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Abstract 

This paper aims to outline the regulations that have been affecting banks in the past 

decades. Additionally, Basel IV is supposed to put a severe limitation on the use of the 

IRB approach for the calculation of assets’ risk weights. The aim of this paper is to show 

how risk weight averages, derived using the Internal Rating Based approach, are 

significantly smaller than risk weight averages of a bank with a similar pool of assets, 

that were calculated using the Standard Model. 

For this purpose, we infer the volatilities of the banks’ assets and compare them to the 

applied RWA. This should highlight if they are approximately representing an 

appropriate measure of risk. The results give the impression that the IRB approach might 

not be consistent in evidencing the real sensitivity banks’ assets have to market 

fluctuations. Combined with a cross country analysis, the potential effects on the banking 

systems mostly relying on IRB seem to be also that could be more impacted on the 

regulatory capital by Basel IV. 

After thorough analysis we conclude that RWA not reflecting the actual riskiness of the 

financial institutions assets. This conclusion is based on the implied asset volatility used 

as a benchmark to an objective risk measure. Furthermore, the severity of the impact 

from Basel IV is dependent on the amount of IRB a bank use because Basel IV are 

presumably implementing a simplified way of calculating RWAs. This is further 

researched in a cross-country analysis where we can conclude that countries such as 

Denmark and Sweden are facing problems with the implementation of Basel IV because if 

the amount of IRB these countries use to calculate their RWA. 
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1. Introduction  

Financial innovation was one of the main reasons for the financial crisis to occur. This 

innovation to produce remunerative products changes the role of banking rapidly. When 

the role of banking changes so does the instruments, and measures that supervisory 

authorities uses. 

Breaking down the various policies that in the decades have been developed by 

regulators, the main scope of banking regulation is and has always been to ensure the 

stability of the financial system by minimizing the risk of bank failures. One tool is to 

impose capital requirements for the regulated banks. The amount of capital a bank would 

need to retain as buffer is related to the riskiness of its assets. How risky assets are 

depend on the definition of risk which has been continuously challenged by new business 

practices and innovative financial products. The Basel Committee on Bank Supervision 

(BCBS) developed and improved the definition of risk weights in order to keep up with 

the financial industry’s fast innovative pace. The implementation of risk-weighted assets 

(RWA) was BCBS way of handling the modern banking industry’s risk measurement. 

RWA are supposed to be an estimate of a bank’s asset risk and can be calculated either 

with Internal Rate Based (IRB) approach or Standardized Approach (SA). As the name 

suggests, the IRB allows banks to use their own internal models to calculate the RWA. 
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Whereas, the SA groups the assets together in bundles in regards to the riskiness of the 

different asset classes.  

This thesis analyzes whether RWA can be considered an objective and unbiased risk 

measure. The main problem that we discuss is if banks do underestimate their risk it 

results in them being under-capitalized and therefore more likely to go bankrupt in case 

of a financial downturn. To test this, we analyze different aspects of the RWA. in section 

5.1 and 5.2 we analyze the relationship between IRB and RWA. The aim of this analysis is 

to get an initial understanding if and how IRB impacts the RWA calculations. We further 

control for several possible impactful variables when analyzing the relation of RWA and 

IRB. This is the first step in proving if RWA are an objective measure of risk. To further 

research the RWAs ability to measure risk we assume that the derived implied asset 

volatilities are a proper holistic measure of risks and compare the two. When comparing 

these two variables it is important to understand that both variables are estimates of the 

same asset portfolios risk. We then look at a cross-country analysis to research if there is 

a broader relation between the variables. All of this research leads to the not yet 

implemented Basel IV where we look at both what the new accord contains, and discuss 

the implications its implementation will impose.  

In summary this thesis aims to explain in depth how regulations impact banks and what 

possibilities banks have to circumvent the imposed regulations. As the thesis will later 
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explain there is substantial literature on the matter which argues that banks are able to 

use the IRB method to lower the amount of necessary regulatory capital. 

1.1 The aim of the research 

The scope of this thesis is to add another perspective to others work such as Acharya et al. 

(2015) who researched and tested the flaws of regulatory risk weights in macroprudential 

stress tests The main focus in their paper was the comparison of banks’ risk assessments 

and the outcome of their forecasts on the capital shortfall. This was done from a simple 

methodology that relies on publicly available market data and forecasts the capital 

shortfall of financial firms in severe market-wide downturns. Similar research were 

performed by Borio & Drehmann (2009), Hanson et al. (2011) and Hirtle et al. (2009).  

One of the most relevant concerns they found was the IRB approach which was heavily 

leading to lower risk-weighted assets. Our research is supposed to analyze with more focus 

this aspect, adding also other relevant risk measures to the comparison with risks reported 

by institutions who have adopted the IRB usage. 

The role of the IRB approach is fundamental in modern banks asset allocation. We want to 

prove that IRB are favorable when calculating the RWAs. Further we will calculate the 

implied volatility of these banks assets to research whether their calculated RWAs are 

somewhat measuring the actual risk to both guarantee a sufficient capitalization and to 

measure risk in an objective meaningful way. 
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This should be particularly relevant nowadays since we are presumably moving into Basel 

IV, where we can expect that the IRB approach will be revised to set a limitation on its 

usage. We will look at this issue on a country level and draw conclusions to what the impact 

of BASEL IV will be. It is fair to assume that not all the institutions have built their main 

portfolio strategies around the risk-weight calculations based on IRB when structuring. 

However, we will still expect a large impact especially on a country level when BASEL IV is 

implemented.  

1.2 Problem definition 

Measuring risk can be hectic especially when it comes to more complicated financial 

products. This is true for a simple portfolio, but even more so for an entire bank’s assets. 

BCBS have tried to make different solutions to the RWA calculation with different 

parameters in several aspects. BCBS have done extensive testing in later reports with 

massive macroprudential simulations regarding the IRB calculations of RWA. The findings 

of the test done by BCBS were large differences in estimates of RWA based on IRB 

calculations on the same asset portfolio calculated by different banks. Inconsistency over 

the many accords could have been pursued as part of supervisors’ evolving objectives, but 

the first objective should be having a reliable and consistent measure of risk over time that 

are valid for any entity (BCBS, 2013) 
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This incipit is not a claim for an amazing and general formula for measuring risk, but we 

are going to deploy as many tools possible to create a holistic description of the IRB’s 

capability of capturing the appropriate amount of regulatory capital needed.  

Our research aims to investigate whether the risk weights reflect the true risk of the 

assets. We thereby address an important policy question since risk weights are an 

important part of the Basel’s capital regulations, with its use being curtailed 

somewhat in Basel IV. Our approach is to test if there is a relation between RWA and 

IRB which will give an idea of the impact that IRB can have on the estimated risk. 

Further, we look at the relation between RWA and implied asset volatility to test 

RWA against an objective benchmark. Even further, we look at the correlation 

between RWA and implied asset volatility controlling for IRB to get a better 

understanding. We then look for general tendencies with a cross-country analysis 

to get a broader perspective. 

1.3 Significance of the research  

Supervisory rules are supposed to push the banks to follow certain positive behaviors but 

obviously banks are private corporations who mainly focus on making profits. Trying to 

find a working alignment between the many stakeholders’ interests of a bank and the 

supervisors’ scopes is not an easy job. However, authorities must both do the correct 



  Page 10 of 134 

 

regulations and even in timely manner because the financial markets move fast, and new 

products might change the old regulations capability to function efficiently. 

It is necessary to mention that the banking business has radically changed in the recent 

years where the digitalization is pushing an aggressive simplification all over the 

incumbents of this industry. A modern bank must adapt as fast as possible because fast 

implementation leads to a competitive advantage. If the rules are clear and efficient, 

running a transformation is more straight-forward and way more convenient, leading to a 

winning environment in its whole. It’s important to emphasize that legislative differences 

impact banks differently especially those banks that are not adaptable. 

The best possible scenario is if banks, supervisors, governments and the rest of the society 

are aligned in keeping everything healthy and efficient. Unfortunately, the lack of 

alignment between banks and regulators is not a rarity. This drives banks to react the best 

they can to respect the imposed regulations in a way that allow themselves to remain 

profitable, then compliant to the imposition. 

Often supervisory entities have been harshly judged for their work, which is due to various 

reasons such as procyclicality, poor incentives and lack of transparency.  
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1.4 Delimitations of the research  

As already stated the aim of the research is to better understand the IRB mechanism in 

calculating the RWA. Therefore, we will focus on IRB and its impact on RWA only diverging 

when necessary to give a better comprehension of the matter. Obviously, exploring the 

consequences is part of the research, because the mere dissertation of the system would 

be pointless without taking in consideration the impact that it has on reality. 

Our research can be viewed as a result of the same causes that pushed the BCBS to be 

founded in the first place. Our research further analyze the actual implication of the model 

choice when calculating the RWA. Further, our thesis also handles the consequences that 

the several accords’ changes will and did produce in the markets.  

The data delimitation will be explained later, but it is important to state that the focus of 

the analytical part of this thesis will be on the last BASEL accords, namely the 3rd and the 

4th. Even though, Basel IV is still under construction, we will try to keep the thesis updated 

to the latest published information before printing it. Obviously, all of the details not 

concerning the scope of this analysis will be ignored or at maximum cited merely for a 

better understanding. 

The procyclical monetary policies might have been considered another side of the same 

medal we are investigating, as discussed by the paper written by the International 
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Monetary Fund and the Centre for Economic Policy Research (De Nicolo et al., 2010). They 

show that lowering the interest rates lead bank to search for more leverage or riskier 

positions to remain profitable. Indeed, they also find that the opposite for poorly 

capitalized banks is true due to a gap in capacity of finding an appropriate balance when 

the business cycle is not at its peak.  An example of this is when the inflation is too low, but 

the risk appetite is excessively too high. They conclude at the end that having a sole 

authority for monetary and regulatory policies may finally lead to an organization that 

decide consistently on both assets’ prices and financial stability. On this matter also Taylor 

(2007) and Borio & Zhu (2008) describe the ‘transmission’ of risk appetite from monetary 

policies not properly linked to inflation necessity. 

The IMF’s paper also argues that a mechanism took place which in recent years are called 

Greenspan put or Bernanke put. This has been described as the logic that drives financial 

institutions to take larger risks, particularly liquidity risk, even though they know that 

once the economy slows down the monetary policy will surely kick in to lower the rates as 

soon as possible. This has been more formally defined by Farhi & Tirole (2009) and 

Diamond and Rajan (2009) who empirically show the phenomenon with a sample based 

on banks that know they are going to be bailed-out with this mechanism.  
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The macroeconomic point of view briefly outlined in the two previous paragraphs is going 

to be more developed in the Literature Review chapter, but the analytical part of it is 

beyond the main scope of this thesis.  

1.5 Methodology and structure  

Logically, the thesis is developed with a deductive approach. Starting from the declaration 

of all the needed hypothesis derived from the relevant theories involved in risk measuring 

and investment decisions. Then, a more operational formulation is fundamental to explain 

how the theory is applied in practice, where we will test our hypothesis applying all the 

models involved. Finally, the analysis and conclusions is possible, where the result are 

described in depth which should help to better understand both the numbers and 

implications drawn by the tests. The analysis of the thesis will be based on a sample and 

used to explain the financial sector as a whole, which also is why the thesis is deductive in 

its approach. 

The purpose of this chapter is to only briefly address the main points of the remaining 

work as anyone could expect from an introductory part. 

The Background is structured to allow an understanding of the IRB approach causes and 

origins. Further section 5 is provided to explain the technical tools used in the paper but 

all of it is strictly theoretical and merely propaedeutic for the comprehension of later 
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chapters. This chapter must be used also as a glossary in the case something specific 

appears unclear in a later point of the paper. 

Literature Review is going to list and reference all the relevant precedent knowledge 

needed to research the matter of this work. Our hypothesis is based on the literature listed, 

however there are some articles which seems relevant but did not have the same scope. 

Therefore these articles might be mentioned in the literature review without other 

references. The entire pool of material is supposed to support all the arguments that are 

discussed in the thesis. 

In section 4: Design of the research, all the preliminary assessments are stated which are 

then further researched in the technical analysis of the following chapter. In this part 

everything that is related to the data, like the variables and the conditions that are going 

to be involved in the models, are explained in detail and any necessary assumption is 

stated. Thus, this part will explain the analytical methodology used in this thesis and how 

the conclusions are going to be linked in a later chapter. Moreover, all the references to the 

analytical tools are going to be in this chapter, but in this part the focus is mainly technical. 

In the analysis all the final results are simply presented. In the conclusion all the partial 

conclusions and previous results regarding the research are summed up and discussed. 

Just for clarity the Analysis chapter will present the technical meaning of the results and 
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how they should be interpreted, leaving most of the actual numeric data confined in the 

Appendix section. 

 

 

 

 

 

 

 

 

 

 

 



  Page 16 of 134 

 

2. Background  

Banking has deeply evolved in the last decades, globalization brought new challenges 

which stimulated the central bank governors of the most industrialized countries to work 

together. This collaboration resulted in an effort to invent common conditions for most of 

the Western banks.  

2.1 Bank for International Settlements 

The world was still turmoiled in 1930, even though more than ten years had passed since 

the Great War, some countries were not even following the Versailles treaty’s clauses 

anymore.  

The Bank for International Settlements (BIS) was created as a middle-man for all the banks 

with foreign activities. However, its scope was still to specifically facilitate the World War 

I reparation payments (League of Nations, 1930).  

Hoover Moratorium and Lausanne Conference in 1931 and 1932 resulted in the end of war 

repayments thus the main scope of BIS became obsolete. Therefore, in the aftermath of 

this event BIS only focused on being the middle-man between banks and foreign activities. 

At that time, it was useful to create a cooperative system among central banks, where 

practices, data and controversies would be handled. 
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All of this pushed the BIS to become more the central bank of the central banks, 

independent from any nationalism and acting as facilitator whenever was necessary, as 

reported by Toniolo and Clement (2005). Later, it took a role in being the ‘host’ of the 

newly established banking supervision committee. 

2.2 Basel Committee on Banking Supervision 

In the aftermath of World War II financial markets were becoming international and 

borderless, but the regulation and supervision was still domestic. Eurodollar was 

becoming more and more popular, which was concerning the central banks. Therefore, in 

the early ‘70s the two first supranational organizations were created with the aim to 

monitor and discuss the developments of the financial markets called the Euro-Currency 

Standing Committee and the Group de Contact. The Euro-Currency Standing Committee 

was mostly focused on the evolution of the Eurodollar trend, which was worrying the 

regulators because it was allowing private banks to influence the monetary base without 

involving any European national currency. The Group de Contact was handling cross-

border financial regulation within foreign transactions among the founder countries of the 

European Economic Community. 

Both committees were lacking some fundamental characteristics that would become 

necessary in the near future. As argued by Goodhart (2001), the problem in these 
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committees was that the appointed regulators didn’t have the competences and necessary 

power to implement the resolutions.  

Later in the ‘70s the oil crises started, after the Bankhaus Herstatt failed. This event raised 

again the need to work for a more specific institution that would have the role of an 

international supervisor.  

This was the environment where the Basel Committee on Banking Supervision was born, 

founded by the governors of the involved national central banks. Its mandate is clear and 

new for any other global organization where it states that: “The BCBS is the primary global 

standard setter for the prudential regulation of banks and provides a forum for 

cooperation on banking supervisory matters. Its mandate is to strengthen the regulation, 

supervision and practices of banks worldwide with the purpose of enhancing financial 

stability.” (BCBS Mandate, 2016). Although no national legislation was forced to commit to 

the regulation made by BCBS, becoming a member of BCBS became rapidly almost globally 

adopted, enforcing any eventual accord as a national law. Most of the governors of central 

banks were somewhat friends, where some of them were classmates in few elite top 

business or law schools, and others were colleagues in some of the leading banks or firms. 

In a way they had all shared a life-long career together (Caselli, 2009).  

Despite the global scope that the BCBS assumed to embrace, the purposes were 

geographically thought to act differently. In the US the main issue of the banking system 
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was that a simple proportion of regulatory capital from the assets would have 

compromised the lending to safe counterparties, which is why they pushed to have a 

weighted system. In  Europe it was the general lack of capitalization which was the main 

issue. The basis for the necessity of an amendment, of what will be known as Basel I, was 

set by the lack of measures to involve the advanced approaches for computing large banks’ 

risk-based capital requirements. 

2.3 Basel Accords  

In the ‘80s, the first concerns about the stability of the banks worldwide were becoming 

more common, the first draft was named Capital Adequacy Framework. This was a 

document of about 40 pages and was immediately adopted by the principal national 

countries in the world, where the only larger exceptions were USSR, China and India. 

As stated above the mismatch in scope between US and European banks’ supervisors was 

regarding the US banks already being somewhat capitalized in contrast to the lack of 

capitalization in European banks. The reason for undercapitalization in European banks 

was  that most of them were state-owned, thus mostly without capital and with huge 

losses. 

As listed by Hull (2012), we will go through the development of the Accords more in detail 

in the following sub-chapters. 
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2.3.1 Basel I 

The Basel Accord, which later was known as Basel I, was emanated in 1988 under the name 

Capital Adequacy Framework. Before there were no international rules about how much 

capital each bank should retain. The BCBS wanted to create a set of rules that would allow 

the banks to invest as they preferred, but also considered the risks of those investments in 

a dynamic way. Initially the main subject was the lending activity, since BCBS thought that 

it would be sufficient regulation considering the bank’s asset portfolios at the time. 

The results of the first draft were fast to come, very soon most of the banks should have 

become capitalized at least at the Regulatory Capital limit which was: 

 

Regulatory Capital ≥  8% (Assets) 

Another effect of this was the privatization in large portions of the European banks thus 

allowing them to become profitable, efficient and fair in respect to the international 

competition. 

Before 1988, banks capital requirements were merely a minimum ratio of capital to total 

assets. The main issue was that there were not consistent definitions of capital and ratios, 

therefore some regulations were more severe than others. This resulted in a competitive 

advantage for those banks operating in favorable countries. In addition, with more 
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globalized financial markets, this was improperly incentivizing the major international 

banks to take excessive loans’ exposure in less developed countries, where creative 

accounting measures were more achievable to adopt for comparable loans (Caselli, 2009). 

The problem explained above challenged the adequacy of such setting for the banks’ 

capital requirements going forward. 

In relation to the capital requirements another issue was the financial innovation. 

Innovation was pursued to find handy solutions like the first over the counter (OTC) 

derivative products that had the main function of leaving these newer transactions off-

balance sheet. 

This was happening because the balance sheet is a closed form document, therefore it is 

not necessary nor mandatory to fit in an operation that is not recognized by the original 

definitions of any account. An exposure that remains out of the balance sheet of a bank can 

still contain all the risks of a similar standardized transaction. 

The only risk diminished with those operations, was the interest rate risk as shown by 

Angbazo (1997). However, this effect was mostly due to exposures’ shorter terms, that 

would negatively influence the overall solidity of the bank even more. 
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2.3.1.1 Risk-Weighted-Assets 

As already mentioned in section 2 , 1988 was the year the first Basel Accord introduced a 

generic maximum assets to capital ratio at 20 for all the representative countries. The first 

constraint was far from low enough because for most institutions it was not that dissimilar 

to the previous national based limits.  

The real turnaround was the Cooke ratio, introduced with Basel I and was valid for all the 

member countries. The ratio was named after Peter Cooke who at the time was the 

chairman of the committee. This ratio introduced the first measure in capital requirements 

that was considering both the on- and off-balance sheet items. The United States were not 

convinced by the first proposal for the regulatory capital thus they propose to require a 

risk ponderation of the assets. The Risk-Weighted-Assets enter in the new formulation: 

Regulatory Capital ≥  8% (Risk − Weighted Assets) 

Bank’s total credit exposures are included in the calculation, as well as accounted off-

balance sheet ones too. The credit exposure from off-balance sheet items are expressed as 

credit equivalent amount, thus the amount that represents the same credit risk of a 

comparable exposure in the on-balance sheet items (Hull, 2012). 

2.3.1.2 Calculation of the Risk-Weighted-Assets 

The RWAs are different for specific asset classes defined by the Accord, where the most 

trivial example is cash which always has a 0% weight because cash have no risk. Similarly, 
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to cash all the riskless assets (cash surrogates) enter in the same category. Logically when 

the other assets are considered riskier, they fall in relatively riskier classes, until the 

residual category with a risk-weight of 100%. This category merely means that these 

assets are considered as risky as the initial exposure. 

Below, the tables of the Risk Weights for the various asset classes under the Accord are 

presented from Basel I (BCBC 111, 1988): 

 

Table 1 

As Hull (2012) formulates the total RWAs for N on-balance sheet items equals: 

   ∑ 𝑤𝑖
𝑁
𝑖=1 𝐿𝑖     (1) 

 

Risk weights by category of on-balance-sheet asset

0% (a) Cash

(b) Claims on central governments and central banks denominated in national currency and funded in that currency

(c) Other claims on OECD2 central governments and central banks

(d) Claims collateralised by cash of OECD central-government securities3 or guaranteed by OECD central governments4

0, 10, 20 or 50% (at 

national discretion)

(a) Claims on domestic public-sector entities, excluding central government, and loans guaranteed by or collateralised by 

securities issued by such entities

20%
(a) Claims on multilateral development banks (IBRD, IADB, AsDB, AfDB, EIB, EBRD) and claims guaranteed by, or 

collateralised by securities issued by such banks

(b) Claims on banks incorporated in the OECD and claims guaranteed by OECD incorporated banks

(c) Claims on securities firms incorporated in the OECD subject to comparable supervisory and regulatory arrangements, 

including in particular risk-based capital requirements, and claims guaranteed by these securities firms

(d) Claims on banks incorporated in countries outside the OECD with a residual maturity of up to one year and claims with 

a residual maturity of up to one year guaranteed by banks incorporated in countries outside the OECD

(e) Claims on non-domestic OECD public-sector entities, excluding central government, and claims guaranteed by or 

collateralised by securities issued by such entities

(f) Cash items in process of collection

50% (a) Loans fully secured by mortgage on residential property that is or will be occupied by the borrower or that is rented

100% (a) Claims on the private sector

(b) Claims on banks incorporated outside the OECD with a residual maturity of over one year

(c) Claims on central governments outside the OECD (unless denominated in national currency - and funded in that 

currency – see above)

(d) Claims on commercial companies owned by the public sector

(e) Premises, plant and equipment and other fixed assets

(f) Real estate and other investments (including non-consolidated investment participations in other companies)

(g) Capital instruments issued by other banks (unless deducted from capital)

(h) all other assets
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Where in equation 1 the 𝐿𝑖 is the principal amount and 𝑤𝑖 is the risk-weight. 

Then, for non-derivatives off-balance sheet items, the credit equivalent amount is 

calculated by applying a conversion factor to the principal amount of the instrument, as in 

table 2 from Basel I (BCBC 111, 1988): 

 

Table 2 

What table 2 shows is that the closer an instrument are to loans in a credit perspective the 

more their conversion factor will tend towards 100%. 

Regarding derivative instruments accounted off-balance sheet, the credit equivalent 

amount is calculated using equation 2 presented by Hull (2012): 

 𝑀𝑎𝑥 (𝑉, 0)  +  𝑎 𝐿   (2) 

Credit conversion factors

1. Direct credit substitutes, e.g. general guarantees of indebtedness (including standby letters of 

credit serving as financial guarantees for loans and securities) and acceptances (including 

endorsements with the character of acceptances)

100%

2. Certain transaction-related contingent items (e.g. performance bonds, bid bonds, warranties and 

standby letters of credit related to particular transactions)
50%

3. Short-term self-liquidating trade-related contingencies (such as documentary credits 

collateralised by the underlying shipments)
20%

4. Sale and repurchase agreements and asset sales with recourse, where the credit risk remains with 

the bank
100%

5. Forward asset purchases, forward forward deposits and partly-paid shares and securities,1 which 

represent commitments with certain drawdown
100%

6. Note issuance facilities and revolving underwriting facilities 50%

7. Other commitments (e.g. formal standby facilities and credit lines) with an original maturity of 

over one year
50%

8. Similar commitments with an original2 maturity of up to one year, or which can be 

unconditionally cancelled at any time
0%

(N.B. Member countries will have some limited discretion to allocate particular instruments into items 1 to 8 above according to the characteristics 

of the instrument in the national market.)
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Where 𝑉  is the current value of the derivative to the bank, 𝑎  is an add-on factor and  𝐿 is 

the principal amount. The first addendum in equation 2 is the current exposure. If the 

counterparty defaults today and V is positive, the contract becomes an asset for the bank 

and therefore the bank will be liable. If the counterparty defaults today and V is negative, 

the contract is an asset to the counterparty and there it will neither be a gain or a loss to 

the bank. In equation 2 the add-on amount (L) is an allowance for the possibility of the 

exposure increasing in the future. Examples of the add-on factor are shown in table 3 

(BCBC 111, 1988): 

  

Table 3 

The credit equivalent amount for an off-balance sheet item is multiplied by the risk weight 

for the counterparty to calculate the RWA. The risk weights for off-balance sheet items are 

like those for on-balance sheet ones, except for corporation where the risk-weight is 50% 

rather than 100%. 

Merging all the notions presented, the total RWA for a bank with N on-balance sheet items 

and M off-balance sheet items is presented in equation 3. 

