when looking at Table 25. While the value of 

𝐾𝐼𝑅�̂�𝑖,𝑡
𝐴𝑅

 still fluctuates somewhat depending on the economy, the severity of this fluctuation is very dampened 

compared to the standard, non-smoothed 𝐾𝐼𝑅𝐵𝑖,𝑡. 

On the other hand, the CCI approach seems to perform poorly considering its intention of smoothing capital 

requirements. The volatilities generated from the CCI smoothing approach are just slightly below those generated 

using the standard, non-smoothed methodology for computing 𝐾𝐼𝑅𝐵𝑖,𝑡. Visually, the two graphs (red and black) 

seem comparable. This comes as quite the surprise considering that Gordy and Howells find the performance 

of the CCI approach to be comparable (smoothing-wise) to the AR approach. 

Nonetheless, both smoothing approaches yield roughly the same mean values of 𝐾𝐼𝑅𝐵𝑖,𝑡 across CLOs and time. 

This indicates that we are indeed able to reduce volatility without altering the long-term average capital 

requirements. However, due to the poor results of the CCI approach, we will only be moving forward with the 

AR approach. 

When comparing the graphs of the four different replacement strategies, it becomes apparent that the degree of 

procyclicality strongly depends on the choice of reinvestment strategy of the CLO managers. An important point 

to make from this is that while it is certainly possible to dampen procyclicality by imposing, for instance, the AR 

smoothing rule, the extent of the issue is also dependent on the behavior of the CLO managers. An alternative 

to mitigating the issue of procyclicality by explicitly modifying capital requirements would be to regulate the 

behavior of the CLO managers. For instance, regulators could impose the restriction that no more than 𝑥% of 

the notional amount of an underlying pool of securitized loans can be rated B or worse. However, we find it 

unlikely that behavioral regulation on CLO managers could be imposed on an international level through a Basel 

accord. 
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Next, we are going to look at how the capital requirements for two different tranches of the same representative 

CLO evolves according to Basel II and III. In order to limit the volume of our results, we will only be computing 

these capital requirements for the FSC replacement strategy. Our justification for choosing this particular strategy 

is that we find it to be a nice combination between the three idealized reinvestment rules. 

 

  Figure 12 - AR-smoothed and non-smoothed capital requirements 
The figure shows the AR-smoothed and non-smoothed capital requirements under both the Basel II and III frameworks over 100 years 

for tranches C and D for the representative CLO using the FSC replacement strategy. 

Figure 12 shows the capital requirements of tranches C and D computed using 𝐾𝐼𝑅𝐵𝑖,𝑡 and 𝐾𝐼𝑅�̂�𝑖,𝑡
𝐴𝑅

 over 100 

years using the SFA and the SSFA for the representative CLO. Tables 26 and 27 (see below) show the relevant 

mean capital requirements and volatilities for each of the seven tranches for all of the 90 CLOs. On a somewhat 

unrelated note, it is very interesting to see how the Basel II and III capital requirements compare. The Basel III 

requirements are generally significantly greater than those of Basel II, which was also one of the purposes of this 

newest accord. 

Table 26 – Mean capital requirements 

Mean tranche capital requirements for 90 CLOs over 100 years using FSC 

Tranche A1 A2 B C D E Equity 

Basel II (SFA) 

Non-Smoothed 
0.560% 0.560% 0.599% 9.353% 62.887% 97.445% 100.000% 

Basel II (SFA)  

AR-Smoothed 
0.560% 0.560% 0.560% 4.785% 65.934% 99.868% 100.000% 

Basel III (SSFA) 

Non-Smoothed 
1.205% 1.205% 9.207% 32.464% 77.976% 98.724% 100.000% 

Basel III (SSFA) 

AR-Smoothed 
1.200% 1.200% 7.651% 29.607% 82.865% 99.950% 100.000% 
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Table 27 – Standard deviation of the capital requirements 

Volatility of tranche capital requirements for 90 CLOs over 100 years using FSC 

Tranche A1 A2 B C D E Equity 

Basel II (SFA) 

Non-Smoothed 
0.000% 0.000% 0.242% 13.126% 32.371% 8.520% 0.001% 

Basel II (SFA)  

AR-Smoothed 
0.000% 0.000% 0.008% 4.900% 21.093% 1.172% 0.000% 

Basel III (SSFA) 

Non-Smoothed 
0.046% 0.046% 7.267% 20.238% 23.491% 4.809% 0.000% 

Basel III (SSFA) 

AR-Smoothed 
0.000% 0.000% 3.736% 11.179% 13.280% 0.498% 0.000% 

On the issue of procyclicality, we once again observe significantly reduced volatilities for the AR-smoothed 

results. Surprisingly, the non-smoothed and AR-smoothed mean capital requirements for several of the tranches 

differ slightly. This is primarily the case for the mezzanine tranches (B through E). The reason why we find these 

results surprising is that the difference between the mean values of 𝐾𝐼𝑅𝐵𝑖,𝑡 and 𝐾𝐼𝑅�̂�𝑖,𝑡
𝐴𝑅

 for the FSC replacement 

strategy is only 0.02%. The explanation can be found in how the risk factors impact 𝐾𝐼𝑅𝐵𝑖,𝑡 and 𝐾𝐼𝑅�̂�𝑖,𝑡
𝐴𝑅

 

respectively. For instance, the capital requirement for tranche C under Basel II is relatively close to the floor of 

0.56%. The non-smoothed capital requirement for tranche C under Basel II will increase far more than its AR-

smoothed counterpart in times of economic distress. On the other hand, neither of these two capital 

requirements will move very far in times of economic expansion, as they are both close to the floor. 

In general, however, the mean tranche capital requirements are not that far apart when comparing the two 

approaches (non-smoothed and AR-smoothed).  

Next, we will explore how capital requirements evolve when based on TTC ratings. 

6.2.1. Through-the-Cycle Ratings 

All of the results presented in this subsection are based on the FSC replacement strategy. Using the same 

simulated 90 CLOs, we find the following TTC probabilities of default for each ordinal grade: 

Table 28 – The TTC probabilities of default for each ordinal grade, 𝑃𝐷𝑔
𝑇𝑇𝐶  

𝑃𝐷1
𝑇𝑇𝐶  𝑃𝐷2

𝑇𝑇𝐶  𝑃𝐷3
𝑇𝑇𝐶  𝑃𝐷4

𝑇𝑇𝐶  𝑃𝐷5
𝑇𝑇𝐶  

0.0200% 0.0236% 0.3972% 3.6874% 10.1300% 

Figure 13 shows 𝐾𝐼𝑅𝐵𝑖,𝑡 and 𝐾𝐼𝑅�̃�𝑖,𝑡 for the representative CLO throughout time. 
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Figure 13 - 𝐾𝐼𝑅𝐵𝑖,𝑡  and 𝐾𝐼𝑅�̃�𝑖,𝑡 for the representative CLO over 100 years 

A graphical inspection reveals that 𝐾𝐼𝑅�̃�𝑖,𝑡 indeed appears to be less volatile than 𝐾𝐼𝑅𝐵𝑖,𝑡. The mean and volatility 

of 𝐾𝐼𝑅�̃�𝑖,𝑡 for all 90 CLOs throughout time is 14.51% and 0.86% respectively. Comparing the mean to the 

values found in Table 25, the mean of 𝐾𝐼𝑅�̃�𝑖,𝑡 is roughly the same as the mean values of 𝐾𝐼𝑅�̂�𝑖,𝑡
𝐴𝑅

 and 𝐾𝐼𝑅𝐵𝑖,𝑡. 

Additionally, the volatility of 𝐾𝐼𝑅�̃�𝑖,𝑡 is significantly lower than both that of 𝐾𝐼𝑅𝐵𝑖,𝑡and  𝐾𝐼𝑅�̂�𝑖,𝑡
𝐴𝑅

. 

Furthermore, the correlation between 𝐾𝐼𝑅𝐵𝑖,𝑡 and 𝐾𝐼𝑅�̃�𝑖,𝑡 seems fairly high: Most of the time, the two graphs 

move in the same direction, but occasionally they move in opposite directions (e.g. around 𝑡 = 30). Recall that 

𝐾𝐼𝑅𝐵𝑖,𝑡 is heavily influenced by the realization of the macroeconomic risk factor, 𝑋𝑡
∗. This should not be the case 

for 𝐾𝐼𝑅�̃�𝑖,𝑡, which should predominantly be dependent of the relative performance of the individual CLOs. 

Figure 14 shows the correlations between the realizations of 𝑋𝑡
∗ and 𝐾𝐼𝑅𝐵𝑖,𝑡 as well as the realizations of 𝑋𝑡

∗ and 

𝐾𝐼𝑅�̃�𝑖,𝑡 for all 90 CLOs across the 100 years. 

 

Figure 14 – 𝑐𝑜𝑟𝑟(𝑋𝑡
∗, 𝐾𝐼𝑅𝐵𝑖,𝑡) and 𝑐𝑜𝑟𝑟(𝑋𝑡

∗, 𝐾𝐼𝑅�̃�𝑖,𝑡) 

The figure shows the correlations between the realizations of 𝑋𝑡
∗ and 𝐾𝐼𝑅𝐵𝑖,𝑡 (to the left) as well as the realizations of 𝑋𝑡

∗ and 𝐾𝐼𝑅�̃�𝑖,𝑡 (to 

the right) for all 90 CLOs across the 100 years using the FSC replacement strategy. 
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Most interesting are perhaps the fact that 𝑐𝑜𝑟𝑟(𝑋𝑡
∗, 𝐾𝐼𝑅�̃�𝑖,𝑡) hovers around zero across the CLOs while 

𝑐𝑜𝑟𝑟(𝑋𝑡
∗, 𝐾𝐼𝑅𝐵𝑖,𝑡) hovers around −0.5. This confirm that the TTC ratings work as intended. While the specific 

values of 𝑐𝑜𝑟𝑟(𝑋𝑡
∗, 𝐾𝐼𝑅�̃�𝑖,𝑡) for the individual CLOs can take on both positive and negative values, the capital 

requirements are, on average, independent of the state of the economy. The adoption of TTC ratings certainly 

dampen the procyclicality of capital requirements quite effectively. However, the downside of removing a 

fundamental risk factor from the capital requirements equation is significant: 

If we assume that 𝐾𝐼𝑅𝐵𝑖,𝑡 is a reliable measure of portfolio credit risk, then it is problematic that 𝐾𝐼𝑅�̃�𝑖,𝑡 is allowed 

to move in the opposite direction of 𝐾𝐼𝑅𝐵𝑖,𝑡. Furthermore, if a change in 𝐾𝐼𝑅𝐵𝑖,𝑡 stems primarily from a 

macroeconomic shock, 𝐾𝐼𝑅�̃�𝑖,𝑡 will not change by much. If, however, the change in 𝐾𝐼𝑅𝐵𝑖,𝑡 stems primarily from 

a sector-specific shock, the relative size of the change in 𝐾𝐼𝑅�̃�𝑖,𝑡 will more closely resemble that of 𝐾𝐼𝑅𝐵𝑖,𝑡. An 

example of the former can be seen around 𝑡 = 80, while an example of the latter can be seen around 𝑡 = 90. 

Due to this ambiguous relationship between 𝐾𝐼𝑅𝐵𝑖,𝑡 and 𝐾𝐼𝑅�̃�𝑖,𝑡, the capital requirements stemming from the 

latter will not reliably represent the underlying portfolio credit risk of the CLO in question. 

6.3. Discussion of Proposed Initiatives 

We have introduced and analyzed two initiatives that were shown to be effective at dampening issues of 

procyclicality according to our simulations: AR smoothing and TTC ratings. Including the non-smoothed 𝐾𝐼𝑅𝐵𝑖,𝑡 

that is based on PIT ratings, we therefore have three different methodologies for computing capital requirements. 

Each methodology has different pros and cons. This section is dedicated to discussing these. 

𝐾𝐼𝑅�̂�𝑖,𝑡
𝐴𝑅

 was shown to relax capital requirements in times of recession compared to 𝐾𝐼𝑅𝐵𝑖,𝑡. While this certainly 

combats procyclicality, it also has the side-effect of increasing the probability of bank failure as the required equity 

proportion does not reflect the actual default probabilities of the loans underlying the specific CLO. A nice 

feature of 𝐾𝐼𝑅�̂�𝑖,𝑡
𝐴𝑅

 is that it slowly incorporates changes in 𝐾𝐼𝑅𝐵𝑖,𝑡 such that banks have time to adjust their equity 

proportion. As such, 𝐾𝐼𝑅�̂�𝑖,𝑡
𝐴𝑅

 generally moves in the same direction as 𝐾𝐼𝑅𝐵𝑖,𝑡.  

