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1. Introduction 

The discussion around Banking System’s risks has always been a topic of great importance 

and relevance. Particularly in these years, after the 2008 crisis, such issue has assumed a 

significant role at global level and it keeps drawing the attention of Regulatory Authorities 

now more than ever.   

The sector that deals with Risk Management (RM) is based on the implementation of logical 

and systematic procedures that allow to identify, analyse, reduce and monitor the risks 

associated with any process with the purpose of making organizations able to minimize losses 

and maximize opportunities. This sector has evolved over time, trying to mitigate the risks 

that were progressively identified by the Directives continuously searching for more suitable 

application methods. 

In order to identify such risks, we should start by dividing them into three different 

categories: credit, market and counterparty risks. Market risks represent possible losses on 

portfolios’ positions due to adverse movements at market price. A much more important 

role has been assumed, over the years, by credit risks. They reveal themselves when the 

counterparty is no longer able to meet the obligations previously assumed. Lastly, operational 

risks, that has been introduced more recently, are defined as risks of direct or indirect losses 

deriving from human errors or inadequacies of internal systems.  

The first division of the work proposes a complete overview of the Basel Committee’s 

proceedings, focusing on such regulation in the risk management context over the years. The 

Basel Committee has a long standing, in fact it was established in December 1974 by the 

Governors of the G10 Central Banks to develop the collaboration between banking 

supervisors; it is still operational with its last proposal of December 2017 (called Basel IV). 

In calculating risk parameters by means of internal credit risk measurement systems, the 

calculation of Loss Given Default plays an important role. In order to use the Advanced 

IRB approach, the intermediary assesses its own estimate of the recovery rate, based on the 

type of guarantee issued to protect the loan, the probable recovery time and the seniority of 

the guarantee. 
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The Loss Given Default (LGD) is one of the main risk measures for banks and represents 

the expected loss deriving from the recovery of defaulted loans. The LGD models for the 

calculation of regulatory capital are based on banks’ internal data that contain information of 

the non-performing credit recovery history. 

The central section of the thesis concerns a project aimed at building a LGD Pooled model 

in the context of the Advanced Internal Ratings Based approach consistent with the current 

Basel Framework (Regulation Eu No 575/2013 of the European Parliament and of the 

Council, 2013). The goal of this work is to find a suitable model to describe the level of LGD 

on the basis of some characteristics of loans in default status, in order to be able to identify 

the multivariate model that generates estimates. In order to develop such estimate we decide 

to perform the analysis by means of the “Workout approach” based on recoveries and losses 

happened during the period starting from the entrance in the default status of every specific 

facility. 

The term “Pool Approach” refers to an estimation method that includes a group of mid-size 

banks that cannot develop their estimates models due to lack of information which they are 

not able to fill by themselves. In fact, thanks to a Pool model development, banks under 

analysis can benefit from information areas that they would not have considered otherwise. 

Furthermore, with the prospect of acquiring new financial instruments, a mid-size bank can 

get some knowledge on such items and their risk taking account of the Pool level benchmark.   

The objective of an internal model of LGD, characterized by a Pooled data approach, is to 

use the information power of the aforementioned Pool sample in determining estimates at 

the level of a single Banking Group. To this end, the estimation processes of the individual 

components of the model are conducted at the Pool level, providing for a change in the 

recalibration of estimates at the Banking Group level. The “Pooled Approach” concept is 

quite original and potentially innovative, particularly in the Italian context; this is one of the 

reasons why this paper faces with this matter.  

The conclusive phase consists in a set of analyses of the Pooled Approach advantages and 

disadvantages. Such examinations are aimed at evaluating whether the “Pooled Approach” 

can be considered a better alternative compared to the “Bank Specific” which estimates 

requirements for Specific Banking Groups. In particular, the purpose of the final section is 

to present the rationales that support the choice of a Pool approach for the estimation of the 
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LGD model, verifying that this choice does not generate bias compared to making separate 

estimates for each banking group. In order to check the accuracy of the analysis that has 

been described during the previous chapter, the following verifications has been performed:  

§ A Representativeness Analysis of estimation perimeters of each Banking Group with 

that of the Pool by means of the Population Stability Index (PSI), to verify the 

correspondence in terms of composition; 

§ A verification of the hypothesis of adoption of the Pool approach for the selection 

of risk drivers. 

The outcomes of the final part will be successfully in favour of the Pooled approach, 

underlying how it is more convenient using it for capital requirements estimation. 
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2. Inside the Regulation 

Since the 1988, with the introduction of international standards for bank regulation marked 

by the Basel Accord, bank regulation has known an evolutionary process. In order to 

comprehend the current regulatory environment, it is necessary to be aware of historical 

developments. To this purpose, this introductive part explains the evolution of the regulatory 

environment prior to the 2007 credit crisis and the changes after that.  Throughout the course 

of the following chapter, the 1988 Basel Accord (known as Basel I), netting provisions, and 

the 1996 Amendment will be explained. In the middle of the Chapter, we will discuss Basel 

II. The new framework was designed to improve the way in which regulatory capital 

requirements reflect underlying risks and to better address the financial innovation that had 

occurred in those years. Later on, we will inspect Basel III, aims at increasing the portion of 

equity capital that banks must keep. The chapter ends with the presentation of the complex 

set of measures and reforms recently prepared by the Basel Committee (Basel IV). The 

engine of the various decisions was the Basel Committee on Banking Supervision (BCBS), 

the most famous member of the Bank of International Settlements (BIS) institutions. History 

attributes the origin of the Committee to the crisis raised by the failure of the German Bank 

Herstatt during 1974. After the bank’s bankruptcy declaration there were substantial 

consequences on the bond market, as an immediate and direct consequence of default, and 

a worrying domino effect that damaged the entire financial system was generated. Goodhart 

(2011) underlined how in that period it was “a truism that finance and financial markets have 

become international, global, in scope whereas the regulation, supervision and control of 

financial systems have remained national, subject to national legislation and jurisdiction. This 

basic contrast has inevitably caused, and continues to cause, all kinds of tensions about 

competition between financial institutions headquartered in different countries about the 

coverage of supervision of international banks”. In fact, the unilateral domestic regulation 

can lead to a process known as “disintermediation” which benefits lightly regulated 

competitors. This has emphasised the importance of a financial regulation on an international 

basis. In this respect, the BCBS has had a key role in developing a common regulatory basis 

between Europe, North America and Japan in a context where the price of oil was four times 

as many (Arab/ Israeli war, 1973) and the “Eurodollar system was views not so much as a 

threat to macro-stability but as a vital component of the necessary global recycling process” 

(Goodhart, 2011).   
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2.1 Systemic Risk 

What we know about systemic risk, i.e. the most alarming concern for Governments and the 

major contributor to the financial crisis of 2008, is that it denotes “the possibility that a 

triggering event, such as the failure of an individual firm, which will seriously impair other 

firms or markets and harm the broader economy” (Bullard, Neely, and Wheelock, 2009). The 

vulnerability of the financial sector to systemic risk can be explained by different reasons. 

The first is the “interconnectedness”. In the normal course of business, large commercial 

and investment banks lend and trade with each other, generating significant linkages between 

them. A second reason can be found in “leverage”: in fact, financial firms turn out to be 

highly leveraged - that is, they fund a substantial portion of their assets by issuing debt rather 

than selling equity. A third reason can be recognised in the maturity transformation. Banks 

and other financial firms are prone to finance their holdings of long-term assets with short 

term debt. In such a contest, risk assessment proves to be an important aspect which cannot 

be neglected. 

One of the most-mentioned historical case is that of Lehman Brothers. The dimension and 

consolidation of Lehman Brothers, one of the fourth-largest U.S. investment bank at the 

time of its collapse, into the U.S. economy made it a source of systemic risk. Capital markets 

were stuck and businesses and consumers could not get loans, or could only get loans if they 

were extremely creditworthy, posing minimal risk to the lender.  Before 1988, there were two 

basic problems inside bank regulation: 

§ Banks’ acceptable capital and ratios varied from country to country. Indeed, 

happened that banks operating under remissive restrictions were considered to have 

a competitive edge over banks operating under more severe capital regulations; 

§ Banks began to know over-the-counter derivatives market. All the new financial 

instruments contributed to complicating banks’ transactions. It was not possible to 

account the potential future exposure on derivatives, because it was not reflected in 

the banks’ reported assets. In consequence, these types of transactions had no effect 

on the amount of capital the banks were required to keep.  

It therefore became necessary to define a Regulation of banking supervision, to ensure 

stability on a global basis. 
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2.2 Basel I 

In 1974, delegates of G10 Central Banks formed an international advisory body called “Basel 

Committee on Banking Supervision”, (BCBS). The Basel Committee has no legislative power 

and it just formulates proposals to be implemented in the national context. The first major 

result of the Committee meetings was a document entitled “International Convergence of 

capital Measurement and Capital Standards”, referred to as “The 1988 BIS Accord” and, 

later on, simply labelled as “Basel I”, which will be presented through the course of the 

chapter.  

2.2.1 Total credit Exposure 

The concept of credit exposure aims at quantifying the total amount that can be lost if the 

counterparty to a specific contract defaults. This consists in another appellation for the credit 

risk’s notion, as the size of credit exposure indicates the extent of the loss that a lender is 

uncovered to in the event of the debtor default. Credit risk exposures are commonly 

classified into three main subclasses. The first one contains on-balance sheet assets; the 

second the off-balance-sheet; the last one contains the over-the-counter derivatives.  Starting 

from the first division, each on-balance-sheet asset is assigned a risk weight reflecting its 

credit risk. A sample of the risk weights specified in the Accord is shown in Table 1. 