Remaining 

Maturity in years

Interest 

Rate

Exchange Rate 

and Gold Equity

Precious Metals 

Except Gold

Other 

Commodities

< 1 0.0% 1.0% 6.0% 7.0% 10.0%

1 to 5 0.5% 5.0% 8.0% 7.0% 12.0%

> 5 1.5% 7.5% 10.0% 8.0% 15.0%

(N.B. Member countries will have some limited discretion to allocate particular instruments into items 1 to 8 above according to the 

characteristics of the instrument in the national market.)

Add-On Factors
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 ∑ 𝑤𝑖
𝑁
𝑖=1 𝐿𝑖 +  ∑ 𝑤𝑗𝐶𝑗

𝑀
𝑗=1      (3) 

where 𝐿𝑖  is the principal of the 𝑖𝑡ℎ  on-balance sheet item, 𝑤𝑖  is the risk weight of the 

counterparty, 𝐶𝑗 is the credit equivalent amount for the 𝑗𝑡ℎ off-balance sheet item and 𝑤𝑗 

is the risk weight of the counterparty for the 𝑗𝑡ℎoff-balance sheet item. 

2.3.1.3 Capital requirement 

The first Basel Accord set to maintain the capital to RWA ratio at a minimum of 8%. The 

capital is divided in Tier 1 and Tier 2. 

Tier 1 is equivalent to equity with preferred stock (non-cumulative perpetual) where the 

goodwill value is removed. 

Tier 2 is also known as supplementary capital. It consists of the residual forms of preferred 

stocks and some types of subordinated debt with an original time to maturity longer than 

5 years. 

The reason why there is such similar settings for the capital requirement reflects the 

objective of supervisors to protect the most senior classes of debtholders and creditors in 

case of default. 

More specifically the Accord’s requirements were that common equity should be at least 

2% of the RWA, further 4% of the RWA must be Tier 1 capital . 
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The national bank supervisor can impose higher requirements, but also the financial 

institutions themselves may decide to have a higher target (Hull, 2012). 

Moreover in 1992 the International Swaps and Derivatives Association published its first 

version of the Master Agreement which included a schedule to outline the details of an 

over-the-counter derivative deal. 

The most important characteristic of the Master Agreement is probably the netting. This 

implies that if a counterparty of a derivative deal adopting it defaults on a trade, all the 

trades covered by the Master Agreement defaults together resulting in a final net pay-out. 

During the first years, many jurisdictions had the opportunity to handle the netting clause 

triggered by the Master Agreement, testing the validity of the system in setting a limit to 

the total amount of the risks taken by the parts. By 1995 the original Accord had been 

modified to introduce the reduction of credit equivalent totals when enforceable bilateral 

netting agreements were in place. 

The BIS 98 Update to the Accord started in 1996 and it was fully implemented in 1998. 

The main objective of BIS 98 amendment was to redefine the capital holdings in relation 

to the market risk of banks trading operations. 

The credit risk capital charge continued to be calculated on both the on- and off-balance 

sheet positions. However, this was not the case for neither debt and equity securities nor 

commodities and forex which was calculated using the mark-to-market approach  
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 Furthermore, the accord contained the first proposal for the Standardized Approach and 

the Internal Rating Based Approach. Both were invented for the market risk, but the SA 

was not considering the correlations among the different types of asset classes. Those 

were calculated separately aggregating later all the needed capital, losing any benefit of 

diversification.  The Internal Rating Based Approach was involving a value-at-risk (VaR) 

formula with a 10-day time horizon and a 90% confidence level, which considered the 

diversification benefit. 

Figure 1: Barboza et al. (2016) 

To better understand VaR Barboza et al. (2016) made figure 1. This is a very common 

known graph with the frequency of loss on the Y-axis and potential credit loss on the X-

axis. The principles of this are essential to understand the VaR and how it is connected to 

the RWAs. The first part figure 1 is the expected losses which is the cost of doing business 

and financial institutions estimate this daily in order to make profits. The next part is the 
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unexpected losses which is the part that banks must have a capital buffer to stay in 

business. As figure 1 shows it is not very unlikely that this unexpected loss occurs. 

However, the last part also called the tail is the part that is critical to banks. This part is 

deemed too expensive to have a just-in-case capital buffer in and if this occurs the 

financial institution goes bankrupt. 

Jorion (2001) talks about the connection between VaR and RWA on the matter where he 

writes:  

“Losses can occur through a combination of two factors: the volatility in the underlying 

financial variable and the exposure to this source of risk. Whereas corporations have no 

control over the volatility of financial variables, they can adjust their exposure to these risks, 

for instance, through derivatives. Value at risk (VAR) captures the combined effect of 

underlying volatility and exposure to financial risks. […] VaR is a measure of unexpected loss 

at some confidence level and directly translates into a measure of buffer capital”.  

This quite explains why we can expect a certain degree of validity of our analysis’ 

approach.  

More precisely, the formula specified in the 1998 Amendment, as in Hull’s (2012) book is: 

𝑀𝐴𝑋(𝑉𝑎𝑅𝑡−1, 𝑚𝑐 ∗ 𝑉𝑎𝑅𝐴𝑉𝐺) + 𝑆𝑅𝐶        (4) 
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where mc is a multiplicative factor, SRC is a specific risk charge, 𝑉𝑎𝑅𝑡−1is the previous 

day’s value-at-risk and 𝑉𝑎𝑅𝐴𝑉𝐺is the average value-at-risk over the last 60 days.  

The VaR calculation typically reflects movements in broad market variables such as 

interest rates, exchange rates, stock indices and commodity prices. The VaR does not 

include the firm specific risks related to equity risk premia and credit spread. These are 

captured by the specific risk charge, SRC. 

 The total requirement capital is the sum of 

a) credit risk capital equal to 8% of the risk-weighted assets and 

b) market risk capital as explained in these paragraphs. 

For convenience, the RWA for market risk was defined as 12.5 and used as a multiplier as 

showed in equation 5 

2.3.2 Basel II 

The problem with BASEL I was that it was covering only banks and not other type of 

financial institutions.. This resulted in a huge gap in regulations because the Accord was 

only measuring the lending activity, not other assets. New innovative financial solutions 

made it too easy to save capital when setting up different lending operations. Further, the 

Accord was not considering the possible mitigation of the risk given by collaterals. Lastly, 
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there was no difference in required capital allocation between a loan to a safe established 

corporation and a riskier one. 

All the previous reasons drove Basel I to senescence, because the accord was not able to 

capture the risk or create a proper system to incentivize a conscious investing principle.  

In 1996, BCBS created a specific commission to review the Accord, to now also consider all 

the financial companies, all the financial products, the quality of all the counterparties in 

credit operations and all the collaterals. This commission came up with 5 new potential 

versions of the Accord, where the last was presented in 2006. The 2006 accord was named  

New Capital Adequacy Framework and there was a substantial change in the size of the 

document itself where the first accord was 40 pages, the new was about 400 pages. 

The contents of the New Capital Adequacy Framework are mainly pricing and 

determination of required capital in a more sophisticated distinction, more precisely the 

new add-ons became known as pillars were: 

 1 Application of Basel Accord to any financial company 

 2 Any kind of exposure containing any sort of credit risk 

 3 The risk weight is not linked to a simple table as before,  

but it should reflect the real risk of specific asset 
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In the first pillar of Basel II, the capital requirement for credit risk was calculated using the 

credit rating of the counterparty. Further, there was a new capital charge for operational 

risk but the market risk was not changed since BIS 98. 

The second pillar intended to harmonize and improve the risk management policies. The 

supervisory review process was flexible thus, it was possible to be coherent with local 

business conditions. 

The third pillar aimed to improve the market discipline and the communication from the 

supervised companies to the investors. The incentive for better communication are the 

idea that management would make more sound decisions the higher the transparency is 

(Caselli, 2009). 

2.3.2.1 The Standardized approach 

This methodology was intended for smaller and less structured banks. It is similar to the 

rules of Basel I, with the exception of the RWA calculation which uses a more 

sophisticated set of risk weights. An extract is in the table below from Basel II (BCBS 128, 

2006): 
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Table 4 

As presented in the table there are smaller risk weights when the evaluated positions 

mature in less than three months. Furthermore, retail lending risk weight is lowered from 

100% to 75%. If the collateral is residential the risk weight are now 35% instead of 50% 

and if the collateral is commercial real estate the risk weight is 100% due to a more 

significant historical loss experience. 

The collaterals for banking activities can mitigate the risk weights with two approaches 

which are the simple approach and the comprehensive approach. It is worth mentioning 

that for trading activities only the comprehensive approach can be adopted. 

The simple approach considers the net value of exposure and the risk-weighted collateral 

and uses this value to further calculate the RWA of the counterparty. In the comprehensive 

approach it is required to adjust for both the collateral and the exposure values which is 

based on their volatilities. Obviously the collateral should be adjusted downward while the 

exposure should be adjusted upward. Both adjustments can be calculated either with 

standard Basel II rules or with a bank’s internal model, (Hull, 2012). 

Risk Weights under Basel II

AAA to AA- A+ to A- BBB+ to BBB- BB+ to B- Below B- Unrated

Sovereign 0% 20% 50% 100% 150% 100%

AAA to AA- A+ to A- BBB+ to BB- Below BB- Unrated

Corporate 20% 50% 100% 150% 100%

Credit assessment of Sovereign (Option 1) AAA to AA- A+ to A- BBB+ to BBB- BB+ to B- Below B- Unrated

FIG 20% 50% 100% 100% 150% 100%

Credit assessment of Banks (Option 2) AAA to AA- A+ to A- BBB+ to BBB- BB+ to B- Below B- Unrated

FIG 20% 50% 50% 100% 150% 50%

(Short term claims) 20% 20% 20% 50% 150% 20%
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2.3.2.2 The IRB Approach 

To calculate the RWA when using the IRB approach, the normal way to express the formula 

is presented in equation 5. 

𝑅𝑊𝐴 = 𝐾 ∗ 12.5 ∗ 𝐸𝐴𝐷   (5) 

For now, 12.5 is a constant. EAD is the exposure at default and K is a large formula 

expressed as equation 6. 

𝐾 = 𝐿𝐺𝐷 ∗ 𝑁 (√
1

1 − 𝑅
∗ 𝐺(𝑃𝐷) + √

𝑅

1 − 𝑅
∗ 𝐺(0.999) − 𝑃𝐷) ∗

1 + (𝑀 − 2.5)𝑏

1 − 1.5𝑏
            (6) 

Thus, equation 5 can be changed a bit to better understand what affects the calculation of 

RWA as shown in equation 7. 

𝑅𝑊𝐴 =  𝐿𝐺𝐷 ∗ (𝑊𝐶𝐷𝑅 − 𝑃𝐷) ∗ 𝑀𝐴 ∗ 12.5 ∗ 𝐸𝐴𝐷                                  (7) 

This is all just mathematical ways of expressing the RWA calculations. The important thing 

to understand is that this methodology is based on the value-at-risk model. Therefore, as 

in Hull’s (2012) book the capital requirement is based on the value-at-risk calculation, 

using a one-year time horizon and a 99.9% confidence level, subtracted the expected loss. 

The calculation implies the one-factor Gaussian copula model (also known as the normal 

distribution) of time to default, assuming a large enough number of counterparties, where 
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each of them have a probability of default equal to 𝑃𝐷𝑖 and the copula correlation between 

each couple of them is R. This is shown in the equation 8.  

𝑊𝐶𝐷𝑅𝑖  =  
𝑁 [ 𝑁−1 (𝑃𝐷𝑖)  + √𝑅  𝑁−1(0.999) ] 

 √1 –  𝑅
                                                 (8) 

In this formula 𝑊𝐶𝐷𝑅𝑖  denotes the worst case probability of default, defined as the bank 

being 99.9% confident that within a one-year horizon the expected value won’t reach a 

level where the 𝑖𝑡ℎ counterparty  defaults (Hull, 2012).  

Due to the flaws of Basel I, the capital adequacy of banks was shifting to the new 

framework. The contents of the revised accord focused on the interplay of pricing, capital 

and risk. Further, it also focused on how to apply this in all forms of financing activities. 

The requirement started to be applicable not only when a specific financial operation was 

included in the Basel Accord list, but even if an entity have some sort of credit risk activity.  

Pricing, capital and risks are different aspects of any kind of exposure thus added together 

should result in a minimum capital requirement. The pricing can easily highlight the 

profitability of the bank, given the amount of required capital to allocate. More in detail, 

the probability of default and recovery risk are the sequential and complementary 

components of the credit risk. They are sequential because in case of default the recovery 

takes place and complementary because having a low risk in any of the two components 

should lead to a decent recovery of the credit. Therefore, a solid legal framework allows to 
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take larger risks because it is more believable to recover the borrowed capital, which 

makes the system work as a parachute (Caselli, 2009).  

In Basel II the default is a delay of payment of 90 days, as it is in the US. This is perceived 

as an objective parameter to define the default where the delays of the payments are 

cumulative. An example of this is if a borrower has monthly payments and fails to pay two 

months in a row then the first payment is 60 days late and the second is 30 days late which 

adds up to 90 days, thus the loan is at default. The default automatically triggers a shift of 

the risk on the exposure, requiring immediately to recover the required capital. There have 

been some derogations to this strict limit to help particularly the retail banks lending to 

small and medium enterprises. However, letting these financial institutions adopt 180 

days on all the operations resulted in a severe market inefficiency due to the difficulty to 

accommodate a syndicate contracts between two banks with different definitions of 

default. 

Besides the WCDR, other variables are needed to be measured for any risky operation, as 

already mentioned, the probability of default is the core of the risk assessment. The PD is 

very sensitive to the aspect of time in the calculation. Therefore, there was in in the Basel 

Committee a need to set a sole definition of the PD to achieve comparability among assets 

and portfolios. The time horizon that BCBS chose was one year and further that every PD 

is linked to a single counterparty. The recovery risk or Loss Given Default (LGD) is the ratio 
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of the loss over the total exposure. It is represented as a decimal measure and every LGD 

is linked only to a single operation. Another aspect is the Exposure at Default (EAD) which 

is a dollar measure. The numerator of the calculation is simply the difference between the 

EAD and the product of the Market Value of Collateral (MVC) which is also a dollar 

measure. The Recovery Rate (RR) includes the costs, time efforts and success rate and can 

be a value between zero and one. The MVC is the market value of collateral, which needs 

to be updated every six months. Equation 9 is to visualize it all in a formula. 

𝐿𝐺𝐷 =  
 𝐸𝐴𝐷 –  𝑀𝑉𝐶 𝑥 𝑅𝑅  

𝐸𝐴𝐷
                                                                (9) 

Equation 9 is a formula which is homogenous for all the member countries. Although, there 

are relevant differences in the quality of the RR due to legal inefficiencies in the data 

collection of the collateral. This inefficiency increases the capital requirement per dollar 

exposure in some of the countries.  

The Basel Committee required a specific segmentation of the products handled by 

supervised institutions, which are: 

-Corporate,    

-SME, or Small Medium Enterprises   

-Retail,   
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-PA, or Public Authority, 

-FI, or Financial Institutions, 

-SL, or Specialized Lending, 

-Equity 

These seven categories each have a specific methodology design in calculating PD but the 

collaterals are all calculated in the same way. These rules are the same for all the member 

countries. 

Every time a single institution is willing to create even more detailed sub-sections, they 

are required to set up a specific channel of risk assessment and management by Basel. An 

typical example of this is for business practice to divide corporate in different sizes and 

retail between small enterprises and personal banking. The banks are allowed to set up a 

downstream tree as they prefer, but they need to comply with the singularity of the 

treatment of the risk procedures. 

The last two segments in particular must include two operations, namely private equity on 

the one, and Specialized Lending on the other hand. 

The former, regardless which kind of company emitted the equity, this goes in the last 

segment, it must be separated just because of the nature of the equity. Besides being 

already riskier, it does not have a similar definition of default as for any other operation 
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that is more credit-linked. Thus, it is not consistently measurable with other kinds of 

operations. 

Specialized Lending must contain all of the structured operations done with special 

vehicles, namely project finance, leveraged acquisition and securitization operations. 

These must be separated from the other exposures, because the default is driven not by 

the counterparty, but by the project/vehicle’s default. 

Basel II states that it is not possible to define a single probability procedure. For anything, 

there are two sequential processes that can be set as output of PD which are Rating 

assignment and Rating quantification 

The rating assignment produces a rating for the counterparty, the rating quantification 

transforms the rating in a probability of default. These two are completely separated, as 

systems, resources and mechanisms. More specifically the rating assignment is diversified 

per each segment 

2.3.3 Basel III 

During the 2007 financial meltdown, the BCBS faced the urgency to review the existing 

regulation. In 2011, the first amendments were involving the adoption of a stressed VaR 

assessment, a new incremental charge and a comprehensive risk measure for exposures 

subject, in a certain degree to credit correlation. This intervention is also named Basel 2.5, 
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where the complete Basel III implementation started shortly after and it is still currently 

being phased-in as presented in figure 2. 

The stressed VaR requires the fixed time horizon instead of the variable latest time horizon 

available to use for the historical simulation because the market was significantly 

financially stressed,  

There was an issue with the underrepresentation of the credit risk coming from trading 

books. The Incremental Risk Charge (IRC) should have solved this problem imposing to 

consider also the liquidity horizon of those assets, since the default risk is mitigated by the 

rebalances of the portfolios. 

The Comprehensive Risk Measure (CRM) should have given a better representation of the 

risk of products such as Asset-Backed Securities (ABS) and Collateralized Debt Obligations 

(CDO). CDO’s are also called resecuritisations and are sensitive to the correlation between 

the default risks of different assets, Hull (2012). The difference between the IRC and the 

CRM is that the risk of the products using IRC is very low in regular market conditions, but 

extremely high when the markets are struggling, exactly like the 2008 crisis taught us. 

For Basel III there was still the need to reinforce the capital requirement for credit risk, 

since Basel 2.5 focused more on the market risk. Furthermore, the existing type of 

requirements have shown not to be sufficient during the financial crisis thus the leverage 

ratio and other macroprudential elements was thought to counter the procyclicality of the 
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financial system. The leverage ratio added by BCBS should have helped limiting de facto 

the extreme gearing of the financial institutions in first place, then to create a safety 

cushion for model risk, that is the potential cost of errors in the banks’ models. 

Among the new solutions deployed by this accord, the counter cyclical buffers seem to be 

the most outstanding introduction. They give to the supervisors the tools to timely control 

the evolution of the key indicators of the banks and consequentially adapt the different 

buffers to the actual market conditions. 

The definitions were also subject to a review because uncertainty on some aspects within 

the former definitions let to excessive misinterpretation from some national supervisors 

and institutions. Therefore, BCBS drew a specific setting for Tier 1 and Tier 2 capital in 

Basel III, excluding any permission to use Tier 3 capital even for market risk. In particular, 

hybrid instruments that were allowing the owner to redeem too easily were being phased-

out from Tier1. 

BCBS introduced a discount on capital requirement for those over-the-counter derivatives 

handled with central counterparties. The committee also reviewed and regulated the 

interpretation of the external ratings, both with eligibility criteria for rating agencies and 

with a less reliance on external ratings of the capital requirements’ calculations of some 

instruments (BCBS, 2010). 
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In the new regulation liquidity was another issue to cover. In this matter two new 

minimum ratios for funding liquidity were introduced, technically they involved also a 

parallel document to the Basel III’s framework (BCBS, 2010). The objectives of the liquidity 

ratios were to guarantee both the quality of the coverage of short-term debt and financially 

sound stability in the long run. 

Namely, the Liquidity Coverage Ratio (LCR) was expressing the ability to overcome to the 

outflows over the next month in a stressed situation. Basically, it is the result of the stock 

of high-quality assets over the total net cash outflows over the next 30 calendar days, with 

the lowest limit of LCR equal to the unity. 

The Net Stable Funding Ratio (NSFR) is the second liquidity ratio, similarly to the LCR has 

a time horizon of one year and it is calculated as the amount of stable funding over the 

required amount of stable funding (BCBS, 2010). 

2.4 How implied asset volatility is linked to RWA – The Merton model 

Merton (1974) invented the model known as the Merton model. This is a concept which 

can be used in many different aspects. However, in this thesis we use a simple approach 

and therefore we will briefly describe how this model is related to our application of it. 

The model has several different mathematical expressions but the one that we use are 

also the more common, shown in equation 10. 

𝐸 =  𝑉𝑡 ∗ 𝑁(𝑑1) − 𝐾 ∗ 𝑒−𝑟𝑡 ∗ 𝑁(𝑑2)    𝑤ℎ𝑒𝑟𝑒                          (10) 
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𝑑1 =
ln (

𝑉𝑡
𝐾

) + (𝑟 +
𝜎𝑣

2

2
) ∗ ∆𝑇

𝜎𝑣 ∗ √∆𝑇
 

𝑑2 = 𝑑1 − 𝜎𝑣 ∗ √∆𝑇 

If you solve this equation for 𝜎𝑣 it is possible to derive equation 10 which is used in the 

analysis. This is done with a two by two system for non-linear equation solving which we 

will not do because it is out of scope. However, we will present the logic that drives the 

mathematical solution here. 

An option can either be a call or a put and it is a financial derivative that allows the owner 

to either buy or sell the underlying asset. The Black & Scholes (1973) formula is the most 

adopted approximation for pricing options by practitioners and academicals. The 

principle of a call option is that if the current value of the underlying asset price is larger 

than the exercise price the owner makes a profit. An example of this is if you own a call 

option on a stock and when the option matures the stock’s value is larger than the 

exercise price. Then you can exercise the right to buy the stock at the exercise price and 

then immediately sell it in the market with a profit. 

When looking at the equity as a call option, the underlying asset is the actual assets of the 

firm and the exercise price is the face value of debt. Thus, if the assets value is lower than 

the face value of debt the company defaults. If this happens the equity owners will 

receive the difference between the total value and the debt of the company. This concept 

is the basis for the implied asset volatility used in our thesis. 
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The implied assets volatility’s formula is shown in equation 16. 

𝜎𝑉 =  𝑁 (𝑑1)
𝐸

𝑉
 𝜎𝐸                                                              (11) 

Equation 16 is the formula that we are going to use in section 5.3 to calculate implied 

asset volatility.  

When the value of assets is larger than the value of the debt the N (d1) get closer to 1. The 

European banks’ data we have collected fall in this case and it is therefore possible to use 

this approximated formula: 

𝜎𝑉 ≈  
𝐸

𝑉
 𝜎𝐸  

2.5 How RWA and Capital requirement are connected 

In this thesis we talk a lot about both RWA and capital requirements and they are two 

sides of the same coin. Capital requirement are a broad term which refers to several 

requirements. In Figure 2 you see the implementation plan for BASEL III with all the 

different capital requirements that are being applied over time. One of the most common 

are the total capital of 8% which is also called capital adequacy ratio (CAR). CAR is simply 

tier 1 and tier 2 capital over RWAs.  
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Figure 2 

As we discuss in our thesis the RWAs are calculated based on either IRB or SA. RWAs is a 

proportion of the total assets which describes the riskiness of the assets. The capital 

requirement is then a specified percentage which changes with the different BASEL 

accords but essentially it is the percent of the RWA that the financial institution must set 

aside as a buffer. The size of this buffer is the main reason banks prefer their RWA to be 

lower because lower RWA results in lower capital requirement thus less capital buffer. 

Further, the less capital they set aside as a buffer the more capital the entity can use to 

invest and hopefully profit from. A simple example of this is the one used in section 7.1 

where a guy lends out money to his friends, where in this case they borrow $100.000 
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from him. If we assume the risk-weight on this loan is 50% and the capital requirement is 

8% this guy must have a capital buffer of $100.000 ∗ 50% ∗ 8% = $4.000. Further say he 

earns a 10% interest on the loan, then because he can’t lend out the $4.000 he misses out 

on $400. This is a very simplified version, but the logic applies to all financial institutions 

that are regulated using the BASEL accords. 
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3. Literature review 

During the 70s the first economists started to pinpoint concerns about the necessity for 

better risk measurements, at the time some banks were starting to face bankrupts having 

some international exposure. The Economist in 1984 published an article that stated: “By 

the end of the 1970s banks in the top ranking were earning 30-40% of their total profits 

from the international operations and the very biggest more than half”. Besides, the G10 

countries were deregulating the financial markets and instruments (Cooper and Fraser, 

1984). Then some researchers started to notice the fact that at the time the efforts to make 

common rules and adopt sound practices were not enough and that only  a crisis, this time 

with an international impact would have pushed for some effective changes in the 

regulations (Odell, 1982), (Dean and Giddy, 1981). 

After the Concordat of 1975 the issues were evolving, the factual test of the reality was 

posing different challenges to this first attempt for an international banks’ supervision. 

Despite other previous failures, the Banco Ambrosiano case showed the biggest 

weaknesses of the Concordat (Johnson and Abrams, 1983). In that situation, the Italian 

government seized the bank when needed in Italy, but the Luxembourgish subsidiary 

didn’t get any help. The Luxembourgish subsidiary was having many international 

customers that lost almost everything, and the Italian government simply stated that since 

it was not fully owned or consolidated, mentioning the Banco Ambrosiano in Luxembourg 
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was simply out of scope (Dale, 1984). Another Luxembourgish scandal happened shortly 

after, when the BCCI was found to be hiding several criminal behaviors, this helped to claim 

for global regulations (Kapstein, 1991). 