Another nice property of the AR smoothing initiative is that the national regulators will possess a tool for 

controlling the degree of smoothing through the parameter 𝛼. On the other hand, it might be possible for certain 

markets to have an international unfair competitive advantage in the cases where the 𝛼 parameter is abused by 

national regulators. Moreover, the AR smoothing approach can be thought of as a broken watch in the sense that 

it provides “accurate” capital requirements (according to 𝐾𝐼𝑅𝐵𝑖,𝑡) approximately twice per economic cycle. 
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𝐾𝐼𝑅�̃�𝑖,𝑡 was shown to exhibit significantly lower volatility than both 𝐾𝐼𝑅𝐵𝑖,𝑡 and 𝐾𝐼𝑅�̂�𝑖,𝑡
𝐴𝑅

. However, the TTC ratings 

approach is more unpredictable with respect to the timing and size of the relaxation and tightening of capital 

requirements respectively. As the effect of the state of the economy has been filtered out, it is not uncommon 

for capital requirements to decrease (increase) during times of recession (expansion). Therefore, it would not be 

possible to reliably infer the actual credit risk facing banks from regulatory capital requirements based on TTC 

ratings. An advantage of banks adopting TTC ratings is that it may create a better alignment between capital 

requirements based on 𝐾𝐼𝑅�̃�𝑖,𝑡 and those based on ratings made by ECAIs (as rating agencies generally provide 

TTC ratings). On the other hand, given the costs associated with basing capital requirements on TTC ratings, we 

believe that the Basel Committee’s decision to put less emphasis on ECAIs going from Basel II to III is justified. 

Another disadvantage of TTC ratings is that they incentivize banks to invest in assets with high systematic risk. 

As the correlation between 𝐾𝐼𝑅�̃�𝑖,𝑡 and 𝑋𝑡
∗ was shown to be nearly zero on average, the degree of systematic risk 

for a securitization would not be reflected in its capital requirements were these based on TTC ratings. 

We argue that this disadvantage is also associated with the AR smoothing approach, albeit for different reasons. 

Given the assumptions that 1) banks announcing their intention of raising new capital or too frequently changing 

their payout-policies generally has a negative effect on their stock prices (in the spirit of the pecking order theory) 

and 2) banks strive to hold as little equity as possible (as was argued in Section 1.1), then highly volatile capital 

requirements are detrimental to banks’ shareholder value. Ceteris paribus, assets with high systematic risk 

produce more volatile capital requirements than assets with low systematic risk (as based on 𝐾𝐼𝑅𝐵𝑖,𝑡). The AR 

smoothing approach reduces the volatility of capital requirements relatively more for assets with high systematic 

risk than for assets with low systematic risk. Therefore, the AR smoothing approach would incentivize banks to 

invest in assets with high systematic risk.  The reason is that the costs associated with holding these assets (i.e. 

having to frequently raise new capital or change payout-policy) would be reduced relatively more than in the case 

of assets with low systematic risk. This is criticism is also valid for capital requirements based on TTC ratings, as 

the effect of systematic risk is removed entirely. 

In contrast, the non-smoothed 𝐾𝐼𝑅𝐵𝑖,𝑡 more appropriately reflects the costs associated with holding assets with 

different degrees of systematic risk. 

Of the approaches that we have investigated, we prefer the AR smoothing approach over TTC ratings assuming 

that the goal is to mitigate procyclicality. Our reasoning is that we believe that the former more appropriately 

reflects the actual credit risk underlying the CLOs. 

As mentioned earlier, Basel III introduced the CCB as a means to mitigate procyclicality. As we understand it, 

the CCB effectively accomplishes the same thing that the AR smoothing approach would if implemented, albeit 

in a different manner. 
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During expansions, we would generally have 𝐾𝐼𝑅�̂�𝑖,𝑡
𝐴𝑅
> 𝐾𝐼𝑅𝐵𝑖,𝑡. In times of expansion, the CCB requires banks 

to build a capital buffer that can be released in times of financial distress. You could view this requirement as an 

additional capital charge, which essentially is equivalent to 𝐾𝐼𝑅�̂�𝑖,𝑡
𝐴𝑅
> 𝐾𝐼𝑅𝐵𝑖,𝑡. 

Similarly, we would generally have 𝐾𝐼𝑅�̂�𝑖,𝑡
𝐴𝑅
< 𝐾𝐼𝑅𝐵𝑖,𝑡 during recessions. The capital buffer that will be released 

during recession can be thought of as the equivalent of having lowered capital requirements, as the bank will not 

need to raise as much fresh equity. This can be thought of as 𝐾𝐼𝑅�̂�𝑖,𝑡
𝐴𝑅
< 𝐾𝐼𝑅𝐵𝑖,𝑡. 

The main difference between the two initiatives is that the AR smoothing approach explicitly modify capital 

requirements of the individual assets of the banks whereas the CCB implicitly alters the capital structure of the 

banks based on their portfolios as a whole. Additionally, both initiatives are supposed to be regulated on a 

national level. 

As the CCB has already been implemented in the Basel III framework, we find it unlikely that an AR smoothing 

approach will be implemented without revising or removing the CCB. Including both of these procyclicality-

mitigative measures would be redundant while unnecessarily increasing the complexity of the framework. 

This concludes our investigation of the unresolved issue of procyclicality. In the following section, we will explore 

the consequences of capital requirements being portfolio-independent under Basel as well as initiatives that might 

make regulatory capital portfolio-dependent. 

7. Making Regulatory Capital Portfolio-Dependent 

Regulatory capital requirements for securitizations under the SFA and SSFA are based on 𝐾𝐼𝑅𝐵. Currently, Basel 

does not take into account the diversification benefit that a single asset may provide to a larger pool of assets 

when computing 𝐾𝐼𝑅𝐵 – the formula is independent of the existing portfolio. While this makes the computation 

of capital requirements simple, it is a gross simplification of the underlying credit-risk relationships. 

Gordy argues that this simplification can be justified under the following assumptions (see Gordy (2003)): 1) all 

asset-values must depend exclusively on a single systematic risk factor and 2) the bank’s portfolio must be 

asymptotically fine-grained such that all idiosyncratic risk has been fully diversified away. Under these 

assumptions, the marginal risk exposure that a securitization would add to a bank’s portfolio would be equal to 

the exposure of the securitization evaluated exclusively based on its own characteristics. That is, the composition 

of the bank’s portfolio would be completely irrelevant to the marginal risk contribution of the securitization. 

As these assumptions are highly unrealistic (at the very least assumption 1), we believe that the Basel framework 

fails to adequately incentivize banks to diversify their portfolios with respect to securitizations. This section is 
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dedicated to exploring this inadequacy as well as potential solutions that might better align capital requirements 

with marginal risk contributions. 

7.1. Portfolio-Dependency: An Example 

In order to demonstrate the concept of portfolio-dependence, we will set up an example using the multi-pool 

correlation model that was described in Section 3.2. 

Recall that we previously constructed a fictitious ABS CLO consisting of 100 BB-rated tranches that were based 

on the properties of the BB-rated tranche of the ARES IIIR/IVR CLO. In Section 5.2.1.2.3, we argued that it 

should be possible to estimate 𝐾𝑉 for this ABS CLO by taking the 99.9’th quantile of its fractional loss 

distribution.  Recalling that 𝐾𝐼𝑅𝐵 = 𝐾𝑈𝐿 + 𝐾𝐸𝐿 where 𝐾𝑈𝐿 = 1.06[𝐾𝑉 − 𝑃𝐷𝑘] ∗ 𝑀𝐴𝑇𝐴(𝑃𝐷𝑘,𝑀) and 𝐾𝐸𝐿 =

𝑃𝐷𝑘 ∗ 𝑀𝐴𝑇𝐴(𝑃𝐷𝑘,𝑀) and acknowledging that 𝑃𝐷𝑘 and 𝑀 are simply constants, it is obvious that 𝐾𝑉 is the 

driving factor for computing 𝐾𝐼𝑅𝐵. Note that it was it was only allowed to compute capital requirements for the 

ABS CLO based on 𝐾𝐼𝑅𝐵 under Basel II (in Basel III, you have to use SEC-SA for resecuritizations). 

Consider now the following bullet-points that describe the contents of the portfolios of two different banks: 

1. The bank holds one ABS CLO consisting of 100 BB-rated tranches. It holds nothing else. 

2. The bank holds 10 entire ABS CLOs each consisting of 10 of the previously described 100 BB-rated 

tranches. It holds nothing else. 

Note that we do not need to think about how the ABS CLOs are structured (with respect to tranches) for the 

purpose of this example. All that is relevant is the value of 𝐾𝑉. In any case, the capital requirements for the two 

banks should be the same. The intuition is simple: If we have 100 BB-rated tranches, it should not matter whether 

we put them into one large ABS CLO (1x100) or 10 small ABS CLOs (10x10) when it comes to capital 

requirements. The two banks are essentially exposed to the exact same risk! Thus, we would expect the 𝐾𝑉 for 

the large ABS CLO to be equal to the average 𝐾𝑉 across the 10 small ABS CLOs. Using 𝑃𝐷𝑙𝑜𝑎𝑛𝑠 = 3%, 

𝐿𝐺𝐷𝑙𝑜𝑎𝑛𝑠 = 50%, and 𝛼 = 70%, we find the following 𝐾𝑉 values for the 10 small ABS CLOs: 

Table 29 – Values of 𝐾𝑉 for the 10 CLOs 

The table shows ten different estimates of 𝐾𝑉 based on a simulation with each resecuritization consisting of 10 BB-rated tranches. We 

have assumed that PD = 3% and LGD = 50% for each obligor in each CLO, and 𝛼 = 0.7. The mean 𝐾𝑉 is 37.23% for the ten 

resecuritizations. 

CLOs 1 2 3 4 5 6 7 8 9 10 

 𝐾𝑉 37.97% 39.70% 34.33% 36.58% 36.54% 38.47% 36.66% 39.46% 36.23% 36.35% 

Taking the average of all 10 values of 𝐾𝑉 yields 𝐾𝑉,10𝑥10̅̅ ̅̅ ̅̅ ̅̅ ̅̅ = 37.23%. On the other hand, the 𝐾𝑉 for the large 

ABS CLO (1x100) was estimated to be 𝐾𝑉,1𝑥100 = 32.25% (see Table 13). According to these results, the 

second bank would be subject to significantly greater capital requirements compared to the first bank. 
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This example obviously violates Gordy’s two conditions: 1) the results are based on the multi-pool correlation 

model, which incorporates two separate risk factors and 2) the bank’s portfolio exclusively consists of one and 

10 ABS CLOs respectively. The cause of the discrepancy between 𝐾𝑉,10𝑥10̅̅ ̅̅ ̅̅ ̅̅ ̅̅  and 𝐾𝑉,1𝑥100 is that the multi-pool 

correlation model allows imperfect correlations between the asset-values of the different pools (determined by 

𝛼). As such, the model incorporates the element of diversification when combining different pools of asset. In 

the case of the second bank, however, we did not take into account the extra diversification that would result 

from a single bank holding all 10 ABS CLOs. That is, we did not take into account the marginal risk exposure 

that each ABS CLO would bring to the portfolio of the bank. 

Despite the violations of Gordy’s conditions, this example serves as an explicit demonstration of the issue of 

Basel not incorporating marginal risk exposures for computing capital requirements. Note that in order for 

condition 1) to be satisfied, 𝛼 = 1 must be true. In this case, we would actually have 𝐾𝑉,10𝑥10̅̅ ̅̅ ̅̅ ̅̅ ̅̅ = 𝐾𝑉,1𝑥100. 

Pykhtin & Dev (2002) propose a model that takes into account the bank’s existing portfolio when computing 

capital requirements for securitization exposures. In the next section, we will be looking at how something like 

this could be incorporated in a Basel framework without directly adopting the Pykhtin-Dev model (such that we 

avoid the aforementioned unpleasant knife-edge property associated with this model). 

7.2. Portfolio-Dependency in a Basel Setting 

Pykhtin & Dev (2002) propose a model for capital allocation that includes an extra diversification element, 

denoted 𝛽. Asset values are modelled according to (𝑗 denotes the individual firms, 𝑡 denotes time) 

𝑅𝑗,𝑡 = 𝑋𝑡√𝜌 + 𝜖𝑗,𝑡√1− 𝜌, 

where 𝑋𝑡 is 

𝑋𝑡 = √𝛽𝑋𝑡
∗ + 𝑢𝑡√1 − 𝛽. 