Table 1 - Risk weights for on-balance-sheet items 

Risk Weight (%) Asset Category 

0 
Cash, gold bullion, claims on OECD governments such as 

Treasury bonds or insured residential mortgages  

20 

Claims on OECD banks and OECD public sector entities such as 

securities issued by U.S. government agencies or claims on 

municipalities  

50 Uninsured residential mortgage loans 
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100 
All other claims such as corporate bonds and less-developed 

country debt, claims on non-OECD banks  

If we consider a basket composed by N on-balance-sheet items, the total risk weighted 

amount of the ith item is identified by the product of the principal amount	(#$) and its risk 

weight (%$): 

'%$#$

(

$)*

 

With respect to the off-balance-sheet category, this includes bankers’ acceptances, guarantees 

and loan commitments. In order to compute a comparable amount, a conversion factor (CF) 

to the principal amount is applied. The CF equals 100% for loans and similar, whereas it is 

lower for the other instruments. For the third group, which contains over-the-counter 

derivatives, the credit equivalent amount is calculated as the maximum between the current 

value of the derivative (+) and zero plus an add-on factor (,) multiplied by the principal 

amount. In particular, the add-on factor captures the possibility that the exposure will be 

greater than the bank’s exposure identified by max(+, 0). Algebraically: 

max(+, 0) + ,# 

Suppose that the counterparty defaults today and + is positive: the contract is an asset to the 

bank and the bank can lose +. On the contrary, if + is negative, the contract is an asset to 

the counterparty and there will be neither a gain nor a loss to the bank. Combining all the 

aforementioned components, the total risk-weighted amount for bank with N on-balance-

sheet items and M off-balance-sheet items, is calculated as:  

'%$#$

(

$)*

+'%3
∗53

6

3)*

 

Where	53	is the credit equivalent amount for the jth derivative (or off-balance-sheet asset) 

and %3
∗is the risk weight of the counterparty of this item. 



9 
 

This is the Cooke ratio (also known as Basel ratio), i.e. a measure of the total credit exposures 

for a bank.  

2.2.2 Capital Requirements 

With the Basel I Accord, banks were required to keep at least 8% of the risk-weighted assets 

as Capital. Capital was composed by two main components: 

1. Tier Capital 1 was the Primary element, and the most important one, because it 

absorbs losses. It was formed by equity and noncumulative perpetual preferred stock; 

2. Tier Capital 2 was the Supplementary element of bank Capital. It was formed by 

instruments such as cumulative perpetual preferred stock, subordinate debt, i.e. debt 

subordinated to depositors with an original life of more than five year, and certain 

types of 99-year obligation issues.  

If equity capital is less than losses, the bank results insolvent. In this case, Tier 2 acts as a 

cushion for depositors because it covers losses. The accord required at least 50% of the 

Capital to be in Tier 1, i.e. the 4% of the risk-weighted assets (RWA). In addition, the 2% of 

risk-weighted assets was required to be in common equity. 

2.2.3 The concept of “netting” and the 1996 Amendment  

The ISDA Master Agreement, signed for the first time in 1985 and then updated in 2002, is 

an internationally agreed document published by the International Swaps and Derivative 

Association. The agreement is used to provide certain legal and credit protection for parties 

inside the over-the-counter market. The term “Netting” indicates a clause in the Master 

Agreement with the purpose of reducing the credit risk, which states that in the event of 

default of a single transaction covered by the Agreement, the entity must default on all 

transactions, as if they were a single one. For instance, suppose that a bank has three OTC 

transactions outstanding with a counterparty. The transaction are worth +$18, -$20 and +$10 

for the bank. At some time, the counterparty has financial difficulties and defaults on one or 

some obligations. The situation would be very hindering for the bank, because the 

counterparty would default on the first and the third transaction, keeping the second one, 

leaving the bank with a loss of ($18 + $20 +$10) = $48. The situation would be more 

favourable for the bank with the netting application, because the counterparty is obliged to 
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default on the second transaction as well, leaving the bank with a loss of ($18+$10) = $28. 

Generally, suppose that a financial institution has a portfolio of N derivatives and the current 

value of the ith derivative is +$ . Without netting, the financial institution’s exposure in the 

event of default of the counterparty will be: 

'max	(+$, 0)

(

$)*

 

With Netting, the financial institution’s exposure in the event of default of the counterparty 

will be: 

max7'+$, 0

(

$)*

8 

By 1995, netting had been successfully tested and hence implemented in the Basel I Accord. 

The Net Replacement Ratio (NRR) represents the ratio between the current exposure with 

the netting procedure and the current exposure without it. On a computational level: 

9:: = 	
<,=(∑ +$, 0

(
$)* )

(∑ max	(+$, 0
(
$)* ))

 

Basel I was implemented with the 1996 Amendment, with the purpose of involving capital 

for the market risks associated with trading activities. Banks were required to use the fair 

value accounting system for assets and liabilities used for trading purposes. Such structure 

systematically re-measures assets and liabilities in order to capture changes in their values, 

except for those assets that are expected to be held for their entire live for investment 

purposes. Assets involved in trading activities constitute what is referred to as trading book; 

the others are contained into the banking book. A capital charge for all items composing the 

trading book is presented by the Amendment in order to define the market risk associated with 

them. This additional factor aims at protecting banks from the market risks associated with 

untoward price movements. Moreover, it is required to be considered together with the total 

credit risk exposure (reference to Paragraph 2.2.1 for details on credit risk exposure 

computation). The charge had to be assigned through a “Standardized Approach” that 

allocate capital separately to each of debt securities, equity securities, foreign exchange risk, 

commodity risk and options, not considering correlation between instruments. Banks with 
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operative risk management functions were allowed to use “Internal Models” to calculate 

market risk capital under the authority approval. The calculation involved the estimation and 

the conversion into a capital requirement of a value-at-risk measure. The VaR was calculated 

with a 99% confidence level and 10-day holding period. The conversion formula for the 

computation of the capital requirement was: 

max	(+,:?@*, 	<A	*	+,:BCD) + E:5  

Equation 1 

The first term in Equation 1 “covers risks related to movements in broad market variables 

such as interest rates, exchange rates, stock indices, and commodity prices” (Hull, 2015). In 

particular:  

§ <A is a multiplicative factor whose minimum value is 3; 

§  +,:?@* is the value at risk for the previous day; 

§ +,:BCD is the average value at risk over the past 60 days 

The second term, the specific risk charge, covers risks related to specific companies such as 

those concerned with movements in a company’s stock price or changes in a company’s 

credit spread. The total capital banks were asked to hold after the enforcement of the 1996 

Amendment was the sum between credit risk capital equal to 8% of the RWA and the market 

risk capital. For convenience, an RWA for market risk capital was defined as 12.5 multiplied 

by the amount given in Equation 1. As a result, the total capital required for credit and market 

risk was defined by: 

FGH,I	5,JKH,I = 0.08 ∗ (NOPQKH	OKRS	:TU +<,OSPH	OKRS	:TU) 

Equation 2 

A bank could decide to use Tier 1 or Tier 2 (also Tier 3 before Basel III) with indifference 

for market risk.  

2.3 Basel II 

Approximately ten years after the introduction of the 1988 Amendment, the Basel 

Committee proposed the “New Basel Capital Accord”, a set of new rules that have become 
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known as Basel II. Basel I was defined as very sketchy and with a huge amount of fallacies, 

two of which summarized below: 

i. All loans by a bank to a corporate have a risk weight equal to 100% and required the 

same amount of capital. This means that a AAA rated corporation was treated as a 

B rated one; 

ii. There was not a model for the correlation of default. 

The implementation of the rules began in 2007 after all the members’ approval. The new 

capital adequacy framework is structured according to three fundamental Pillars that are 

complementary to each other and, ideally, intended to reinforce each other. “Under Pillar I, 

the new framework lays out principles for banks to assess the adequacy of their capital. The 

second Pillar designs principles for supervisors in order to review the assessment of capital 

adequacy and to ensure that banks have adequate capital to support their risks. Pillar III 

provides the market with some rules that guarantee discipline by providing investors with all 

relevant information needed to assess the risk profile of a bank”1. 

                                                
1 See Basel Committee on Banking Supervision, “Consultative Document for Pillar 2”, Supporting Document 
to the New Basel Capital Accord, 2001, Bank for International Settlements. 

Minimum Capital 
Requirements 

 
 
 
 
 
                            

Supervisory Review 
Process 

 
 
 
 
 

Disclosure  
Requirements 

 
 
 
 
 

Pillar I Pillar II Pillar III 

Figure 1 - Summarizing the concept of Pillars 

Aim: to mitigate credit 
risk, operational risk, 

market risk and 
counterparty risk 
Recipient: Banks 

 

Aim: to monitor the 
adequacy of 

capitalization levels 
with the introduction 
of ICAAP and SREP 
Recipient: Banks and 

Regulators 
 

Aim: to provide the 
market with 

information that allows 
them to know the 

banks’ profiles 
Recipient: Market 
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2.3.1 Pillar I: Minimum Capital Requirements 

For credit risk, the framework specified three approaches to be used by banks: 

1. The Standardized Approach 

2. The Foundation Internal Ratings Based (IRB) Approach 

3. The Advanced IRB Approach 

Table 2 – Basel II Standardized approach Risk Weights as a Percent of Principal for Exposures to Countries, Banks 

and Corporations 

 
AAA/ 

AA- 

A+/ 

A- 

BBB+/ 

BBB- 

BB+/ 

BB- 

B+/ 

B- 

Below 

B- 
Unrated 

Country 0 20 50 100 100 150 100 

Banks 20 50 50 100 100 150 50 

Corporations 20 50 100 100 100 150 100 

Country 

Central Bank* 
20 20 20 50 50 100 50 

Claims on 

Banks** 
20 50 100 100 100 150 100 

*or when exposures are to the country in which the bank is incorporated 

** National supervisors can choose to base capital requirements on the rating of the country in which the bank is 

incorporated 

Banks that have not experience with the use of internal ratings approaches usually make use 

of the so-called Standardized Approach. Table 2 reports an abstract of the Standardized 

Approach. In order to understand such approach, we have to compare Table 2 and Table 1 
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(that referred to Risk Weights under Basel I). As we see, the OECD membership of a bank 

or a country is no more relevant under Basel II: the Regulatory Framework defined by Basel 

I considered corporations as riskier than OECD banks, actually they attracted a risk weight 

of 100% while banks a relatively small percentage (20%). On the other hand, Basel II 

manages banks and corporations impartially. According with information proposed in Table 

2, if a country, a corporation or a bank is unrated, it has a better risk weight compared to 

such institutions with very poor credit ratings. Under Basel II, claims secured by a residential 

mortgage have a risk weight equal to 35%, whereas it is equal to 100% when claims are 

secured by commercial real estate. 