After these premises, both the academical world and the relevant authorities started 

reflecting on the deficiencies and began advocating for the implementation of the same 

requirements across the board (Dale, 1986). Those requirements should have considered 

the new off-balance sheet items (Sinclair, 2004), additionally to trying to emulate the 

United Kingdom’s risk-weight system (Cohen, 1986), possibly in a single self-contained 

framework (Basel Committee Annual Report, 1984). Nonetheless, the first objective was 

to address the primary decision makers on the matter to the same table (Cline, 1983), 

allowing contacts between national supervisors (Pecchioli, 1983). 

 The Basel Accords were not so different from what it was auspicated, anyhow the actual 

implementations were challenging the effectiveness of the regulations. Angbazo (1997)  

showed an example if this, where the international banks were more interested in risky 

assets, because the calculation were sensitive to the interest rate, but not to the default 

risk.  

Rajan (2005) found the same result regarding the capital requirement, saying that “The 

way capital requirements are implemented also make them relatively ineffective against 

risks that occur in the tails, which may give institutions an added incentive to load up on 
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these risks.” Almost opposite results were outlined by Furlong and Keeley (1989), Rochet 

(1992), Calem and Rob (1999) and Blum (1999), where Blum (1999) recognized only the 

fact that a future requirement would have incentivized more risk-taking, but not a current 

one. 

As discussed by the paper written by the De Nicolo et al. (2010), it is possible to wonder if 

the researched effects are a response produced by procyclical monetary policies. Borio & 

Zhu (2008) argues that such capital requirement was constraining the lending activity, 

which was also agreed upon by researches like Bernanke & Lown (1991), Berger & Udell 

(1994), Peek & Rosengren (1995) and Furfine (2001). Other researches like Ito & Nagataki 

(1998), Wagster (1999), Chiuri et al (2001), Bikker & Hu (2002) had the same results as 

the cross-country analysis in Borio & Zhu’s (2008) paper. 

Some argued that when there are a monetary change the effect of this is weaker capital 

requirement reports. Kashyap & Stein (1994), Kopecky & VanHoose (2004a, 2004b), 

Cecchetti & Li (2005, 2007) and Bolton & Freixas (2006) published results which was 

significantly proving that the Basel I was also applicable in market downturns. 

The effect of the crisis was immediate attention on the issues of the Basel’s framework. 

Thus, the quantity of researches increased with the introduction of the Basel II accord and 

more aspects of the implications was analyzed due to the increased interest. Zicchino 

(2005) found transmission of macroeconomic and monetary factors adding the loan 
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default and risk-weights to the model of Chami & Cosimano (2001), but not in the setting 

of the previous Basel accord. 

Others were instead advocating that the major effect was driven by the procyclicality. 

Among them was Heid (2007) and Repullo & Suarez (2007) who showed that appropriate 

capital buffers would have mitigated this issue. Zhu (2007) results was not in line with the 

findings of the others regarding procyclicality and lending decisions, addressing that the 

effects were different among the banks. 

Some were focused more like this thesis on the foundations of the RWA and the IRB 

approach. The most significant results were published by Barakova & Palvia (2014), who 

used the correlation between loan performance and risk-weights to show that the risk 

assessment in Basel II was improved compared to Basel I. Barakova & Palvia (2014) results 

were shown to be the case particularly for stressed portfolios of mortgages. Sundmacher 

& Ellis (2010) showed that the banks were able to manipulate the economic capital, which 

is directly involved in the determination of external ratings of the banks, without having 

direct effects on the regulatory capital. Acharya et al. (2013) focused more on the outcomes 

of the stress tests, finding that the gap in market expectations and the regulatory capital is 

driven by the risk-weights, where Flannery & Giacomini (2015) drew similar conclusions 

focusing on the European banks. 
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It is useful to also consider the researche done by Kara(2016) regarding the relation of the 

concentration and profitability of the banking system in a country and its lower national 

capital requirement. Le Leslé & Avramova (2012) found that there were deep differences 

among systematically important banks due to national regulations, undermining the 

validity of Basel III. 

The job done by the European Banking Authority is especially worth mentioning because 

of the analysts in EBA who have always had a prolific commitment on an exhaustive and 

continuous control specifically over the working of RWA and IRB mechanisms. Among 

their main contributions there is certainly the of the consistency of risk weighted assets, 

both structurally and on portfolio’s effects in high and low default cases, (EBA, 2013a), 

(EBA, 2013b), (EBA, 2017a), (EBA, 2017b). 
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4. Design of the research  

4.1 The Study 

We are researching how the usage of IRB methods affect the overall risk of a bank In the 

banks’ pillar III disclosures they have been instructed to separate their assets into different 

groups, to get a better picture of their risks across different measures. We focus on how 

large a proportion of their RWAs are calculated using IRB. The reason why we do this is to 

understand how much the different banks in the sample use IRB to calculate their RWA. 

This is interesting because of our hypothesis that banks that use IRB are understating their 

risk to gain a lower capital requirement thus having more free capital as already described 

in section 2.5. Our expectation is to see a significant negative relation between RWA and 

IRB thus we want to prove that IRB can be used as a tool to underestimate risk.  

We further investigate the relation between RWA and the standard deviation of assets. 

This analysis considers how correlated these two variables are, where 𝜎𝐴𝑠𝑠𝑒𝑡𝑠 

approximates an objective risk measure and RWA is an internal calculated risk of assets. 

These two variables should be highly correlated because they both measure the riskiness 

of the same assets. We use both regression analysis as an argument for our main concern 

which is that Basel III is not sufficiently assessing the riskiness of banks. We show that the 

more IRB a bank uses in the RWA calculations the lower its RWA are, which can be an 
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expression of possible understatement of risk when using IRB. Furthermore, we show that 

BCBS has done its own analysis regarding this matter and found results that can be 

interpreted as the same conclusion. Therefore, with the proper analysis and results we 

show how Basel IV is different from Basel III and how it probably will impact the banking 

industry.  

4.2 The sample and sources 

To investigate how the different banks use the possible risk measures for their available 

assets, the pillar III disclosure’s forms from all of the banks that are in the sample had to 

be collected and analyzed. We found that not all banks shared the information and that 

there are no standards for how to present the data, which made the process a lot more 

difficult and with some banks impossible. This will affect the robustness of the tests 

because not all banks have the same data and therefore it is not possible to make the same 

calculations for all the banks. However, the accounts in question have been very small thus 

their impact on the IRB Percentage is not significant and therefore we do not see any 

reason why this should impact the research little less the conclusion. We started with 150 

banks which became 118 after the initial data collection trough services like Data stream. 

Furthermore, it was lowered to 59 after collecting data regarding the banks choice of 

calculation method of their RWA. Of those 59 banks 16 used only SA which also were 

excluded when doing the regression analysis of the relationship between IRB and RWA, 
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thus we were left with 43 banks. We acknowledge that the sample of IRB banks are not 

very large, but we are confident after doing the test of assumptions that the sample is large 

enough to draw meaningful conclusions. 

4.2.1 Validity of Data 

The data are collected through both the banks own publications and trough databases like 

data stream. The data regarding IRB are not compiled into any databases that we could 

find and therefore it has been drawn directly from the banks publications of their pillar 3 

disclosures. The variables of Total assets, Total equity, Total risk weighted assets, market 

cap and so on have been drawn from the database ”DataStream” and have been validated 

trough random control of bank statements.  

4.3 Variables  

The variables used in the first test are IRB and RWA. The variable RWA are the total RWA 

and IRB are calculated as  

𝐼𝑅𝐵 =
𝑃𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛 𝑜𝑓 𝑅𝑊𝐴 𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑 𝑢𝑠𝑖𝑛𝑔 𝐼𝑅𝐵

𝑇𝑜𝑡𝑎𝑙 𝑅𝑊𝐴
. A simple linear regression is used to test if 

there is a significant relation between the two. 
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We do descriptive analysis of the variables to better understand what the variables look 

like and how they function. RWA are calculated using equation 12 and  This is how the 

RWA variable looks and how it is calculated  

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑅𝑊𝐴 % =  
𝑅𝑊𝐴2012 + 𝑅𝑊𝐴2013 + ⋯ + 𝑅𝑊𝐴2016

𝑇𝑜𝑡𝑎𝑙 𝐴𝑠𝑠𝑒𝑡𝑠2012 + 𝑇𝑜𝑡𝑎𝑙 𝐴𝑠𝑠𝑒𝑡𝑠2013 + ⋯ + 𝑇𝑜𝑡𝑎𝑙 𝐴𝑠𝑠𝑒𝑡𝑠2016
    (12) 

This have been done for each bank to get the average RWA, which are shown in figure 3. 

 

Figure 3 

From the descriptive analysis we see that the mean in our sample is 40.71% with a 

standard deviation of 13.89% and that the variable are normally distributed around its 

mean. It is important for further analysis that the data are normally distributed because 

the models used in the thesis are assuming this to be true.  
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Then we look at IRB. The IRB variable is derived from the banks pillar III disclosures, with 

an example here from the bank BNP Paribas: 

In figure 4 we see the information provided from the bank: 

 

Figure 4 

This information are rewritten into our own database to work with. This is a good example 

of how BCBS newly agreed disclosure rules are being put into action. Going through more 

than 100 banks websites to find their pillar III disclosures have been somewhat 

challenging where most of them have placed their disclosure reports deep in their website. 
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Combined with some banks not having a disclosure report at all it is quite time consuming 

gathering this type of data. Even after getting all the information needed, the banks 

disclosures forms are far from standardized and there is a large dissimilarity in the reports. 

An example of this is the above BNP Paribas market risk which is divided into internal 

model, SA and Trading book securitization positions. If you look at Danske Bank A/S report 

in appendix 6 it just have one category which is “Market risk, total” where it is not defined 

if it’s calculated using IRB or SA. This is what we describe earlier, and our opinion is still 

that the amount of uncertainty is low enough that it has no impact on our analysis. In the 

example in figure 4 of BNP Paribas the market risk is 3.5% of the total RWA thus it should 

have very small impact on the total variation used later. 

 

Table 4 
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All of the IRB calculated figures are highlighted in table 4 and are added together to get 

321.113. Thus, our result is that BNP Paribas uses 50% IRB-method to calculate their RWA. 

All the figures used in each banks’ IRB calculation are based in the banks pillar III reports 

and are summarized in appendix 3.   

* 

Figure 5 

Looking at figure 5 we see that the IRB variable is also normally distributed around its 

mean of 60.71%, with a standard deviation of 20.49%. There is a small outlier defined by 

the box plot which is the data point of Invest PLC, we have not chosen to remove this outlier 

because we do not think that it will impact further studies, and because it is not that far 

from the other banks IRB values.  
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5 Analysis 

5.1 Analysis of the relation between RWA and IRB 

When doing any hypothesis testing there are always 5 steps which are: state the 

hypothesis, select significance level, identify the correct test to use and the assumptions of 

the chosen test, test the assumptions, make a conclusion based on the results. 

5.1.1 Stating the hypothesis 

We want to test if there is a significant relationship between IRB and RWA of the banks in 

the sample thus our null hypothesis is as following: 

𝐻0: 𝛽𝐼𝑅𝐵 = 0            𝐻1: 𝛽𝐼𝑅𝐵 ≠ 0    

To test this hypothesis, we do a linear regression where we test if IRB explains RWA 

significantly. 

5.1.2 Select significance level 

We are using significance level also referred to as alpha (𝛼) of 5% which is the most 

common and this results in the test will be with 95% certainty correct. 
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5.1.3 Identify the correct test to use 

The two variables in the test are both numeric and therefore a test for significant relation 

is a regressions analysis, which is based on ordinary least squares model. This model is a 

fitted line based on the lowest squared residuals between the fitted line and all of the data 

points or in other words:  OLS = min (∑ (𝑌𝑖 − �̂�𝑖)
2𝑛

𝑖=1 ). When using the linear regression, 

you test for significant relation between the two or more variables, that is how the 

dependent variables describe the independent variable. You test if it is possible to reject 

the hypothesis that the dependent variables coefficients are equal to 0. In other words: 

𝐻0: 𝛽𝑗 = 0      𝐻1: 𝛽𝑗 ≠ 0 

When testing the significance of a slope coefficient the test to use is a t-test where the test-

value is calculated as: 

𝑡𝛽𝑗
=  

�̂�𝑗

𝑠𝛽𝑗

                                                       (13) 

Where we reject if     
�̂�𝑗

𝑠𝛽𝑗

< −𝑡𝑛−𝐾−1,
𝛼

2
    or if      

�̂�𝑗

𝑠𝛽𝑗

> 𝑡𝑛−𝐾−1,
𝛼

2
 . 

We have used RWA as dependent variable and IRB as independent variable. The formula 

for a simple regression are presented in equation 13. 

𝑌𝑖 =  𝛽0 + 𝛽1𝑋𝑖1 +  𝜀𝑖          𝑖 = 1, … , 𝑛                                     (14) 
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Which in this case translates into equation 14. 

𝑌𝑅𝑊𝐴 =  𝛽0 + 𝛽1𝐼𝑅𝐵𝑖1 +  𝜀𝑖          𝑖 = 1, … , 𝑛 => 

𝑅𝑊𝐴 =  0.5431 − 0.2241 ∗ 𝐼𝑅𝐵 + 𝜀𝑖         𝑖 = 1, … , 𝑛                             (15) 

Equation 14 is the regressions equation which describes that the higher the IRB the lower 

the RWA is. The exact figure is 0.2241 lower RWA for each unit of IRB which in this case is 

also a percentage based variable.  

5.1.4 Test assumptions 

Before interpreting the results, it is necessary to control for the assumptions on which we 

have based the test which are that: there are a linear relationship between the two 

variables, the residuals have a mean zero and are homoscedastic or have the same 

variance, that the residuals are normally distributed, that there is no auto-correlation in 

the residuals and that that there is no correlation between the dependent variable and the 

residuals. All of this must be tested to know if the linear regression can be trusted, or if 

there are issues with the model.  

Testing whether the residuals are mutually independent and have similar variance. In this 

test we are looking if the data points seem to be grouped or have some kind of pattern, 

mostly it would be large obs. number has a large or small value which would look like the 

sign ”<” , or reversed ”>” which in statistics are referred to as a ”trumpet” form.  
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Figure 6 

What we can tell from figure 6 is that there are no tendencies in the plot and that there are 

no trumpet forms which means that the residuals are mutually independent, and they have 

the same variance (homoscedastic). Thus, our first control of the model is fine, and we can 

move on. 

 

Figure 7 

Looking at figure 7 where the residuals are on the Y-axis and the covariate IRB as the X-

axis, we test for correlations between the two, to know if there is any relation between the 

two. We can derive that the data are completely random which means that there is no 
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correlation between the residuals and the covariate IRB. We can also derive that the 

variation in the residuals is independent from the covariate IRB, thus we can conclude that 

there are no issues with the variation between the residuals and IRB and we can therefore 

move on to the assumption of normalized residuals. 

 

Figure 8 

Figure 8 is describing the residuals. Looking at figure 8, we can see that the residuals are 

normally distributed and therefore our model is in line with its assumptions which is  

normalization and mean zero residuals. 
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What we can derive from this plot, is that with a 95% confidence interval we are not sure 

that 0 is not possible as mean and therefore we can with 95% certainty say that the mean 

is 0. Looking at the normal quantile plot we see that the data points are very clearly within 

the 95% confidence intervals (the dotted lines) and therefore we can with 95% certainty 

say that the distribution of the residuals are normally distributed. 

5.1.5 Regression analysis 

 

Figure 9 

When looking at figure 9 which is the regression analysis the 𝑅2 are not very high (0.10). 

The reason for this is that there are many things affecting the RWA and in the real world 
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we do not expect very high coefficient of determination. However, if we look at our 

coefficients t-ratio of -2.24 we see that it is lower than the limit of -1.96, which as the p-

value of 0.0303 indicates, leads to the conclusion that we reject the null hypothesis and 

therefore the more a bank uses IRB the lower its average RWA is. When we do the multiple 

regression with control variables we expect 𝑅2 to be much higher and we also expect the 

p-value still to be significant at a 5% level if not at a 1% level.  

5.1.6 Discussion of findings 

The regression analysis shows that there is a significant negative relation between RWA 

and IRB, thus this indicates that the more a bank uses IRB the lower the RWA is. This leads 

us to think that the reason for using IRB is to lower the banks RWA thus freeing more 

capital to invest and making it easier to have higher returns. Looking away from the 

statistics and turn to logic it does also make sense that a bank will use the method with the 

lowest RWA on a particular asset group. The trend that we are seeing is that banks that are 

eligible to use IRB, mostly use IRB and as we can see from the IRB variable, the banks are 

on average using 60% IRB to calculate the their RWA.  

The key findings of the analysis are that banks can and possibly are using IRB to lower 

their RWA. Looking at BCBS’s own test of reliability, they found that there is a very large 

difference in the implied capital requirement for the same diversified portfolio calculated 

by 15 different banks in 9 different countries. The standard deviation was calculated to be 

31% which is ridiculous high, considering that this is the exact same portfolio of assets. 
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This shows that using IRB the banks have a very large say in how they calculate the 

different assets risks and therefore there are bound to be possibilities to lower the RWA 

when there is room for movement within the calculations of RWA using their internalized 

models (BCBS, 2013). This research done by BCBS is in line with our hypothesis because 

our findings are that banks can manipulate their RWA using IRB and BCBS found that there 

is room for individual influence on the calculations of the RWA. The findings can be seen 

in figure 10. 

  

Figure 10. *BCBS January 2013 “Regulatory consistency assessment programme (RCAP) – 

Analysis of risk-weighted assets for market risk” 

5.1.7 Partial conclusion 

We have calculated IRB as the percentage of RWA where IRB is used, and the percentage 

of RWA as an average of total RWA divided by total assets. We then find the linear relation 

between IRB and RWA to be significant at a 5% level but with a 𝑅2 of only 0.1094. We have 

tested all assumption regarding the simple regression and found that the models 
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assumptions are in line with what is expected. Even though the 𝑅2 is low we conclude that 

the more IRB a bank uses the lower its RWA are.  

5.2 Further analysis – Multiple linear regression of RWA and IRB with 

control variables 

There is now evidence that there is a significant relationship between IRB and RWA and 

we therefore have a basis to further the analysis with control variables. We have chosen 6 

control variables that is: size, return on assets, capital ratio, income diversification, loan to 

assets ratio and deposits to assets ratio. These control variables are set to validate the 

results because the analysis won’t have omitted variable bias because of these variables. 

An example of the importance of control variables are if you test if people tend to die more 

by drowning in pools when more ice creams are sold, you would probably find a terrible 

truth or if you just check the presence of high temperature that day as a control variable, 

it is possible to see that the previous phenomena is just a spurious correlation, then your 

results won’t be valid. 

5.2.1 Variables 

The IRB and RWA are already described earlier in the thesis and we will therefore focus 

on the newly constructed control variables. Size is calculated as: 𝑆𝑖𝑧𝑒 =

 𝐿𝑜𝑔(𝑡𝑜𝑡𝑎𝑙 𝑎𝑠𝑠𝑒𝑡𝑠). Size of banks could impact the results quite a lot because larger banks 
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often tend to be more financial stable and therefore also have more opportunities when it 

comes to the calculation of RWAs. This is because Basel bases some of its IRB criteria on 

size and because larger banks tend to have a more diversified portfolio of assets thus 

making them able to change their portfolio to easily comply with the capital requirements. 

The ROA is calculated as: 𝑅𝑂𝐴 =
𝑁𝑒𝑡 𝑖𝑛𝑐𝑜𝑚𝑒

𝑇𝑜𝑡𝑎𝑙 𝐴𝑠𝑠𝑒𝑡𝑠
 and it is regarding the omitted bias that is 

concerning the ability to make a profit in relation to the total assets of the banks.  Baule 

and Tallauy (2017) argue that if a bank is more profitable is has less reasons to manipulate 

its RWA because it is more in compliance already because of its high ROA. Capital ratio is 

calculated as 𝐶𝑅 =
𝑇𝑖𝑒𝑟 1+𝑇𝑖𝑒𝑟 2

𝑅𝑊𝐴
 . What CR controls for is that a better capitalized bank will 

have less reasons to use IRB to lower its RWA because it already has low RWA because it 

is well capitalized. Income diversification is calculated as 𝐼𝐷 =
𝑡𝑜𝑡𝑎𝑙 𝑛𝑜𝑛−𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡 𝑖𝑛𝑐𝑜𝑚𝑒

𝑡𝑜𝑡𝑎𝑙 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑖𝑛𝑐𝑜𝑚𝑒
 

where the logic is that the more diversified the income is the more opportunities they have 

in manipulating the RWA calculations. The loan to assets variable is a ratio defining how 

much of the assets that is financed with debt. If a bank has too much leverage it will become 

riskier thus having need for more influence on the calculation of RWA to be in line with the 

capital requirements. The same argument can be made for deposits, that if a bank has too 

much leverage it might have trouble with unforeseen losses which make the bank riskier 

and therefore also need to navigate the calculation of RWA to meet the capital requirement 

of BASEL. 
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5.2.2 Stating the hypothesis 

The hypothesis of this test is that the control variables will only strengthen our conclusion 

that the more IRB a bank uses the lower its RWA will be. Put into statistics:  

𝐻0: 𝛽𝐼𝑅𝐵 = 𝛽𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠 = 0            𝐻1: 𝛽𝐼𝑅𝐵 = 𝛽𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠 ≠ 0    

Further we will also look at the hypothesis from section 5.1 that 𝐻0: 𝛽𝐼𝑅𝐵 = 0, but this time 

given that there are also control variables within the model to control for various 

influences on the relation between IRB and RWA.   

5.2.3 Identify the correct test to use 

In this case we will use the same type of test as before, however we will now test as state 

whether any of the beta coefficients are significantly different from zero. If our test is not 

rejected it means that the model is so bad that not even one of our beta coefficients is 

significantly different from zero.  

The correct test is therefore a F-test where the test-value is calculated as 𝐹 =  
𝑀𝑆𝑅

𝑆𝑒
2 =  

𝑀𝑆𝑅

𝑀𝑆𝐸
 

where 𝑆𝑒
2 =

𝑆𝑆𝐸

𝑛−𝐾−1
= 𝑀𝑆𝐸. We reject the test if 𝐹𝛽1,…,𝛽𝑘

> 𝐹𝐾,𝑛−𝐾−1,𝛼 where the p-value is 

calculated as 𝑝 = 𝑃(𝐹𝐾,𝑛−𝐾−1,𝛼 > 𝐹|𝐻0).  



  Page 70 of 134 

 

5.2.4 Test assumptions 

   

Figure 11             figure 12  

 

 

Figure 13 

The same assumptions are true for the multiple regression as for the simple linear 

regression. That is a linear relation between the dependent and independent variables. 
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That the residuals are independent of the covariates and have a mean zero. That the 

residuals are normally distributed and that they are homoscedastic. Looking at figure 11 

and 12 it seems that there are no tendencies and therefore we conclude that there is no 

relation between the residuals and the covariates nor any autocorrelation. Looking at 

figure 13 we see that the residuals are normally distributed around mean zero and we can 

therefore conclude that our model assumptions are proven correct and we can continue 

with our regression analysis. 

5.2.5 The regression analysis 

We then rerun the regression which is now a multiple regression and can be expressed as:  

�̂�𝑖 =  𝛽0 + 𝛽1𝑋1 + 𝛽2𝑋2 + ⋯ + 𝛽𝑛𝑋𝑛 + 𝜀𝑖       𝑖 = 1, … , 𝑛 

And with our new variables we get: 

�̂�𝑅𝑊𝐴 =  𝛽0 + 𝛽1𝐼𝑅𝐵 + 𝛽2𝑆𝑖𝑧𝑒 + 𝛽3𝑅𝑂𝐴 + 𝛽4𝐶𝑅 + 𝛽5𝐼𝐷 + 𝛽6𝐿𝑜𝑎𝑛𝑠 + 𝛽7𝐷𝑒𝑝𝑜𝑠𝑖𝑡𝑠 

+  𝜀𝑖                                𝑖 = 1, … , 𝑛 

We run the regressions and get a pretty good model with the new control variables. 
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    Figure 14, with ROA               Figure 15, without ROA 

The most interesting part of the new results is that even when we control for all the things 

described above our results are still pretty much the same regarding the IRB variable. In 

the simple regression we have a beta coefficient of -0.2241 and now it is -0.2374 which is 

a change of 0.0133. The coefficient of determination being 0.70 is beyond what a real-

world model can hope for thus we can with certainty say that the model has high statistical 

significance and the IRB p-value has also moved from only significant at a 5% level to now 

being significant at a 1% level. Looking at the rest of the model, ROA is highly insignificant 

and can be removed without any influence on 𝑅2  thus it could be argued that from a 

statistical point of view ROA should be removed from the model. However, from an 

economical point of view we must control for it even though it is not significant and 

therefore we leave it in the model. 
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5.2.6 Partial Conclusion 

What we can tell from the analysis of the relationship between IRB and RWA is that they 

are significant correlated, and that IRB significantly describes RWA with a negative slope 

coefficient. This is part of the argumentation of this thesis, that IRB calculations are being 

used by banks to lower their RWA to have more capital to invest thus making a better 

profit. This result is further proven by BCBS’s own analysis on the matter where they found 

that there are large variations in different banks calculations of the same assets riskiness. 