This is essentially the same two-factor model that was utilized in Section 6 (and in the multi-pool correlation 

model). The idea of the model in this case, however, is slightly different: 

We have a bank with an existing portfolio that wishes to invest in a securitization. We have two systematic risk 

factors, 𝑋𝑡 and 𝑋𝑡
∗. The pool of assets underlying the securitization is driven by 𝑋𝑡, and the bank’s existing 

portfolio, where the bank’s interest in the securitization is going to be held, is driven by 𝑋𝑡
∗. Under the assumption 

that losses of the underlying pool of the securitization are imperfectly correlated with losses of the bank’s existing 

portfolio, there is a diversification benefit to be reaped for the bank if it invests in the securitization. Our objective 

is to incorporate this benefit into regulatory capital requirements. 

The implication of the model is that all risk factors specific to the pool of the securitization and the bank’s existing 

portfolio (e.g. geographically- and industry-specific) are consolidated into two risk factors, 𝑋𝑡 and 𝑋𝑡
∗ respectively. 
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While this simplifying assumption is certainly an approximation, it allows us to estimate an average single 

correlation between the two factors instead of having to estimating a correlation matrix between the risk factors 

specific to the securitization and the bank’s portfolio respectively. The correlation between 𝑋𝑡 and 𝑋𝑡
∗ is equal to 

√𝛽. 𝛽 thus measures the degree of diversification that might be achieved by adding the securitization to the 

bank’s existing portfolio. 

In the case where 𝛽 = 1, this essentially boils down to the Vasicek model (and thus the current Basel framework). 

Both the pool of assets underlying the securitization and the bank’s existing portfolio are assumed to be 

asymptotically fine-grained. Furthermore, the bank’s exposure to the securitization must be “small” relative to 

the overall exposure of its current portfolio. If the bank’s exposure to the securitization is not “small”, this would 

result in the bank’s portfolio no longer being asymptotically fine-grained.  

While the principle behind this model is definitely applicable for securitizations, things are slightly more complex 

when it comes to resecuritizations. Assuming that there exists an imperfect correlation between the different 

pools of a given resecuritization (given by 𝛼), we would need to utilize a two-factor model in order to model this 

relationship (i.e. the multi-pool correlation setting). If we also wish to capture an imperfect relationship between 

the asset-value of the resecuritization and the bank’s existing portfolio (given by 𝛽), we would need to expand to 

a three-factor model. In such a setting, asset values might be modelled as follows (using slightly mixed notation 

between the multi-pool correlation model and the two-factor model described in this section) (𝑗 denotes loans, 𝑙 

denotes pools, 𝑡 denotes time): 

𝑅𝑗,𝑙,𝑡 = √𝜌𝑀𝑙,𝑡 +√1 − 𝜌휀𝑗,𝑙,𝑡 

with 

𝑀𝑙,𝑡 = √𝛼𝑀𝑏𝑝,𝑡 + √1 − 𝛼𝑀𝑤𝑝,𝑙,𝑡 

and 

𝑀𝑏𝑝,𝑡 = √𝛽𝑋𝑡
∗ + 𝑢𝑡√1 − 𝛽. 

If capital requirements were based on this modelling approach, we believe that 𝐾𝑉,10𝑥10̅̅ ̅̅ ̅̅ ̅̅ ̅̅  would be equal to 

𝐾𝑉,1𝑥100 in the example given in Section 7.1. In the case of the 1𝑥100 ABS CLO, we would have 𝛽 = 1, as the 

bank’s portfolio would consist entirely of the ABS CLO. In the case of the 10𝑥10 ABS CLOs, each of the 

resecuritizations would have a 𝛽 < 1, as we would expect an imperfect correlation between the asset-values of 

each of these resecuritizations. A correct calibration of 𝛽 should theoretically enforce 𝐾𝑉,10𝑥10̅̅ ̅̅ ̅̅ ̅̅ ̅̅ = 𝐾𝑉,1𝑥100. An 

accurate estimation of 𝛽 seems very difficult to achieve due to the complex nature of resecuritizations. Similarly, 

an estimation of 𝐾𝑉 might also be difficult to come by (this would most likely have to be done numerically by 

simulating the fractional loss distributions of the different resecuritizations). In any case, the rest of this subsection 
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will exclusively deal with standard “one-layer” securitizations, as a closed-form solution for 𝐾𝑉 exists for this type 

of product. 

Being able to include the 𝛽-parameter in the formulas used by Basel might improve the objective statistical basis 

of the framework and thus improve the alignment between capital requirements and marginal risk contributions. 

Two assumptions need to be made in order for this modification to be coherent with Basel: 

First, we need to assume that the Basel Committee acknowledges that asset-value correlations between 

securitizations and banks’ existing portfolios might be imperfect. Second, as the SFA and the SSFA essentially 

allocate capital across tranches according to 𝐾𝐼𝑅𝐵, a modification of 𝐾𝐼𝑅𝐵 such that it includes 𝛽 should still make 

the SFA and the SSFA applicable. 

Pykhtin & Dev (2002) provide an explicit formula for the equivalent of 𝐾𝑉 for a standard “one-layer” 

securitization in the setting where losses of the underlying pool of the securitization are imperfectly correlated 

with losses of the bank’s existing portfolio (denoted 𝐾𝑉
𝛽

 – note that this is simply a name, and that we do raise 

𝐾𝑉 to the power of 𝛽). The idea behind 𝐾𝑉
𝛽

 is that banks are allowed to multiply their estimates of 𝜌(𝑃𝐷) with 

𝛽 such that the asset-value correlation between obligors underlying the securitization and obligors in the bank’s 

existing portfolio is utilized instead of simply the asset-value correlation within the securitization’s pool. 

Specifically, 𝐾𝑉
𝛽

 specifies for a bank holding interest in the securitization the fraction of defaults that we are 𝑞% 

sure of ending below over a 1-year period (𝑞 is set to 99.9% in Basel II/III) - 𝑃𝐷 denotes the weighted-average 

probability of default for the loans underlying the securitization:  

𝐾𝑉
𝛽
= Φ(

Φ−1(𝑃𝐷) + √𝜌(𝑃𝐷)𝛽Φ−1(𝑞)

√1 − 𝜌(𝑃𝐷)𝛽
). 

We believe that it would be possible to simply exchange 𝐾𝑉 with 𝐾𝑉
𝛽

 in the formula for 𝐾𝐼𝑅𝐵 in order to make 

capital requirements of securitizations portfolio-dependent. The figure below shows how the 𝛽-parameter affects 

𝐾𝑉
𝛽

: 
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Figure 15 - 𝐾𝑉

𝛽
 as a function of 𝛽 

The figure shows the effect of 𝛽 on 𝐾𝑉
𝛽

. We assume 𝑃𝐷 = 3%. 𝐾𝑉
𝛽

 increases almost linearly with 𝛽. Basically, it means that increasing 𝛽 

would increase the capital requirements in both the SFA and the SSFA. At 𝛽 = 1 we would have 𝐾𝑉
𝛽
= 𝐾𝑉 (i.e. we would have the current 

Basel approach). 

The figure above clearly shows that a decrease in 𝛽 will also decrease 𝐾𝑉
𝛽

. As Basel assumes 𝛽 = 1, it does not 

matter under current regulation whether the Ares IIIR/IRV CLO has an asset-value correlation of 1 or 0 with 

the rest of the bank’s portfolio. An important point to make in this regard is that the current Basel framework 

therefore is as conservative as possible when it comes to marginal capital requirements. Taking 𝛽 into account 

would result in capital requirements equal to or lower than those computed under the current regime. However, 

this is exactly the point, as it should incentivize banks to put greater emphasis on diversification of their portfolios 

with respect to securitization exposures. 

In order to more graphically illustrate how the modification 𝐾𝑉 will impact capital requirements for 

securitizations, we will compute 𝐾𝐼𝑅𝐵,𝑡
𝛽

 (i.e. the value of 𝐾𝐼𝑅𝐵 computed using 𝐾𝑉
𝛽

) for a simulated CLO over a 

time-span of 𝑡 = 100 years using a time-invariant 𝛽 = 0.7 (in practice, 𝛽 should not be time-invariant; more on 

the calibration of 𝛽 in the next subsection). We will be using the simulation engine that was presented in Section 

6 for the purpose of generating data for the illustration of the difference between 𝐾𝐼𝑅𝐵 and 𝐾𝐼𝑅𝐵
𝛽

 (using the FSC 

replacement strategy). The simulation is run for a single securitization (i.e. 𝐼 = 1). At each point in time, relevant 

values of 𝑃𝐷𝑖,𝑡 and 𝑀 are estimated from the simulation. Additionally, we have used 𝐿𝐺𝐷 = 50%. Figure 16 

shows our results. 
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Figure 16 - 𝐾𝐼𝑅𝐵,𝑡 and 𝐾𝐼𝑅𝐵,𝑡

𝛽
 

The figure shows the development in 𝐾𝐼𝑅𝐵,𝑡 and 𝐾𝐼𝑅𝐵,𝑡
𝛽

 over a 100-year period for a simulation of a CLO based on the Ares IIIR/IVR 

properties. The green line displays the standard Basel 𝐾𝐼𝑅𝐵,𝑡 that is computed by setting 𝛽 = 1, whereas the red line displays 𝐾𝐼𝑅𝐵,𝑡
𝛽

 (using 

a time-invariant 𝛽 = 0.7). The figure shows that including the 𝛽-parameter in 𝐾𝑉 simply decreases the capital requirement, as the two 

lines are perfectly correlated.   

As can be seen from Figure 16, 𝐾𝐼𝑅𝐵,𝑡 and 𝐾𝐼𝑅𝐵,𝑡
𝛽

 are perfectly correlated. The only difference between the two 

is that 𝐾𝐼𝑅𝐵,𝑡
𝛽

 is lower than 𝐾𝐼𝑅𝐵,𝑡. This is obviously a result of the fact that we explicitly model the diversification 

benefit that is achievable from adding the securitization to the bank’s portfolio. 

Figure 17 demonstrates the capital requirements throughout the 100-year time-span for tranche D of the 

simulated CLO using both 𝐾𝐼𝑅𝐵,𝑡 and 𝐾𝐼𝑅𝐵,𝑡
𝛽

 (as seen in Figure 16) for both the SFA (Basel II) and the SSFA 

(Basel III). 

 

Figure 17 – Capital requirements for tranche D 

The figure shows the capital requirements for Tranche D (BBB-rated at time zero) based on the regular 𝐾𝐼𝑅𝐵,𝑡 and 𝐾𝐼𝑅𝐵,𝑡
𝛽

 for both Basel 

II and Basel III respectively. Again, the capital requirements are simply lowered when computed using 𝐾𝐼𝑅𝐵
𝛽

, which is in accordance with 

Figures 15 and 16. 

So far, we have concluded that including a parameter for the dependence between the asset-value of a 

securitization and the bank’s existing portfolio (i.e. 0 ≤ 𝛽 ≤ 1) decreases the capital requirements for the 
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tranches in the Ares IIIR/IRV CLO. This should apply to any securitization, although the specific value of 𝛽 

would have to be calibrated in each individual case. 

While lowered capital requirements might seem inadvisable at first, we believe that banks should be properly 

rewarded for decreasing their risk exposure by utilizing the concept of diversification. 

In the next section, we will discuss how such a change might be implemented in an actual framework, as well as 

potential problems this might incur. 

7.3. Implementation and Problems 

The main problem with implementing this approach is that banks have to reliably estimate the 𝛽 parameter. The 

following is our proposal for how this might work in practice:  

The 𝛽-parameter would be different for every bank that would like to invest in the tranches. In other words, 

every bank would need to estimate a 𝛽-parameter depending on its underlying portfolio of assets and the 

securitization exposure in question. We regard the calibration of the exact value of 𝛽 as a very demanding task 

in order to properly align the contribution of risks with capital requirements (the bank essentially needs to have 

information regarding the exact underlying portfolio of the securitization). Therefore, only banks fulfilling the 

criteria for using the advanced IRB should be allowed to calibrate 𝛽 themselves. Banks using the foundation IRB 

would be given an appropriate 𝛽 dependent on the type of underlying assets of the securitization and their 

portfolio (or simply be forced to use 𝛽 = 1). However, given that 𝛽 < 1 would essentially lower the bank’s capital 

requirements, we believe that banks might be inclined to perform such demanding analyses. One potential 

problem with this proposal occurs when a significant portion of a bank’s portfolio is altered (as a result of assets 

being acquired, defaulting, reaching maturity or simply being sold to another party). In this case, the bank’s 

portfolio would significantly change, thus invalidating the previously conducted computations of regulatory capital 

requirements (essentially, the 𝛽 parameters previously used would no longer be correctly calibrated). As a 

solution to this problem, we suggest that banks recalculate the capital requirements of their entire portfolio (using 

correctly estimated 𝛽 values) in the case where 𝑥% of the notional value of the bank’s portfolio is removed within 

𝑦 days. The values of 𝑥 and 𝑦 would be specified by the national regulator (e.g. if more than 10% of the bank’s 

portfolio’s notional value is removed within 10 days, the bank has to recalculate their capital requirements). 