Under the first Pillar, it was planned a Credit Risk Mitigation (CRM) that recognized the 

mitigating effects of collaterals in reducing the exposure and the Loss Given Default. There 

were two proposed approaches2 to adjust risk weights of collaterals: 

§ The simple approach: the risk weight of the counterparty changed with the 

collateral risk weight for the portion of the exposure, calculated after netting, 

covered by the collateral. The minimum risk weight identified3 for the collateral 

is 20%. The value of the collateral must be monitored every six months; 

§ The comprehensive approach: depending on the volatility of both the exposure 

and the collateral, an upward adjustment of the size of the banks’ exposure was 

done in order to forego an increase in the exposure and, on the contrary, the 

value of the collateral is adjusted downward to precede possible decreases in its 

value. Dividing the excess of the adjusted exposure by the adjusted value of the 

collateral we obtain the new exposure.  

Banks can choose the approach for the banking book, but they must use the comprehensive 

approach for the trading book in the context of capital for counterparty credit risk calculation. 

Banks were allowed to estimate their own risk parameters in order to arrive at regulatory 

requirements’ calculation. Such method, known as the Internal Rating Based Approach 

                                                
2 Basel Committee on Banking Supervision, “The New Basel Capital Accord”, 2003, Bank for International 
Settlements. 
3 An exception is when the collateral consists of cash or government securities with the currency of the collateral 
being the same as the currency of the exposure. 
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(IRB), needs the national supervisor approval to be used.  The Regulation4 provides five key 

elements for the specification on the IRB Approach: 

§ A classification of exposures by type; 

§ For each exposure class, certain risk components which a bank must provide, using 

standardized parameters or internal estimates; 

§ A risk-weight function which provides capital requirements for given sets of these 

components; 

§ A set of minimum requirements that a bank must meet in order to be eligible for IRB 

treatment for that exposure; 

§ Supervisory review of compliance with the minimum requirements. 

All banks must provide an internal estimate of the Probability of Default associated with 

each borrower exposure. We can define the Probability of Default as the riskiness of the 

counterparty for which the exposure is intended during a determined observed period, 

usually lasting 12 months. Pillar I foresees that banks provide a rating system that must take 

into account the risk characteristics of the debtor and the transaction; they must also provide 

a rating scale that reflects the quantification of the default risk of the debtor. Such scale is 

based on the indications contained in the Regulation5 ; it must have a minimum of 7 classes 

for not defaulted loans and 1 class for those in default status. Each debtor is assigned a 

Probability of Default that can be estimated at the level of an individual debtor. Then, clients 

with similar scores are grouped into classes: the percentage of default truly occurred on each 

class in succeeding years is used as an estimate of the PD.  

An additional important estimate to be provided by banks, which is the measure that we will 

discuss during the course of the thesis, is the Loss Given Default. The LGD is the percentage 

of credit that, in the case of insolvency, cannot be recovered by institutions. “While the PD 

associated with a given borrower does not depend on the features of the specific transaction, 

LGD is facility-specific because such losses are generally understood to be influenced by key 

transaction characteristics such as the presence of collateral and the degree of subordination” 

(Basel Committee on Banking Supervision, 2001). Under the IRB Approach, the Loss Given 

                                                
4 Basel Committee on Banking Supervision, “The Internal Ratings-Based Approach”, 2001, Bank for 
International Settlements. 
5 Art. 170, paragraph 1 (b) of the CRR. 
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Default is estimated by the application of some standard rules, which distinguish the level of 

LGD for every transaction. The Committee proposed the use of a 50% LGD value for 

unsecured transactions. At the end, if a financial collateral is attached to a transaction, the 

LGD is scaled to the degree to which the transaction is secured.   

Furthermore, a bank must provide the currency amount of the exposure at default (EAD). 

Usually, the EAD is equal to the nominal amount of the facility. Similar to the LGD 

estimation, the EAD is calculated with standard supervisory rules.  

The IRB Approach model is illustrated in Figure 2. The capital requirement is based on the 

1-year horizon 99% VaR. A financial institution usually covers its expected losses pricing its 

product. Therefore, the capital required is equal to the VaR minus the expected loss. 

Figure 2 - Model for IRB Approach specification, based on the definition of the Value at Risk concept. The capital 

required is equal to the VaR minus the expected loss.  

 

 

 

 

 

VaR is calculated with the one-factor Gaussian copula model of default time6. As an example, 

assume that a bank has a number of obligors and PDi is the probability of default of 1-year 

period for the ith obligor. Furthermore (as defined in Appendix A) r is the copula correlation 

between each pair of obligors and WCDR identifies the “worst-case default rate”. With 

reference to Equation 11 we can write: 

	

WCDR$ = 9 Z
9@*([\$) + ]r	9@*(0.999)

]1 − r
a 

                                                
6 See Appendix A. 

Capital Requirement 
 

Expected 1 year loss One year 99% VaR 

One-year loss 
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Equation 3 

In this case the “worst-case default rate” is defined so that the bank is “99.9% certain it will 

not be exceeded next year for the ith counterparty” (Hull, 2015). The Vasicek approach7 has 

been implemented by Gordy8 in 2003. Gordy shows that in a one-factor model, the 1-year 

99.9% VaR for a large portfolio of instruments (loans, derivatives…) having the same r is 

equal to: 

∑ bU\$$  * LGD$ ∗ WCDR$ 

The expected loss from default is defined as: 

∑ bU\$$  * LGD$ ∗ PD$ 

The portion of capital required (see Figure 1) is therefore defined through Errore. L'origine 

riferimento non è stata trovata. as the excess of the 99.9% worst-case loss over the 

expected loss: 

∑ bU\$$  * LGD$ ∗ (WCDR$ − PD$) 

Equation 4 

Table 3 shows one-year 99.9% WCDR for every level of Probability of Default and r in the 

Gaussian copula model. Note that if WCDR increases, r increases proportionally. 

Furthermore, if there is no default correlation, i.e. when r equals zero, it results that 

WCDR=PD, which means that we can expect that the percentage of loans defaulting is equal 

for all the years. 

Table 3 – Worst Case Default Rate Dependence on Probability of Default and r 

 PD=0.1% PD=0.5% PD=1.0% PD=1.5% PD=2.0% 

                                                
7 See Appendix A. 
8 See M. B. Gordy, “A Risk-Factor Model Foundation for Ratings-Based Bank Capital Ratios,” Journal 
of Financial Intermediation 12, 2003.  
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r=0.0 0.1% 0.5% 1.0% 1.5% 2.0% 

r=0.2 2.8% 9.1% 14.6% 18.9% 22.6% 

r=0.4 7.1% 21.1% 31.6% 39.0% 44.9% 

r=0.6 13.5% 38.7% 54.2% 63.8% 70.5% 

r=0.8 23.3% 66.3% 83.6% 90.8% 94.4% 

Vasicek’s Equation 3Errore. L'origine riferimento non è stata trovata. and Lopez’s 

Equation 4 are combined to produce Table 4, whose represents the one-year 99.9% WCDR 

Dependence on PD for corporate, sovereign and bank exposures. In fact, in this area, Basel 

II refers to Lopez’s empirical project9 whose proposed a relationship between r and PD. 

f = 0.12(1 + 	P@hi∗jk) 

Equation 5 

Note that r and PD are inversely proportional. In fact, a company’s PD increases and is less 

affected by overall market conditions as the company becomes less creditworthy. For all 

these reasons, WCDR is an increasing function of the Probability of Default. 

Table 4 – Worst Case Default Rate Dependence on Probability of Default for Corporate, Sovereign and Bank 

exposures 

PD 0.1% 0.5% 1.0% 1.5% 2.0% 

WCDR 3.4% 9.8% 14.0% 16.9% 19.0% 

                                                
9 See J. Lopez, “The Empirical Relationship between Average Asset Correlation, Firm Probability of Default, 
and Asset Size,” Journal of Financial Intermediation 13, no. 2, 2004. 
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Basing on the discussion for Equation 4, the formula for the capital required for the 

counterparty is 

bU\ ∗ #l\ ∗ (T5\: − [\) ∗ mU 

Where mU is the adjusted maturity designed for those instruments that have a life longer 

than one year. In these cases, the adjusted maturity allows the possibility of 1-year credit 

exposure coming from a decline or a default of the counterparty. mU is defined as a function 

of the maturity of the exposure and n: 

mU =
1 + (m − 2.5) ∗ n

1 − 1.5 ∗ n
 

%ℎPOP	n = 	 [0.11852	 − 	0.05478	 × 	ln	(PD)]x	

The RWA, as seen in Equation 2, are calculated as 12.5 multiplied by the capital required. In 

essence: 

:TU = 12.5 ∗ bU\ ∗ #l\ ∗ (T5\: − [\) ∗ mU 

The methods for determining EAD, PD, LGD and M (for each loan included in the 

portfolio) may vary depending on the IRB method used by the bank: Table 5 shows the main 

differences between the Foundation IRB approach and the Advanced IRB approach. As can 

be seen, the common element of the two approaches is that credit institutions must assess 

the Probability of Default with appropriate internal methods; while for all the other variables 

it is possible to consider predetermined values or to use alternative techniques only if 

authorized by the supervisory authorities. 

Table 5 – Internal Rating Based Approaches: a comparison between the Foundation IRB and the Advanced IRB 

VARIABLES FOUNDATION IRB ADVANCED IRB 

EAD Exposures at time of 

default are determined 

The intermediary may 

adopt Correction Factors 
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through some Correction 

Factors 

different from those set in 

the Regulation 

PD 

Thanks to a continuous 

monitoring of customer 

loans, it is possible to 

define internal models that 

associate a PD with the 

creditworthiness of the 

counterparty 

The PD can be reduced 

with risk mitigation factors 

LGD 

Generally, depending on 

the type of guarantee issued 

on the loan, the recovery 

rate changes significantly. 