When control variables are included in the regression model IRB are significantly 

describing RWA on a 1% level and the models 𝑅2 are 0.7067 which is unbelievable high 

for a “real-life” model. Therefore, we can conclude that IRB has a negative effect on a bank’s 

RWA and that banks are practicing this effect in their calculations of RWA.  

5.3 Further analysis – the relation between RWA and assets volatility 

The RWA is supposedly a risk measure of the bank’s assets. However, many researchers 

like Vallascas & Hagendor (2013) have found a very weak relation between the two. In this 

section we are going to look at the relation of the variables to test if this is also the case in 

our sample.  
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5.3.1 The variables 

To do the test needed we have to calculate the 𝜎𝐴𝑠𝑠𝑒𝑡𝑠  which is based on the market 

capitalization of the banks and is described in the calculation as 𝜎𝐸𝑞𝑢𝑖𝑡𝑦. The reason we use 

the market capitalization and not daily returns are that dividends can impact the daily 

returns which the model then won’t be controlled for thus our conclusion could be wrong 

because of this unknown effect. The market capitalization will also include this effect for 

example a share buyback thus this variable is preferable. The calculation of assets’ 

volatility is shown in equation 16 which is similar to equation 11 explained in section 2.4: 

𝜎𝐴𝑠𝑠𝑒𝑡𝑠 =
𝑇𝑜𝑡𝑎𝑙 𝐸𝑞𝑢𝑖𝑡𝑦

𝑇𝑜𝑡𝑎𝑙 𝑣𝑎𝑙𝑢𝑒
∗ 𝑁(𝑑1) ∗  𝜎𝐸𝑞𝑢𝑖𝑡𝑦                                 (16)  

𝑑1 =
ln (

𝐷
𝑉) + (𝑟 +

𝜎2

2 ) ∗ 𝑡

𝜎 ∗ √𝑡
 

The inputs of the Merton model’s d1 are: Total Value (V), Total Debt (D), Risk-free rate 

(r), standard deviation of equity (𝜎), Time-to-maturity (t). 

We are therefore still missing the standard deviation of equity of the different banks. The 

standard deviation of equity can both be calculated from the price of the common stock, 

but also from the market capitalization. We have used the daily market cap from the past 

5 years to gather the standard deviation. The risk-free rate is assumed to be approximately 

2%. The Time-to-maturity is 1 because we only need it for one period. The total value and 
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total debt are drawn from the DataStream data and are an average of the past 5 years. An 

example of the calculations used with BNP Paribas: 

𝑑1 =
ln (

1,884,395,000
1,971,986,000

) + (2%
1,8486%2

2
) ∗ 1

1,8486% ∗ √1
=> 

𝑑1 = 3.5489 => 

𝑁(𝑑1) = 0.9998 => 

𝜎𝐴𝑠𝑠𝑒𝑡𝑠 =
87,591,000

1,971,986,000
∗ 0.9998 ∗  1,8486% => 

𝜎𝐴𝑠𝑠𝑒𝑡𝑠 = 0.0821% 

We then annualize the standard deviation of assets with 252 days because this is the 

amount of data available in an average year due to weekends and other non-trading days:  

𝑎𝑛𝑛𝑢𝑎𝑙𝑖𝑧𝑒𝑑 𝜎𝐴𝑠𝑠𝑒𝑡𝑠 = 𝜎𝐴𝑠𝑠𝑒𝑡𝑠 ∗ √252 => 

𝑎𝑛𝑛𝑢𝑎𝑙𝑖𝑧𝑒𝑑 𝜎𝐴𝑠𝑠𝑒𝑡𝑠 = 0.0821% ∗ √252 => 

𝑎𝑛𝑛𝑢𝑎𝑙𝑖𝑧𝑒𝑑 𝜎𝐴𝑠𝑠𝑒𝑡𝑠 =  1.3035% 

Which leaves us with both average RWA and annualized standard deviation of assets. 

These variables should be an expression of the same even though they don’t scale similar 

which is something we discuss in section 7.2. 
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5.3.2 Stating the hypothesis 

As in section 5.1 we are doing a regression analysis where we are using the same statistical 

theories and methods. However, the hypothesis is different stated as: 

𝐻0: 𝑅𝑊𝐴 = 𝑎𝑛𝑛𝑢𝑎𝑙𝑖𝑧𝑒𝑑 𝜎𝐴𝑠𝑠𝑒𝑡𝑠       𝐻1: 𝑅𝑊𝐴 ≠ 𝑎𝑛𝑛𝑢𝑎𝑙𝑖𝑧𝑒𝑑 𝜎𝐴𝑠𝑠𝑒𝑡𝑠 

To test this hypothesis, we do a linear regression where we test if RWA explains 

𝑎𝑛𝑛𝑢𝑎𝑙𝑖𝑧𝑒𝑑 𝜎𝐴𝑠𝑠𝑒𝑡𝑠 significantly thus our null hypothesis is: 

𝐻0: 𝛽𝑅𝑊𝐴 = 0            𝐻1: 𝛽𝑅𝑊𝐴 ≠ 0    

5.3.3 Identify the correct test to use 

We use the same test for a simple linear regression, thus test-value and further information 

can be found in section 5.2.3 

5.3.4 Test assumptions 

       

Figure 16   Figure 17 
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Figure 18 

Testing the model for assumptions we find that there are only some problems with the 

normality assumption of the residuals, but as figure 18 shows it is not very far from 

normally distributed and we therefore argue that all the assumptions are correct, and we 

can continue with the analysis. 
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5.3.5 The analysis 

  

Figure 19   Figure 20 

When calculating the correlation coefficient, the equation 17 is used   

𝑟 =
1

𝑛 − 1
(

∑ ∑ (𝑥 − �̅�)(𝑦 − �̅�)𝑦𝑥

𝑠𝑥𝑠𝑦
)                                                (17) 

The result is that even though RWA are significantly explaining the annualized standard 

deviation of assets, the actual movement of should be one to one or in other words they 

should be moving together. However, this is not what the correlation of 0.4125 is telling 

us together with the beta coefficient of 0.04128 and our data therefore resemble the 

work of many other researchers on this topic such as Vallascas & Hagendor (2013). The 

𝑅2 of the model is extremely low with a value of only 0.1702 which we argue are 
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supposed to be close to 1 when it is both measurements of the assets riskiness. The 

conclusion, as Vallascas & Hagendor (2013) work, is that the regulation set forward by 

Basel are not reflecting the actual risk of the asset portfolio in a way that makes economic 

sense. Vallascas & Hagendor (2013) argue that the risk measured by asset volatility 

should not correlate 100% with the RWA, because there are also other external 

influences. They do however argue that the relation at this point is too insignificant. They 

also discuss a very pressing topic, that if banks are over capitalized it will hurt the public 

by more expensive loans and other products that will become more expensive as well to 

make their investors happy. Therefore, there is a very important discussion regarding the 

balance between banks not going under in a crisis, but at the same time not being over 

capitalized resulting in too much unused capital. Flannery & Giacomini (2015) argue that 

supervisors were too weak in taking a stand against the larger banks’ shareholders 

because forced re-capitalization most likely in form of issuing shares will harm the banks’ 

ability to perform on the same level thus making less money. Making less money means 

lower profits and thereby the shareholder has a lower return on his investment and 

ultimately this is what the companies are set in this world to do. This is one of the 

important aspects of the balance of collateral financial holdings within banks. However, 

this is a more philosophical question and the fact of this matter are that the market 

estimated asset volatility as an approximation of bank’s asset risk does not correlate with 

the banks’ risk weighted assets calculated from the Basel accords and therefore we can 
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conclude that the valuation of asset risk is not in agreement with the market risk 

measure. The argument this thesis provides, is that IRB produce a possibility to alter the 

risk weights, in a way such they fit the bank’s needs. Thus, the bank will have adequate 

regulatory capital to meet the requirements, but their assets contain more risk than 

reported and therefore the bank will be more likely to default than what the RWA 

implies. The problem as stated earlier is that even Basel has conducted research that 

reflects great room for movement within the IRB calculations which it seems BCBS 

themselves have troubles understanding exactly how the banks do their calculations. The 

supervisors describe how they did on-site visits to better understand what factors drive 

differences in the RWA calculations in each bank (BCBS, February 2013).  

5.3.6 Partial Conclusion 

Looking at the relation between RWA and annualized 𝜎𝐴𝑠𝑠𝑒𝑡𝑠 we would expect a high 

coefficient of determination together with a significant beta coefficient different from 0. 

Our analysis shows a significant difference from 0 in the beta coefficient which some 

would interpret as enough to draw a conclusion. However, a very low 𝑅2 combined with 

the extensive literature on the subject we conclude that the variable RWA is not 

significantly capturing enough risk measurement of the actual riskiness of assets in a 

bank. Furthermore, the correlation between RWA and 𝜎𝐴𝑠𝑠𝑒𝑡𝑠 should be somewhat close 

to 1 because they are both variables measuring risk on the same assets, but we find a 

correlation coefficient of only 0.4125 which further proves that RWA is struggling to 
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perform as a risk measurer. Therefore, our conclusion is that the calculation of RWA are 

not effectively describing the actual riskiness of the bank’s assets portfolio. 

5.4 Further analysis – Correlation of RWA and assets volatility by IRB 

So far, we have shown that IRB has a large impact on the risk assessment of banks assets. 

Therefore, it is interesting to look deeper into this relationship because as figure 21 and 

22 shows, IRB has a large impact on the calculated correlation coefficient. In this part we 

will only handle the impact of IRB on the correlation of RWA and 𝑎𝑛𝑛𝑢𝑎𝑙𝑖𝑧𝑒𝑑 𝜎𝐴𝑠𝑠𝑒𝑡𝑠. When 

reading this part of the analysis it is important to have in mind that we are looking at the 

impact of IRB in isolation. Another thing to bear in mind is the fact that this analysis use 

the IRB variable as a dummy and not a numeric variable as before. This is due to the lack 

of data thus it is easier accessible information if a bank use SA or IRB but harder to get the 

calculated proportion of IRB. 

5.4.1 Stating the hypothesis 

The reason for this analysis is that we think that IRB is used to alter the RWA in a favorable 

way. Thinking something is the first step to research something but is has no scientific 

meaning before it is proven. Our hypotheses are therefore that the usage of IRB has an 

impact on the correlation coefficient of RWA and 𝑎𝑛𝑛𝑢𝑎𝑙𝑖𝑧𝑒𝑑 𝜎𝐴𝑠𝑠𝑒𝑡𝑠 where we expect that 

using IRB will have a better correlation. Or in mathematical words:  
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𝐻0: 𝑟 | 𝐼𝑅𝐵𝑑𝑢𝑚𝑚𝑦 = 1 ≤ 𝑟 |𝐼𝑅𝐵𝑑𝑢𝑚𝑚𝑦 = 0         𝐻1: 𝑟 | 𝐼𝑅𝐵𝑑𝑢𝑚𝑚𝑦 = 1 > 𝑟 |𝐼𝑅𝐵𝑑𝑢𝑚𝑚𝑦 = 0 

𝑜𝑟 𝑝𝑢𝑡 𝑠𝑖𝑚𝑝𝑙𝑒𝑟: 

𝐻0: 𝑟1 ≤ 𝑟2        𝐻1: 𝑟1 > 𝑟2  

Where r is the correlation coefficient.  

5.4.2 Identify the correct test to use 

The right test to use here is a test for difference in correlation functions. Where the test-

value are calculated as shown in equation 18. 

𝑍 =
(

1
2

ln
1 + 𝑟1
1 − 𝑟1

) − (
1
2

ln
1 + 𝑟2
1 − 𝑟2

)

√
1

𝑛1 − 3 +
1

𝑛2 − 3

                                            (18) 

Where we reject if  
(

1

2
ln

1+𝑟1
1−𝑟1

) – (
1

2
ln

1+𝑟2
1−𝑟2

)

√
1

𝑛1−3
+

1

𝑛2−3

<  −𝑧1−𝛼   or     
(

1

2
ln

1+𝑟1
1−𝑟1

) – (
1

2
ln

1+𝑟2
1−𝑟2

)

√
1

𝑛1−3
+

1

𝑛2−3

>  𝑧1−𝛼 

Where 𝑟1is when IRB dummy = 1 and 𝑟2 is when IRB dummy = 0 

The calculation of the correlation coefficient is described in section 5.3 and the number of 

observations are for 𝑟1 = 50 and for 𝑟2 = 44.  
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Figure 21           Figure 22 

Doing the correlation analysis, we get 𝑟1= 0.6135 and 𝑟2 = 0,4577 which by just looking at 

it should be a very significant difference. Using equation 18 we get a Z-value of 1,0305 

which equals to a p-value of 0.3028 and we can therefore reject our null hypothesis and 

conclude that there is a significant difference and that the difference in this case is that 

using IRB improves the correlation coefficient between RWA and  𝑎𝑛𝑛𝑢𝑎𝑙𝑖𝑧𝑒𝑑 𝜎𝐴𝑠𝑠𝑒𝑡𝑠.  

The previous section 5.3 concludes that there is a weak correlation between RWA and 

𝑎𝑛𝑛𝑢𝑎𝑙𝑖𝑧𝑒𝑑 𝜎𝐴𝑠𝑠𝑒𝑡𝑠. In this part we argue that this is still true. However, IRB calculations 

are more correlated with reality which also makes sense if we consider the mathematical 

derivation.  The standardized approach is separated into steps which is very far from the 

reality. It is practically impossible to model risk in the modern world we live in by steps as 
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the SA does. It is difficult to model the banks IRB calculated risk, but it is very possible it 

would look something like figure 23 (BCBS 347). 

  

Figure 23 

Figure 23 is not based on real IRB data but are created to illustrate the difference of IRB 

and SA’s RWA calculations. The correlation is a measure of direction, that is if two variables 

move in the same direction at the same time. When one of the variables is continuous and 

the other is ordinal it is easy to understand how the correlation would be weak. This is 

exactly the case with SA where 𝑎𝑛𝑛𝑢𝑎𝑙𝑖𝑧𝑒𝑑 𝜎𝐴𝑠𝑠𝑒𝑡𝑠 is a continuous variable thus can take 

any value, but SA is an ordinal or step-wise based calculation. What our analysis are trying 

to prove is if IRB is better than SA to estimate risk compared to the objective measure of 

𝑎𝑛𝑛𝑢𝑎𝑙𝑖𝑧𝑒𝑑 𝜎𝐴𝑠𝑠𝑒𝑡𝑠. Considering previous analysis both in our thesis and other articles we 

argue that IRB is a better estimator of risk because it has much more complexity within its 
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modeling than SA. However, as previously stated this complexity is also what drives banks 

to have the possibility to consistently underestimate the riskiness of their own assets 

which leads to a lower RWA and ultimately less regulatory capital.  

5.4.3 Partial Conclusion 

We can conclude that IRB is better for modeling riskiness of assets compared to the market 

estimator, but we cannot conclude that IRB is not being underestimated. We have 

previously argued that because two variables are correlated it does not automatically 

mean that one of them is not consistently underestimated. IRB is a very complex concept 

especially when the asset portfolio is large and complex too. Combined with the fact that 

even BCBS’s own research exhibits findings of the same conclusion, that the usage of IRB 

to calculate RWA is if not underestimated at least not consistent compared to the same 

asset portfolio.  

5.5 Further analysis – Cross country 

The cross-country differences have been already previously discussed for the period 

before the harmonization of the supervisory rules done by the BCBS, now the focus will be 

on the last years, so, checking what divergences have been produced by the Basel Accords 

in Europe, where it would have been expected a more homogeneous result. 
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The RWAs are indeed calculated differently among the countries, the formulas capture the 

systemic risk in a specific country, but still the European banks seemed to show that with 

increasing regulatory capital they have been able to lower the average risk weights, 

Huizinga (2016). 

Besides, the lagged phase-in among the countries of the Basel Accords, Capital 

Requirements Directives and Capital Requirements Regulations, the different levels of 

adoption shown in the graphs in appendix 4 are linked to more entangled local business 

and regulation diversities. 

At a first sight it’s easy to notice the gap between the two definitions in countries like Czech 

Republic, Estonia, Latvia and Lithuania, this might be linked to a strong presence of 

international banks taking over a discrete part of the exposures in those nations. 

Focusing on the data of the only domestic banking groups and stand-alone banks, this must 

be done to normalize the results driven by the banking system dominated by foreign-

owned banks (like LU, CZ and FI). Most of the observed countries have a stable IRB’s 

adoption rate through the years in the sample, then the ratio of United Kingdom, Sweden, 

Denmark, Belgium and Netherlands are evidently and constantly over 70%, checking the 

table and the graphs of the Risk Weighted Assets ratio, the last four countries have before, 

indeed, also the lowest impact on assets, this was expected after the considerations 

deducted in a previous chapter when it was analyzed the potential impact of Basel IV. The 
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UK’s impact in the McKinsey Analytics and EBA (2016) research is indeed lower compared 

to the other countries analyzed, but it’s important to consider the business and legal 

difference at the bottom of those national economies, PwC UK (2016), in regard to UK’s 

requirement capital policies, states “It could be argued that a financial crisis poses more 

risk to the UK economy when compared with other advanced countries because of the size 

of the UK financial sector relative to GDP. But as one of only seven countries to have the 

full suite of resolution powers recommended by the FSB, the UK leads the way in resolution 

framework quality”, then there is also further research investigating the benefits that 

could be derived by adding up requirement capital over the Basel’s minimum levels like in 

Brooke et al. (2015). 

Probably, the lack of transparency and communication from European banks is the most 

certain thing that can be extrapolated from the tables on the detail per segment of the IRB 

exposures. 

Although, we try to draw some considerations from the available data, the first graph in 

appendix 5 shows the IRB exposures per segment in the countries but when neither an 

own estimation of LGD or CCF (Credit Conversion Factor) is adopted, instead the second 

graph in appendix 5 represents the IRB exposures per segment when an own estimation 

of LGD or CCF (Credit Conversion Factor) is adopted. 
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Obviously, the IRB approach without own estimates is not allowed by Basel, so we don’t 

see any retail position in the first graph, then it is important to state that the two tables 

differ in the scale of the amount of about 10 times. The institutions’ exposures are 

proportionally more significant in the first definition, but this might be derived by the fact 

that the definition of Financial Institution under Basel is still very vague, as confirmed by 

the British Bankers Association (2016), there is an opportunity to have exposures in 

different kind of funds and financial companies that are not banks, that when unrated have 

‘only’ a fixed risk-weight of 100%, where poorly rated FIs can be weighted way more. 

The cross-country differences, for the available countries, seem to be coherent with the 

aggregated ratios evaluated before, excluding France, Germany and Italy (we would add 

also Spain and UK, considered that the data is missing only in these tables), the financial 

sectors of Belgium, Denmark, Netherlands and Sweden are outstanding in the size, 

particularly compared with the population amount of these countries: 

 

Table 5 
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Another interesting aspect is offered by the proportion of lending to ‘other’ Corporates and 

SMEs, at the best of our knowledge we thought that Europe was the motherland of the 

small enterprises, so we looked for some other figures, to have a clearer idea of the 

situation: 

 

Table 6 
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Table 1: Number of enterprises, full time employees and gross value added (GVA) and the 

share of SMEs, 2012  

 

Table 7: Criteria for medium, small and micro -sized enterprises. Source: Eurostat 

(sbs_sc_sca_r2) 

The criteria of the categories are not inconsistent with the ones used by the IRB approach, 

but the tables from Eurostat confirmed what we thought, so there is a problematic access 

to the credit market for the smaller companies, particularly if we consider that the larger 

publicly listed companies can raise money from the privates too, maybe in smaller 

companies the capital inflows from the owners are sometimes generated by more general 

liquidity in the household due to a mortgage on the house, hiding in fact the financial 

contribution to the enterprise in the larger statistics. Anyhow, the Gross Value Added is 

still showing that the major economical contribution to all the national economies in the 

table is driven by SMEs, but particularly in countries like France, Italy, Netherlands and 

Sweden the banks seem to prefer to take exposures in large corporates with the actual 

capital requirements’ setting. 
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5.5.1 The Data and the Source 

The data comes from the European Central Bank databases, also known as “Statistical Data 

Warehouse” (SDW), the first sample is the Original Exposure IRB (% of total original 

exposure), with reference code I4300, then the sector breakdown is in both the only 

domestic banking groups and stand-alone banks in each country and the one including also 

foreign (EU and non-EU) controlled subsidiaries and foreign (EU and non-EU) controlled 

branches. The Risk Weighted Assets (% of total assets) sample is listed in the same source 

with the reference code I4011, then the sector breakdown is exactly as the one above for 

the Original Exposure IRB ratio. 

The third sample from the SDW is the breakdown of the IRB exposures for sub-sections in 

thousand Euro, with reference codes E3100, E3110, E3120, E3131, E3132, E3139, E3200, 

E3210, E3220, E3231, E3232, E3239, E3241, E3242, E3243, E3244 and E3245, that are 

respectively IRB approaches when neither own estimates of LGD nor Conversion Factors 

are used (sub-total), Central governments and central banks, Institutions, Corporates - 

SME, Corporates - Specialised Lending, Corporates - Other, IRB approaches when own 

estimates of LGD and/or Conversion Factors are used (sub-total), Central governments 

and central banks  LGD/CCF, Institutions  LGD/CCF,   Corporates - SME  LGD/CCF, 

Corporates - Specialised Lending  LGD/CCF, Corporates - Other  LGD/CCF, Retail - Secured 

by real estate SME  LGD/CCF, Retail - Secured by real estate non-SME  LGD/CCF, Retail - 
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Qualifying revolving  LGD/CCF, Retail - Other SME  LGD/CCF and Retail - Other non-SME  

LGD/CCF, where the suffix “LGD/CCF” has been manually added to distinguish the item 

without recurring to the code, then the sector breakdown is only the domestic banking 

groups and stand-alone banks in each country including also foreign (EU and non-EU) 

controlled subsidiaries and foreign (EU and non-EU) controlled branches. 

The time horizon includes the available year ends between 2009 and 2016 included for 

the first two samples, 2017’s figures were missing at the time of the data collection, 

instead, the years 2007 and 2008 were available, but they have been excluded due to the 

poor meaning and presence of IRB exposures, since for some countries the adoption took 

longer. The data for the third sample are presented in its whole in the tables, but only the 

2016 is represented in the graphs, to give an idea of the most recent distribution of the 

assets. 

5.5.2 Validity of Data 

The collection of ECB data should be capillary and reliable. However, some figures are 

missing from the source, where an example of this is the UK in 2013 who are missing the 

Original Exposure of IRB. There are also minor flaws in other years and therefore it is 

important to be careful when analyzing and concluding on this data. In appendix 5 the data 

regarding the sub-sections breakdown are presented which are even more incomplete. 
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6 The future – BASEL IV 

6.1 Description of BASEL IV 

As previously described BCBS is an old organization and Basel accords have been around 

for many years. It is hard to imagine that they aren’t doing what they can to prevent 

another financial crisis. However, they were already doing their job before the 2007 

financial crisis which leads to the argument that if they couldn’t prevent it in 2007, why it 

would be any different in the future. With that thought in mind, BCBS released in March 

2016 a proposal regarding a simplification of the RWA calculations. They argue that the 

financial crisis taught that some credit risk exposures are difficult to correctly model, thus 

it is not a reliable basis that the banks are doing their IRB calculations of their RWA on. It 

has been continuously argued that they have been multiple times thoroughly analyzed and 

IRB calculations are not consistent within different banks and that their analysis shows 

significant differences in the RWA because of too much freedom in the calculations 

themselves. BCBS therefore proposes to limit the usage of IRB calculations in the future 

which is what some are referring to as BASEL IV.  

In the proposal there are several different aspects where to limit the usage of IRB in, figure 

24 presents a quick overview. 
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Figure 24 .BCBS March 2016 “Reducing variation in credit risk-weighted assets – constraints 

on the use of internal model approaches” 
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6.1.1 Banks, large companies and other financial institutions 

The general movement of this plot are as you can see, shifting from the banks own internal 

risk assessment to a more standardized approach. BCBS research indicates large 

dispersion in the key elements of the IRB calculations as described previously, that are PD, 

LGD and EAD. Further detailed PD becomes harder for banks to estimate the lower the 

actual PD is and because most banks are considered low-default exposure it is hard to 

make reliable parameter estimates for these types of assets. Furthermore, almost all larger 

banks, large companies and financial institutions are rated by outside agencies and 

because these companies do not have any incentives to estimate the PD these makes for at 

least as good if not better estimators of risk. This argument further proves that IRB is easily 

manipulated, especially when it is common knowledge that the PD estimator is partially 

unreliable. It is easy to imagine that any company would use this uncertainty as an 

advantage to lower their capital requirements. It might even be possible to argue that a 

bank that does not use IRB in such a way would have a competitive disadvantage. What 

BASEL IV propose is that all exposures in these assets groups will be subject to the SA. All 

company related exposures where the company has more than €50 billion in total assets 

are going to use the SA unless the total revenue is lower than €200 million where it would 

be possible to use IRB-F. Further if the total assets are below €50 billion and the total 

revenue is below €200 million IRB-A is possible to use.  
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6.1.2 Equities 

Most equities are publicly listed thus the data available should be the same to all. 