While we acknowledge that this proposal might be very tedious for the banks to adhere to, we believe that the 

macroprudential benefits of incentivizing banks to diversify their portfolios through the usage of capital 

requirements with respect to securitizations might be sizable and worthwhile. Using the argument that well-

diversified portfolios are less sensitive to economic fluctuations, our proposed modifications may also, indirectly, 

help alleviate some of the procyclicality issues that the current framework is facing. 
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However, we find it improbable that the Basel Committee would implement our proposal for making regulatory 

capital for securitizations portfolio-dependent. From Basel II to III, capital requirements for securitizations have 

been made significantly more conservative. Additionally, the complexity of the employed approaches for 

computing capital requirements have been reduced (at least going from the SFA to the SEC-IRBA). Our proposal 

relaxes capital requirements while increasing modelling complexity, which is why we doubt that we will see 

something like this implemented in the foreseeable future. 

We believe that it would be easier to calibrate 𝛽 for STC-securitizations, as these are supposed to be more 

transparent and come with full disclosure regarding the assets underlying the securitization. Additionally, their 

simple and homogenous compositions would also make the risk factor driving the securitization more 

comprehensible and less demanding to analyze. Furthermore, as homogeneity within securitizations is being 

promoted through the STC criteria, we believe that it might be even more prudent to explicitly incentivize banks 

to diversify their securitization exposures via regulatory capital requirements. 

8. Conclusion 

In this thesis, we have studied how the treatment of capital requirements for securitization and resecuritization 

exposures has evolved under the three Basel frameworks. 

In the first part of the thesis, we demonstrated how the Vasicek model can be used to analyze the composition 

of a securitization consisting of corporate loans with respect to credit risk. Specifically, we analyzed the 

appropriateness of the attachment points of the tranches of the publicly traded Ares IIIR/IVR CLO for different 

parameter-combinations. Our findings indicated that the Ares CLO is exposed to far less credit risk than what is 

specified by the S&P ratings of its tranches. 

In this part, we also explored how the fractional loss distribution of a CLO of ABS can be modelled using the 

multi-pool correlation model. By simulating the fractional loss distribution of a resecuritization consisting of 100 

BB-rated tranches based on the properties of tranche E of the Ares CLO, we were able to determine the 

minimum possible tranche attachment points if the resecuritization is to attain a desired credit risk profile. We 

concluded that resecuritizations are dramatically more sensitive to input parameters than standard “one-layer” 

securitizations when it comes to minimum attachment points. Additionally, the analyses conducted hitherto 

indicated that the following input parameters were realistic for the obligors underlying the Ares CLO: 𝑃𝐷 ∈

{0.03,0.05} and 𝐿𝐺𝐷 ∈ {0.5,0.7} (and 𝛼 = 0.7 for the ABS CLO). We have used these values throughout the 

rest of the thesis. 

In the second part of the thesis, we demonstrated how regulatory capital requirements have been computed for 

securitizations and resecuritizations under Basel I, II, and III. We also evaluated the relative merits of each of 

the employed approaches. Additionally, we analyzed the issues that the different frameworks have suffered from 

as well as whether the succeeding framework has successfully resolved these issues. 
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Basel I utilized an overly simplistic and straightforward “one-size-fits-all” approach for assigning risk weights to 

securitization exposures. As such, the approach had no objective statistical basis, and regulators had no way of 

making judgment of the credit risks associated with securitization exposures on banks’ balance sheets. On the 

other hand, the approach exhibited capital neutrality for securitizations consisting of corporate claims. 

The risk-insensitivity of the framework allowed banks to circumvent regulation by reducing capital requirements 

without transferring any significant credit risk to third-parties. We explored two of these Basel I regulatory capital 

arbitrage methodologies, namely “securitization with recourse” and “securitization of revolvers with recourse”. 

We showed that it would not have been possible for banks to engage in RCA under Basel I using these 

methodologies with the Ares IIIR/IVR CLO, as the quality of the assets underlying this CLO was of too poor 

quality. On the other hand, by lowering the size of the subordinated loan and increasing the quality of the 

underlying loans accordingly (such that the credit risk profile of the CLO remained unchanged), we 

demonstrated that it was indeed possible to engage in RCA under Basel I using these two methodologies. 

With Basel II, the Committee attempted to rectify the problem of capital requirements being risk-insensitive. 

The framework employed, primarily, three methodologies for risk-weighing securitization exposures: the SA, 

the RBA, and the SFA. We demonstrated how capital requirements of the Ares CLO and the ABS CLO would 

have been computed for each of these approaches. While the SA and the RBA both rely exclusively on external 

credit ratings and look-up tables, the SFA is mainly driven by expected and unexpected losses (the latter being 

based on the Vasicek model) of the pool underlying the securitization (𝐾𝐼𝑅𝐵). The allocation of capital across 

tranches for the SFA is grounded in an uncertainty in loss prioritization model. As BCBS (2006) does not give 

any clear instructions as to how resecuritization exposures should be treated under the SFA, we used the 

previously simulated fractional loss distribution to estimate 𝐾𝑉 for the ABS CLO. 

We argued that the SFA is based on a widely accepted statistical measure of credit risk. On the other hand, we 

criticized that the approach is portfolio-invariant in the sense that it does not take into account the existing 

portfolio of the investing bank, which we find to be potentially problematic. Additionally, we showed that the 

SFA is not capital neutral. 

As the RBA and the SA exclusively rely on credit ratings and look-up tables, the relative merits of the approaches 

depend almost entirely on the quality of the external credit assessment institutions. Two focal criticisms of the 

framework was its overreliance on these institutions and the risk-insensitivity associated with non-exhaustive look-

up tables. 

The SFA was plagued by significant levels of cliff-effects that were primarily caused by the choice of 𝜏-parameter. 

We found that 𝜏 = 1,000 yields a moderately low degree of uncertainty in loss prioritization, which in turn 

means that capital requirements across mezzanine tranches are not particularly smooth. 
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While a natural result of introducing several risk-weighing approaches with different levels of sophistication, we 

argued that the bifurcated system associated with Basel II skewed the competitive advantage toward larger banks 

with more tools and approaches available to them. However, we believe that a bifurcated system is preferable to 

regressing back to a Basel I-style “one-size-fits-all” approach. 

Reexamining the previously conducted Basel I RCA examples using Basel II regulation, we found that it would 

not have been possible for a bank to achieve RCA under Basel II using the presented methodologies due to the 

framework’s superior alignment between credit risk exposures and capital requirements. However, the favorable 

capital requirements for liquidity facilities extended to ABCP conduits in the original Basel II framework allowed 

banks to save significant levels of regulatory capital compared to using credit guarantees, which can be considered 

as a form of RCA. 

Revising Basel II, Basel III divides the risk-weighing approaches into the SEC-SA, SEC-ERBA, and (at the top 

of the hierarchy) the SEC-IRBA. All of these approaches are significantly more conservative than their Basel II 

counterparts. Both the SEC-SA and the SEC-IRBA utilizes a simple exponential smoothing function (the SSF) 

that exhibits low levels of cliff-effects for allocating capital across tranches according to 𝐾𝐴 and 𝐾𝐼𝑅𝐵 respectively. 

As such, the SEC-SA depends on the capital requirements for the loans underlying a securitization rather than 

the ratings of the tranches themselves. This makes the SEC-SA immensely more risk-sensitive than its Basel II 

counterpart, the SA, which drastically narrows the “gap” between approaches with respect to their sophistication. 

In turn, the level of bifurcation is less pronounced in Basel III. On the other hand, the SEC-ERBA depends 

primarily on credit ratings and look-up tables like its Basel II counterpart, the RBA. However, as the SEC-IRBA 

is at the top of the hierarchy of approaches, the overreliance on external credit assessments has been mitigated. 

We concluded that there has been no fundamental change in the statistical measures that capital requirements 

are based on going from Basel II to III - 𝐾𝐼𝑅𝐵 and external ratings/look-up tables are still the primary driving 

factors across approaches. However, the new STC-criteria promote a greater alignment between STC-

securitizations and the assumptions underlying the Vasicek model. We believe that the reliability of capital 

requirements computed for these types of products should be superior to non-STC-securitizations. 

Due to the incorporation of the supervisory parameter, 𝑝, the SSF forces the aggregated capital of a securitization 

to be greater than the capital requirements of the underlying assets were they held directly by the bank. Basel III 

enforces a form of capital-neutrality by capping the aggregated capital requirements of a securitization to 

max(𝑃𝑘)𝐾𝑝. We believe that this rule has the unfortunate side effect of incentivizing banks to invest a lot in a 

few securitizations rather than spreading their investments across many securitizations. In combination with the 

STC-criteria, we believe that this rule is particularly problematic, as STC-securitizations are supposed to be highly 

homogenous. 
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In the third part of the thesis, we investigated the issue of the Basel framework amplifying the procyclicality of 

the banking sector with respect to securitizations and the potential issue of capital requirements for securitizations 

being portfolio-independent. 

With respect to procyclicality, our results showed that the fluctuation of capital requirements throughout time 

for securitizations depends heavily on the reinvestment behavior of CLO managers. We argued that enforcing 

behavioral regulation on the CLO managers could dampen the degree of procyclicality. 

Additionally, we showed that it is possible to reduce the volatility of capital requirements for securitizations 

throughout time without significantly altering the long-term average mean by either 1) basing capital requirements 

on TTC risk-statistics (𝐾𝐼𝑅�̃�𝑖,𝑡) or 2) implementing an AR-filter that smooths the output of the current PIT capital 

requirements (𝐾𝐼𝑅�̂�𝑖,𝑡
𝐴𝑅

). We argued that 𝐾𝐼𝑅�̂�𝑖,𝑡
𝐴𝑅

 is preferable to 𝐾𝐼𝑅�̃�𝑖,𝑡, as we believe that the former more 

appropriately reflects the actual credit risk underlying securitizations. Furthermore, we argued that the AR 

smoothing approach effectively achieves the same goal as the CCB, which was introduced in the Basel III 

framework. However, the CCB is not aimed specifically at regulatory capital for securitizations, but rather on 

how banks fund themselves throughout time. 

Using a two-factor setting, we made evident how capital requirements for a pool of assets can differ depending 

on the way that they are packaged when the marginal contribution to the bank’s total credit risk is not taken into 

account. We proposed a model that explicitly accounts for the potentially imperfect correlation between the risk 

factor specific to the pool underlying the securitization and the risk factor specific to the bank’s existing portfolio. 

We believe that our proposal would incentivize banks to put greater emphasis on diversification with respect to 

securitizations, as it essentially relaxes capital requirements for securitizations depending on their expected 

degree of diversification benefit.  
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Appendix A CLO of ABS – R Code 

The following code is our implementation of the multi-pool correlation model that was presented in Section 3.2. 

All of the results of this section is based on this code (including tables and figures). The code does not require 

any external data to be loaded, and it is thus ready to be run as presented below. 

In the current setup (as presented below), the minimum attachment points of the ABS CLO for the different 

parameter-combinations will be contained in the array “aOutput”. If you wish to compute 𝐾𝑉 for the ABS CLO 

(as was done in Section 5.2.1.2.3), simply set q equal to 0.001. 

The code for plotting Figures 3 & 4 has not been included. But they are easy to construct – you simply have to 

run the code holding 𝜌 and 𝛼 constant at the appropriate values respectively. 