LGD is equal to 45% in the 

case of senior guarantees 

(with high repayment 

priority) and 75% with 

junior guarantees 

(subordinated securities) 

The intermediary assesses 

its own estimate of the 

recovery rate, based on: 

1) the type of guarantee 

issued to protect the loan; 

2) the probable recovery 

time; 

3) the seniority of the 

guarantee 

M 

For most of the exposures 

in the portfolio, the 

maturity is set at two years 

and six months  

The bank considers the 

effective maturities on each 

loan of the customer, 

subsequently depending on 

the PD of the counterparty 

will be adjusted by the 

factor b (see above) 
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The main problem that the bank will have to face in order to apply the Advanced IRB 

Approach is undoubtedly the evaluation of the Probability of Default and the estimates of 

the Recovery Rates on each counterparty in the asset portfolio: the PD and the LGD in fact 

depend considerably on the type of information available to the bank. For example, it can be 

said that an intermediary will be able to access much more information on companies listed 

on the market than unlisted SMEs. 

2.3.2 Focus on the Loss Given Default 

With the aim of analysing the purpose and the role of the LGD risk parameter, this section 

discusses Article 181 contained in Regulation (EU) No 575/201310. According to this 

Article11, institutions must estimate LGD in terms of facility and not of counterparty, in order 

to allow the institution to have more details on the individual transactions relating to a global 

customer position. The law provides12 that the LGD is estimated by institutions using data 

contained in a historical horizon of at least 5 years, assigning more importance to more recent 

data if they are predictors of loss rates. Furthermore, in any case the observation period is 

such as to provide indications on the trend of loss rates at different stages of the economic 

cycle. In fact, within the Article13, the concept of LGD Downturn has been introduced: 

institutions are asked to adopt a wider view in the estimation process, which considers and 

reflects the general trend of the economy. Several empirical studies have shown that the value 

of Recovery Rates (that is, the complementary value of the LGD) decreases significantly 

during a recessive phase. It is therefore necessary that the models for calculating the 

minimum capital requirements for credit risk take the economic cycle into account in order 

to not underestimate the provisions in the recession periods. The Downturn reflects an 

additional conservative layer for the estimation of the parameter, aimed at considering 

recession phases into the computation. The LGD Downturn (LGD DT) definition will 

therefore directly affect the Loss Given Default and the conversion factor (CF) which 

transforms the off-balance sheet exposures into equivalent risk-weighted assets. In order to 

limit unjustified variability stemming from LGD Downturn estimation Articles 181(3)(a) and 

                                                
10 European Council and Parliament, Regulation (EU) No 575/2013, “Prudential requirements for credit 
institutions and investment firms and amending Regulation”, 2013. 
11 Article 181 (1) (a) of the CRR. 
12 Article 181 (1) (j) of the CRR. 
13 Article 181 (1) (b) of the CRR 
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182(4)(a) of Regulation(EU) No 575/2013 (CRR)14 specify an Economic Downturn in terms 

of its nature, duration and severity.  

§ The nature of an LGD DT is specified by a set of macroeconomic or credit-related 

factors that are explanatory indicators of the business cycle of the type of exposures 

under consideration (such as the GDP trend, the unemployment rate tendency or 

industry-specific indices); 

§ The severity of an LGD DT must comprise a set of the most severe values observed 

over a given historical period on the relevant economic factors; 

§ The duration of an LGD DT must involve a set of intervals of the downturn periods 

constituting the economic downturn under consideration. 

Additionally, pursuant to the Article15, if the counterparty for whom a value of LGD is being 

valued is provided with collateral, the value of the latter must be estimated on a continuous 

basis during the litigation phase. This will take into account the risk that the counterparty 

may no longer own the guarantee, or that the fair value has decreased over time. The LGD 

is estimated on the base of the aforementioned fair value, provided as an outdoor measure 

in the form of “expertise value”. For the specific case of defaulted loans, in accordance with 

the Article16, LGD's internal estimates, labelled LGD DA, correspond to the sum of two 

components: 

#l\	\U = b#yb + z# 

where  

§ b#yb represents the best estimate of expected loss for each counterparty given the 

economic circumstances and the status of the exposure at that time. In other words, 

it denotes the complementary of the next factor, i.e. the “Expected” component of 

the loss ; 

§ z# stands for “Unexpected Loss”, that is the increase in the loss rate generated by 

any further losses unexpected during the period of recovery. 

                                                
14 For further information refer to EBA/RTS/2018/04 “Final Draft Regulatory Technical Standards”, 2018. 
15 Article 181 (1) (e) of the CRR. 
16 Article 181 (1) (h) of the CRR. 
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2.3.3 Pillar II and III: Supervisory review and Market Discipline 

The second pillar17 is based on four principles concerning with the supervisory review 

process: 

1. “Banks should have a process for assessing their overall capital adequacy in 

relation to their risk profile and a strategy for maintaining their capital levels; 

2. Supervisors should review and evaluate bank’s internal capital adequacy 

assessments and strategies, as well as their ability to monitor and ensure their 

compliance with regulatory capital ratios. Supervisors should take appropriate 

supervisory action if they are not satisfied with the result of this process; 

3. Supervisors should expect banks to operate above the minimum regulatory 

capital and should gave the ability to require banks hold capital in excess of 

this minimum; 

4. Supervisors should seek to intervene at an early stage to prevent capital from 

falling below the minimum levels required to support the risk characteristics of 

a particular bank and should require rapid remedial action if capital is not 

maintained or restored.” 

As the World Bank Group (2018) stressed, the Pillar is taking on two different roles. On one 

side it “requires banks to formalize a method to measure their internal overall capital needs, 

a process called ICAAP18”, while on the other side it requests that “supervisors ensure they 

have the right tools to evaluate banks’ risk systems, risk profiles, strategic planning, and 

corresponding links to capital calculations, a process called SREP19”. 

Pillar III aims to force banks providing investors and other interested parties with 

information regarding their risk assessment procedures and capital adequacy. With respect 

to the framework, disclosures should be clear, comprehensive, meaningful to users, 

consistent over time and comparable across banks.  

                                                
17 See Basel Committee on Banking Supervision, “Pillar 2 Supervisory Review Process”, 2001, Bank for 
International Settlements. 
18 Internal capital adequacy assessment process. 
19 Supervisory review and evaluation process. 
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2.4 Post-Crisis Changes  

Some analysts20, during the years, have blamed Basel II for the crisis. The main 

responsibilities ascribed to the framework in connection with the financial crisis has been the 

following: 

i. “The average level of capital required by the new discipline was inadequate 

and provoke the collapse of many banks; 

ii. The new Capital Accord, interacting with fair-value accounting, has caused 

remarkable losses in the portfolios of intermediaries; 

iii. Capital requirements based on the Basel II regulations were cyclical and 

therefore tend to reinforce business cycle fluctuations;  

iv. In the Basel II framework, the assessment of credit risk was delegated to non-

banking institutions, such as rating agencies, subject to possible conflicts of 

interest; 

v. The new Framework gave incentives to intermediaries to deconsolidate from 

their balance sheets some very risky exposures.” 

In the strenuous context of the crisis, labelled as “the largest financial shock since the Great 

Depression” (Heather Stewart, 2008), the Basel Committee at first during the 2011 published 

Basel II.5, a collection of changes to the calculation of market risk capital. In December 

2010, the Committee released Basel III, whose full implementation is expected to be 

complete by 2019 as a replacement of Basel II.  

2.4.1 Basel II.5 

The measures contained in Basel II.5 had the effect of increasing the market risk capital that 

banks had to hold. The first change involved the estimation of the VaR: the 1996 

Amendment permitted banks to calculate capital via a 10-day 99% VaR measure and a great 

number of banks made use of the historical simulation21 approach to calculate it. Historical 

                                                
20 See F. Cannata and M. Quagliariello, “The role of Basel II in the subprime financial crisis: guilty or not 
guilty?”, 2009. 
21 See Appendix B. 



25 
 

simulation assumes that percentage changes in market variables during the following day 

consist in a random sample from their percentage daily changes observed during the previous 

one to four years. The VaRs calculated during the 2003-2006 period were very low due to 

the muffled volatilities of market variables. The VaRs continued to be low also after the start 

of the crisis, because the data used to calculate them continued to come from that period. 

These facts underline the need for the Basel Committee to introduce the concept of “Stressed 

VaR”22. The Basel Committee requires banks to calculate both the Stressed VaR (stressed 

period of 250 days) and the VaR based on historical simulations (one to four years period) 

combining them to arrive at the total capital charge formula explained below:  

max{+,:?@*,<A	 ∗ +,:BCD| + max	(R+,:?@*,<}	 ∗ R+,:BCD) 

where 

§ +,:?@* and R+,:?@* define the VaR and the Stressed VaR respectively calculated 

on the previous day; 

§  +,:BCD and R+,:BCD represent the averages calculated over the previous 60 days; 

§ <A and <}		are multiplicative factors whose minimum value is 3. 

The Value at Risk measures were calculated with a 99% confidence level and 10-day holding 

period. Since this new measure is at least as great as historical simulation VaR, the formula 

shows that equalling the multiplicative factors, the result of this rule is to increase a lot capital 

requirements. 

The second change proposed by Basel II.5 was the introduction of the “Incremental Risk 

Charge” (IRC). The need for such modification was revealed when, during 2005, the Basel 

Committee noticed that exposures in the banking book were attracting more capital that 

similar in trading book. The result was that such instruments in the trading book were 

preferred by banks. Furthermore, in 2008, after the 2007-2008 credit market turmoil, 

regulators realized that most of the losses during that period depended on changes in credit 

ratings, extended credit spread and loss of liquidity.  Hence the introduction of the IRC23. 