Therefore, it is difficult to imagine what the reason for different risk-weight on same asset 

portfolios are. This is why BCBS propose to remove all possibilities of IRB on these types 

of assets. Furthermore, equities are often very small parts of banks asset groups and 

therefore it would not impact their total capital requirements severely. Although, if one 

bank is heavily betting on equities this bank would have to redefine their asset scope if the 

risk-weight were to rapidly increase because of this initiative. PWC argues that banks that 

have a lot of sovereign assets most likely would reinvest into something else that is less 

heavy regarding regulatory capital.  

6.1.3 Credit valuation adjustment (CVA) and counterparty credit risk (CCR) 

As earlier described CVA can either be calculated using IMA, SA or BA. Basel is once again 

proposing to remove the internal calculated model because there might be enough basis 

for these calculations and that it is therefore not needed. They argue that the market risk 

within the trading book cannot be effectively captured by the internalized modeling used 

by banks now.  Regarding CCR it is possible to do either SA or IMM calculations. It is as 

with all IRB models more nuanced with the internal based modeling, but the recurring 

theme are that internalized modeling have too much variation in different banks and 

therefore it is argued that IMM should be used with a lower limit also referred to as a floor 
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which is based on the SA. Setting a lower limit on RWA percentages is a hybrid solution of 

SA and IRB. It leaves the banks to navigate as freely as before but with the condition that 

the risk-weight can’t be below some percentage set forward by BASEL. BCBS is not set on 

a specific percentage yet but they are looking at 72.5% which is a settlement between the 

French who thinks 70% is best, and the UK who thinks 75% is the right amount. According 

to BCBS this should lower the variation in the low-risk end of asset portfolios, which could 

be interpreted as an acceptance that banks tend to lower the risk of assets. However, there 

is a limit to how low the banks are allowed to underestimate their assets which is the floor 

but from the floor up it’s “okay” to navigate because of the high variability within banks 

risk-weight calculations. 

 It is hard to calculate exactly how these changes will affect each bank, mainly because their 

RWA’s  IRB calculations are not publicly available data. However, as our analysis shows 

the usage of IRB is significantly lowering the RWAs and therefore Basel IV will most likely 

lead to higher RWAs especially at banks with very low-risk asset portfolios because of the 

new floor limits. Also, larger banks are more likely to have more IRB calculations and with 

the new grouping based on total assets and revenue, larger banks (+ €50 billion) will be 

subject to use mostly SA which our analysis argues will increase their RWA.   
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6.1.4 Impact of BASEL IV 

Schneider et al. (2017) have done extensively research in the field of Basel IV and its 

impact in Europe, which is in line with this thesis. Schneider et al (2017) provide a both 

broader and deeper analysis within the scope of Europe where they are both looking at a 

cross-country analysis such as ours and the bank’s profitability possibilities which adds a 

new layer in the BASEL discussion.  

Our analysis shows as previously discussed, that the implication of IRB in Basel III is that 

it is not transparent enough together with highly complex results in something we 

remember from the financial crisis. 

 One of the ratios used when looking at the capitalization of banks right now, is common 

equity tier 1 capital ratio which is calculated as: 𝐶𝐸𝑇1 𝑅𝑎𝑡𝑖𝑜 =
𝐶𝑜𝑚𝑚𝑜𝑛 𝑒𝑞𝑢𝑖𝑡𝑦 𝑡𝑖𝑒𝑟 1 𝑐𝑎𝑝𝑖𝑡𝑎𝑙

𝑅𝑟𝑖𝑠𝑘−𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑 𝑎𝑠𝑠𝑒𝑡𝑠
. 

Exactly this ratio is what Schneider et. al (2017) are looking at because the impact of 

BASEL IV is targeting the calculations of RWA but the CET1 ratio is better comparable 

when looking at multiple banks or even at countries all together. The results of their 

analysis are that there will be a very significant impact on the CET1 ratio, they argue that 

it will drop from 13.4% to 9.5% which is a decrease of 29%. A decrease of 29% in CET1 

Ratio to 9.5% is a problem because it is expected that the CET1 requirement for European 

banks will be around 10.5%. The 10.5% is also called Capital Conservation Buffer (CCB) 

and is set by BASEL. Thus, there is a gap from 9.5% to 10.4% of 1%-point which is 
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equivalent to €120 billion that the banks will have to recapitalize to comply with the 

expected requirements. 

This analysis shows just how much BCBS impact the financial sector and it is therefore 

mildly put very disturbing that they implement Basel III from 2013 to 2019 but before the 

implementation are finalized they set forth Basel IV proposal in June 2016 only 3 years 

after Basel III.  

 

Figure 25 :Schneider et. al (2017): “Basel “IV”: What’s next for banks?” 

Our cross-country analysis shows that most developed countries like Denmark, Sweden, 

Belgium and the Netherlands are using IRB in a large scale. These countries are also the 

ones that Schneider et. al (2017) finds to be the ones that are most impacted by Basel IV. 

The reason why these countries are the most impacted is directly related to our analysis 

of the relationship between IRB and RWA. The more IRB the lower RWA which means that 
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the more IRB a country is using the more impact on their RWA when it is forced to lower 

or remove the IRB calculations of the RWA and change it to SA calculations. Another factor, 

that influences the impact of these countries, is the already described lower limit or floor 

on low-risk asset groups which are exactly what the banks of these countries have a large 

concentration of.  

 

Figure 26 :Schneider et  al (2017): “Basel “IV”: What’s next for banks?” 

Figure 26 shows the impact on banks CET1 ratio is important because the underlying issue 

that BCBS is trying to handle is the trade-off between banks, it must be profitable to stay 

in business and banks being able to withstand significant economic downturn over longer 

periods of time. Therefore, what BASEL IV is suggesting is more regulatory capital, which 

will impact the banks’ ability to earn profits, because as described earlier they will have 
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more capital bound in common equity. According to Schneider et. al (2017) the average 

ROE in European banks is now 8.0% which would decrease because of Basel IV to 7.4% all 

else equal. This is a decrease of 7.5% which is a rapid change that the banks must consider 

when looking to the future and can be counteracted, because there will be some asset 

groups that are more profitable compared to their given SA risk-weights. This is an issue 

that has been described by BCBS (2014) as important because they argue that banks need 

flexibility in risk measurement to account for risk appetite and differences in local 

regulations. Furthermore, they argue that because of the freedom IRB presents there 

should not be asset groups that are obviously more desirable than others because the 

banks can do their own calculations. This is arguably a good thing because if SA was the 

only method available it is easy to imagine that one asset group would be favored and 

therefore most banks would try to hold as much as possible of this kind of asset. This is a 

bad scenario if this type of asset then defaults and all the banks with it.  

One of the problems that arises when BCBS allow banks’ flexibility in calculating risk-

weights are that not all banks are able to use IRB either because they are too small or 

because they don’t have the necessary know how. This creates a disadvantage for smaller 

banks, but Basel IV will most likely make up for it especially with the new total assets based 

IRB rules.  
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7 Discussion 

7.1 Discussion of findings regarding the relationship between RWA and IRB 

In our analysis we find that there is a significant negative relation between RWA and IRB. 

Thus, we conclude that the more IRB a bank uses the lower their RWA are. This can be due 

to other reasons, in particular it could be because the banks that use more IRB simply have 

less risky assets. It is also worth considering that SA is rather conservative in measuring 

risk, but we will address this aspect in later discussion as we think this is more 

appropriate. With the statistical proof that in our sample the more IRB leads to lower RWA 

we can with certainty say that using IRB will lower a banks risk-weight. However, this does 

not naturally lead to the conclusion that banks are deliberately using IRB to underestimate 

risk.  This argument is based on the principle that SA is too conservative and that IRB then 

is the better model for riskiness. However, it is hard to imagine that when given the 

opportunity an entity would not jump through the mathematical loops to lower their 

capital requirements thus becoming more profitable and making its shareholder happier. 

When looking at the literature in the field of RWA manipulation there is quite a lot of 

articles regarding same core concepts with different approaches but with same 

conclusions. Mariathasan and Merrouche (2014) conclude that the banks report lower 

RWA after adopting IRB and that it is not in agreement with the banks ex-post riskiness. 

Huizinga and Laeven (2012) conclude that banks that are in financial trouble are more 
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likely to underestimate their RWA in order to stay clear of default. Vallascas & Hagendor 

(2013) argue that RWA is not measuring the riskiness of a bank’s assets in an economical 

meaningful way and that regulatory capital ratios are not performing well in estimating 

probable defaults within the banking sector. All of this together with our own analysis 

leads us to argue that our research shows the same tendencies as described in the 

literature and that the reason for the relation between IRB and RWA is not due to banks 

randomly having both more usage of IRB and less risky asset portfolios at the same time. 

However, looking at our results with the possibility that SA is too conservative in 

measuring risk, it makes sense that the more IRB the lower the RWA because if figure 23 

from 5.4.2 is somewhat true then the question becomes more about what the true risk of 

the asset portfolio is than how it is calculated. It is possible that IRB are 100% correct in 

measuring risk in some banks, but the BCBS analysis shows that banks have different 

calculations of risk for the same assets and therefore someone must be wrongly estimating 

the riskiness of these assets. 

It is hard to imagine that the complexity of banks asset portfolios risk can be measured 

with a SA where large portions of products are grouped together. Thus, we are not arguing 

that SA is the better approach when measuring risk. IRB has some good aspect, like the 

mathematical derivation of risk are closer related to the actual risk. We argue that the 

problem with IRB is that the calculations are left at entity level and therefore each bank 

will produce their own calculation methods. Looking aside the fact that banks are able to 
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underestimate risk, it’s expected that different banks will have different assessments of 

risk for the same asset. The reason for this argumentation is that risk is a variable that we 

try to calculate but it is not possible to say what the so called real risk of something is. Even 

in a very simple example like you want to lend your friend some money to buy a television 

there is risk involved because this friend might not want to pay you back or perhaps cannot 

for some reason. The interest on this loan should reflect the risk but you cannot know all 

outcomes of the future, and therefore you try to estimate the probabilities of this friend 

paying you back the loan. This simplified example shows that dealing with money in any 

aspect that changes hands involves risk and we try to estimate the risk correct to make a 

profit of this business model. Taking the example further this guy might now think that it’s 

a good business model and therefore decides to do the same now for 10 people. However, 

BCBS sweeps in and regulate you and now you must retain some capital to make sure you 

won’t default if something goes wrong like a financial downturn. However, you decide 

yourself how much capital this will be. It doesn’t take a genius to figure out that the less 

retained capital you have the more you can borrow your friends and the more profits you 

will make. This is the core concept of the problem that we argue IRB poses which is the 

issue that banks are in continuation of IRB calculating their own capital requirements.  
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7.2 Discussion of findings regarding the relationship between RWA and 

annualized asset volatility 

Our analysis shows there is a rather weak relation between RWA and 𝑎𝑛𝑛𝑢𝑎𝑙𝑖𝑧𝑒𝑑 𝜎𝐴𝑠𝑠𝑠𝑒𝑡𝑠 . 

As stated there are several others who have conducted research in the same area and 

found somewhat same results. The literature is in a consensus that RWA and 

𝑎𝑛𝑛𝑢𝑎𝑙𝑖𝑧𝑒𝑑 𝜎𝐴𝑠𝑠𝑠𝑒𝑡𝑠  should not be 100% correlated because 𝑎𝑛𝑛𝑢𝑎𝑙𝑖𝑧𝑒𝑑 𝜎𝐴𝑠𝑠𝑠𝑒𝑡𝑠  are 

based on the market capitalization which is affected by other external factors. Even though 

this is true, the correlation should be rather high because both are measurements of the 

same asset portfolios. Our thesis’s analysis leads to the conclusion that the calculation of 

RWA is somewhat flawed and this is a possible explanation for some of the differences in 

the two variables. Another possible explanation is the fact that some banks use SA to 

calculate their RWA which we show in section 5.4.3 how it is based on steps. This step-

based approach is not very realistic, and this margin of error is very possible also a factor 

in the difference between RWA and 𝑎𝑛𝑛𝑢𝑎𝑙𝑖𝑧𝑒𝑑 𝜎𝐴𝑠𝑠𝑠𝑒𝑡𝑠 . We have shown in section 5.4 

how IRB affects the relation and concludes that IRB are a better calculation approach when 

compared to 𝑎𝑛𝑛𝑢𝑎𝑙𝑖𝑧𝑒𝑑 𝜎𝐴𝑠𝑠𝑠𝑒𝑡𝑠. However, even though IRB are closer related to reality 

and thereby also 𝑎𝑛𝑛𝑢𝑎𝑙𝑖𝑧𝑒𝑑 𝜎𝐴𝑠𝑠𝑠𝑒𝑡𝑠  it is possible to argue that we do not know if IRB 

could be closer if banks did not do their own calculations. Vallascas & Hagendor (2013) 

show that the relation gets slightly stronger when BASEL II is implemented which is in line 
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with the argument that stricter regulations results in closer relation between the 

theoretical risk measure and market estimator. 

Further BCBS (2013) made an analysis of RWA calculations which showed that there was 

a large dispersion in the calculated RWA within the sample banks. This shows that banks 

are not in agreement of how risky different assets are, but the market assessment should 

be somewhat the same estimated risk on the same assets. This will further impact the 

relation of the two variables because the variation shown by BCBS (2013) is only within 

the individual bank.  

With the knowledge presented in this thesis it is hard not to argue that RWA calculations 

are problematic because this is the basis for capital requirements in banks which 

ultimately is the buffer that are supposed to help banks stay in business when the next 

crisis hits. Even though it is out of the scope for this assignment’s research to show that 

financial crisis is cyclical and so far, we have not been able to prevent them. It is therefore 

imperative that banks and other financial institutions are prepared for an economic 

downturn to prevent the severity of the possible crisis. 

An important aspect of the current situation is how banks and regulators perceive the 

regulations to come. BASEL IV is being negotiated between BCBS and financial institutions 

which is not in our perspective how regulations should be made. A great example of this is 

the IRB Floor where BCBS proposed the floor to be 75% but after some negotiations they 
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agreed on 72.5%. It is our belief that making regulations should be based on a sound set of 

reasons that can’t be negotiated to something else. The regulations are made by a group of 

experts who hopefully have done their research and found what they think is the optimal 

solution. In this case we don’t know if the change from 75% to 72.5% are exactly what 

banks will miss in the next crisis to stay afloat. It seems that with all the different 

regulations the perception of it have become more mathematical and business orientated 

than regulatory. Further it seems that the reason for regulation often is forgotten and other 

things like profitability and loopholes are the primary focus. In retrospect it seems that 

BCBS has constructed the IRB and SA at some point and then considered these calculation 

methods to be valid and then just added on layers from BASEL I to BASEL III. Then came 

BASEL IV which starts to somewhat challenge the RWA calculations which is the core 

concept of the BASEL accords regulation. Thus, it will be interesting to follow the 

development and how our financial institutions handle a possible new financial crisis 

especially from a researcher’s point of view. 

7.3 Discussion of findings regarding cross-country analysis 

The aggregated data for the banking in the European countries was particularly poor 

compared to the other analysis done until that point, but still it was possible to detect some 

anomalies if compared with other country-related information and other researches that 

had an easier access to better pools of data. 
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We focused more on analyzing the last years to try to disentangle the actual potential 

defects of the current regulation, the results did not surprise us, with the aggregated 

country data the issues were related to the underrepresentation of the risks linked to the 

use of more IRB, the concentration of exposures on asset classes that required less 

regulatory capital and, more evidently the inconsistency on the application among 

different nations.  

The ability to offer a relevant fiscal backstop is another country-related issue, in the case 

a large bank may incur in a turmoiled situation not all the countries are indeed able to 

afford that, incrementally incentivizing the polarization of financial giants in few richer 

nations (Schoenmaker, 2017). 

Eventually, the most despicable effect we noticed is the disadvantage that the small and 

medium enterprises face in the credit market, particularly in the current European 

situation of slow recovery in the gross domestic product’s growth and the other 

macroeconomic indicators, as already shown in Chapter 5, the large corporates in the Euro 

area are almost always less than 5 every 1000 companies, and both of the persons 

employed and the contribution to the country production are produced for way more than 

half of each country total by the SMEs. 
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7.4 Discussion of findings regarding Basel IV 

We have so far analyzed Basel III and Basel IV with their different approaches trying to 

regulate our banking industry. There is no doubt that BCBS is trying to regulate banks to 

the best of its ability. However, history tells us that banks are still left with possibility to 

navigate their regulations. The reason banks are so good at navigating the system is 

because the banking industry is evolving with a high pace and is growing larger especially 

over the last couple of decades. The concept of a bank is starting to become blurred and its 

services and products along with portfolios of assets are still getting more complex. This 

is an issue when trying to understand and regulate banks because with more complexity 

comes less transparency. IRB is a method that in theory is very logical because the 

simplicity in SA are way too significant when considering banks in the modern world 

where financial products are still being invented. If you look at the normal corporate 

world, there is no need for the same kind of regulations because it is incorporated in their 

core strategy that they are not supposed to take too much risk because then they might 

default. Risk is a diffused concept that is not easily comprehended and the normal 

measures that are being used today are approximations of a best guess model that have 

shown to be quite correct. The risk must be addressed in a manner such as the bank does 

not go bankrupt, which is the main reason why regulations are being made. Further, there 

are many reasons why we don’t want banks to fail but two of the most important reasons 

are that banks are the foundation of modern society and our world can’t function as it is 
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right now without banks. We use banks when we buy groceries, when we want to buy a 

house, when we have cash on hand and we want it to be safe, we put it into the bank. These 

functions are necessary and are what the banks can use as leverage if a financial crisis hits, 

when negotiating with the government about bail-outs. This is moral hazard as we have 

discussed earlier, and this is the reason why regulations are a must in the banking industry 

and not as much in the rest of our corporate world. In summary, correct estimation of risk 

is essential when regulating banks because it is a must to understand what drives risk 

within the bank to regulate it efficiently against default (Biggar & Heimler 2005).  
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8. Conclusion 

The general conclusion of our thesis is that RWAs does not reflect the true risk of 

the assets. Further, our findings and digressions show that there are several reasons 

that confirm this conclusion. The results in section 5.1 and 5.2 shows that IRB have a 

significant impact on the calculation of RWA. There is no questioning this statistical 

proof, however there could be several reasons why there is a significant relation which 

we discuss in section 7.1. The main conclusion of this part are that banks using IRB also 

have significant lower RWAs. Together with the rest of the paper our thesis argues that 

banks use IRB to underestimate the riskiness of their assets in order to lower their 

capital requirement. The logic is further proven with the newly proposed Basel IV where 

BCBS are reducing the possibility of using IRB especially with the IRB floor of 72.5%. This 

is a drastic change where the impact presented in section 6.1.4 shows how countries like 

Denmark and Sweden are heavily affected. If we assume that Basel IV is moving the 

calculation of RWAs towards a better estimation of risk, the fact that Europe is 

undercapitalized by approximate €120 billion shows that banks aren’t estimating their 

risk correctly.  

Considering the large undercapitalization, it is hard to believe that RWAs will do well 

when compared to the implied asset volatility as a benchmark. We test this in section 5.3 

and 5.4 and our conclusions is that RWAs are not an objective and unbiased estimate of 

risk. There are many possible reasons why but the two that we have found most 
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impactful are that the SA is based on steps and the fact that banks have too much 

freedom in their calculations of RWAs when using IRB. The steps in the SA are not 

comparable to how the so called real risk acts and we conclude that SA is an 

oversimplified method which does not module the real world in an economical 

meaningful way. The IRB approach has been researched by us and many others and all 

the results point to the fact that this approach is too reliant on the banks own 

calculations which ultimately result in very different estimated risk on the same exact 

asset.  

Looking to the future it will be very interesting to see how banks perform when the new 

Basel IV regulations are implemented. If history shows anything, it is that the financial 

institutions are great at circumventing regulations with a high degree of innovation, thus 

the regulations of Basel IV should be no different. 
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9. Suggestions for further research  

In recent years BCBS has focused on the banks transparency and with that also more 

reporting in regard to regulation. These reports are called Pillar III reports or disclaimers 

and have a standardized reporting template. However, the data is not easily accessed 

because most banks leave the reports in different places and often hidden very deep within 

their web structure. Thus, an interesting aspect of this could be to research the issues from 

the perspective of the financial institutions. They might have some interesting insights that 

neither we nor BCBS have thought about. 

Furthermore, the actual calculations of RWA using the IRB approach are not to be 

disclosed thus it is not available to the public. It would be very interesting to look at the 

calculations used in assessing risk because it has to be different in each bank. If these 

calculations were available it would be possible to look at the different asset groups risk-

weights to understand how different banks estimate specific risk.  

Another approach would be to calculate all the banks RWAs using only the SA to better 

understand how much difference there is in the measurement of risk when using the two 

different approaches. This would most likely end with the conclusion that SA is much 

more conservative and that banks that use a high degree of IRB would end below the 

capital requirements. Additionally,, this research could argue that the RWA calculated 

using SA is a Baseline for risk and that banks which have trouble reaching the capital 
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requirement on the Baseline might be undercapitalized or underestimating their risk on 

purpose. 
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Appendix 2

 

Bank RW Average Annualized Sigma_A

Akbank T.A.S. 82,16% 4,5283%

Aktia Bank Plc 29,29% 1,0808%

Alandsbanken Abp-Bank of Aland Plc 38,16% 1,8760%

Alior Bank Spólka Akcyjna 72,49% 3,5494%

Alpha Bank AE 73,76% 9,4604%

Aurskog Sparebank 55,87% 2,1134%

Autobank AG 67,65% 2,7058%

Avanza Bank Holding AB 4,91% 0,4184%

Banca Carige SpA 56,11% 4,0127%

Banca Finnat Euramerica SpA 42,71% 6,1009%

Banca Mediolanum SpA 22,40% 1,6653%

Banca Monte dei Paschi di Siena SpA-Gruppo Monte dei Paschi di Siena 42,61% 1,7423%

Banca Piccolo Credito Valtellinese-Credito Valtellinese Soc Coop 63,02% 3,5890%

Banca Sistema SpA 22,77% 1,1999%

Banco Bilbao Vizcaya Argentaria SA-BBVA 54,12% 2,1781%

Banco Comercial Português, SA-Millennium bcp 56,76% 3,9390%

Banco Santander SA 44,43% 2,2953%

Bank für Tirol und Vorarlberg AG-BTV (3 Banken Gruppe) 64,46% 0,9373%

Bank of Valletta Plc 47,46% 1,1052%

Bank Saint-Petersburg PJSC 95,27% 4,8539%

Bankinter SA 44,99% 1,7580%

BankNordik P/F 68,79% 3,4729%

Banque Cantonale de Genève 55,78% 1,9365%

Barclays Plc 29,27% 1,6156%

Bellevue Group AG 65,59% 11,4427%

BinckBank NV 17,75% 3,9110%

BKS Bank AG 67,72% 1,0501%

BNP Paribas 31,06% 1,3035%

BPER Banca S.P.A. 67,13% 4,3193%

Caixabank, S.A. 42,78% 2,3613%

Cembra Money Bank AG 77,60% 3,6702%

Close Brothers Group Plc 74,59% 3,1255%

Commerzbank AG 36,43% 1,9419%

Credit Suisse Group AG 27,75% 1,5251%

Danske Andelskassers Bank A/S 74,41% 5,5169%

Danske Bank A/S 25,02% 1,2239%

Deutsche Bank AG 20,46% 1,3172%

Deutsche Pfandbriefbank AG 19,48% 1,2130%

Djurslands Bank A/S 62,69% 2,4666%

DnB ASA 44,94% 1,8243%

EFG International 25,57% 6,7070%

Erste Group Bank AG 50,30% 2,4928%

Eurobank Ergasias SA 53,54% 5,7297%

Evli Bank Plc 43,84% 1,9979%

FHB Mortgage Bank Plc-FHB Jelzalogbank Nyrt. 46,53% 3,5740%

First Investment Bank AD 71,10% 3,2180%

Fynske Bank A/S 73,04% 4,8003%

Getin Noble Bank SA 71,66% 3,6360%

Helgeland Sparebank 54,64% 2,0629%

Hellenic Bank Public Company Limited 59,14% 4,6716%

HSBC Holdings Plc 43,03% 1,6084%

ING Groep NV 35,21% 1,5265%

Intesa Sanpaolo 43,71% 2,6965%

Investec Plc 61,61% 2,5331%

JUBMES Banka AD Beograd 65,87% 21,6473%



  Page 123 of 134 

 

 

Julius Baer Group Ltd 22,38% 1,6339%

Jyske Bank A/S (Group) 36,76% 1,4107%

Karlovacka banka d.d. 48,37% 4,1896%

Kas Bank NV 16,53% 0,9160%

KBC Groep NV/ KBC Groupe SA-KBC Group 37,41% 1,9641%

Komercijalna Banka A.D. Beograd 59,92% 6,1380%

Komercijalna Banka A.D. Skopje 72,92% 2,4867%

Leonteq AG 21,58% 2,4677%

Lloyds Banking Group Plc 30,70% 1,7338%

Lollands Bank A/S 79,84% 5,2060%

Laan & Spar Bank A/S 43,71% 1,5382%

Mediobanca SpA-MEDIOBANCA - Banca di Credito Finanziario Società per Azioni 77,36% 4,9859%