The code (which can be run in RStudio): 

rm(list=ls()) 

 

#Parameters - the output will be an array called aOutput containing the minimum attachment points for all possible 

combinations of p (and by extension rho(p)), LGD, alpha, and q 

#insert expected losses in q if you want minimum attachment points 

#if you want to compute K_V, then insert 0.001 in q (since we subtract q by 1 later)  

p = matrix(c(0.01,0.03,0.05)) 

LGD = matrix(c(0.3,0.5,0.7)) 

alpha = matrix(c(0.5,0.7,0.9)) 

q = matrix(c(0.00002,0.00037,0.00257,0.00869,0.04626)) 

 

aOutput = array(0,dim=c(length(LGD)*length(p)+length(LGD),2+length(alpha),length(q))) 

 

#Attachment and Detachment Points 

X = 0.076 

Y = 0.121 

 

#Number of tranches used to construct the ABS CLO 

k = 100 

 

#Number of steps in simulation 

m = 100000 

 

vMCEstimator = matrix(0,m,1) 

mOutput = matrix(0,(length(LGD)*length(p)+length(LGD)),2+length(alpha)) 

 

#Setting up the legend of the output matrix 

for (qq in 1:length(q)) { 

  aOutput[1,1,qq] = paste0("m = ",m) 

  aOutput[1,2,qq] = paste0("q = ", q[qq]) 

   

  for (i in 1:length(alpha)) { 

    aOutput[1,i+2,qq] = paste0("Alpha = ",alpha[i]) 

  } 

   

  for (i in 1:length(mOutput[,1])) { 

    if ((i %% (length(p)+1)) == 1) { 

      a = 0 
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    } else { 

      aOutput[i,1,qq] = paste0("Default Rate = ",p[a]) 

    } 

    a = a + 1 

  } 

   

  a = 0 

   

  for (i in 1:length(mOutput[,1])) { 

    if ((i %% (length(p)+1)) == 1) { 

      a = a + 1 

    } else { 

      aOutput[i,2,qq] = paste0("LGD = ",LGD[a]) 

    } 

  } 

} 

 

#Computing the minimum attachment points for each combination of pd, LGD, rho(pd), and alpha (will be stored in 

aOutput) 

for (bb in 1:length(LGD)) { 

  for (aa in 1:length(p)) { 

   

  rho = 0.12 * (1 -exp(-50*p[aa])) + 0.24 * exp(-50*p[aa]) 

   

    for (cc in 1:length(alpha)) {      

       

      #Monte Carlo Simulation 

      for (j in 1:m) { 

        #vM[1:k] = the within-pool risk factors 

        vM = matrix(0,k,1) 

        vM[,1] = rnorm(k) 

         

        #mConstant = between-pool risk factor 

        mConstant = rnorm(1) 

         

        #Calculate the fractional losses for the L different pools of loans 

        vFractionLosses = matrix(0,k,1) 

        vFractionLosses[,1] = (LGD[bb])*pnorm((qnorm(p[aa])-sqrt(alpha[cc]*rho)*mConstant-sqrt((1-

alpha[cc])*rho)*vM[,1])/sqrt(1-rho)) 

         

        #The 100 different BBB-tranches' losses 

        vTranchLosses = matrix(0,k,1) 

         

        for (i in 1:k) { 

          if (vFractionLosses[i,1] <= X) { 

            vTranchLosses[i,1] = 0 

          } else if (X < vFractionLosses[i,1] & vFractionLosses[i,1] < Y) { 

            vTranchLosses[i,1] = (vFractionLosses[i,1] - X)/(Y - X) 

          } else { 

            vTranchLosses[i,1] = 1 

          }   

        } 

         

        #vMCEstimator contains the fraction of the ABS CLO's defaulted loans for each of the m simulations 

        vMCEstimator[j] = (sum(vTranchLosses) / k) * 100 

      } 

        #taking the 1-q'th fractile of the simulated loss distribution of the ABS CLO 

        for (qq in 1:length(q)) { 
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          aOutput[(aa + bb + length(p)*(bb-1)),2+cc,qq] = paste0(round(quantile(vMCEstimator, 1 - q[qq]),2)," %")     

        } 

    } 

  } 

} 

 

#this is Table 7 (slightly different layout) 

aOutput 
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Appendix B Simulation Engine (Procyclicality) – R Code 

As the code is very comprehensive, we have decided to split it up into five parts in order to make it more 

accessible and readable. Additionally, we have added relevant comments throughout the code. The parts: 

- In parts 1 & 2, the actual simulation engine presented in Section 6.1 and 6.1.1 is implemented. 

- In Part 3, the smoothing approaches presented in Section 6.1.2 is implemented. Additionally, we 

compute tranche capital requirements using the SFA (Basel II) and the SEC-IRBA/SSFA (Basel III) in 

parts 3.1 & 3.2 respectively. 

- In Part 4, the through-the-cycle methodology that was presented in Section 6.1.3 is implemented. 

- In Part 5, the code for computing and plotting all of our results (including tables and figures) from 

Section 6.2 can be found. 

If you wish to run the code, you need to make a few adjustments, as you will not have access to the two data files 

“Ares IIIR IVR 09 01 2008.RData” and “PBar.RData” respectively. Specifically, you will need to manually type 

in the vector “SFixed” and the matrix “PBar” (the values of these two elements can be found in tables 23 and 22 

respectively). The relevant code that you need to alter can be found just before Part 1. Additionally, you will 

need to install the packages “ggplot2” and “data.table” if you have not. Otherwise, the code is ready to be copied 

into and run in RStudio. 

rm(list=ls()) 

ls(all=TRUE) 

library(ggplot2) 

library(data.table) 

load("Ares IIIR IVR 09 01 2008.RData") 

load("PBar.RData") 

 

#Variables (can be altered as you wish) 

T = 140 

I = 90 #number of CLOs 

n = 475 #number of loans 

beta = 0.7 

delta = 0.3 

phi = 1.5 #expected maturity of new loans is equal to phi+1 

omega = 1 

rho = 0.18 

LGD = 0.5 

Q = 0.999 #the q-value specified by Basel 

alpha = 0.25 #used for AR smoothing 

a = 0.066 

omega1 = 0.8 

omega2 = 0.6 

 

#Assigning Risk-Weights According to the Basel II Framework for Corporate Claims 

#If you don't have the data-file "Ares IIIR IVR 09 01 2008.RData", simply skip this code-portion and instead type in SFixed 

manually (see Table 23) 

vAresRW = matrix(0,n,1) 

 

for (i in 1:475) { 
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  if (toString(mAres[i,9]) == "A") { 

    vAresRW[i] = 3 

  } else if (toString(mAres[i,9]) == "A+") { 

    vAresRW[i] = 3 

  } else if (toString(mAres[i,9]) == "BBB-") { 

    vAresRW[i] = 4 

  } else if (toString(mAres[i,9]) == "BBB") { 

    vAresRW[i] = 4 

  } else if (toString(mAres[i,9]) == "BB+") { 

    vAresRW[i] = 5 

  } else if (toString(mAres[i,9]) == "BB") { 

    vAresRW[i] = 5 

  } else if (toString(mAres[i,9]) == "BB-") { 

    vAresRW[i] = 5 

  } else if (toString(mAres[i,9]) == "B+") { 

    vAresRW[i] = 6 

  } else if (toString(mAres[i,9]) == "B") { 

    vAresRW[i] = 6 

  } else if (toString(mAres[i,9]) == "B-") { 

    vAresRW[i] = 6 

  } else if (toString(mAres[i,9]) == "CCC+") { 

    vAresRW[i] = 7 

  } else if (toString(mAres[i,9]) == "CCC") { 

    vAresRW[i] = 7 

  } 

} 

 

SFixed = matrix(0,7,1) 

for (i in 1:7) { 

  SFixed[i] = sum(vAresRW == i)/length(vAresRW) 

} 

 

#You might need to type in PBar manually if you don't have the file "PBar.RData" - see Table 22 

PBar = as.matrix(PBar) 

 

################################################################ 

################################################################ 

 

#Part 1 - Initializing the Simulation Engine 

 

################################################################ 

################################################################ 

 

 

#Computing the gamma and zeta threshholds as well as initializing arrays to keep track of the ratings and maturities of the 

different loans throughout time 

mGammaThreshhold = matrix(0,7,9) 

for (i in 1:7) { 

  for (j in 3:9) { 

    mGammaThreshhold[i,(j-1)] = qnorm(sum(PBar[i,(j-1):8])) 

  } 

} 

mGammaThreshhold[,1] = 1000 

mGammaThreshhold[,9] = -1000 

 

vZetaThreshholds = matrix(0,8,1) 

for (i in 2:7) { 
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  vZetaThreshholds[i] = qnorm(sum(SFixed[1:(i-1)])) 

} 

vZetaThreshholds[1] = -100000 

vZetaThreshholds[8] = 100000 

 

mZetaCyclical = matrix(0,I,8) 

mSCyclical = matrix(0,I,7) 

 

aRating1 = array(0,dim = c(I,n,4)) 

aMaturity1 = array(rpois(I*n*4,phi)+1,dim = c(I,n,4)) 

 

aRating = array(0,dim = c(I,n,4,T)) 

aRatingTTC = array(0,dim = c(I,n,100)) 

aMaturity = array(0,dim = c(I,n,4,T)) 

 

#Randomly drawing ratings for each loan of each CLO for each reinvestment strategy from SFixed at t = 1 (i.e. the first year 

of the burn-in period) 

for (l in 1:4) { 

  for (i in 1:I) { 

    for (j in 1:n) { 

       

      x = pnorm(rnorm(1)) 

       

      if (x <= SFixed[1]) { 

        aRating[i,j,l,1] = 1 

      } else if (x <= sum(SFixed[1:2])) { 

        aRating[i,j,l,1] = 2 

      } else if (x <= sum(SFixed[1:3])) { 

        aRating[i,j,l,1] = 3 

      } else if (x <= sum(SFixed[1:4])) { 

        aRating[i,j,l,1] = 4 

      } else if (x <= sum(SFixed[1:5])) { 

        aRating[i,j,l,1] = 5 

      } else if (x <= sum(SFixed[1:6])) { 

        aRating[i,j,l,1] = 6 

      } else if (x <= sum(SFixed[1:7])) { 

        aRating[i,j,l,1] = 7 

      }  

    } 

  } 

} 

 

#Initializing an array for keeping track of the values of K_IRB - also computing K_IRB at t=1 

#Wrt. reinvestment strategies, the following denotation has been used: 1 = fixed, 2 = passive, 3 = cyclical, 4 = FSC 

aKIRB = array(0,dim = c(I,T,4)) 

 

for (i in 1:4) { 

  for (j in 1:I) { 

    PD = 0 

    #computing PD 

    for (k in 1:7) { 

      PD = (sum(aRating[j,,i,1] == k)/n)*PBar[k,8] + PD 

    } 

     

    bPD = (0.11852 - 0.05478 * log(PD))^2 

    m = mean(aMaturity[j,,i,1]) 

    mata = (1 + (m - 2.5) * bPD) / (1 - 1.5 * bPD) 
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    kV = pnorm((qnorm(PD) + sqrt(rho) * qnorm(Q))/(sqrt(1 - rho)))     

     

    KUL = (LGD * (kV - PD) * mata) * 1.06 

     

    aKIRB[j,1,i] = KUL + PD * mata * LGD 

  } 

} 

 

vXtStar = matrix(0,T-1,1) 

aRating1 = aRating[,,,1] 

aMaturity1 = aMaturity[,,,1] 

 

################################################################ 

################################################################ 

 

#Part 2 - Simulation Engine from t=2 to T 

 

################################################################ 

################################################################ 

for (aa in 2:T) { 

   

  #Random Shocks 

  Xt_star = rnorm(1) 

  vXtStar[aa-1] = Xt_star 

  Uit = rnorm(I) 

   

  vXit = matrix(0,I,1) 

  for (j in 1:I) { 

    vXit[j] = sqrt(beta) * Xt_star + Uit[j] + sqrt(1 - beta) 

  } 

   

  vEpsilont = matrix(rnorm(n*I),I,n) 

  vRit = matrix(0,I,n) 

   

  for (k in 1:I) { 

    for (j in 1:n) { 

      vRit[k,j] = vXit[k] * sqrt(rho) + vEpsilont[k,j] * sqrt(1 - rho)  

    } 

  } 

   

  #Cyclical Reinvestment 

  for (j in 1:I) { 

    for (k in 1:8) { 

      mZetaCyclical[j,k] = (vZetaThreshholds[k] - delta * vXit[j]) / sqrt(1 - delta^2) 

    } 

  } 

   

  for (j in 1:I) { 

    for (k in 1:7) { 

      mSCyclical[j,k] = pnorm(mZetaCyclical[j,k+1]) - pnorm(mZetaCyclical[j,k]) 

    } 

  } 

   

  #Updating loan maturities 

  aMaturity1 = aMaturity1 - 1 

   



  

120 

 

  #This is the main loop of the simulation engine. First, we update loan ratings. Then, defaulted or matured loans are 

replaced. 

  for (cc in 1:I) { 

    for (bb in 1:4) { 

       