The IRC “requires banks to calculate a one-year 99.9% VaR for losses from credit sensitive 

                                                
22 See Appendix C. 
23 Basel Committee on Banking Supervision, “Guidelines for Computing Capital for Incremental Risk in the 
Trading Book,” 2009, Bank for International Settlements. 
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products in the trading book taking both credit rating changes and defaults into account” 

(Hull, 2015). Aim of regulators was to obtain an amount of capital equal to the maximum of 

that calculated for trading book and banking book. Of course, banks had the opportunity of 

rebalancing their portfolio in order to mitigate default risk. Moreover, two requirements have 

been added: 

§ The estimation of a liquidity horizon: the liquidity horizon is necessary for every 

instrument included in the IRC calculation. It represents the time needed for banks 

to sell or hedge the risky instrument in a stressed market. The minimum period for 

such horizon is specified as three months; 

§ The assumption of a constant level of risk: at the end of the liquidity horizon, the 

bank is obliged to replace the instrument with a similar one in terms of risk. 

In order to take account of risks in the correlation-trading portfolio, the last measure 

proposed by Basel II.5 was the “Comprehensive Risk Measure” (CRM). The correlation-

trading portfolio consists of securitization positions and credit derivatives that meet all of 

the following standards24:  

§ “The positions are neither re-securitization positions, nor options on a 
securitization tranche, nor any other derivatives of securitization exposures 
that do not provide a pro-rata share in the proceeds of a securitization tranche;  

§ All reference instruments are either of the following: (i) single-name 
instruments, including single-name credit derivatives, for which a liquid two-
way market exists; (ii) commonly-traded indices based on those reference 
entities.” 

In essence, such portfolio contains asset-backed securities (ABSs) and collateralized debt 

obligations (CDOs) which represents instruments considered as sensitive to the correlation 

between the default risks of different assets. The CRM consists in a capital charge for 

aforementioned instruments, which substitute the incremental risk charge and the specific 

risk charge.  

Table 6 - The Comprehensive Risk Measure approach 

                                                
24 See European Banking Authority, “Interactive Single Rulebook”, Article 338. 



27 
 

External Credit 

Assessment 

AAA/AA- A+/A- BBB+/ 

BBB- 

BB+/ BB- Below BB- or 

Unrated 

Securitizations 1,6% 4% 8% 28% Deduction 

Resecuritizations 3,2% 8% 18% 52% Deduction 

Table 6 summarizes the CRM approach. As we can note, capital charges are greater for re-

securitization. CRM can be also calculated internally by banks that have the supervisory 

approval. They are required to “capture the cumulative impact of multiple defaults, credit 

spread risk, the volatility of implied correlations, the relationship between credit spreads and 

implied correlations, recovery rate volatility, the risk of hedge slippage, and potential hedge 

rebalancing costs” (Hull, 2015).  

2.4.2 Basel III 

Basel III aims to increase capital requirements for credit risk, in a similar way to what was 

done in Basel II.5 for market risk. This reform was modelled on regulatory standards and 

introduced into the European banking system through the EU Regulation no. 575/2013 

(CRR) and Directive 2013/36 / EU (CRD IV). The framework contains the following 

sections25: 

§ Capital Definition and Requirements; 

§ Capital Conservation Buffer; 

§ Countercyclical Buffer; 

§ Leverage Ratio; 

§ Liquidity Risk; 

§ Counterparty Credit Risk 

The main changes introduced by the Basel III framework are summarized below: 

Figure 3 - Basel III activities’ summary 

                                                
25 These sections will be treated separately during the course of the document. 
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Capital Definition and Requirements 

A key element of the new definition of capital is the greater weight attributed to ordinary 

shares and retained earnings (common equity), i.e. the best quality component of a bank's 

assets. The new basic assets will be composed of: 

§ Tier 1 or Tier 1 capital (capable of absorbing losses under ongoing business 

continuity conditions); 

§ Additional Tier 1; 

§ Tier 2 capital (to be able to absorb losses in the event of a crisis - gone concern). 

“The predominant form of Tier 1 capital must be common shares and retained earnings”26, 

excluding goodwill or deferred tax assets. The additional Tier 1 capital consists of non-

common equity instruments (for example non-cumulative preferred stock) that were earlier 

Tier 1. Tier 2 capital consists also on debt subordinated to depositors with an original 

maturity of five years. By means of the regulation, (Basel Committee for Bank Supervision, 

June 2011) “all elements aforementioned are net of the associated regulatory adjustments 

and are subject to the following restrictions: 

§ Common Equity Tier 1 must be at least 4.5% of risk-weighted assets at all times; 

§ Tier 1 Capital must be at least 6.0% of risk-weighted assets at all times; 

                                                
26 Basel Committee for Bank Supervision, “Basel III: A Global Regulatory Framework for More Resilient 
Banks and Banking Systems,” 2011, Bank for International Settlements. 

Basel III Capital Quality, Consistency and Transparency

Strengthening of  Capital Requirements

Introduction of  the Leverage Ratio as additional measure of  the risk 
management framework
Reduction of  procyclicality and promotion of  anticyclical buffers

Liquidity Coverage Ratio introduction

Net Stable Funding Ratio introduction
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§ Total Capital (Tier 1 Capital plus Tier 2 Capital) must be at least 8.0% of risk-

weighted assets at all times.” 

Basel III requires much more tighten constrictions (higher percentages) and a more complex 

definition of equity capital. However, the sum of Tier 1 and Tier 2 remains the same as Basel 

I.  

Capital Conservation Buffer 

In addition to the aforementioned Capital Requirements, the framework asks for a Capital 

Conservation Buffer equal to 2.5% of RWA to be summed to Tier 1 equity capital.  If the 

Buffer fall below this level, some restrictions on the distribution of capital (dividends) will 

be imposed. The Buffer aims to preserve the minimum levels of regulatory capital during 

downturn periods, through the provision of high-quality capital in periods not characterized 

by market tensions. The rules concerning the dividends policy are summarized in Table 7. 

Table 7 – Retained Earnings Policy after the Conservation Buffer introduction 

Tier 1 Equity Capital ratio Minimum Percent of Retained Earnings 

4.000% to 5.125% 100% 

5.125% to 5.750% 80% 

5.750% to 6.375% 60% 

6.375% to 7.000% 40% 

>7% 0% 

After all, during normal times, banks are required to keep:  

§ Tier 1 equity capital as 7% of RWA;  
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§ At least Total Tier 1 Capital equal to 8.5% of RWA; 

§ At least the sum of Tier 1 and Tier 2 equal to 10.5% RWA. 

Countercyclical Capital Buffer 

The Countercyclical Capital Buffer (CCyB) is one of the most significant innovations in 

prudential matters introduced by the Basel III standards. This reserve aims to ensure that a 

fraction of the capital requirements, to which the banks and investment firms are subjected, 

is calibrated according to the macroeconomic conditions in which the credit entities operate 

during the financial cycle. By means of this buffer, the objective of ensuring greater resilience 

to credit institutions is combined with the international regulator’s desire to protect the 

banking sector from extreme movements in the financial cycle, which, in turn, could cause 

the materialization of risks of a systemic nature. Precisely for this reason, the anti-cyclical 

component of this reserve plays a double macro-prudential role. During expansion periods, 

the buffer purposes is to stem an excessive increase in credit supply and leverage. During 

downturn periods, this instrument ensures that credit institutions can continue to perform 

credit activities despite the limits imposed by the micro-prudential regulation. The calibration 

of the reserve can vary from 0% to 2.5% RWA depending on the conditions of growth in 

lending and leverage. Furthermore, it is envisaged that National Competent Authorities 

(NCA) may at their discretion set the capital ratio for banks established in their territory 

provided that this is deemed necessary in the light of the national macroeconomic context. 

For example, based on the analysis of the Italian reference indicators, Banca d’Italia, that is 

the Italian NCA, decided to maintain the CCyB equal to zero for the first quarter of 201927. 

The Basel Committee28 identifies the main reference indicator for setting the CCyB in the 

credit-to-GDP gap, defined as the difference between the credit-to-GDP ratio29 and its long 

term trend. Furthermore, Banca d’Italia investigates on the Italian macro-financial condition 

that comprises factors such as the unemployment rate, bank credit growth rates, impaired 

loans trend and housing prices in real terms. When the Buffer is non-zero, regulation provide 

a new Retained Earning Policy, explained in Table 8. 

                                                
27 Banca d’Italia, “Comunicato Stampa”, December 2018. 
28 Basel Committee on Banking Supervision, “Range of practices in implementing the countercyclical capital 
buffer policy”, 2017. 
29 The credit-to-GDP ratio identifies the proportion of the total credit to the non-financial private sector on 
the GDP. 
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Table 8 - Earnings Policy after the Conservation Buffer introduction 

Tier 1 Equity Capital ratio Minimum Percent of Retained Earnings 

4.00% to 5.75% 100% 

5.75% to 7.00% 80% 

7.00% to 8.25% 60% 

8.25% to 9.50% 40% 

>9.5% 0% 

Leverage Ratio 

The Basel III leverage ratio is defined30 as “the capital measure divided by the exposure 

measure, with this ratio expressed as a percentage”: 

#P~PO,�P	O,HKG =
5,JKH,I	<P,RÄOP

b=JGRÄOP	<P,RÄOP
 

Equation 6 

During the trial period, i.e. from January 1 of 2013 to January 1 of 2017, the Committee 

verified a coefficient of 3%. Referring to Equation 6, “the capital measure used for the 

leverage ratio at any particular point in time is the Tier 1 capital measure applying at that time 

under the risk-based framework” (Bank for International Settlements, 2014). The exposure 

measure in Equation 6 is composed by the sum of: 

§ On-balance-sheet exposures: they comprise all assets on the balance sheet; 

§ Derivatives exposures: calculated as “replacement cost plus add-on”; 

                                                
30 See Bank for International Settlements, “Basel III Leverage Ratio Framework and Disclosure 
Requirements,” January 2014.  
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§ Securities financing transaction exposures: they consist of “transactions such as 

repurchase agreements and security lending/borrowing when the transaction does 

not lead to balance sheet assets” (Hull, 2015); 

§ Off-balance-sheet items (loan commitments, loan substitutes, acceptances and letters 

of credit.  