Melhus Sparebank-MelhusBanken 51,39% 2,4897%

National Bank of Greece SA 56,40% 6,0704%

Nordea Bank AB (publ) 26,94% 1,0843%

Nordjyske Bank A/S 71,42% 4,7778%

Oberbank AG 65,56% 0,5893%

Oestjydsk Bank A/S 86,89% 7,6541%

Piraeus Bank SA 64,25% 8,9312%

Powszechna Kasa Oszczednosci Bank Polski SA - PKO BP SA 67,23% 3,2561%

Raiffeisen Bank International AG 54,88% 3,1444%

Rathbone Brothers Plc 43,98% 4,2549%

Sandnes Sparebank 60,02% 2,8254%

Sekerbank T.A.S. 85,07% 3,6417%

Skandinaviska Enskilda Banken AB 29,55% 1,2049%

Société Générale SA 27,69% 1,5774%

Spar Nord Bank 59,92% 2,1380%

Sparebank 1 Nord-Norge 72,22% 3,1723%

Sparebank 1 Ostfold Akershus 52,73% 2,2389%

SpareBank 1 SMN 71,95% 2,6227%

SpareBank 1 SR-Bank ASA 63,68% 2,3219%

SpareBank1 BV 56,40% 4,2197%

Sparebanken More 59,93% 1,9240%

Sparebanken Vest 48,54% 1,8985%

Standard Chartered Plc 46,37% 2,4285%

Storebrand Group-Storebrand ASA 35,41% 1,8969%

Svenska Handelsbanken 19,05% 1,0709%

Swedbank AB 24,33% 1,3961%

Swissquote Group Holding Ltd. 24,20% 2,2536%

Sydbank A/S 46,73% 1,6991%

Teximbank-PEB Texim AD 6,61% 10,3769%

Totalbanken A/S 80,89% 5,9325%

Totens Sparebank 55,94% 2,1245%

Transilvania Bank-Banca Transilvania SA 58,82% 2,4777%

Turkiye Garanti Bankasi A.S. 82,30% 4,4356%

Turkiye is Bankasi A.S. - ISBANK 85,84% 4,8338%

Turkiye Sinai Kalkinma Bankasi A.S.-Industrial Development Bank of Turkey 85,16% 5,3359%

UmweltBank AG 68,73% 1,6380%

UniCredit SpA 47,46% 2,9092%

Unione di Banche Italiane Scpa-UBI Banca 55,51% 3,9067%

Valiant Holding 52,54% 1,7201%

Varengold Bank AG 70,82% 2,6721%

Virgin Money Holdings (Uk) Plc 20,57% 2,7358%

Vontobel Holding AG-Vontobel Group 26,96% 1,8293%

VP Bank AG 35,40% 1,7374%

Wiener Privatbank SE 72,14% 4,0210%

Aareal Bank AG 32,14% 1,7031%
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Appendix 3

 

 

 

 

Bank Name IRB % IRB Dummy RW Average Std dev. Of Equity Average Equity Average Value Average Debt Std. dev. Assets

Aktia Bank Plc 45% 1 29,29% 1,22% 571.057 10.202.822 9.631.765 0,0681%

Alandsbanken Abp-Bank of Aland Plc 21% 1 38,16% 2,50% 196.868 4.159.290 3.962.423 0,1182%

Avanza Bank Holding AB 0% 0 4,91% 1,82% 105.086 7.240.485 7.135.399 0,0264%

Banca Carige SpA 0% 0 56,11% 3,99% 2.440.382 38.510.265 36.069.883 0,2528%

Banca Mediolanum SpA 0% 0 22,40% 2,15% 1.483.181 30.453.126 28.969.945 0,1049%

Banca Piccolo Credito Valtellinese-Credito Valtellinese Soc Coop0% 0 63,02% 3,14% 2.000.933 27.781.825 25.780.892 0,2261%

Banca Sistema SpA 0% 0 22,77% 2,52% 57.379 1.909.940 1.852.560 0,0756%

Banco Bilbao Vizcaya Argentaria SA-BBVA 30% 1 54,12% 1,85% 48.531.167 655.320.667 606.789.500 0,1372%

Banco Santander SA 37% 1 44,43% 2,04% 89.708.833 1.263.745.500 1.174.036.667 0,1446%

Bankinter SA 22% 1 44,99% 1,85% 3.543.439 59.328.038 55.784.599 0,1107%

Banque Cantonale de Genève 0% 0 55,78% 1,83% 1.035.863 15.513.863 14.478.000 0,1220%

Barclays Plc 68% 1 29,27% 2,23% 75.549.048 1.656.854.959 1.581.305.911 0,1018%

BNP Paribas 50% 1 31,06% 1,85% 87.591.000 1.971.986.000 1.884.395.000 0,0821%

BPER Banca S.P.A. 56% 1 67,13% 3,27% 5.139.807 61.792.487 56.652.679 0,2721%

Caixabank, S.A. 46% 1 42,78% 2,09% 23.625.356 331.619.228 307.993.872 0,1487%

Close Brothers Group Plc 0% 0 74,59% 1,60% 1.111.692 9.057.440 7.945.747 0,1969%

Commerzbank AG 85% 1 36,43% 2,54% 27.464.000 569.818.000 542.354.000 0,1223%

Credit Suisse Group AG 83% 1 27,75% 1,97% 37.610.812 771.234.787 733.623.975 0,0961%

Danske Bank A/S 66% 1 25,02% 1,48% 23.692.565 455.953.457 432.260.893 0,0771%

Deutsche Bank AG 86% 1 20,46% 2,41% 61.588.833 1.787.692.833 1.726.104.000 0,0830%

DnB ASA 73% 1 44,94% 1,78% 18.623.894 288.603.433 269.979.539 0,1149%

Erste Group Bank AG 81% 1 50,30% 2,12% 15.192.708 204.700.983 189.508.275 0,1570%

Eurobank Ergasias SA 41% 1 53,54% 8,54% 3.080.333 72.920.833 69.840.500 0,3609%

First Investment Bank AD 0% 0 71,10% 2,47% 341.231 4.161.946 3.820.715 0,2027%

Helgeland Sparebank 0% 0 54,64% 1,55% 255.661 3.051.877 2.796.216 0,1300%

Hellenic Bank Public Company Limited 0% 0 59,14% 4,28% 520.319 7.567.527 7.047.208 0,2943%

HSBC Holdings Plc 67% 1 43,03% 1,39% 152.391.164 2.098.146.138 1.945.754.974 0,1013%

HSBC Holdings Plc 67% 1 43,03% 1,39% 152.391.164 2.098.146.138 1.945.754.974 0,1013%

ING Groep NV 95% 1 35,21% 1,89% 52.683.667 1.034.407.000 981.723.333 0,0962%

Intesa Sanpaolo 54% 1 43,71% 2,37% 47.664.833 664.499.833 616.835.000 0,1699%

Investec Plc 1% 1 61,61% 1,79% 2.314.240 25.983.426 23.669.186 0,1596%

Jyske Bank A/S (Group) 75% 1 36,76% 1,60% 3.070.128 55.152.553 52.082.425 0,0889%

Kas Bank NV 72% 1 16,53% 1,31% 199.876 4.543.486 4.343.610 0,0577%

KBC Groep NV/ KBC Groupe SA-KBC Group 90% 1 37,41% 1,98% 16.155.833 258.947.333 242.791.500 0,1237%

Lloyds Banking Group Plc 73% 1 30,70% 2,06% 56.860.070 1.070.474.907 1.013.614.837 0,1092%

National Bank of Greece SA 41% 1 56,40% 7,66% 5.223.695 104.605.118 99.381.423 0,3824%

Nordea Bank AB (publ) 44% 1 26,94% 1,53% 29.470.667 659.321.167 629.850.500 0,0683%

Raiffeisen Bank International AG 48% 1 54,88% 2,60% 9.680.550 126.921.840 117.241.290 0,1981%

Sandnes Sparebank 0% 0 60,02% 2,36% 245.475 3.257.596 3.012.121 0,1780%

Skandinaviska Enskilda Banken AB 80% 1 29,55% 1,52% 13.796.095 276.375.907 262.579.812 0,0759%

Société Générale SA 60% 1 27,69% 2,20% 57.648.000 1.278.537.333 1.220.889.333 0,0994%

Spar Nord Bank 59% 1 59,92% 1,51% 910.880 10.241.965 9.331.086 0,1347%

Sparebank 1 Ostfold Akershus 0% 0 52,73% 1,38% 220.002 2.153.773 1.933.771 0,1410%

SpareBank 1 SMN 58% 1 71,95% 1,59% 1.464.904 14.075.943 12.611.039 0,1652%

SpareBank 1 SR-Bank ASA 72% 1 63,68% 1,67% 1.689.736 19.267.140 17.577.404 0,1463%

SpareBank1 BV 0% 0 56,40% 2,73% 263.337 2.700.023 2.436.686 0,2658%

Sparebanken Vest 78% 1 48,54% 1,84% 1.080.209 16.576.186 15.495.978 0,1196%

Standard Chartered Plc 60% 1 46,37% 2,15% 38.344.026 538.199.448 499.855.422 0,1530%

Svenska Handelsbanken 62% 1 19,05% 1,47% 12.894.586 280.584.567 267.689.981 0,0675%

Swedbank AB 82% 1 24,33% 1,54% 12.544.699 219.113.224 206.568.525 0,0879%

Swissquote Group Holding Ltd. 0% 0 24,20% 1,85% 221.303 2.885.213 2.663.911 0,1420%

Sydbank A/S 95% 1 46,73% 1,49% 1.440.981 20.054.477 18.613.496 0,1070%

Transilvania Bank-Banca Transilvania SA 0% 0 58,82% 1,42% 914.136 8.315.434 7.401.298 0,1561%

UniCredit SpA 51% 1 47,46% 3,01% 53.489.134 877.269.700 823.780.566 0,1833%

Unione di Banche Italiane Scpa-UBI Banca 55% 1 55,51% 2,95% 10.255.820 122.975.103 112.719.283 0,2461%

Virgin Money Holdings (Uk) Plc 62% 1 20,57% 3,17% 1.338.613 24.641.581 23.302.968 0,1723%

VP Bank AG 0% 0 35,40% 1,39% 765.843 9.752.227 8.986.384 0,1094%

Aareal Bank AG 67% 1 32,14% 1,89% 2.644.500 46.623.667 43.979.167 0,1073%



  Page 125 of 134 

 

Appendix 4 

 

Table: Risk-weighted assets [% of total assets]; Domestic banking groups and stand-alone 

banks. 

 

 

Table: Risk-weighted assets [% of total assets]; Domestic banking groups and stand-alone 

banks, foreign (EU and non-EU) controlled subsidiaries and foreign (EU and non-EU) 

controlled branches. 

Sum of Observation Value Time period or range

Reference area 31/12/2016 31/12/2015 31/12/2014 31/12/2013 31/12/2012 31/12/2011 31/12/2010 31/12/2009 31/12/2008 31/12/2007

AT (Austria) 48.37301841 48.74826135 50.69877398 52.22612079 52.02406473 55.07989199 56.70626045 55.75609963 56.38319717

B0 (EU (Member States and Institutions of the European Union) changing composition) 37.60167414 38.4028691 29.89418399 38.52072133 37.4231725 39.66760962 41.16040751 42.40255142 41.75833231 20.6793423

BE (Belgium) 29.7305428 31.04458777 29.98305057 29.97778644 30.51889928 31.9597565 30.42517199 32.57597755 33.89627876 35.13955381

BG (Bulgaria) 63.50772415 65.59492052 64.69609355 100.6989973 99.82515668 101.6438105 105.7589472 117.2154465 109.0383744 96.69109142

CY (Cyprus) 63.28190018 58.95157764 75.02368391 75.51155793 70.22929198 70.50199954 63.19368233 58.93875978 59.67707187

CZ (Czech Republic) 33.16520965 36.5745285 25.9330441 30.07386252 30.43442421 37.67137974 38.62791387 40.87807763 34.65085326 31.64238899

DE (Germany) 38.25349084 37.83276454 37.39453135 34.16293375 31.92791267 32.10765678 32.68046513 34.89445312 32.98414266

DK (Denmark) 30.53849684 31.72448904 31.82495712 33.10992269 31.12728351 34.3827508 34.78111132 36.05567935 36.655126

EE (Estonia) 66.64605045 65.68669001 68.20661978 80.15294746 79.19600164 64.8762172 91.30751159 108.0122562 97.94128986

ES (Spain) 46.88580257 46.89868181 47.76568312 45.70068812 46.50062204 52.70824869 57.01137155 59.23645008 60.89424123

FI (Finland) 33.06717173 32.86620284 36.97033061 39.10581176 37.28284203 36.19524315 46.41177905 47.88999971 45.07191826

FR (France) 34.76435713 34.55429385 33.06594437 33.4036055 30.65648825 36.18124194 36.76454163 36.68339538 35.73781208

GB (United Kingdom) 33.50025342 36.62611963 35.8705387 35.44434899 35.52722166 37.01240109 39.43968966 39.28186799

GR (Greece) 64.16659622 61.88567897 59.1020122 57.99110417 58.65860913 63.91909521 59.73932556 61.75688135 65.13143065

HR (Croatia) 54.34417276 58.61666737 60.65505109 98.6737973

HU (Hungary) 56.57386145 56.19950942 57.59335742 63.84969688 68.47419932 73.84618798 69.0052198 64.06532575 64.48744613

IE (Ireland) 50.90002276 49.85571102 48.272747 49.29417557 47.59069108 50.33021392 56.59850557 66.02221528 70.26956245

IT (Italy) 47.73927428 49.69521443 50.31145982 50.97000376 50.51703639 56.85283557 57.147638 58.60905875 59.45826707 64.38312258

LT (Lithuania) 54.80327515 59.33121191 59.43733001 66.08151176 82.14613971 98.96806003 94.48122593 100.0479385 96.8989883 68.98017467

LU (Luxembourg) 36.81566694 36.42234455 33.86912174 18.52241765 31.27326412 31.82463347 34.57611915 35.71886439 38.84836199

LV (Latvia) 56.76770189 50.66121534 53.80662322 57.86295782 61.0827578 66.69088024 75.76699745 83.61313963 81.98274628

MT (Malta) 48.68329679 50.49340501 53.18348489 52.23597868 50.20588803 49.89242142 50.60067994 50.29271358 57.87129418 55.36940964

NL (Netherlands) 30.74952715 31.32956621 30.52410864 38.42427629 37.52642784 36.68399286 37.4263121 35.55348933 37.11790505

PL (Poland) 58.06335672 61.31117048 63.13164613 62.6440255 62.468901 62.45165171 65.30189678 64.47550303 69.65541867 63.5613603

PT (Portugal) 61.03642969 63.09642678 62.57347936 58.2170844 65.98155246 65.52261038 67.51302759 69.4655767 71.46111239 71.19530465

RO (Romania) 46.71677437 43.48585129 42.30875013 41.86584586 40.26584336 51.81046466 54.55706852 54.11908996 64.55391596 76.98289132

SE (Sweden) 23.29167954 23.12593014 22.71094347 36.77456592 35.73396564 34.74198099 38.72180687 38.48988077 44.52428349

SI (Slovenia) 57.92398663 56.91015601 54.34995484 64.97963895 77.04451817 80.28645043 83.15150578 81.07060429 84.7093372 79.90477125

SK (Slovakia) 64.29893849 68.04316537 71.03979553 68.38651746 65.88547756 63.1897952 65.03652342 66.97861737 73.83049297 66.75808314

U2 (Euro area (Member States and Institutions of the Euro Area) changing composition) 39.63151087 39.89766484 39.42887243 39.33739626 38.10515849 41.18822955 42.47297063 43.44907151 42.27891742 22.49247752

Sum of Observation Value Time period or range

Reference area 31/12/2016 31/12/2015 31/12/2014 31/12/2013 31/12/2012 31/12/2011 31/12/2010 31/12/2009 31/12/2008 31/12/2007

AT (Austria) 47.64619835 51.75687598 52.95701305 53.74889747 54.04092625 56.30439471 58.36124868 56.10318192 58.2690716

BE (Belgium) 36.18006954 35.60166752 35.14372447 35.33625661 33.644531 32.56995778 32.36189682 34.20489743 33.84761185 36.08090235

BG (Bulgaria) 56.79324174 59.68649307 63.09520613 69.03274953 71.55900732 71.69981478 72.57461159 81.4085534 80.80597993 74.3680287

CY (Cyprus) 61.44248545 58.53777098 65.7494728 66.74040276 61.75611311 61.59569632 55.0460514 48.15963027 51.96726993 52.9719492

CZ (Czech Republic) 47.07655719 49.02252451 49.25571094 49.20200017 50.19514762 53.14565978 53.0976275 55.34501209 57.41804709 58.18209581

DE (Germany) 37.88898013 37.70637271 37.40791902 34.37557303 32.2406597 32.27201835 32.72906955 34.57445248 32.80778097 38.17254254

DK (Denmark) 30.24422466 31.74988579 31.73968248 32.8618926 31.37680035 34.41895467 35.51308598 36.50997763 37.81792589 50.86628114

EE (Estonia) 42.88372313 42.34403886 42.4230442 64.98339081 65.5934615 64.38084886 70.4131141 69.02173137 73.83897639 83.95075994

ES (Spain) 46.99759719 47.01115612 47.7276253 45.82694192 46.61296784 52.65195532 56.93130055 59.00863032 60.76084793

FI (Finland) 24.69496424 21.41606996 23.70728101 26.96560792 22.52450125 26.39900445 34.6129165 40.15491445 41.88908553 46.33028647

FR (France) 34.13062786 33.88699239 32.31116217 32.92661537 30.13104976 35.54702125 36.08673297 36.01989024 35.15379249 36.49510226

GB (United Kingdom) 32.95055263 34.61000301 31.74707596 32.44985362 32.32017093 32.41647005 33.73478315 35.99452997 38.2482468

GR (Greece) 64.13775074 61.90963616 59.11776351 58.06825416 60.30487354 65.54991534 60.51542295 62.4647791 65.67524024 65.31620799

HR (Croatia) 62.90777738 65.36597943 64.86497501 67.37700568

HU (Hungary) 56.58150027 55.90883193 59.58480097 64.62585612 67.90029903 71.18635542 70.29656115 62.75342006 65.4342961

IE (Ireland) 51.29976361 52.36629323 47.88747831 35.49854174 34.71197595 32.60417852 38.94352679 45.41440029 39.55449244 47.30877526

IT (Italy) 48.23469951 49.82188329 50.44639848 51.21179886 51.16916735 57.16069332 57.45611662 58.38332851 59.24714617 63.93359225

LT (Lithuania) 45.27863179 47.23277694 53.86461164 65.9142906 73.18699498 73.09686014 86.62116504 84.48886784 82.65866837 78.56153343

LU (Luxembourg) 24.86228306 28.24513805 23.71428129 22.97725087 26.12723167 26.21235279 26.46640691 32.46889475 31.63072935

LV (Latvia) 54.99353 50.70556493 55.49270209 59.70923043 67.61651406 72.91847276 76.33295398 83.22212896 79.2711414 76.32941007

MT (Malta) 52.39210385 52.58012572 55.046229 52.78020637 55.69062054 51.30109826 55.16710812 59.00178748 68.87684006 59.23982822

NL (Netherlands) 31.08347358 31.79087836 30.95044474 38.62007124 37.88488476 37.12326313 37.50085257 35.683667 37.16929504

PL (Poland) 61.19549174 64.31276867 65.18059762 66.00767641 67.56091205 67.81660549 66.46348919 68.8503959 72.3785752 68.17410178

PT (Portugal) 55.84808829 57.17599611 59.90773148 56.68652618 64.33951321 64.47736204 65.91853604 68.19919081 70.95598013

RO (Romania) 55.84228671 55.22017329 56.81442048 58.67239399 62.05046736 66.1397271 65.96016626 66.01718889 69.4070126 72.13472249

SE (Sweden) 23.39087379 23.21315586 22.89918879 37.01182489 35.99794814 35.07245057 39.07027868 38.73586637 44.78358183

SI (Slovenia) 57.77335267 57.70001467 56.63219027 65.92983095 76.32759818 78.66139665 81.03355728 78.62984949 81.73342393 78.59409323

SK (Slovakia) 51.31428123 54.69688603 56.21502846 54.53312888 58.60245229 64.08014763 66.69404173 66.67837935 58.07709378 60.98810518
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Graph: Original Exposure IRB [% of total original exposure]; Domestic banking groups and 

stand-alone banks, foreign (EU and non-EU) controlled subsidiaries and foreign (EU and 

non-EU) controlled branches. 

 

 

Table: Original Exposure IRB [% of total original exposure]; Domestic banking groups and 

stand-alone banks 

Reference area 31/12/2009 31/12/2010 31/12/2011 31/12/2012 31/12/2013 31/12/2014 31/12/2015 31/12/2016

AT (Austria) 25.63197036 25.64808434 26.29632454 26.34300729 27.93079679 35.62184729 36.91144065 38.86812041

BE (Belgium) 85.7794199 93.11102576 77.01155105 73.17376334 77.85745237 79.76742459 80.39736372

BG (Bulgaria) 0 0 16.80194537 15.70175452 18.81586921

CY (Cyprus) 0 0 0 0 0

CZ (Czech Republic) 63.10251609 60.65223512 66.62847301 65.93381692 66.17859698 67.23726859 68.25463606 67.91133556

DE (Germany) 42.48932866 41.56010597 40.7506453 38.86251418 38.56970707 39.98455215 40.35819811 41.29876503

DK (Denmark) 57.67044304 59.21119871 63.16878257 64.37687586 66.35816197 72.33863446 73.4161462 72.25566803

EE (Estonia) 26.06467958 74.46121289 40.35209765 39.05907426 40.63472693 70.2672384 72.11190114 74.40604522

ES (Spain) 40.42705135 39.93275983 40.6385735 39.39612914 42.1846053 42.58842104 43.39074916 41.99780593

FI (Finland) 41.40779405 41.3519278 57.04290597 60.62097853 60.42105539 56.89125578 55.5723182 52.90062309

FR (France) 64.84805026 64.36768765 64.09028911 67.82464293 68.52993928 68.80270868 67.30249483 66.96293488

GB (United Kingdom) 69.65378061 71.33392619 71.96693355 69.91064493 71.3583221 0 61.86925924 64.84085856

GR (Greece) 19.04429217 15.88745288 18.51009837 18.41407736 17.88083927 18.0928406 17.92596877 19.93376186

HR (Croatia) 11.41471751 12.06203721 10.15768238 9.861287134

HU (Hungary) 10.16751391 12.45282353 17.04142824 15.9413628 15.51707668 18.78208295 18.87949995 22.2843145

IE (Ireland) 37.2350325 36.82818605 37.13225814 41.23802396 47.1389557 47.40795944 44.38379729 45.89615204

IT (Italy) 21.3940913 25.4983328 33.30064872 39.72360694 42.4324999 21.23787 41.52156904 45.09548972

LT (Lithuania) 48.0800032 59.52272804 53.53259092 52.87273405 50.45938433 53.58516854 53.35720848 52.57211913

LU (Luxembourg) 37.53537785 37.96987807 40.15239929 37.82420305 30.94489998 27.94781986 30.30219429 35.17676345

LV (Latvia) 54.01069123 53.62426299 48.33474932 62.69054784 37.35431269 24.87163532 22.13900908 26.69986861

MT (Malta) 23.7836347 13.73792738 11.03353445 9.053060443 2.216821713 0 0

NL (Netherlands) 87.34598333 89.3461968 100 100 100 80.5956274 80.83662596 80.78118706

PL (Poland) 0 0 2.665185178 7.689219599 7.461230595 16.87054912 17.88868047 18.21763629

PT (Portugal) 15.68912842 19.90113879 25.72529675 25.24510074 24.85326787 26.73308592 26.79455006 28.53008119

RO (Romania) 2.604815861 2.844847867 3.978947052 8.378375392 11.05108129 11.42831601 3.581056714 11.98476578

SE (Sweden) 78.10682921 78.55872649 31.85264067 76.46434154 75.76709219 76.34124244 75.57494369

SI (Slovenia) 3.561373314 0.754799023 14.5027877 13.62478237 10.34582875

SK (Slovakia) 26.21863587 29.63898316 39.94349676 51.38888145 51.99543246 54.90141539 57.06996488 59.61158228

Reference area 31/12/2009 31/12/2010 31/12/2011 31/12/2012 31/12/2013 31/12/2014 31/12/2015 31/12/2016

AT (Austria) 25.96973625 26.31048228 25.59931703 25.52337341 25.76727845 34.52032694 35.45089803 36.13314655

B0 (EU (Member States and Institutions of the European Union) changing composition) 49.83379572 52.098988 53.89554496 55.975395 55.65046649 47.44933381 57.48727284 58.25381366

BE (Belgium) 83.69010458 87.83831671 78.38854851 76.75115648 83.95160484 82.47579749 85.2378033

BG (Bulgaria) 0 0 0 0 0

CY (Cyprus) 0 0 0 0 0

CZ (Czech Republic) 0 0 0 0 0 0 0 0

DE (Germany) 41.75719462 42.03820168 41.21546577 40.27287904 39.75891084 40.73606611 41.20152696 41.18047125

DK (Denmark) 56.47912591 58.12216958 58.81460568 60.07206257 62.6965459 70.12688498 71.59253878 70.59824015

EE (Estonia) 0 0 46.35121564 0 0

ES (Spain) 41.20095845 40.79861856 40.98667727 39.73577084 42.55706082 43.43179763 43.65550625 42.37608624

FI (Finland) 14.57469881 13.22713683 69.19283144 64.87899926 65.72240451 62.95999453 54.91355606 55.30072202

FR (France) 64.52520154 64.13276081 63.96345155 67.86920002 68.50622203 68.7196196 67.15766442 66.8681615

GB (United Kingdom) 72.33972854 74.92676806 74.9189754 73.23176837 74.38853636 0 71.61180543 74.57097281

GR (Greece) 19.04429217 15.88745288 18.51009837 18.41407736 17.88083927 18.11867435 17.95083292 19.94860219

HR (Croatia) 0 0 0 0

HU (Hungary) 3.223514332 4.266280267 3.613538159 2.938916213 2.468277312 2.208985935 1.979413821 2.147123368

IE (Ireland) 52.37694817 52.06840415 49.73571358 50.50412072 64.01559075 58.28795236 59.68597784 62.09772246

IT (Italy) 21.80074626 26.50301551 35.49050518 42.68814286 44.16032843 21.70345752 41.3982278 45.58758231

LT (Lithuania) 0 0 0

LU (Luxembourg) 25.77848451 77.79952519 62.55204069 59.11882222 29.99915073 54.62269416 52.37798987 50.98621352

LV (Latvia) 0 0 0

MT (Malta) 0 0 0 0 0 0 0

NL (Netherlands) 88.52461943 89.68438078 100 100 100 82.58716363 82.77264284 82.771737

PL (Poland) 0 0 0 0 0

PT (Portugal) 10.92092758 18.20195306 23.45797134 22.31792524 24.90266779 23.58680889 24.53751991 25.39983623

RO (Romania) 0 0 0 0

SE (Sweden) 78.49956103 79.26242454 32.11245956 76.81672286 76.08555543 76.34124244 75.78882785

SI (Slovenia) 0

SK (Slovakia) 0 0 0

U2 (Euro area (Member States and Institutions of the Euro Area) changing composition) 45.45892513 47.43832225 50.26838284 51.49838044 52.10509581 46.35622139 52.09947663 53.00770712
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Graph: Original Exposure IRB [% of total original exposure]; Domestic banking groups and 

stand-alone banks, foreign (EU and non-EU) controlled subsidiaries and foreign (EU and 

non-EU) controlled branches. 