      #Updating loan ratings 

      for (dd in 1:n) { 

        for (ee in 1:length(mGammaThreshhold[,1])) { 

          if (aRating1[cc,dd,bb] == ee) { 

            for (ff in 1:8) { 

              if (mGammaThreshhold[ee,ff] > vRit[cc,dd] & vRit[cc,dd] >= mGammaThreshhold[ee,ff+1]) { 

                aRating1[cc,dd,bb] = ff 

              } 

            }               

          } 

        }     

      } 

       

      #Computing the survive distribution (for the passive replacement strategy) 

      if (bb == 2) { 

        vSurvive = (aRating1[cc,,bb] [! aRating1[cc,,bb] %in% 8]) 

        vSurviveDistribution = matrix(0,7) 

        for (gg in 1:7) { 

          vSurviveDistribution[gg] = sum(vSurvive == gg)/length(vSurvive) 

        }        

      } 

       

      for (dd in 1:n) {  

         

        #Fixed replacement strategy (i.e. bb == 1) - replace matured/defaulted loans 

        if (bb == 1) { 

          if (aRating1[cc,dd,bb] == 8 | aMaturity1[cc,dd,bb] < 1) { 

            aMaturity1[cc,dd,bb] = rpois(1,phi) + 1 

            x = pnorm(rnorm(1)) 

             

            if (x <= SFixed[1]) { 

              aRating1[cc,dd,bb] = 1 

            } else if (x <= sum(SFixed[1:2])) { 

              aRating1[cc,dd,bb] = 2 

            } else if (x <= sum(SFixed[1:3])) { 

              aRating1[cc,dd,bb] = 3 

            } else if (x <= sum(SFixed[1:4])) { 

              aRating1[cc,dd,bb] = 4 

            } else if (x <= sum(SFixed[1:5])) { 

              aRating1[cc,dd,bb] = 5 

            } else if (x <= sum(SFixed[1:6])) { 

              aRating1[cc,dd,bb] = 6 

            } else if (x <= sum(SFixed[1:7])) { 

              aRating1[cc,dd,bb] = 7 

            } 

          } 

        } 

         

        #Passive replacement strategy (i.e. bb == 2) - replace matured/defaulted loans 

        else if (bb == 2) { 

          if (aRating1[cc,dd,bb] == 8 | aMaturity1[cc,dd,bb] < 1) { 

            aMaturity1[cc,dd,bb] = rpois(1,phi) + 1 

            x = pnorm(rnorm(1)) 
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            if (x <= vSurviveDistribution[1]) { 

              aRating1[cc,dd,bb] = 1 

            } else if (x <= sum(vSurviveDistribution[1:2])) { 

              aRating1[cc,dd,bb] = 2 

            } else if (x <= sum(vSurviveDistribution[1:3])) { 

              aRating1[cc,dd,bb] = 3 

            } else if (x <= sum(vSurviveDistribution[1:4])) { 

              aRating1[cc,dd,bb] = 4 

            } else if (x <= sum(vSurviveDistribution[1:5])) { 

              aRating1[cc,dd,bb] = 5 

            } else if (x <= sum(vSurviveDistribution[1:6])) { 

              aRating1[cc,dd,bb] = 6 

            } else if (x <= sum(vSurviveDistribution[1:7])) { 

              aRating1[cc,dd,bb] = 7 

            } 

          } 

        } 

         

        #Cyclical reinvestment strategy (bb == 3) - replace matured/defaulted loans 

        else if (bb == 3) { 

          if (aRating1[cc,dd,bb] == 8 | aMaturity1[cc,dd,bb] < 1) { 

            aMaturity1[cc,dd,bb] = rpois(1,phi) + 1 

            x = pnorm(rnorm(1)) 

             

            if (x <= mSCyclical[cc,1]) { 

              aRating1[cc,dd,bb] = 1 

            } else if (x <= sum(mSCyclical[cc,1:2])) { 

              aRating1[cc,dd,bb] = 2 

            } else if (x <= sum(mSCyclical[cc,1:3])) { 

              aRating1[cc,dd,bb] = 3 

            } else if (x <= sum(mSCyclical[cc,1:4])) { 

              aRating1[cc,dd,bb] = 4 

            } else if (x <= sum(mSCyclical[cc,1:5])) { 

              aRating1[cc,dd,bb] = 5 

            } else if (x <= sum(mSCyclical[cc,1:6])) { 

              aRating1[cc,dd,bb] = 6 

            } else if (x <= sum(mSCyclical[cc,1:7])) { 

              aRating1[cc,dd,bb] = 7 

            } 

          }    

        }                 

         

        #FSC reinvestment strategy (i.e. bb == 4) - replace matured/defaulted loans 

        else if (bb == 4) {   

          vSBZ = (omega/3) * vSurviveDistribution + (omega/3) * mSCyclical[cc,] + (omega/3) * SFixed 

           

          if (aRating1[cc,dd,bb] == 8 | aMaturity1[cc,dd,bb] < 1) { 

            aMaturity1[cc,dd,bb] = rpois(1,phi) + 1 

            x = pnorm(rnorm(1)) 

             

            if (x <= vSBZ[1]) { 

              aRating1[cc,dd,bb] = 1 

            } else if (x <= sum(vSBZ[1:2])) { 

              aRating1[cc,dd,bb] = 2 

            } else if (x <= sum(vSBZ[1:3])) { 

              aRating1[cc,dd,bb] = 3 

            } else if (x <= sum(vSBZ[1:4])) { 
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              aRating1[cc,dd,bb] = 4 

            } else if (x <= sum(vSBZ[1:5])) { 

              aRating1[cc,dd,bb] = 5 

            } else if (x <= sum(vSBZ[1:6])) { 

              aRating1[cc,dd,bb] = 6 

            } else if (x <= sum(vSBZ[1:7])) { 

              aRating1[cc,dd,bb] = 7 

            } 

          }           

        }         

      } 

       

      PD = 0 

      #computing PD for the given CLO at the given point-in-time for the given reinvestment strategy 

      for (k in 1:7) { 

        PD = (sum(aRating1[cc,,bb] == k)/n)*PBar[k,8] + PD 

      } 

       

      #The value of PD is then used to compute K_IRB, the values of which are stored in aKIRB for later usage 

      bPD = (0.11852 - 0.05478 * log(PD))^2 

      m = mean(aMaturity1[cc,,bb]) 

      mata = (1 + (m - 2.5) * bPD) / (1 - 1.5 * bPD) 

       

      kV = pnorm((qnorm(PD) + sqrt(rho) * qnorm(Q))/(sqrt(1 - rho)))     

       

      KUL = (LGD * (kV - PD) * mata) * 1.06 

       

      aKIRB[cc,aa,bb] = KUL + PD * mata * LGD 

       

    }               

  } 

  #The purpose of storing the ratings and maturities throughout time is to make it easier to generate TTC ratings later 

  aRating[,,,aa] = aRating1 

  aMaturity[,,,aa] = aMaturity1 

} 

 

################################################################## 

################################################################## 

 

#Part 3 - Smoothing Approaches and Tranche Capital Requirements 

 

################################################################## 

################################################################## 

 

#counter-cyclical indexing (CCI) 

vAlpha = matrix(0,T,1) 

for(i in 4:T) { 

  vAlpha[i] = exp(a * (omega1 * vXtStar[i-1] + omega2 * vXtStar[i-2]) - ((a^2)/2)) 

} 

 

aKIRBCCI = array(0,dim = c(I,T,4)) 

for (j in 1:4) { 

  for (l in 4:T) { 

    aKIRBCCI[,l,j] = aKIRB[,l,j] * vAlpha[l] 

  } 

} 
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#Autoregressive Smoothing (AR) 

aKIRBAR = array(0,dim = c(I,T,4)) 

aKIRBAR[,1,] = aKIRB[,1,] 

 

for (i in 2:T) { 

  for (j in 1:I) { 

    for (k in 1:4) { 

      aKIRBAR[j,i,k] = aKIRBAR[j,i-1,k] + alpha*(aKIRB[j,i,k] - aKIRBAR[j,i-1,k]) 

    } 

  } 

} 

       

      

##################################################################################################

################################################################################################## 

       

      #Part 3.1 - Tranche Capital Requirements Under Basel II (SFA) 

      #we compute capital requirements for the different tranches of the CLOs throughout time 

      #This is done for both the non-smoothed K_IRB and the AR-smoothed K_IRB 

      #Results are in aCCTranches and aCCTranchesAR respectively 

      #We are using the SFA 

       

      

##################################################################################################      

################################################################################################## 

 

#Capital Charges for ARES IIIR/IVR Tranches 

tau = 1000 

omega = 20 

 

#Computing L (credit enhancement level) 

vA = matrix(0,7,1) 

for (i in 2:7) { 

  vA[i-1] = sum(mTranches[i:7,13])/sum(mTranches[,13]) 

} 

vA[1] = vA[2] 

 

#Computing Tranche Thickness 

vT = matrix(0,7,1) 

for (i in 1:7) { 

  vT[i] = mTranches[i,13] / sum(mTranches[,13]) 

} 

 

#Computing Effective Number of Exposures, N 

vEAD = matrix(0,198,1) 

 

a = toString(as.matrix(mAres[1,1])) 

vEAD[1] = mAres[1,5] 

b = 1 

 

for (i in 2:475) { 

  if (a == toString(mAres[i,1])) { 

    vEAD[b] = (vEAD[b] + mAres[i,5]) 

  } 

  else { 

    b = (b+1) 

    vEAD[b] = mAres[i,5] 
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  } 

  a = toString(mAres[i,1]) 

} 

 

vEADsq = vEAD^2 

N = (sum(vEAD))^2 / sum(vEADsq) 

 

aCCTranches = array(0,dim = c(I,7,T,4)) 

vKL = matrix(0,7,1) 

vKLT = matrix(0,7,1) 

vSL = matrix(0,7,1) 

vSLT = matrix(0,7,1) 

vCC = matrix(0,7,1) 

 

#Non-smoothed tranche capital requirements under Basel II (SFA) 

for (aa in 1:4) { 

  for (bb in 1:T) { 

    for (cc in 1:I) { 

      h = (1 - aKIRB[cc,bb,aa]/LGD)^N 

      c = aKIRB[cc,bb,aa]/(1-h) 

      v = ((LGD - aKIRB[cc,bb,aa]) * aKIRB[cc,bb,aa] + 0.25 * (1 - LGD) * aKIRB[cc,bb,aa]) / N 

      f = (((v + aKIRB[cc,bb,aa]^2) / (1 - h)) - c^2) + (((1 - aKIRB[cc,bb,aa]) * aKIRB[cc,bb,aa] - v) / ((1 - h)*tau)) 

      g = (((1 - c)*c) / f) - 1 

      a = g*c 

      b = g * (1 - c) 

      d = 1 - (1 - h) * (1 - pbeta(aKIRB[cc,bb,aa],a,b)) 

       

      #Computing K(L), K(L + T) and K(Kirb) 

      for (i in 1:7) { 

        vKL[i] = (1 - h) * ((1 - pbeta(vA[i],a,b)) * vA[i] + (pbeta(vA[i],a+1,b) * c)) 

      } 

     

      for (i in 1:7) { 

        vKLT[i] = (1 - h) * ((1 - pbeta(vA[i] + vT[i],a,b)) * (vA[i] + vT[i]) + (pbeta(vA[i] + vT[i],a+1,b) * c)) 

      } 

       

      KKirb = (1 - h) * ((1 - pbeta(aKIRB[cc,bb,aa],a,b)) * aKIRB[cc,bb,aa] + (pbeta(aKIRB[cc,bb,aa],a+1,b) * c)) 

     

      #Computing S(L) and S(L + T) 

      for (i in 1:7) { 

        if (vA[i] < aKIRB[cc,bb,aa]) { 

          vSL[i] = vA[i] 

        } 

        else { 

          vSL[i] = aKIRB[cc,bb,aa] + vKL[i] - KKirb + (d * aKIRB[cc,bb,aa] / omega) * (1 - exp((-omega) * (vA[i] - 

aKIRB[cc,bb,aa]) / aKIRB[cc,bb,aa])) 

        } 

      } 

       

      for (i in 1:7) { 

        if ((vA[i] + vT[i]) < aKIRB[cc,bb,aa]) { 

          vSLT[i] = (vA[i] + vT[i]) 

        } 

        else { 

          vSLT[i] = aKIRB[cc,bb,aa] + vKLT[i] - KKirb + (d * aKIRB[cc,bb,aa] / omega) * (1 - exp((-omega) * ((vA[i] + vT[i]) 

- aKIRB[cc,bb,aa]) / aKIRB[cc,bb,aa])) 