The index purpose is to contain the accumulation of leverage in the banking sector, helping 

to avoid destabilizing deleveraging processes that can damage the financial system as a whole. 

The leverage ratio has been introduced on January 1, 2018, after a transition period.  

Liquidity Risk 

“Prior to the crisis, the focus of the Basel regulations had been on ensuring that banks had 

sufficient capital for the risks they were taking. It turned out that many of the problems 

encountered by financial institutions during the crisis were not because of shortage of capital. 

They were instead a result of liquidity risks taken by the banks” (Hull, 2015).  The recent 

financial crisis, which, since the summer of 2007, has hit the international credit markets, 

generating a situation of extraordinary monetary tension, has brought to light the importance 

assumed by the management of liquidity risk as part of the brokerage activity. In carrying out 

its business, the bank transfers financial resources from savers to investors, typically raising 

capital through short-term debt and using these resources in medium and long-term assets. 

The transformation of liquidity is therefore intrinsic to the economic function of credit 

intermediation and generates a series of risks that need constant monitoring and 

management. The interest rate risk and the liquidity risk for bank intermediaries originate 

from the temporal mismatch between assets and liabilities of the bank balance sheet. The 

framework has introduced two liquidity ratios in order to ensure that banks can survive from 

liquidity pressures: 

§ Liquidity Coverage Ratio (LCR); 

§ Net Stable Funding Ratio (NSFR). 
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The Committee has developed the LCR “to promote the short-term resilience of the liquidity 

risk profile of banks by ensuring that they have sufficient High-Quality Liquid Assets 

(HQLA) to survive a significant stress scenario lasting 30 calendar days”31. It is defined as: 

HQLA

9PH	5,Rℎ	ÑÄHÖIG%R	KÜ	,	30	Q,à	JPOKGQ
 

This ratio is required to be greater than 100%; in this way, banks are able to survive these 

pressures.  

The NSFR is defined by the framework32 as “the amount of available stable funding relative 

to the amount of required stable funding”. The ratio “limits overreliance on short-term 

wholesale funding, encourages better assessment of funding risk across all on- and off-

balance sheet items, and promotes funding stability” (Basel Committee on Banking 

Supervision, 2014). Algebraically: 

U<GÄÜH	GÖ	EH,nIP	âÄÜQKÜ�

:PäÄKOPQ	U<GÄÜH	GÖ	EH,nIP	âÄÜQKÜ�
≥ 100%	

Such measure aims to strengthen resilience over a longer time horizon, which extends to one 

year. The amount of stable funding is the product between each category of funding and an 

Available Amount of Stable Funding (ASF) factor. The ASF is that part of assets and 

liabilities that is deemed “reliable” within the year, for example: capital, preference shares 

with a maturity of one year or more, liabilities with a maturity of one year or more, etc.  The 

denominator is calculated from items that require financing, therefore each item is multiplied 

by the Required Stable Funding (RSF) factor, measured based on the characteristics of the 

liquidity risk profile of the off-balance-sheet activities of an institution. The aforementioned 

rules have the power to correct banks’ balance sheet.  

Counterparty Credit Risk 

Counterparty risk represents a potential loss in a trade with a given counterparty when 

considering the possibility that the counterparty may default to its obligations. Such measure 

                                                
31 Basel Committee on Banking Supervision, “Basel III: The Liquidity Coverage Ratio and liquidity risk 
monitoring tools”, 2013, Bank for International Settlements. 
32 Basel Committee on Banking Supervision, “Basel III: The Net Stable Funding Ratio”, 2014, Bank for 
International Settlements. 
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reduces derivatives’ values; its increase during a period leads to a decrease in profits for that 

period. In order to clarify the nature of this quantity an example is proposed: we divide the 

time horizon between time zero and the time that represents the life of the longest derivative 

outstanding with a counterparty, i.e. T, into a number n of breaks. The CVA measure will 

therefore assume the following aspect: 

5+U ='(1 − :)ä$

ç

$)*

~$ 

where  

§ ä$	is the risk-neutral probability of a loss from a default by the counterparty during 

the ith time interval; 

§ ~$ is the present value of the expected net exposure of the dealer to the counterparty 

at the midpoint of the ith time interval, conditional on a default; 

§ R is the estimated recovery rate of the dealer in the event of a default by the 

counterparty when it is an unsecured creditor  

§ Therefore, (1 − :)ä$~$ is the present value of the expected loss from a default 

during the ith interval. 

The approach for the calculation of the CVA risk is very complex. The main reason why this 

calculation results so difficult is that CVA “must be calculated on a portfolio basis for a 

particular netting counterparty taking into account netting and collateral arrangements for 

that counterparty (which are also calculated on a portfolio basis) and any offsetting hedges 

before the effect of CVA can be calculated in respect of a particular trade.”33 The CRR 

specifies that banks may choose to adopt one of the two suggested approaches to determine 

the CVA capital requirement: a standardized approach and an advanced approach. The 

advanced approach34 implicates the use of internal models of the firm in order to compute 

the effect of changes in counterparty credit spreads on the relative CVA accounting for 

                                                
33 Allen & Overy, “Capital Requirements Directive IV Framework Credit Valuation Adjustment (CVA)”, 
2014. 
34 See Art. 383 of the CRR. 
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appropriate hedges. The standardized method35 in practice, “is likely to be a more capital-

intensive option for institutions” (Allen and Overy, 2014). 

G-SIBs, SIFIs and D-SIBs 

The Basel Committee's assessment methodology for global systemically important banks36 

requires a sample of institutions in order to state a set of indicators to be used by national 

authorities. These indicators are then collected and used to compute banks’ scores belonging 

to the sample. The term “G-SIBs” identifies global systemically important banks: those banks 

are found to be above the higher cut-off score. “SIFI” means systemically important financial 

institution, i.e. both banks and non-banks. Financial institutions are considered SIFIs when 

their failure could have a huge effect on the global financial system. Because of this systemic 

importance, the Basel Committee has foreseen that the aforementioned financial institutions 

have to possess a greater amount of equity capital - between 1 and 2.5% - in addition to the 

risk for all banks from Basel III of 7 %. The Financial Stability Board (FSB) publishes a list 

of G-SIBs every year37. With regards to the current list, prepared using end-2017 data, “one 

bank (Groupe BPCE) has been added to the list and two banks (Nordea and Royal Bank of 

Scotland) have been removed from the list and therefore the overall number of G-SIBs 

decreases from 30 to 29”. 

In parallel with the identification of systemically important banks, the FSB is assigned with 

the task of extending the scope of the policy system, initially applicable only to G-SIFI, also 

to banks of “Domestic Systemic Importance”38 (D-SIBs).  The Basel Committee on Banking 

Supervision develops a set of guiding principles for this purpose, ensuring a minimum level 

of harmonization mainly in two areas: the method for identifying banks of domestic systemic 

importance and the quantification of the increase in the absorption capacity of the banks’ 

losses (also derived from the methodology developed with regard to G-SIBs). The approach 

reflects a fundamental consideration: that the possible default of a systemically important 

                                                
35 See Art. 384 of the CRR. 
36 See Basel Committee on Banking Supervision, “Global Systemically Important Banks: Updated Assessment 
Methodology and the Higher Loss Absorbency Requirement,” 2013, Bank for International Settlements. 
37 See Financial Stability Board, “2018 list of global systemically important banks (G-SIBs)”, 2018. 
38 See Financial Stability Board, “Extending the G-SIFI Framework to domestic systemically important 
banks”, 2012. 
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domestic bank can have direct repercussions, firstly, on the economy of the states in which 

that bank operates and then on the global financial system.  

Contingent Convertible Bonds 

Among the instruments for strengthening banks’ capital, CoCo Bonds (COnvertible 

COntingent Bond) deserve particular attention. In practice, these are convertible hybrid 

bonds that, under certain conditions, can be transformed into shares, i.e. into the capital of 

the bank that issued them, substantially easing their debt exposure. CoCos are therefore debts 

that become capital when necessary, when, for example, the Core Tier 1 results below the 

pre-set threshold. In return for the greater risk that is lent to the investor, higher returns are 

expected. These types of bonds are particularly important for regulators because they avoid 

the need for a bailout. In fact, the conversion of such instruments results very attractive for 

institutions and is referred to as a “bail-in”. It is worth noting that the specification of the 

trigger that forces the conversion and the way in which the exchange ratio is set are very 

delicate issues in the design of CoCos.  Following the Basel III agreements, these bonds are 

converted if: the ratio between Tier 1 equity and total risk weighted assets of the issuing bank 

falls below the 6% threshold. 

2.4.3 Basel IV 

On November 2016, the European Commission published the first proposal to revise the 

regulatory framework in order to calibrate capital and liquidity requirements by updating the 

Directive and the relevant Regulation (respectively “Draft CRD V” & “Draft CRR II”). More 

recently, on December 2017, the BIS (Bank for International Settlements) published the 

document “Basel III: Finalizing post-crisis reform”, known as Basel IV. The so-called Basel 

IV framework will enter into force within European law from 2021, while its full application 

is expected by 2027. 
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Figure 4 - Basel IV activities’ summary 

 

One of the most important objectives of the revisions incorporated into Basel III is “to 

reduce excessive variability of risk-weighted assets (RWA)”39. During the financial crisis, risk-

weighted capital ratios deemed credible for banks were considered delusive for stakeholders. 

In fact, “the Committee’s own empirical analyses also highlighted a worrying degree of 

variability in banks’ calculation of RWA” (Basel Committee on Banking Supervision, 2017). 

The new framework aims to restore credibility in the calculation of RWA through: 

1. The enrichment of the reliability and risk sensitivity of the standardized approaches 

for credit risk and operational risk; 

2. To ensure that regulators maintain more control, new constraints on the use of 

internally modelled approaches; 

3. To arrive at a more stable model, the completion of the risk-weighted capital ratio 

with a finalized leverage ratio and a revised and robust capital floor. 