 

Graph: Original Exposure IRB [% of total original exposure]; Domestic banking groups and 

stand-alone banks 



  Page 128 of 134 

 

 

 

Graph: All entities  

 

Graph: Domestic banking groups and stand-alone banks 
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Appendix 5 

 

Table part 1/4 

Row Labels 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Austria 0 0 0 0 0 0 0 687,556,718 695,095,476 338,626,403

            Central governments and central banks  LGD/CCF 0 0 0 0 0 0 0 0 0 0

            Corporates - Other  LGD/CCF 0 0 0 0 0 0 0 0 0 0

            Corporates - SME  LGD/CCF 0 0 0 0 0 0 0 0 0 0

            Corporates - Specialised Lending  LGD/CCF 0 0 0 0 0 0 0 0 0 0

            Institutions  LGD/CCF 0 0 0 0 0 0 0 0 0 0

            Retail - Other non-SME  LGD/CCF 0 0 0 0 0 0 0 30,210,949 32,018,732 31,355,988

            Retail - Other SME  LGD/CCF 0 0 0 0 0 0 0 8,825,015 8,704,225 8,835,929

            Retail - Qualifying revolving  LGD/CCF 0 0 0 0 0 0 0 6,878,115 6,999,586 7,581,737

            Retail - Secured by real estate non-SME  LGD/CCF 0 0 0 0 0 0 0 56,525,574 60,259,087 63,168,147

            Retail - Secured by real estate SME  LGD/CCF 0 0 0 0 0 0 0 8,438,905 9,172,788 9,695,635

         IRB approaches when own estimates of LGD and/or Conversion Factors are used 0 0 0 0 0 0 0 202,792,747 210,611,417 191,670,234

      Central governments and central banks 0 0 0 0 0 0 0 0 0 4,233,598

      Corporates - Other 0 0 0 0 0 0 0 108,400,014 108,333,154 0

      Corporates - SME 0 0 0 0 0 0 0 37,985,195 37,887,425 0

      Corporates - Specialised Lending 0 0 0 0 0 0 0 23,280,620 23,074,853 0

      Institutions 0 0 0 0 0 0 0 0 0 22,085,135

   IRB approaches when neither own estimates of LGD nor Conversion Factors are used 0 0 0 0 0 0 0 204,219,584 198,034,209 0

Belgium 0 0 1,125,929,728 1,562,004,394 1,309,233,028 827,653,441 815,126,052 1,789,787,137 1,916,995,555 2,032,325,736

            Central governments and central banks  LGD/CCF 0 0 0 102,541,670 96,269,321 0 0 125,531,959 160,364,722 176,943,500

            Corporates - Other  LGD/CCF 0 0 0 0 0 0 0 189,088,234 212,911,549 212,057,047

            Corporates - SME  LGD/CCF 0 0 0 0 0 0 0 68,210,520 68,728,507 69,984,854

            Corporates - Specialised Lending  LGD/CCF 0 0 0 0 0 0 0 45,203,134 49,715,258 59,293,846

            Institutions  LGD/CCF 0 0 0 287,073,379 208,045,918 0 0 125,823,007 116,838,042 112,592,877

            Retail - Other non-SME  LGD/CCF 0 0 0 0 0 0 0 25,913,351 26,628,348 28,222,572

            Retail - Other SME  LGD/CCF 0 0 0 0 0 0 0 40,374,942 37,596,027 37,149,126

            Retail - Qualifying revolving  LGD/CCF 0 0 0 0 0 0 0 625,362 557,004 509,001

            Retail - Secured by real estate non-SME  LGD/CCF 0 0 0 0 0 0 0 189,630,578 200,553,137 213,065,289

            Retail - Secured by real estate SME  LGD/CCF 0 0 0 0 0 0 0 19,008,173 22,478,202 23,715,483

         IRB approaches when own estimates of LGD and/or Conversion Factors are used 0 0 874,661,855 837,726,674 774,506,428 779,579,130 774,291,139 829,409,259 896,370,795 933,533,592

      Central governments and central banks 0 0 0 57,772,649 34,070,400 0 0 11,608,079 8,108,407 19,925,234

      Corporates - Other 0 0 0 0 0 0 0 5,707,320 4,619,731 4,936,899

      Corporates - SME 0 0 0 0 0 0 0 5,739,121 4,022,406 3,549,371

      Corporates - Specialised Lending 0 0 0 0 0 0 0 841,939 893,955 962,923

      Institutions 0 0 0 51,195,032 35,569,829 0 0 41,587,850 44,482,483 53,254,848

   IRB approaches when neither own estimates of LGD nor Conversion Factors are used 0 0 251,267,873 225,694,990 160,771,132 48,074,311 40,834,913 65,484,309 62,126,982 82,629,274

Cyprus 0 0 0 0 0 0 0 0 0 0

            Central governments and central banks  LGD/CCF 0 0 0 0 0 0 0 0 0 0

            Institutions  LGD/CCF 0 0 0 0 0 0 0 0 0 0

         IRB approaches when own estimates of LGD and/or Conversion Factors are used 0 0 0 0 0 0 0 0 0 0

      Central governments and central banks 0 0 0 0 0 0 0 0 0 0

      Institutions 0 0 0 0 0 0 0 0 0 0

   IRB approaches when neither own estimates of LGD nor Conversion Factors are used 0 0 0 0 0 0 0 0 0 0

Czech Republic 0 87,531,471 127,336,322 128,151,444 146,857,140 151,002,819 156,009,161 249,379,744 278,841,795 308,093,711

            Central governments and central banks  LGD/CCF 0 0 24,177,396 23,255,978 26,093,595 25,103,616 28,715,975 23,672,519 24,624,340 22,708,553

            Corporates - Other  LGD/CCF 0 0 0 0 0 0 0 17,898,352 21,449,374 21,751,922

            Corporates - SME  LGD/CCF 0 0 0 0 0 0 0 11,868,702 13,102,187 13,212,333

            Corporates - Specialised Lending  LGD/CCF 0 0 0 0 0 0 0 3,926,763 5,119,899 5,928,695

            Institutions  LGD/CCF 0 0 12,626,930 13,617,945 15,554,457 15,463,908 14,075,379 6,716,639 5,505,816 7,396,412

            Retail - Other non-SME  LGD/CCF 0 0 0 0 0 0 0 7,150,271 7,373,173 8,037,845

            Retail - Other SME  LGD/CCF 0 0 0 0 0 0 0 2,961,666 3,278,035 3,658,164

            Retail - Qualifying revolving  LGD/CCF 0 0 0 0 0 0 0 1,501,265 1,470,769 1,783,718

            Retail - Secured by real estate non-SME  LGD/CCF 0 0 0 0 0 0 0 25,571,143 29,356,706 32,975,715

            Retail - Secured by real estate SME  LGD/CCF 0 0 0 0 0 0 0 522,953 661,976 717,897

         IRB approaches when own estimates of LGD and/or Conversion Factors are used 0 87,531,471 90,531,996 91,277,521 105,209,088 110,435,295 113,217,807 101,790,273 111,942,275 118,171,252

      Central governments and central banks 0 0 0 0 0 0 0 500,016 3,808,558 9,836,542

      Corporates - Other 0 0 0 0 0 0 0 8,828,498 10,560,912 12,077,079

      Corporates - SME 0 0 0 0 0 0 0 6,120,037 5,687,111 5,742,936

      Corporates - Specialised Lending 0 0 0 0 0 0 0 3,290,395 3,442,827 3,759,221

      Institutions 0 0 0 0 0 0 0 4,160,653 3,979,215 4,459,824

   IRB approaches when neither own estimates of LGD nor Conversion Factors are used 0 0 0 0 0 0 0 22,899,599 27,478,622 35,875,603

Germany 0 0 0 0 0 0 0 553,458,124 605,603,209 684,555,297

            Corporates - Specialised Lending  LGD/CCF 0 0 0 0 0 0 0 70,378,547 69,385,607 74,498,823

            Retail - Other non-SME  LGD/CCF 0 0 0 0 0 0 0 121,564,916 116,475,781 139,278,203

            Retail - Qualifying revolving  LGD/CCF 0 0 0 0 0 0 0 36,120,496 36,816,910 38,585,839

            Retail - Secured by real estate non-SME  LGD/CCF 0 0 0 0 0 0 0 311,369,225 356,242,129 408,484,268

            Retail - Secured by real estate SME  LGD/CCF 0 0 0 0 0 0 0 14,024,940 26,682,782 23,708,164

Denmark 0 0 0 0 0 0 0 1,425,951,582 1,324,126,900 1,382,923,515

            Central governments and central banks  LGD/CCF 0 0 0 0 0 0 0 0 0 0

            Corporates - Other  LGD/CCF 0 0 0 0 0 0 0 240,078,114 195,953,333 209,859,195

            Corporates - SME  LGD/CCF 0 0 0 0 0 0 0 98,619,844 98,716,309 108,015,365

            Corporates - Specialised Lending  LGD/CCF 0 0 0 0 0 0 0 642,858 645,009 814,019

            Institutions  LGD/CCF 0 0 0 0 0 0 0 40,690,743 21,853,705 24,356,899

            Retail - Other non-SME  LGD/CCF 0 0 0 0 0 0 0 40,875,603 39,888,213 39,256,808

            Retail - Other SME  LGD/CCF 0 0 0 0 0 0 0 9,290,437 4,231,123 3,847,488

            Retail - Qualifying revolving  LGD/CCF 0 0 0 0 0 0 0 0 0 0

            Retail - Secured by real estate non-SME  LGD/CCF 0 0 0 0 0 0 0 236,910,061 240,902,395 256,246,289

            Retail - Secured by real estate SME  LGD/CCF 0 0 0 0 0 0 0 6,239,409 10,256,968 16,565,056

         IRB approaches when own estimates of LGD and/or Conversion Factors are used 0 0 0 0 0 0 0 673,347,069 612,447,055 658,961,118

      Central governments and central banks 0 0 0 0 0 0 0 0 0 0

      Corporates - Other 0 0 0 0 0 0 0 17,065,619 27,398,802 17,025,569

      Corporates - SME 0 0 0 0 0 0 0 14,546,260 14,274,316 8,512,496

      Corporates - Specialised Lending 0 0 0 0 0 0 0 0 20,088 4,701

      Institutions 0 0 0 0 0 0 0 8,016,843 7,923,189 6,957,873

   IRB approaches when neither own estimates of LGD nor Conversion Factors are used 0 0 0 0 0 0 0 39,628,722 49,616,395 32,500,639

Estonia 0 0 10,077,618 19,045,298 10,353,701 10,189,004 11,233,626 23,000,853 0 0

            Central governments and central banks  LGD/CCF 0 0 0 0 0 0 0 0 0 0

            Corporates - Other  LGD/CCF 0 0 0 0 0 0 0 0 0 0

            Corporates - SME  LGD/CCF 0 0 0 0 0 0 0 0 0 0

            Corporates - Specialised Lending  LGD/CCF 0 0 0 0 0 0 0 0 0 0

            Institutions  LGD/CCF 0 0 0 0 0 0 0 0 0 0

            Retail - Other non-SME  LGD/CCF 0 0 0 0 0 0 0 774,296 0 0

            Retail - Other SME  LGD/CCF 0 0 0 0 0 0 0 284,864 0 0

            Retail - Qualifying revolving  LGD/CCF 0 0 0 0 0 0 0 19,077 0 0

            Retail - Secured by real estate non-SME  LGD/CCF 0 0 0 0 0 0 0 4,327,003 0 0

            Retail - Secured by real estate SME  LGD/CCF 0 0 0 0 0 0 0 118,688 0 0

         IRB approaches when own estimates of LGD and/or Conversion Factors are used 0 0 0 10,050,894 5,253,120 5,147,791 5,174,487 5,523,927 0 0

      Central governments and central banks 0 0 0 0 0 0 0 0 0 0

      Corporates - Other 0 0 0 0 0 0 0 3,537,117 0 0

      Corporates - SME 0 0 0 0 0 0 0 1,832,337 0 0

      Corporates - Specialised Lending 0 0 0 0 0 0 0 234,543 0 0

      Institutions 0 0 0 365,561 459,704 336,922 545,402 372,502 0 0

   IRB approaches when neither own estimates of LGD nor Conversion Factors are used 0 0 10,077,618 8,628,843 4,640,877 4,704,291 5,513,737 5,976,499 0 0
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Finland 0 198,201,700 181,749,924 217,346,890 333,116,098 348,832,729 320,635,336 456,232,563 474,142,869 428,522,426

            Central governments and central banks  LGD/CCF 0 0 0 0 0 0 0 0 0 0

            Corporates - Other  LGD/CCF 0 0 0 0 0 0 0 27,814,526 34,801,072 0

            Corporates - SME  LGD/CCF 0 0 0 0 0 0 0 9,807,715 11,387,269 0

            Corporates - Specialised Lending  LGD/CCF 0 0 0 0 0 0 0 298,192 99,516 0

            Institutions  LGD/CCF 0 0 0 0 193 53 12 0 0 0

            Retail - Other non-SME  LGD/CCF 0 0 0 0 0 0 0 18,978,832 19,478,933 20,230,448

            Retail - Other SME  LGD/CCF 0 0 0 0 0 0 0 1,858,208 1,905,292 2,044,097

            Retail - Qualifying revolving  LGD/CCF 0 0 0 0 0 0 0 0 0 0

            Retail - Secured by real estate non-SME  LGD/CCF 0 0 0 0 0 0 0 70,125,622 77,447,317 78,803,672

            Retail - Secured by real estate SME  LGD/CCF 0 0 0 0 0 0 0 1,876,417 2,129,308 2,082,462

         IRB approaches when own estimates of LGD and/or Conversion Factors are used 0 62,422,938 64,689,562 69,809,990 153,629,939 163,537,115 168,190,773 130,759,513 147,248,712 147,686,566

      Central governments and central banks 0 0 0 0 0 0 0 0 0 0

      Corporates - Other 0 0 0 0 0 0 0 54,668,869 48,276,383 49,856,227

      Corporates - SME 0 0 0 0 0 0 0 17,452,204 18,928,896 19,782,207

      Corporates - Specialised Lending 0 0 0 0 0 0 0 79,510 64,932 33,566

      Institutions 0 0 0 27,915,532 45,448,494 39,256,753 23,923,212 25,156,186 22,552,512 19,165,589

   IRB approaches when neither own estimates of LGD nor Conversion Factors are used 0 135,778,762 117,060,362 119,621,368 134,037,472 146,038,808 128,521,339 97,356,769 89,822,727 88,837,592

France 0 3,428,768,488 3,278,165,725 4,314,641,466 4,424,903,524 3,672,022,059 4,585,550,831 8,120,908,118 8,565,846,588 8,994,173,845

            Central governments and central banks  LGD/CCF 0 0 0 326,032,806 365,566,606 0 477,915,266 571,030,273 590,095,326 630,974,123

            Corporates - Other  LGD/CCF 0 0 0 0 0 0 0 1,044,075,816 1,114,172,834 1,158,970,111

            Corporates - SME  LGD/CCF 0 0 0 0 0 0 0 78,774,931 105,403,206 114,532,830

            Corporates - Specialised Lending  LGD/CCF 0 0 0 0 0 0 0 168,481,687 181,085,423 202,118,944

            Institutions  LGD/CCF 0 0 0 385,222,362 365,493,653 0 291,994,144 439,810,624 417,985,175 391,775,849

            Retail - Other non-SME  LGD/CCF 0 0 0 0 0 0 0 355,562,361 367,220,545 383,781,726

            Retail - Other SME  LGD/CCF 0 0 0 0 0 0 0 205,315,961 215,492,006 215,337,785

            Retail - Qualifying revolving  LGD/CCF 0 0 0 0 0 0 0 84,707,961 81,455,389 81,511,948

            Retail - Secured by real estate non-SME  LGD/CCF 0 0 0 0 0 0 0 701,923,514 770,713,219 827,396,031

            Retail - Secured by real estate SME  LGD/CCF 0 0 0 0 0 0 0 85,608,594 89,616,665 95,108,694

         IRB approaches when own estimates of LGD and/or Conversion Factors are used 0 2,651,602,477 2,757,609,698 3,101,337,463 3,117,167,188 3,320,755,023 3,327,485,562 3,735,291,723 3,933,239,785 4,101,508,043

      Central governments and central banks 0 0 0 58,599,809 83,517,026 0 96,483,435 108,560,920 133,047,881 167,743,323

      Corporates - Other 0 0 0 0 0 0 0 99,525,078 101,953,520 112,198,053

      Corporates - SME 0 0 0 0 0 0 0 52,221,414 50,716,719 52,148,373

      Corporates - Specialised Lending 0 0 0 0 0 0 0 6,818,123 8,054,626 8,564,752

      Institutions 0 0 0 103,788,743 112,836,237 0 61,046,097 58,036,801 55,910,762 54,924,380

   IRB approaches when neither own estimates of LGD nor Conversion Factors are used 0 777,166,011 520,556,027 339,660,283 380,322,814 351,267,036 330,626,327 325,162,337 349,683,507 395,578,880

United Kingdom 0 0 3,057,442,750 3,465,250,984 4,337,974,815 4,015,059,014 3,957,045,786 181,079,313,983 0 0

            Central governments and central banks  LGD/CCF 0 0 0 0 0 0 0 0 0 0

            Corporates - Other  LGD/CCF 0 0 0 0 0 0 0 0 0 0

            Corporates - SME  LGD/CCF 0 0 0 0 0 0 0 0 0 0

            Institutions  LGD/CCF 0 0 0 0 0 0 0 0 0 0

            Retail - Other SME  LGD/CCF 0 0 0 0 0 0 0 40,442,680,014 0 0

         IRB approaches when own estimates of LGD and/or Conversion Factors are used 0 0 2,798,186,035 3,138,620,707 3,984,921,878 3,701,629,126 3,576,465,058 0 0 0

      Central governments and central banks 0 0 0 0 32,446,854 0 40,113,408 0 0 0

      Corporates - Other 0 0 0 0 0 0 0 0 0 0

      Corporates - SME 0 0 0 0 0 0 0 29,134,815,676 0 0

      Corporates - Specialised Lending 0 0 0 0 0 0 0 42,693,334,154 0 0

      Institutions 0 0 0 0 35,010,545 0 22,299,139 68,808,484,139 0 0

   IRB approaches when neither own estimates of LGD nor Conversion Factors are used 0 0 259,256,715 326,630,277 285,595,538 313,429,888 318,168,181 0 0 0

Greece 0 0 98,034,092 96,030,903 88,468,397 82,920,124 84,183,958 175,626,287 160,180,624 156,167,035

            Central governments and central banks  LGD/CCF 0 0 0 0 0 0 0 0 0 0

            Corporates - Other  LGD/CCF 0 0 0 0 0 0 0 0 0 0

            Corporates - SME  LGD/CCF 0 0 0 0 0 0 0 428,086 463,256 470,998

            Corporates - Specialised Lending  LGD/CCF 0 0 0 0 0 0 0 0 0 0

            Institutions  LGD/CCF 0 0 0 0 0 0 0 0 0 0

            Retail - Other non-SME  LGD/CCF 0 0 0 0 0 0 0 1,893,531 1,826,618 1,768,778

            Retail - Other SME  LGD/CCF 0 0 0 0 0 0 0 4,851,376 5,062,611 4,745,988

            Retail - Qualifying revolving  LGD/CCF 0 0 0 0 0 0 0 12,480,995 3,377,011 3,258,193

            Retail - Secured by real estate non-SME  LGD/CCF 0 0 0 0 0 0 0 25,225,215 24,851,679 23,852,949

            Retail - Secured by real estate SME  LGD/CCF 0 0 0 0 0 0 0 5,808,223 5,949,026 5,818,973

         IRB approaches when own estimates of LGD and/or Conversion Factors are used 0 0 52,144,139 53,409,600 48,611,336 46,636,444 47,896,049 50,687,426 41,530,201 39,915,878

      Central governments and central banks 0 0 0 0 0 0 0 0 0 0

      Corporates - Other 0 0 0 0 0 0 0 11,559,516 15,281,124 14,861,919

      Corporates - SME 0 0 0 0 0 0 0 10,322,791 17,675,804 17,522,883

      Corporates - Specialised Lending 0 0 0 0 0 0 0 15,243,411 5,603,183 5,782,837

      Institutions 0 0 0 0 0 0 0 0 0 0

   IRB approaches when neither own estimates of LGD nor Conversion Factors are used 0 0 45,889,953 42,621,303 39,857,061 36,283,680 36,287,909 37,125,717 38,560,111 38,167,639

Croatia 0 0 0 0 0 0 10,746,009 16,519,670 14,215,079 13,854,743

            Central governments and central banks  LGD/CCF 0 0 0 0 0 0 0 0 0 0

            Corporates - Other  LGD/CCF 0 0 0 0 0 0 0 0 0 0

            Corporates - SME  LGD/CCF 0 0 0 0 0 0 0 0 0 0

            Corporates - Specialised Lending  LGD/CCF 0 0 0 0 0 0 0 0 0 0

            Institutions  LGD/CCF 0 0 0 0 0 0 0 0 0 0

            Retail - Other non-SME  LGD/CCF 0 0 0 0 0 0 0 1,279,838 1,295,317 1,293,326

            Retail - Other SME  LGD/CCF 0 0 0 0 0 0 0 67,451 70,511 73,245

            Retail - Qualifying revolving  LGD/CCF 0 0 0 0 0 0 0 0 0 0

            Retail - Secured by real estate non-SME  LGD/CCF 0 0 0 0 0 0 0 985,842 975,475 798,315

            Retail - Secured by real estate SME  LGD/CCF 0 0 0 0 0 0 0 88,020 78,473 64,843

         IRB approaches when own estimates of LGD and/or Conversion Factors are used 0 0 0 0 0 0 2,435,964 2,421,150 2,419,776 2,229,729

      Central governments and central banks 0 0 0 0 0 0 2,597,865 2,688,875 1,746,564 1,720,724

      Corporates - Other 0 0 0 0 0 0 0 795,921 750,005 832,246

      Corporates - SME 0 0 0 0 0 0 0 1,652,695 1,564,693 1,446,177

      Corporates - Specialised Lending 0 0 0 0 0 0 0 376,646 337,057 339,870

      Institutions 0 0 0 0 0 0 257,701 324,548 289,445 358,625

   IRB approaches when neither own estimates of LGD nor Conversion Factors are used 0 0 0 0 0 0 5,454,479 5,838,684 4,687,763 4,697,643

Ireland 0 512,611,281 440,177,162 561,323,039 478,753,826 348,323,231 426,044,545 432,867,828 394,338,493 340,068,611

            Central governments and central banks  LGD/CCF 0 0 0 4,750,258 3,001,809 0 923,032 3,959,483 5,376,773 5,258,864