        } 

      } 
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      #Computing Capital Charges (vCC) and storing in aCCTranches 

      for (i in 1:7) { 

        vCC[i] = max((vSLT[i] - vSL[i]) / vT[i],0.0056) 

      } 

       

      aCCTranches[cc,,bb,aa] = vCC 

    } 

  } 

} 

 

#AR smoothed tranche capital requirements under Basel II (SFA) 

aCCTranchesAR = array(0,dim = c(I,7,T,4)) 

 

for (aa in 1:4) { 

  for (bb in 1:T) { 

    for (cc in 1:I) { 

      h = (1 - aKIRBAR[cc,bb,aa]/LGD)^N 

      c = aKIRBAR[cc,bb,aa]/(1-h) 

      v = ((LGD - aKIRBAR[cc,bb,aa]) * aKIRBAR[cc,bb,aa] + 0.25 * (1 - LGD) * aKIRBAR[cc,bb,aa]) / N 

      f = (((v + aKIRBAR[cc,bb,aa]^2) / (1 - h)) - c^2) + (((1 - aKIRBAR[cc,bb,aa]) * aKIRBAR[cc,bb,aa] - v) / ((1 - h)*tau)) 

      g = (((1 - c)*c) / f) - 1 

      a = g*c 

      b = g * (1 - c) 

      d = 1 - (1 - h) * (1 - pbeta(aKIRBAR[cc,bb,aa],a,b)) 

       

      #Computing K(L), K(L + T) and K(Kirb) 

      for (i in 1:7) { 

        vKL[i] = (1 - h) * ((1 - pbeta(vA[i],a,b)) * vA[i] + (pbeta(vA[i],a+1,b) * c)) 

      } 

       

       

      for (i in 1:7) { 

        vKLT[i] = (1 - h) * ((1 - pbeta(vA[i] + vT[i],a,b)) * (vA[i] + vT[i]) + (pbeta(vA[i] + vT[i],a+1,b) * c)) 

      } 

       

      KKirb = (1 - h) * ((1 - pbeta(aKIRBAR[cc,bb,aa],a,b)) * aKIRBAR[cc,bb,aa] + (pbeta(aKIRBAR[cc,bb,aa],a+1,b) * c)) 

       

       

      #Computing S(L) and S(L + T) 

      for (i in 1:7) { 

        if (vA[i] < aKIRBAR[cc,bb,aa]) { 

          vSL[i] = vA[i] 

        } 

        else { 

          vSL[i] = aKIRBAR[cc,bb,aa] + vKL[i] - KKirb + (d * aKIRBAR[cc,bb,aa] / omega) * (1 - exp((-omega) * (vA[i] - 

aKIRBAR[cc,bb,aa]) / aKIRBAR[cc,bb,aa])) 

        } 

      } 

       

      for (i in 1:7) { 

        if ((vA[i] + vT[i]) < aKIRBAR[cc,bb,aa]) { 

          vSLT[i] = (vA[i] + vT[i]) 

        } 

        else { 

          vSLT[i] = aKIRBAR[cc,bb,aa] + vKLT[i] - KKirb + (d * aKIRBAR[cc,bb,aa] / omega) * (1 - exp((-omega) * ((vA[i] + 

vT[i]) - aKIRBAR[cc,bb,aa]) / aKIRBAR[cc,bb,aa])) 

        } 



  

126 

 

      } 

       

      #Computing Capital Charges (vCC) and storing in aCCTranchesAR 

      for (i in 1:7) { 

        vCC[i] = max((vSLT[i] - vSL[i]) / vT[i],0.0056) 

      } 

       

      aCCTranchesAR[cc,,bb,aa] = vCC       

    } 

  } 

} 

 

      

##################################################################################################      

################################################################################################## 

       

      #Part 3.2 - Tranche Capital Requirements Under Basel III (SEC-IRBA or SSFA) 

      #Similar to Basel II, we compute capital requirements for the different tranches of the CLOs throughout time 

      #This is done for both the non-smoothed K_IRB and the AR-smoothed K_IRB 

      #Results are in aCCTranchesIII and aCCTranchesARIII respectively 

     

      

##################################################################################################    

################################################################################################## 

 

m = 1 

 

A = 0 

B = 3.56 

C = -1.85 

D = 0.55 

E = 0.07 

 

A2 = 0.16 

B2 = 2.87 

C2 = -1.03 

D2 = 0.21 

E2 = 0.07 

 

vD = matrix(1,7,1) 

vD[3:7] = vA[2:6] 

vL = matrix(0,7,1) 

vKssfairb = matrix(0,7,1) 

vRW = matrix(0,7,1) 

 

aCCTranchesIII = array(0,dim = c(I,7,T,4)) 

aCCTranchesARIII = array(0,dim = c(I,7,T,4)) 

 

#Non-smoothed tranche capital requirements under Basel III (SEC-IRBA) 

for (aa in 1:4) { 

  for (bb in 1:T) { 

    for (cc in 1:I) { 

      #Computing p, the Supervisory Parameter 

      pSenior = max(0.3,A + B * (1/N) + C * aKIRB[cc,bb,aa] + D * LGD + E * m) 

      pNonSenior = max(0.3,A2 + B2 * (1/N) + C2 * aKIRB[cc,bb,aa] + D2 * LGD + E2 * m) 

       

      #Computing Capital Requirement per unit of securitisation exposure, KsSFAiRB 
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      aSenior = -(1 / (pSenior * aKIRB[cc,bb,aa])) 

      aNonSenior = -(1 / (pNonSenior * aKIRB[cc,bb,aa])) 

      vU = vD - aKIRB[cc,bb,aa] 

       

      for (i in 1:7) { 

        vL[i] = max(vA[i] - aKIRB[cc,bb,aa],0) 

      } 

       

      for (i in 1:2) { 

        vKssfairb[i] = (exp(aSenior * vU[i]) - exp(aSenior *vL[i])) / (aSenior * (vU[i] - vL[i])) 

      } 

      for (i in 3:7) { 

        vKssfairb[i] = (exp(aNonSenior * vU[i]) - exp(aNonSenior *vL[i])) / (aNonSenior * (vU[i] - vL[i])) 

      } 

       

      #Computing Risk Weights 

      for (i in 1:7) { 

        if (vD[i] <= aKIRB[cc,bb,aa]) { 

          vRW[i] = 12.5 

        } else if (vA[i] >= aKIRB[cc,bb,aa]) { 

          vRW[i] = vKssfairb[i] * 12.5 

        } else if (vA[i] < aKIRB[cc,bb,aa] & vD[i] > aKIRB[cc,bb,aa]){ 

          vRW[i] = (((aKIRB[cc,bb,aa] - vA[i]) / (vD[i] - vA[i])) * 12.5) + (((vD[i] - aKIRB[cc,bb,aa]) / (vD[i] - vA[i])) * 12.5 * 

vKssfairb[i]) 

        } 

        vRW[i] = max(0.15,vRW[i]) 

      } 

       

      aCCTranchesIII[cc,,bb,aa] = vRW * 0.08     

       

    } 

  } 

} 

 

#AR-smoothed tranche capital requirements under Basel III (SEC-IRBA) 

for (aa in 1:4) { 

  for (bb in 1:T) { 

    for (cc in 1:I) { 

      #Computing p, the Supervisory Parameter 

      pSenior = max(0.3,A + B * (1/N) + C * aKIRBAR[cc,bb,aa] + D * LGD + E * m) 

      pNonSenior = max(0.3,A2 + B2 * (1/N) + C2 * aKIRBAR[cc,bb,aa] + D2 * LGD + E2 * m) 

       

      #Computing Capital Requirement per unit of securitisation exposure, KsSFAiRB 

      aSenior = -(1 / (pSenior * aKIRBAR[cc,bb,aa])) 

      aNonSenior = -(1 / (pNonSenior * aKIRBAR[cc,bb,aa])) 

      vU = vD - aKIRBAR[cc,bb,aa] 

       

      for (i in 1:7) { 

        vL[i] = max(vA[i] - aKIRBAR[cc,bb,aa],0) 

      } 

       

      for (i in 1:2) { 

        vKssfairb[i] = (exp(aSenior * vU[i]) - exp(aSenior *vL[i])) / (aSenior * (vU[i] - vL[i])) 

      } 

      for (i in 3:7) { 

        vKssfairb[i] = (exp(aNonSenior * vU[i]) - exp(aNonSenior *vL[i])) / (aNonSenior * (vU[i] - vL[i])) 

      } 
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      #Computing Risk Weights 

      for (i in 1:7) { 

        if (vD[i] <= aKIRBAR[cc,bb,aa]) { 

          vRW[i] = 12.5 

        } else if (vA[i] >= aKIRBAR[cc,bb,aa]) { 

          vRW[i] = vKssfairb[i] * 12.5 

        } else if (vA[i] < aKIRBAR[cc,bb,aa] & vD[i] > aKIRBAR[cc,bb,aa]){ 

          vRW[i] = (((aKIRBAR[cc,bb,aa] - vA[i]) / (vD[i] - vA[i])) * 12.5) + (((vD[i] - aKIRBAR[cc,bb,aa]) / (vD[i] - vA[i])) * 

12.5 * vKssfairb[i]) 

        } 

        vRW[i] = max(0.15,vRW[i]) 

      } 

       

      aCCTranchesARIII[cc,,bb,aa] = vRW * 0.08 

    } 

  } 

} 

 

################################################################## 

################################################################## 

 

#Part 4 - Through-the-Cycle Ratings Approach 

 

################################################################## 

################################################################## 

#As we're only using 5 ordinal ratings (and as SFixed[1:2] are both equal to 0, we shorten SFixed such that it only contains 

the five relevant ratings) 

SFixed = as.matrix(SFixed[3:7]) 

 

#This array will contain the sorted loan ratings as well as the loan and CLO number (for identification purposes) for the 100 

relevant years (not including burn-in period) 

aRatingSorted = array(0,dim=c(I*n,3,100)) 

 

mHelp = matrix(0,I*n,3) 

vLoan = as.matrix(rep(1:n,times=I,each=1)) 

vBank = as.matrix(rep(1:I,times=1,each=n)) 

 

#We use a data.table to help us sort the data. 

for (aa in 41:T) { 

   

  mHelp[,1] = as.vector(t(aRating[,,4,aa])) 

  mHelp[,2] = vLoan 

  mHelp[,3] = vBank 

   

   

  dtHelp = data.table(mHelp) 

  #shuffling the ratings (while keeping the CLO and loan identification numbers) before sorting in order to avoid the 

simulation bias that was mentioned in section 6.1.3 

  dtHelp = dtHelp[sample(nrow(dtHelp)),] 

   

  mHelp = as.matrix(dtHelp) 

   

  #the actual sorting 

  dtHelp = data.table(mHelp, key="V1") 

   

  mHelp = as.matrix(dtHelp) 

  aRatingSorted[,,(aa-40)] = mHelp 
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} 

 

#Assigning TTC-ratings 

for (aa in 1:100) { 

  a = 0 

   

  for (i in 1:length(SFixed)) { 

    for (j in 1:(I*n*SFixed[i])) { 

      loan = aRatingSorted[(a+j),2,aa] 

      bank = aRatingSorted[(a+j),3,aa] 

       

      aRatingTTC[bank,loan,aa] = i 

       

      if (j == (I*n*SFixed[i])) { 

        a = (a + (I*n*SFixed[i])) 

      }  

    } 

  } 

} 

 

#Computing TTC probabilities of default (to be used for computing TTC versions of K_IRB) 

vTTCPD = matrix(0,length(SFixed),1) 

for (i in 1:length(SFixed)) { 

   

  for (aa in 41:T) { 

    for (bb in 1:I) { 

      for (cc in 1:n) { 

         

        if (i == aRatingTTC[bb,cc,(aa-40)]) { 

          vTTCPD[i] = vTTCPD[i] + (PBar[aRating[bb,cc,4,aa],8]) 

        }    

      } 

    } 

  } 

} 

 

for (i in 1:length(SFixed)) { 

  vTTCPD[i] = vTTCPD[i] / sum(aRatingTTC == i) 

} 

 

#Computing K_IRB based on the TTC ratings 

mKIRBTTC = matrix(0,I,100) 

 

for (aa in 41:T) { 

  for (cc in 1:I) { 

    PD = 0 

    #computing CLO PD 

    for (k in 1:length(SFixed)) { 

      PD = (sum(aRatingTTC[cc,,(aa-40)] == k)/n)*vTTCPD[k] + PD 

    } 

     

    bPD = (0.11852 - 0.05478 * log(PD))^2 

    m = mean(aMaturity[cc,,4,aa]) 

    mata = (1 + (m - 2.5) * bPD) / (1 - 1.5 * bPD) 