Leverage Ratio Framework 

With the aim of not restrict lending by institutions to corporates and private households and 

to block unfair hostile impacts on market liquidity, “the leverage ratio requirement should 

be set at a level where it acts as a credible backstop to the risk of excessive leverage without 

                                                
39 Basel Committee on Banking Supervision, “High-level summary of Basel III reforms”, 2017, Bank for 
International Settlements. 

Basel IV Substantive revision of  credit risk methodology

Substantive revision of  market risk methodology

Review of  the framework related to CVA-Charge and Counterparty 
Risk
Substantive revision of  operational risk methodology

New Capital Floor Design

Review of  the cartolarization framework 
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hampering economic growth”40.  The European Banking Authority concluded in its report41 

(with the consent of the Basel Committee) that the leverage ratio should be calibrated at 3% 

for all institutions that has to be met with Tier 1. However, the leverage ratio should be 

adjusted for some types of exposures (public lending by public development banks and 

officially guaranteed export credits) that can be impacted disproportionally.  

Greater Exposures 

The aim of the provisions relating to the “Greater Exposures” is to avoid that the sudden 

bankruptcy of a single counterparty or a group of counterparties jeopardizes the survival of 

the institution. The introduction of the new regulatory framework presents the following 

(Draft CRR II): 

§ The capital that can be taken into account to calculate the limit of large exposures is 

limited to Tier 1 only. As a result, Tier 2 can no longer be used; 

§ A further modification was the implementation of a leverage ratio buffer for 

institutions identified as “global systemically important institutions (G-SIIs)”. The 

buffer was calibrated42 with the specific intention of reducing the higher risks posed 

by G-SIBs for financial stability. In this context, the buffer applies to G-SIIs; 

§ The new regulatory framework introduces a new lower limit 15% of Tier 1 capital 

for G-SIB exposures to others G-SIB. 

Standardized Approach  

Aim of the BIS43 is modifying the current Standardized Approach used to calculate the credit 

risk, with the following objectives: 

§ Guarantee both the “simplicity” and the risk sensitivity of the model;  

§ Promote regulatory comparability by reducing variability in terms of how risk 

weighted assets are calculated; 

                                                
40 Council of the European Union, “Interinstitutional File: 2016/0360 (COD)”,  2018. 
41 See EBA “Report on the Leverage Ratio Requirements” under Article 511 of the CRR, EBA-Op-2016-13, 
2016. 
42 See Basel Committee on Banking Supervision, “Global systemically important banks: updated assessment 
methodology and the higher loss absorbency requirement”, 2013, Bank for International Settlements. 
43 See Bank for International Settlements, “Basel III: Finalizing post-crisis reform”, 2017. 
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§ Ensure that the standardized approach is an appropriate and complementary 

alternative to the approach based on internal ratings (AIRB). 

The main changes for the Standardized Approach are summarized in the following table. 

Table 9 - Standardized Approach proposals 

Area Range CRR Proposal 

Loan 

secured by 

real estate 

Loan acquisition 

development and 

construction 

Not considered  RW=100% 

Residential RW=35% 
RW=20%-70%, in 

accordance with LTV 

Commercial RW=75% 
RW=30%-150%, in 

accordance with LTV 

Banks 

Rating ECAI44 RW=20%-150% RW=20%-150% 

Rating ECAI-short period RW=from 20% RW=20%-150% 

Credit 

Conversion 

Factor45 

Based on the exposition  RW=0%-100% RW=10%-100% 

Foundation and Advanced Approaches 

                                                
44 External Credit Assessment Institutions. 
45 The CCF is a percentage that is applied to the value of the related instrument or transaction that results in 
an equivalent credit exposure. This percentage reflects the likelihood that the instrument will become an 
exposure to the bank's balance sheet. 
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The BIS acted to the Internal-rating based Approach too. The main objective of the 

modifications is to reduce the complexity of the regulatory framework and improve the 

comparability between the bodies that use it. The classes of assets specified by the IRB 

framework are corporate, retail, bank, sovereign and equity. For each of these classes there 

are three key elements46: 

§ “Risk components: estimates of risk parameters provided by banks, some of which are 
supervisory estimates; 

§ Risk-weight functions: the means by which risk components are transformed into risk-
weighted assets and therefore capital requirements; 

§ Minimum requirements: the minimum standards that must be met in order for a bank 
to use the IRB approach for a given asset class.”  

The Basel Committee, as specified in Paragraph Paragraph Errore. L'origine riferimento 

non è stata trovata. of the current work, has devised two approaches: the “Foundation 

Approach” F-IRB and the “Advanced Approach” A-IRB. Concerning the F-IRB, banks 

calculate their own estimates for the measure of Probability of Default and make use of 

regulatory estimates for the other risk elements. With the A-IRB approach, instead, banks 

provide both their PD estimate and that of LGD, EAD and M.  

The first proposal is that of reduce portfolios on which F-IRB and A-IRB approaches can 

be used.  In fact, the F-IRB methodology will no longer be available for equity instrument 

exposures. The A-IRB methodology, on the other hand, will no longer be usable for large 

and Mid-sized Corporate (consolidated groups with Turnover greater than € 500 million), 

Banks and other financial institutions and equity instrument exposures. An additional 

innovation was the implementation of floors for PD, LGD and EAD regarding corporate 

and retail exposures. The minimum PD for corporate exposures increased to 0.05% (0.03% 

before); while for the LGD, the floor was determined for each type of collateral. Floors for 

these measures have also been implemented for retail exposures.  

CVA risk 

On 1 July 2015, the Basel Committee published the “Review of the Credit Valuation 

Adjustment (CVA) risk framework - consultative document (BCBS 325)”, with the aim of 

                                                
46 See Bank for International Settlements, “Basel III: Finalizing post-crisis reform”, 2017 
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updating the current regulatory framework on CVA risk. This document was amended with 

the subsequent publication of “Basel III: Finalising post-crisis reforms” on December 2017. 

The main reason of the change is to capture all types of CVA risk and to guarantee a better 

identification of CVA hedges. According to recent proposals, a basic approach, known as 

BA-CVA, will substitute the advanced method and a standardized approach, known as SA-

CVA, will substitute the standard method. The first method has to be used from 

intermediaries with very simplified derivatives operations; the second one is intended to be 

used by large banks that receive specific approval from the Supervisory Authority. The BA-

CVA calculation involves the EAD for counterparty credit risk and the maturity. It consists 

in a carefully measured method similar to the basic approach that is quite uncomplicated to 

implement.  The formula for calculating the SA-CVA consists of various elements such as 

CVA sensitivities and CVA risk sensitivity in relation to changes in credit spreads and market 

risk factors, i.e. interest rates and exchange rates. This calculation is based on a variance-

covariance model. For these reasons, this method provides a more risk-sensitive calculation. 

Securitizations 

The European Banking Authority (EBA) has launched a public consultation to define a series 

of criteria aimed at assessing the homogeneity of exposures underlying securitizations. The 

requirement of homogeneity is intended to facilitate the assessment of the underlying risks 

by investors. The homogeneity of the underlying exposures is also one of the requirements 

for the application of the asset code dedicated to securitizations classified as “simple, 

transparent and standardized”. The provisions of the discussion identify the following 

criteria according to which the underlying exposures are considered homogeneous:  

§ The need to be subscribed on the basis of similar standards, methods and 

underwriting criteria;  

§ The need to be subject to uniform servicing procedures;  

§ The need to be included in the same category of assets; 

§ To be differentiated based on the application of the relevant risk factors. 
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3. The Model Procedure 

3.1 The Workout approach 

This paragraph provides an application of the LGD estimation procedure based on the 

“Workout approach”, which is the most widely used procedure in order to calculate the 

observed LGD. Such approach is developed on the basis of the appraisal of recoveries and 

losses happened during the period starting from the entrance in the default status of every 

specific facility. The following table displays the possible methodological approaches for the 

LGD calculation, together with the aforementioned Workout Approach which is the one 

selected for our analysis.  

Table 10 - Alternative approaches for LGD estimation compared with the chosen one, i.e. the Workout Approach 

Source Measure 

Type of facilities in the RDS 

Applicable to Approach 

Defaulted  Not defaulted  

Market 

Values 

Price differences a r 
Large 

corporate, 

Sovereigns, 

Banks 

Market 

LGD  

Credit spreads r a 

Implied 

Market 

LGD 

Recoveries 

and costs 

Discounted cash 

flows 
a r 

Retails, SMEs, 

Large corporate 

Workout 

LGD 

Historical total 

losses and 

estimated PD 

a Retail 

Implied 

historical 

LGD 

The logic behind the selection of the “Workout Approach” for developing the LGD estimate 

below, lies in the nature of the historical data available. In fact, the RDS (Reference Dataset) 

under analysis is composed of recoveries and costs. In order to use such approach, it is 
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necessary that the recovery process is completed, so that all the variables have been defined. 

To be more specific, in order to develop such estimate, the precise and correct outcomes of 

the recovery process can be historically detected only after the loans under analysis have 

entered into the default status. The “Market LGD” approach represents one of the most 

viable alternatives for the development of such estimate. The fact that this approach is not 

commonly used is to be found in the situation of the Italian Non Performing Loans (NPL) 

market: this is not sufficiently developed, even though it has experienced significant growth 

in volumes given the outlook of a rather pulsing market. The EBA clarifies47 that the market 

data in the LGD estimates may have a supporting role aimed at improving this value. Indeed, 

banks “can use this information to supplement their historical data”. 

In order to properly build a Workout LGD, banks have to realize a systematic process aimed 

at developing a large historical database (Reference Dataset), in which all past defaults are 

archived. For each defaulted loan, it is therefore necessary to keep track of: 

§ The recovered amounts; 

§ The direct and indirect costs that have been occurred during the recovery process; 

§ The main features of the recovery process that directly affects the distribution of 

costs and recoveries over time; 

§ Additional data on the exposures, both at counterparty and loan level (i.e. presence 

of a collateral, seniority of the loan, etc). 