            Corporates - Other  LGD/CCF 0 0 0 0 0 0 0 12,866,734 8,324,930 7,209,224

            Corporates - SME  LGD/CCF 0 0 0 0 0 0 0 8,733,497 2,849,848 1,380,095

            Institutions  LGD/CCF 0 0 0 3,947,184 2,760,508 0 2,200,218 4,821,119 5,332,622 3,537,122

            Retail - Other SME  LGD/CCF 0 0 0 0 0 0 0 2,886,046 2,864,122 2,759,285

         IRB approaches when own estimates of LGD and/or Conversion Factors are used 0 323,755,941 230,020,555 198,272,875 190,545,767 183,767,968 176,068,620 174,339,198 162,520,646 146,924,944

      Central governments and central banks 0 0 0 84,004,765 53,268,366 0 46,391,899 12,571,238 11,623,093 11,321,490

      Corporates - Other 0 0 0 0 0 0 0 20,864,040 20,638,344 19,640,952

      Corporates - SME 0 0 0 0 0 0 0 24,220,861 23,078,313 18,393,890

      Corporates - Specialised Lending 0 0 0 0 0 0 0 2,877,646 2,651,458 2,234,378

      Institutions 0 0 0 49,337,580 55,450,333 0 52,032,617 52,097,090 45,543,568 34,908,828

   IRB approaches when neither own estimates of LGD nor Conversion Factors are used 0 188,855,340 210,156,607 221,010,377 173,727,043 164,555,263 148,428,159 112,630,876 103,534,776 86,499,539
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Italy 0 858,462,177 1,181,466,073 1,333,789,903 1,296,377,574 1,509,411,229 1,534,722,644 2,967,015,731 3,136,853,847 3,207,678,178

            Central governments and central banks  LGD/CCF 0 0 16,060,180 17,251,817 12,309,403 17,748,613 25,751,456 25,908,226 37,276,255 29,211,400

            Corporates - Other  LGD/CCF 0 0 0 0 0 0 0 563,466,802 611,956,477 643,179,155

            Corporates - SME  LGD/CCF 0 0 0 0 0 0 0 285,085,472 292,462,851 306,518,342

            Corporates - Specialised Lending  LGD/CCF 0 0 0 0 0 0 0 47,946,729 45,499,660 41,739,739

            Institutions  LGD/CCF 0 0 133,785,744 132,160,421 94,353,997 81,599,444 72,701,581 87,837,624 80,633,819 62,588,495

            Retail - Other non-SME  LGD/CCF 0 0 0 0 0 0 0 22,410,190 35,819,423 40,081,039

            Retail - Other SME  LGD/CCF 0 0 0 0 0 0 0 135,855,524 138,189,939 136,231,343

            Retail - Qualifying revolving  LGD/CCF 0 0 0 0 0 0 0 9,799,965 10,055,479 10,265,118

            Retail - Secured by real estate non-SME  LGD/CCF 0 0 0 0 0 0 0 229,638,801 253,815,232 273,354,224

            Retail - Secured by real estate SME  LGD/CCF 0 0 0 0 0 0 0 35,046,564 34,339,667 34,801,650

         IRB approaches when own estimates of LGD and/or Conversion Factors are used 0 567,389,494 630,464,506 997,579,440 961,101,106 1,160,214,192 1,178,675,480 1,442,995,896 1,540,048,803 1,577,970,507

      Central governments and central banks 0 0 0 0 2,226,853 3,045,235 3,527,491 114,374 229,251 202,734

      Corporates - Other 0 0 0 0 0 0 0 20,971,829 16,344,273 15,819,869

      Corporates - SME 0 0 0 0 0 0 0 15,440,827 7,659,161 5,979,502

      Corporates - Specialised Lending 0 0 0 0 0 0 0 968,481 949,849 1,211,155

      Institutions 0 0 0 0 9,816,357 11,788,850 3,671,533 3,016,458 3,195,587 2,655,323

   IRB approaches when neither own estimates of LGD nor Conversion Factors are used 0 291,072,683 401,155,643 186,798,225 216,569,858 235,014,895 250,395,103 40,511,969 28,378,121 25,868,583

Lithuania 0 0 0 0 10,186,880 10,155,698 10,113,695 21,229,924 21,426,778 23,315,636

            Central governments and central banks  LGD/CCF 0 0 0 0 0 0 0 0 0 0

            Corporates - Other  LGD/CCF 0 0 0 0 0 0 0 0 0 0

            Corporates - SME  LGD/CCF 0 0 0 0 0 0 0 0 0 0

            Corporates - Specialised Lending  LGD/CCF 0 0 0 0 0 0 0 0 0 0

            Institutions  LGD/CCF 0 0 0 0 0 0 0 0 0 0

            Retail - Other non-SME  LGD/CCF 0 0 0 0 0 0 0 463,588 538,382 587,549

            Retail - Other SME  LGD/CCF 0 0 0 0 0 0 0 127,896 141,543 166,341

            Retail - Qualifying revolving  LGD/CCF 0 0 0 0 0 0 0 0 0 0

            Retail - Secured by real estate non-SME  LGD/CCF 0 0 0 0 0 0 0 3,588,197 3,778,772 4,106,535

            Retail - Secured by real estate SME  LGD/CCF 0 0 0 0 0 0 0 64,949 62,818 70,577

         IRB approaches when own estimates of LGD and/or Conversion Factors are used 0 0 0 0 0 0 0 4,244,630 4,521,515 4,931,002

      Central governments and central banks 0 0 0 0 0 0 0 0 0 0

      Corporates - Other 0 0 0 0 0 0 0 3,865,805 3,742,346 4,300,489

      Corporates - SME 0 0 0 0 0 0 0 1,288,390 1,251,168 1,887,240

      Corporates - Specialised Lending 0 0 0 0 0 0 0 1,027,371 1,049,673 469,990

      Institutions 0 0 0 0 0 0 0 188,766 148,687 69,097

   IRB approaches when neither own estimates of LGD nor Conversion Factors are used 0 0 0 0 10,186,880 10,155,698 10,113,695 6,370,332 6,191,874 6,726,816

Luxembourg 0 0 341,843,615 344,473,315 353,349,905 294,081,816 214,276,759 493,477,594 536,486,198 588,648,846

            Central governments and central banks  LGD/CCF 0 0 0 19,130,156 16,345,603 18,416,178 15,993,070 22,120,221 29,812,980 26,105,098

            Corporates - Other  LGD/CCF 0 0 0 0 0 0 0 47,281,718 47,950,967 57,424,276

            Corporates - SME  LGD/CCF 0 0 0 0 0 0 0 11,623,069 11,383,469 11,619,578

            Corporates - Specialised Lending  LGD/CCF 0 0 0 0 0 0 0 2,016,710 2,888,736 4,804,660

            Institutions  LGD/CCF 0 0 0 65,414,452 60,790,193 37,709,286 33,936,740 67,620,976 81,999,869 96,545,835

            Retail - Other non-SME  LGD/CCF 0 0 0 0 0 0 0 14,836,050 15,138,854 14,934,560

            Retail - Other SME  LGD/CCF 0 0 0 0 0 0 0 1,516,347 1,501,191 1,595,880

            Retail - Qualifying revolving  LGD/CCF 0 0 0 0 0 0 0 0 0 0

            Retail - Secured by real estate non-SME  LGD/CCF 0 0 0 0 0 0 0 21,038,183 22,533,952 24,773,393

            Retail - Secured by real estate SME  LGD/CCF 0 0 0 0 0 0 0 881,300 977,167 985,787

         IRB approaches when own estimates of LGD and/or Conversion Factors are used 0 0 241,412,793 120,468,638 143,105,636 120,926,738 103,056,770 188,934,574 214,187,185 238,789,067

      Central governments and central banks 0 0 0 12,454,548 15,949,803 12,151,772 6,061,135 13,030,300 14,143,460 15,586,892

      Corporates - Other 0 0 0 0 0 0 0 14,306,944 12,141,598 14,491,649

      Corporates - SME 0 0 0 0 0 0 0 496,958 581,102 459,912

      Corporates - Specialised Lending 0 0 0 0 0 0 0 1,663,969 2,008,185 1,949,808

      Institutions 0 0 0 46,639,007 37,781,234 35,179,642 17,179,388 28,306,052 25,181,569 23,047,095

   IRB approaches when neither own estimates of LGD nor Conversion Factors are used 0 0 100,430,822 80,366,514 79,377,436 69,698,200 38,049,656 57,804,223 54,055,914 55,535,356

Latvia 0 0 10,324,927 9,516,217 4,636,056 9,016,897 8,787,886 76,023 68,637 0

            Central governments and central banks  LGD/CCF 0 0 0 0 0 0 0 0 0 0

            Corporates - Other  LGD/CCF 0 0 0 0 0 0 0 0 0 0

            Corporates - SME  LGD/CCF 0 0 0 0 0 0 0 0 0 0

            Corporates - Specialised Lending  LGD/CCF 0 0 0 0 0 0 0 0 0 0

            Institutions  LGD/CCF 0 0 0 0 0 0 0 0 0 0

            Retail - Other non-SME  LGD/CCF 0 0 0 0 0 0 0 0 0 0

            Retail - Other SME  LGD/CCF 0 0 0 0 0 0 0 0 0 0

            Retail - Qualifying revolving  LGD/CCF 0 0 0 0 0 0 0 76,023 68,637 0

            Retail - Secured by real estate non-SME  LGD/CCF 0 0 0 0 0 0 0 0 0 0

            Retail - Secured by real estate SME  LGD/CCF 0 0 0 0 0 0 0 0 0 0

         IRB approaches when own estimates of LGD and/or Conversion Factors are used 0 0 0 0 0 0 0 0 0 0

      Central governments and central banks 0 0 0 0 0 0 0 0 0 0

      Corporates - Other 0 0 0 0 0 0 0 0 0 0

      Corporates - SME 0 0 0 0 0 0 0 0 0 0

      Corporates - Specialised Lending 0 0 0 0 0 0 0 0 0 0

      Institutions 0 0 0 407,952 14,179 727,907 787,098 0 0 0

   IRB approaches when neither own estimates of LGD nor Conversion Factors are used 0 0 10,324,927 9,108,265 4,621,877 8,288,990 8,000,788 0 0 0

Malta 0 2,350,240 10,521,689 7,118,374 5,357,930 4,362,674 1,283,558 0 0 0

            Central governments and central banks  LGD/CCF 0 0 0 0 0 0 0 0 0 0

            Corporates - Other  LGD/CCF 0 0 0 0 0 0 0 0 0 0

            Corporates - SME  LGD/CCF 0 0 0 0 0 0 0 0 0 0

            Corporates - Specialised Lending  LGD/CCF 0 0 0 0 0 0 0 0 0 0

            Institutions  LGD/CCF 0 0 0 0 0 0 0 0 0 0

            Retail - Other non-SME  LGD/CCF 0 0 0 0 0 0 0 0 0 0

            Retail - Other SME  LGD/CCF 0 0 0 0 0 0 0 0 0 0

            Retail - Qualifying revolving  LGD/CCF 0 0 0 0 0 0 0 0 0 0

            Retail - Secured by real estate non-SME  LGD/CCF 0 0 0 0 0 0 0 0 0 0

            Retail - Secured by real estate SME  LGD/CCF 0 0 0 0 0 0 0 0 0 0

         IRB approaches when own estimates of LGD and/or Conversion Factors are used 0 91,137 38,890 51,157 49,262 0 0 0 0 0

      Central governments and central banks 0 0 0 0 0 0 0 0 0 0

      Corporates - Other 0 0 0 0 0 0 0 0 0 0

      Corporates - SME 0 0 0 0 0 0 0 0 0 0

      Corporates - Specialised Lending 0 0 0 0 0 0 0 0 0 0

      Institutions 0 0 4,048,274 2,549,772 1,671,450 1,351,192 637,274 0 0 0

   IRB approaches when neither own estimates of LGD nor Conversion Factors are used 0 2,259,103 6,434,525 4,517,445 3,637,218 3,011,482 646,284 0 0 0

Netherlands 0 0 2,576,519,932 3,275,968,106 3,362,578,831 3,093,176,474 3,109,463,338 4,302,725,646 4,501,069,786 4,656,380,374

            Central governments and central banks  LGD/CCF 0 0 652,186 2,938,806 32,394,184 357,526 363,118 268,194,192 343,787,854 398,988,035

            Corporates - Other  LGD/CCF 0 0 0 0 0 0 0 460,106,319 485,282,148 519,425,154

            Corporates - SME  LGD/CCF 0 0 0 0 0 0 0 162,049,244 158,833,884 153,192,088

            Corporates - Specialised Lending  LGD/CCF 0 0 0 0 0 0 0 170,263,814 197,813,630 224,990,396

            Institutions  LGD/CCF 0 0 2,991,877 3,944,626 3,733,530 3,255,606 3,810,232 254,848,412 228,727,492 191,423,127

            Retail - Other non-SME  LGD/CCF 0 0 0 0 0 0 0 38,621,320 36,569,800 35,641,002

            Retail - Other SME  LGD/CCF 0 0 0 0 0 0 0 72,515,179 41,440,985 38,401,013

            Retail - Qualifying revolving  LGD/CCF 0 0 0 0 0 0 0 13,124,567 12,750,461 12,356,628

            Retail - Secured by real estate non-SME  LGD/CCF 0 0 0 0 0 0 0 695,415,600 698,322,930 703,051,476

            Retail - Secured by real estate SME  LGD/CCF 0 0 0 0 0 0 0 7,170,603 38,958,132 37,180,699

         IRB approaches when own estimates of LGD and/or Conversion Factors are used 0 0 6,151,928 21,492,868 20,215,197 4,553,407 18,729,173 2,142,309,251 2,242,487,314 2,314,649,618

      Central governments and central banks 0 0 371,636,504 491,656,215 603,392,738 595,210,491 543,078,658 87,706 97,897 108,388

      Corporates - Other 0 0 0 0 0 0 0 5,097,473 4,788,826 6,037,574

      Corporates - SME 0 0 0 0 0 0 0 1,225,980 929,412 692,369

      Corporates - Specialised Lending 0 0 0 0 0 0 0 2,167,069 1,682,229 1,427,918

      Institutions 0 0 492,974,527 543,574,143 478,575,404 409,875,296 469,776,943 475,344 549,214 5,274,320

   IRB approaches when neither own estimates of LGD nor Conversion Factors are used 0 0 1,702,112,910 2,212,361,448 2,224,267,778 2,079,924,148 2,073,705,214 9,053,573 8,047,578 13,540,569
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Poland 0 0 0 0 12,447,895 33,327,047 32,410,821 76,052,848 84,941,910 87,673,652

            Central governments and central banks  LGD/CCF 0 0 0 0 0 0 0 0 0 0

            Corporates - Other  LGD/CCF 0 0 0 0 0 0 0 11,409,090 12,177,005 12,573,343

            Corporates - SME  LGD/CCF 0 0 0 0 0 0 0 4,434,013 5,356,837 6,103,252

            Corporates - Specialised Lending  LGD/CCF 0 0 0 0 0 0 0 2,979,755 3,483,865 3,802,675

            Institutions  LGD/CCF 0 0 0 0 2,535,037 1,768,031 1,566,309 2,258,195 2,990,697 3,159,373

            Retail - Other non-SME  LGD/CCF 0 0 0 0 0 0 0 2,262,678 2,476,894 2,673,339

            Retail - Other SME  LGD/CCF 0 0 0 0 0 0 0 1,146,654 1,375,783 1,700,364

            Retail - Qualifying revolving  LGD/CCF 0 0 0 0 0 0 0 702,150 738,798 750,643

            Retail - Secured by real estate non-SME  LGD/CCF 0 0 0 0 0 0 0 12,832,931 13,327,560 12,535,370

            Retail - Secured by real estate SME  LGD/CCF 0 0 0 0 0 0 0 958 543,516 538,467

         IRB approaches when own estimates of LGD and/or Conversion Factors are used 0 0 0 0 9,912,858 31,559,016 30,844,512 38,026,424 42,470,955 43,836,826

      Central governments and central banks 0 0 0 0 0 0 0 0 0 0

      Corporates - Other 0 0 0 0 0 0 0 0 0 0

      Corporates - SME 0 0 0 0 0 0 0 0 0 0

      Corporates - Specialised Lending 0 0 0 0 0 0 0 0 0 0

      Institutions 0 0 0 0 0 0 0 0 0 0

   IRB approaches when neither own estimates of LGD nor Conversion Factors are used 0 0 0 0 0 0 0 0 0 0

Portugal 0 0 89,339,405 89,832,765 149,339,937 137,021,177 138,970,386 243,349,395 238,630,691 234,675,609

            Central governments and central banks  LGD/CCF 0 0 0 0 0 0 0 0 0 0

            Corporates - Other  LGD/CCF 0 0 0 0 0 0 0 11,972,014 15,289,938 17,160,344

            Corporates - SME  LGD/CCF 0 0 0 0 0 0 0 14,501,988 12,228,779 11,351,727

            Corporates - Specialised Lending  LGD/CCF 0 0 0 0 0 0 0 1,077,512 0 0

            Institutions  LGD/CCF 0 0 0 0 0 0 0 1,343,370 1,300,550 1,171,690

            Retail - Other non-SME  LGD/CCF 0 0 0 0 0 0 0 5,939,341 5,567,096 5,512,569

            Retail - Other SME  LGD/CCF 0 0 0 0 0 0 0 3,255,015 3,515,639 3,476,415

            Retail - Qualifying revolving  LGD/CCF 0 0 0 0 0 0 0 3,717,600 3,751,524 3,488,992

            Retail - Secured by real estate non-SME  LGD/CCF 0 0 0 0 0 0 0 49,072,445 48,243,719 46,889,040

            Retail - Secured by real estate SME  LGD/CCF 0 0 0 0 0 0 0 1,362,698 1,460,106 1,443,368

         IRB approaches when own estimates of LGD and/or Conversion Factors are used 0 0 21,792,219 0 65,258,812 70,069,978 69,602,877 92,241,983 91,357,350 90,494,146

      Central governments and central banks 0 0 0 8,504,070 0 0 0 0 0 0

      Corporates - Other 0 0 0 0 0 0 0 11,001,767 9,448,119 8,373,701

      Corporates - SME 0 0 0 0 0 0 0 8,310,396 6,405,210 6,829,179

      Corporates - Specialised Lending 0 0 0 0 0 0 0 7,064,791 7,377,624 7,162,413

      Institutions 0 0 8,850,535 81,328,695 7,298,060 0 4,749,347 3,055,761 4,727,042 4,478,366

   IRB approaches when neither own estimates of LGD nor Conversion Factors are used 0 0 58,696,651 0 76,783,065 66,951,199 64,618,162 29,432,714 27,957,995 26,843,659

Romania 0 0 0 0 0 0 0 0 2,835,467 0

            Corporates - Specialised Lending  LGD/CCF 0 0 0 0 0 0 0 0 0 0

            Retail - Other non-SME  LGD/CCF 0 0 0 0 0 0 0 0 878,100 0

            Retail - Qualifying revolving  LGD/CCF 0 0 0 0 0 0 0 0 583,623 0

            Retail - Secured by real estate non-SME  LGD/CCF 0 0 0 0 0 0 0 0 1,373,744 0

            Retail - Secured by real estate SME  LGD/CCF 0 0 0 0 0 0 0 0 0 0

Sweden 0 876,824,476 913,900,840 1,049,742,200 1,081,542,572 1,147,974,992 1,098,766,630 2,685,031,063 2,358,196,852 2,344,154,382

            Central governments and central banks  LGD/CCF 0 0 0 0 0 0 0 95,990 105,480 88,157

            Corporates - Other  LGD/CCF 0 0 0 0 0 0 0 265,776,577 294,381,856 287,157,855

            Corporates - SME  LGD/CCF 0 0 0 0 0 0 0 134,755,565 141,815,244 143,090,311

            Corporates - Specialised Lending  LGD/CCF 0 0 0 0 0 0 0 3,289,932 3,830,629 3,633,112

            Institutions  LGD/CCF 0 0 0 0 0 0 0 6,948,772 6,775,816 11,745,379

            Retail - Other non-SME  LGD/CCF 0 0 0 0 0 0 0 66,784,120 68,808,285 68,054,038

            Retail - Other SME  LGD/CCF 0 0 0 0 0 0 0 10,315,164 10,747,074 10,714,801

            Retail - Qualifying revolving  LGD/CCF 0 0 0 0 0 0 0 2,412,273 88,490 0

            Retail - Secured by real estate non-SME  LGD/CCF 0 0 0 0 0 0 0 376,504,046 421,362,636 430,935,995

            Retail - Secured by real estate SME  LGD/CCF 0 0 0 0 0 0 0 23,867,183 20,152,838 19,626,918

         IRB approaches when own estimates of LGD and/or Conversion Factors are used 0 0 0 0 0 0 0 890,749,622 968,068,348 975,046,566

      Central governments and central banks 0 0 0 0 0 0 0 0 0 0

      Corporates - Other 0 0 0 0 0 0 0 543,333,637 101,750,550 103,139,178

      Corporates - SME 0 0 0 0 0 0 0 22,795,564 22,522,215 24,042,739

      Corporates - Specialised Lending 0 0 0 0 0 0 0 1,849,036 3,131,800 1,902,405

      Institutions 0 0 0 0 0 0 0 96,549,455 83,625,513 67,946,303

   IRB approaches when neither own estimates of LGD nor Conversion Factors are used 0 876,824,476 913,900,840 1,049,742,200 1,081,542,572 1,147,974,992 1,098,766,630 239,004,127 211,030,078 197,030,625

Slovenia 0 442,635 481,410 715,316 2,865,540 2,837,318 1,887,741 3,526,892 0 0

            Central governments and central banks  LGD/CCF 0 0 0 0 227,264 323,548 0 0 0 0

            Corporates - Other  LGD/CCF 0 0 0 0 0 0 0 0 0 0

            Corporates - SME  LGD/CCF 0 0 0 0 0 0 0 0 0 0

            Institutions  LGD/CCF 0 0 0 0 70,408 46,724 0 0 0 0

            Retail - Other SME  LGD/CCF 0 0 0 0 0 0 0 0 0 0

         IRB approaches when own estimates of LGD and/or Conversion Factors are used 0 0 0 0 297,672 370,271 0 0 0 0

      Central governments and central banks 0 0 0 238,738 0 0 0 0 0 0

      Corporates - Other 0 0 0 0 0 0 0 903,337 0 0

      Corporates - SME 0 0 0 0 0 0 0 352,425 0 0

      Corporates - Specialised Lending 0 0 0 0 0 0 0 0 0 0

      Institutions 0 0 0 118,920 281,364 291,670 283,508 507,684 0 0

   IRB approaches when neither own estimates of LGD nor Conversion Factors are used 0 442,635 481,410 357,658 1,988,832 1,805,105 1,604,233 1,763,446 0 0

Slovakia 0 0 0 17,460,869 851,678 0 473,748 70,674,610 78,554,709 86,870,867

            Central governments and central banks  LGD/CCF 0 0 0 18,083 252,923 0 30,658 0 0 0

            Corporates - Other  LGD/CCF 0 0 0 0 0 0 0 1,448,352 1,598,428 1,877,029

            Corporates - SME  LGD/CCF 0 0 0 0 0 0 0 1,076,311 1,339,222 1,650,123

            Corporates - Specialised Lending  LGD/CCF 0 0 0 0 0 0 0 0 0 0

            Institutions  LGD/CCF 0 0 0 1,290,402 598,755 0 443,090 0 0 0

            Retail - Other non-SME  LGD/CCF 0 0 0 0 0 0 0 2,237,360 2,634,281 2,967,653

            Retail - Other SME  LGD/CCF 0 0 0 0 0 0 0 887,400 1,029,727 1,147,029

            Retail - Qualifying revolving  LGD/CCF 0 0 0 0 0 0 0 427,425 437,408 448,445

            Retail - Secured by real estate non-SME  LGD/CCF 0 0 0 0 0 0 0 12,814,203 14,565,675 17,258,450

            Retail - Secured by real estate SME  LGD/CCF 0 0 0 0 0 0 0 98,184 105,993 119,835

         IRB approaches when own estimates of LGD and/or Conversion Factors are used 0 0 0 16,152,384 0 0 0 18,989,236 21,710,734 25,468,563

      Central governments and central banks 0 0 0 0 0 0 0 1,539,084 1,709,535 1,760,565

      Corporates - Other 0 0 0 0 0 0 0 8,044,875 8,739,986 8,423,286

      Corporates - SME 0 0 0 0 0 0 0 2,352,050 2,502,101 2,832,566

      Corporates - Specialised Lending 0 0 0 0 0 0 0 3,200,125 3,495,902 3,745,234

      Institutions 0 0 0 0 0 0 0 1,211,934 1,119,097 1,205,219

   IRB approaches when neither own estimates of LGD nor Conversion Factors are used 0 0 0 0 0 0 0 16,348,071 17,566,620 17,966,870

Grand Total 0 5,965,192,468 13,443,311,212 16,492,411,483 17,409,195,327 15,697,367,743 16,517,732,510 205,873,762,333 25,388,451,463 25,908,708,866
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Graph: IRB approaches when neither own estimates of LGD nor Conversion Factors are used 

 

Graph: IRB approaches when own estimates of LGD and/or Conversion Factors are used 
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