     

    kV = pnorm((qnorm(PD) + sqrt(rho) * qnorm(Q))/(sqrt(1 - rho)))     

     

    KUL = (LGD * (kV - PD) * mata) * 1.06 
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    mKIRBTTC[cc,(aa-40)] = KUL + PD * mata * LGD 

  } 

} 

 

################################################################################################## 

################################################################################################## 

 

#Part 5 - Results (Figures & Tables) 

 

################################################################################################## 

################################################################################################## 

#the value of CLO indicates which of the simulated CLOs you wish to plot in your results 

CLO = 1 

#strategy indicates which replacement strategy you wish to use for your plots (4 is FSC) 

strategy = 4 

 

#multiplot-function needed to plot Figure 10 (courtesy of http://www.cookbook-

r.com/Graphs/Multiple_graphs_on_one_page_(ggplot2)) 

multiplot <- function(..., plotlist=NULL, file, cols=1, layout=NULL) { 

  library(grid) 

   

  # Make a list from the ... arguments and plotlist 

  plots <- c(list(...), plotlist) 

   

  numPlots = length(plots) 

   

  # If layout is NULL, then use 'cols' to determine layout 

  if (is.null(layout)) { 

    # Make the panel 

    # ncol: Number of columns of plots 

    # nrow: Number of rows needed, calculated from # of cols 

    layout <- matrix(seq(1, cols * ceiling(numPlots/cols)), 

                     ncol = cols, nrow = ceiling(numPlots/cols)) 

  } 

   

  if (numPlots==1) { 

    print(plots[[1]]) 

     

  } else { 

    # Set up the page 

    grid.newpage() 

    pushViewport(viewport(layout = grid.layout(nrow(layout), ncol(layout)))) 

     

    # Make each plot, in the correct location 

    for (i in 1:numPlots) { 

      # Get the i,j matrix positions of the regions that contain this subplot 

      matchidx <- as.data.frame(which(layout == i, arr.ind = TRUE)) 

       

      print(plots[[i]], vp = viewport(layout.pos.row = matchidx$row, 

                                      layout.pos.col = matchidx$col)) 

    } 

  } 

} 

 

#Plotting Figure 10 

aDistribution = array(0,dim = c(7,100,4)) 
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for (aa in 41:T) { 

  for (bb in 1:4) { 

    for (ff in 1:7) { 

      aDistribution[ff,(aa-40),bb] = sum(aRating[CLO,,bb,aa] == ff) 

    } 

  } 

} 

 

mSeq = matrix(0,100*7,1) 

k = 0 

 

for (i in 1:(100*7)) { 

  if (i%%7 == 1) { 

    k = k + 1 

  } 

  mSeq[i] = k 

} 

 

mDistribution = matrix(0,100*7,4) 

 

for (i in 1:4) { 

  mDistribution[,i] = as.vector(aDistribution[,1:100,i]) 

} 

 

dfDistribution = data.frame( 

  Time = mSeq, 

  Rating = rep(c('AAA', 'AA', 'A', 'BBB', 'BB', 'B', 'CCC'),100), 

  Distribution = mDistribution[,1] 

) 

 

p1 = ggplot(dfDistribution, aes(x = Time, y = Distribution, group = Rating, fill = Rating)) + geom_area(position = "fill") + 

ggtitle("Fixed Replacement") 

 

dfDistribution = data.frame( 

  Time = mSeq, 

  Rating = rep(c('AAA', 'AA', 'A', 'BBB', 'BB', 'B', 'CCC'),100), 

  Distribution = mDistribution[,2] 

) 

 

p2 = ggplot(dfDistribution, aes(x = Time, y = Distribution, group = Rating, fill = Rating)) + geom_area(position = "fill") + 

ggtitle("Passive Replacement")   

 

dfDistribution = data.frame( 

  Time = mSeq, 

  Rating = rep(c('AAA', 'AA', 'A', 'BBB', 'BB', 'B', 'CCC'),100), 

  Distribution = mDistribution[,3] 

) 

 

p3 = ggplot(dfDistribution, aes(x = Time, y = Distribution, group = Rating, fill = Rating)) + geom_area(position = "fill") + 

ggtitle("Cyclical Replacement")   

 

dfDistribution = data.frame( 

  Time = mSeq, 

  Rating = rep(c('AAA', 'AA', 'A', 'BBB', 'BB', 'B', 'CCC'),100), 

  Distribution = mDistribution[,4] 

) 
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p4 = ggplot(dfDistribution, aes(x = Time, y = Distribution, group = Rating, fill = Rating)) + geom_area(position = "fill") + 

ggtitle("FSC Replacement")   

 

multiplot(p1,p2,p3,p4, cols=2) 

 

#Plotting the capital for the four different investment strategies (i.e. Figure 11) 

par(mfrow=c(2,2)) 

plot(aKIRB[CLO,41:140,1], ylim = 

c(min(aKIRB[CLO,41:140,],aKIRBCCI[CLO,41:140,]),max(aKIRB[CLO,41:140,],aKIRBCCI[CLO,41:140,])), 

type="l",col="red", xlab = "Time",ylab = expression("K"["IRB"]), main = "Fixed Replacement") 

lines(aKIRBAR[CLO,41:140,1],col="blue",lwd=2) 

lines(aKIRBCCI[CLO,41:140,1],col="black") 

#legend('bottomright',legend=c("Non-Smoothed", "AR Smoothed", "CCI Smoothed"), col=c("red","blue","black"),lty = 

1,cex=1) 

 

plot(aKIRB[CLO,41:140,3],ylim 

=c(min(aKIRB[CLO,41:140,],aKIRBCCI[CLO,41:140,]),max(aKIRB[CLO,41:140,],aKIRBCCI[CLO,41:140,])), 

type="l",col="red", xlab = "Time",ylab = expression("K"["IRB"]), main = "Cyclical Replacement") 

lines(aKIRBAR[CLO,41:140,3], col="blue",lwd=2) 

lines(aKIRBCCI[CLO,41:140,3],col="black") 

#legend('bottomright',legend=c("Basel Capital", "AR Smoothed", "CCI Smoothed"), col=c("red","blue","black"),lty = 1,cex=0.8) 

 

plot(aKIRB[CLO,41:140,2],ylim 

=c(min(aKIRB[CLO,41:140,],aKIRBCCI[CLO,41:140,]),max(aKIRB[CLO,41:140,],aKIRBCCI[CLO,41:140,])), 

type="l",col="red", xlab = "Time",ylab = expression("K"["IRB"]), main = "Passive Replacement" ) 

lines(aKIRBAR[CLO,41:140,2],col="blue",lwd=2) 

lines(aKIRBCCI[CLO,41:140,2],col="black") 

#legend('bottomright',legend=c("Basel Capital", "AR Smoothed", "CCI Smoothed"), col=c("red","blue","black"),lty = 1,cex=0.8) 

 

plot(aKIRB[CLO,41:140,4], ylim 

=c(min(aKIRB[CLO,41:140,],aKIRBCCI[CLO,41:140,]),max(aKIRB[CLO,41:140,],aKIRBCCI[CLO,41:140,])),type="l",

col="red", xlab = "Time",ylab = expression("K"["IRB"]), main = "FSC Replacement") 

lines(aKIRBAR[CLO,41:140,4], col="blue",lwd=2) 

lines(aKIRBCCI[CLO,41:140,4],col="black") 

#legend('bottomright',legend=c("Basel Capital", "AR Smoothed", "CCI Smoothed"), col=c("red","blue","black"),lty = 1,cex=0.8) 

 

#Table 25 is computed here (exchange aKIRB with aKIRBAR or aKIRBCCI for the two smoothing-approaches) 

mMean = matrix(0,1,4) 

mSD = matrix(0,1,4) 

 

for (i in 1:4) { 

  mMean[i] = mean(aKIRB[,41:140,i]) 

  mSD[i] = sd(aKIRB[,41:140,i]) 

} 

 

#Plotting Figure 12 

#Class C 

tranche = 4 

plot(aCCTranches[CLO,tranche,41:140,strategy], type="l", 

ylim=c(0,max(aCCTranchesIII[CLO,tranche,41:140,strategy])),xlab = "Time",ylab = "Capital Requirement",main = "Basel II 

- Tranche C", col ="red",lwd=2) 

lines(aCCTranchesAR[CLO,tranche,41:140,strategy], col = "blue",lwd=2) 

#legend('topright',legend=c("Non-Smoothed", "AR Smoothed"), col=c("red","blue"),lty = 1,cex=1) 

 

plot(aCCTranchesIII[CLO,tranche,41:140,strategy],lwd=2, type="l", 

ylim=c(0,max(aCCTranchesIII[CLO,tranche,41:140,strategy])),xlab = "Time",ylab = "Capital Requirement",main = "Basel 

III - Tranche C",col ="red") 

lines(aCCTranchesARIII[CLO,tranche,41:140,strategy],lwd=2,col = "blue") 
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#legend('bottomright',legend=c("Basel Capital", "AR Smoothed"), col=c("red","blue"),lty = 1,cex=0.7) 

 

#Class D 

tranche = 5 

plot(aCCTranches[CLO,tranche,41:140,strategy],lwd=2, type="l", ylim=c(0,1),xlab = "Time",ylab = "Capital 

Requirement",main = "Basel II - Tranche D", col = "red") 

lines(aCCTranchesAR[CLO,tranche,41:140,strategy], lwd=2,col = "blue") 

#legend('bottomright',legend=c("Basel Capital", "AR Smoothed"), col=c("red","blue"),lty = 1,cex=0.7) 

 

plot(aCCTranchesIII[CLO,tranche,41:140,strategy],lwd=2, type="l", ylim=c(0,1),xlab = "Time",ylab = "Capital 

Requirement",main = "Basel III - Tranche D",col ="red") 

lines(aCCTranchesARIII[CLO,tranche,41:140,strategy], lwd=2,col = "blue") 

#legend('bottomright',legend=c("Basel Capital", "AR Smoothed"), col=c("red","blue"),lty = 1,cex=0.7) 

 

#Computing mean of capital (Table 26) 

MeanCCTranches = matrix(0,4,7) 

for(i in 1:7){ 

  MeanCCTranches[1,i]=mean(aCCTranches[,i,41:140,strategy]) 

  MeanCCTranches[2,i]=mean(aCCTranchesAR[,i,41:140,strategy]) 

  MeanCCTranches[3,i]=mean(aCCTranchesIII[,i,41:140,strategy]) 

  MeanCCTranches[4,i]=mean(aCCTranchesARIII[,i,41:140,strategy]) 

} 

 

#Computing Standard deviation (Table 27) 

SDCCTranches = matrix(0,4,7) 

for(i in 1:7){ 

  SDCCTranches[1,i]=sd(aCCTranches[,i,41:140,strategy]) 

  SDCCTranches[2,i]=sd(aCCTranchesAR[,i,41:140,strategy]) 

  SDCCTranches[3,i]=sd(aCCTranchesIII[,i,41:140,strategy]) 

  SDCCTranches[4,i]=sd(aCCTranchesARIII[,i,41:140,strategy]) 

} 

 

#TTC Ratings Plots and Tables 

#Figure 14 (not including the correct labels) 

mCorrelation = matrix(0,2,I) 

for (i in 1:I) { 

  mCorrelation[1,i] = cor(vXtStar[40:139],aKIRB[i,41:140,4]) 

  mCorrelation[2,i] = cor(vXtStar[40:139],mKIRBTTC[i,1:100]) 

} 

 

par(mfrow=c(1,2)) 

plot(mCorrelation[1,],xlab="CLO",ylab=" ") 

plot(mCorrelation[2,],xlab="CLO",ylab=" ") 

 

par(mfrow=c(1,1)) 

#Plotting Figure 13 

plot(aKIRB[CLO,41:140,4], ylim = c(min(aKIRB[CLO,41:140,4]),max(aKIRB[CLO,41:140,4])), type="l",col="red", xlab = 

"Time",ylab = expression("K"["IRB"])) 

lines(mKIRBTTC[CLO,1:100],col="blue") 

legend('bottomleft',legend=c("Point-in-Time", "Through-the-Cycle"), col=c("red","blue"),lty = 1,cex=1)   

 

#Mean and SD of the computed correlations between vXtStar and aKIRB and vXtStar and mKIRBTTC respectively 

mean(mCorrelation[1,]) 

mean(mCorrelation[2,]) 

sd(mCorrelation[1,]) 

sd(mCorrelation[2,]) 