Subjected to preliminary data quality processes48, all the aforementioned data are collected in 

the RDS, in which loans are clustered according to the class of exposure they belong to, 

namely:  

§ Exposures to Corporates; 

§ Exposures to Small and Medium Enterprises; 

§ Retail Exposures.  

According to the observed data on losses and recoveries, each loan is then provided with a 

value of observed LGD, which summarizes, by means of a percentage measure, the losses 

                                                
47 Basel Committee on Banking Supervision, “Guidelines on PD estimation, LGD estimation and the 
treatment of defaulted exposures” EBA/GL/2017/16, 2017, Bank for International Settlements. 
48 The data quality processes are crucial for an accurate data estimation. In fact, if internal data are not reliable 
the model can be not validated by regulators. 
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experienced by the bank on each loan. In accordance with the regulatory framework, the 

LGD must express the concept of economic loss, i.e. it must include a time effect in the 

estimate through the use of an appropriate discount factor. The RDS contains data that must 

be subject to a grouping activity (they have to be clustered) based on the type of exposure, 

debtor and procedure followed, to identify default classes with similar characteristics and an 

observed LGD that guide the LGD estimation process. LGD is the complementary value of 

the Recovery Rate (RR), which expresses the percentage of the nominal value of the exposure 

recovered by the Bank following the default of the debtor. The value of the LGD is unknown 

for the Bank both when the exposure is originated and during the period of insolvency of 

the debtor.  

To calculate the value of the observed LGD and place it in the regression, it is necessary to 

take into account all the factors that contribute to the reduction of the final value of the 

recovered amount. The factors incorporated into the final formula for calculating the 

Recovery Rate are the following: 

§ Discount rate to be applied to discount cash flows recovered following default 

(indicated with i in the formula below); 

§ All administrative costs related to the recovery procedure, direct and indirect, that 

the Bank must consider. 

The final formula for calculating the Recovery Rate and LGD, according to the “Workout 

approach” is as follow: 

::(%) =
∑ :PNG~POKPR? ∗ (1 + =)

@?
? − ∑ 5GRHR ∗ (1 + =)@??

bUE
 

Equation 7 

then,  

#l\(%) = 1 − :: 

where: 

§ :PNG~POKPR the realized recoveries at time t;  
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§ 5GRHR? the realized costs at time t (the legal fees and direct costs incurred by the 

bank for the management of the loan); 

§ bUE	identifies the exposure when the loan enters in default status; 

§ = represents the discount rate; 

§ H is the temporal instant in which the single movement of recovery and/or cost is 

recorded. 

The factors for estimating the regression model are generally identifiable in the following 

categories: 

§ The exposure characteristics: they consist in technical factors, including the collateral 

and the degree of seniority of the exposure. It is necessary to assess the degree of 

effectiveness of collateral in conditions of financial difficulty, such as those that 

precede a default situation, and the amount of credits to be satisfied in advance in 

relation to the seniority of the exposure; 

§ The features of the obligor: these are aspects related to the financial and economic 

situation of the bank’s client. The main features are the country and the sector in 

which the debtor operates, on which depends the effectiveness of the liquidation 

process or the ease with which it is possible to transform the debtor's assets into 

available financial resources to satisfy creditors, or alternatively market conditions for 

a possible sale of the business or a unit; 

§ Internal and external factors: internal factors may consist in measures of the 

efficiency of the Bank’s monitoring and recovery process or the Bank’s strategy, 

whereas external factors are identified as macroeconomic and market conditions. The 

last category involves the business cycle which has a significant influence on the 

approach of managing the client’s default. 

The list of factors that can influence the LGD are summarized in Table 11: 

Table 11 – List of the main risk factors for a complete LGD estimation. The list comprised factors related to the 
client’s exposure, the obligor’s information, Bank’s characteristics and Macroeconomic factors.   

Type Factor Impact 
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Exposure  

Presence of any real 

guarantees, degree of 

priority of the exposure, 

any personal guarantees 

Recovered amount 

Obligor Sector, country 

Possibility to find a buyer 

for the insolvent company; 

Duration of the recovery 

process; Amount recovered 

Bank 

Speed and efficiency of 

recovery procedures, 

assignment of credits in 

litigation and use of out-of-

court procedures 

Recovered amount and 

process duration 

Macroeconomic Factors 
State of the Economic 

Cycle, level of interest rates 

Recovered amount and 

current value of recoveries 

Summarizing, the model procedure is illustrated in the following figure and it will be 

exploited in the following section: 

Figure 5 – Procedure to arrive at the identification of the risk drivers’ short list to be applied to arrive at the final 
grid, both at Pool level and Bank specific leveò  
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The procedure has been implemented with SAS49 and, furthermore reported in Appendix D 

contained in Paragraph 6.4 below. 

3.2 Cryptography activity 

The cryptography activity can be defined as a system that, through the use of mathematical 

algorithms, acts on a sequence of data by transforming it. Cryptography is not only used with 

the purpose of protecting citizens’ privacy, but it is also used by companies in order to do 

not reveal any strategy that could affect both the firm and market’s health.  

The General Data Protection Regulation50 (GDPR) is a European Union directive on the use 

of personal data and on safeguards on privacy which came into force in May 2018. By means 

                                                
49 “Statistical Analysis System”, for more information https://www.sas.com/it_it/software/base-sas.html. 
50 Regulation (EU) 2016/679 of the European Parliament and of the Council on the protection of natural 
persons with regard to the processing of personal data and on the free movement of such data, April 2016 

• Observed LGD calculation through the Equation 7;
• As a result we obtain an LGD vector.

Step 1: Observed LGD

• It consists in the univariate analysis of  all the variables (risk drivers) contained 
in the long list;

• If  necessary, a clustering of  risk drivers is implemented;
• Investigation on the degree of  correlation of  the variables through the 

implementation of  Pearson test or Spearman test, depending on the nature of  
the variable (discrete or continuous).

Step 2: Univariate Analysis on risk drivers and Correlation
Analysis in order to identify a short list

• The observed LGD vector represents the dependent variable of  the 
regression;

• All the possible combinations of  the variables contained in the short list will 
be observed, deleting combinations of  variables containing the same type of  
information.

Step 3: Multivariate Analysis aimed at implementing a
regression model

• The grid is used for applying the LGD measurement to every loan.

Step 4: Grid creation
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of this regulation, the European Commission intends to strengthen the protection of private 

information of European Union citizens and residents, both inside and outside the borders 

of the EU. Therefore, rules also apply to companies that offer services or products within 

the European Union market but which are located outside the EU. Companies and 

institutions will have more responsibilities and, in case of non-compliance (data breach), they 

will risk heavy penalties.  

Working with data belonging to three competing and independent banks, it is important to 

protect banks’ private information, so that they cannot be used by other banks comprised in 

the Pool without permission. The data protection has been guaranteed by an accurate 

cryptography activity performed before the analysis. 

3.3 Data  

The database that we will exploit in order to develop our analysis is composed by: 

§ Three different Banks: Bank A, B and C (contained in the field labelled COD_ID 

and identified as BANKA, BANKB and BANKC); 

§ Only those loans contained in the corporate segment (LGD_ SEGM is the variable 

that represents the loan segment); 

§ Only the loans closed during the period that goes from 20/04/2000 to 30/12/2016 

(DT_CL identifies the closing date of the loan). 

The variables that we need to extrapolate from the database are the following: 

Table 12 - Variables that we need to extrapolate from the RDS in order to investigate on Loss Given Default main 
risk drivers 

Variable Type Format Description 

AREA Char $1. Area of residence 

ATECO Char $5. 
Classification of the economic 

activity 



50 
 

COD_ID Char $3. Bank classification  

DT_OP Num YYMMDD10. When the loan opens 

DT_CL Num YYMMDD10. When the loan closes 

MORTGAGE Char $32. Mortgage presence 

PER_GUAR Char $31. Personal guarantee presence  

EAS_POSIT Num COMMA15.2 Esposure in the Litigation status 

IND_RAE_ATECO Char $25. Combined index  

IND_RAE_V1 Char $19. Subsector of economic activity 

IND_RAE_V2 Char $22. Subsector of economic activity 

IND_SAE Char $34. Sector of economic activity 

LGD_OBS Num BEST. The observed LGD 

LTV Num BEST. Loan to value 

CATEGORY Char $13. Product type 

NATURE Char $14. Nature of the counterparty loan 

LGD_SEGM Char $7. Membership segment 
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Our analysis starts from the measure of the observed LGD contained in our RDS 

(LGD_OBS is the variable that identifies such measure). In fact, this quantity has been 

previously computed complying with Equation 6 and already observable in the 

aforementioned column vector.  

With the purpose of better understand the sample characteristics, the following section aims 

at presenting some descripting analyses belonging to the more important features of the 

RDS51. In particular, the analyses focus on the total number of loans belonging to the sample, 

the total exposure and the number of secured loans compared with the total of unsecured 

loans. All the analyses have been performed both at Pool level and Bank specific level. The 

outcomes are displayed in the following tables. 

Table 13 – Number and percentage of loans at Pool level and Bank Specific level 

Sample #Loans %Loans 

Pool 9.079 100,00% 

BANKA 2.924 32,20% 

BANKB 2.256 24,84% 

BANKC 3.999 43,00% 

Table 14 – Exposition amount and percentage at Pool level and Bank Specific level 

Sample € Exposition Amount %Exposition 

Pool 522.504.526,07 100,00% 

BANKA 278.366.410,04 53,28% 

                                                
51 It is worth noting that, with the aim of obtaining non-distorted LGD estimates, it was decided to delete loans 
with an exposure of less than € 1,000 from the estimate sample. A 100% LGD is applied prudentially to these 
exposures. 
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BANKB 125.137.685,54 23,95% 

BANKC 119.000.430,49 22,78% 

Table 15 – Secured Loans and Unsecured Loans 

Sample #Secured Loans #Unsecured Loans 

Pool 989 8.090 

BANKA 511 2.313 

BANKB 160 2.096 

BANKC 318 3.681 

3.4 Long List Definition 

The Long List of indicators is created by including the potentially predictive variables, 

defined according to the literature and based on the available information. The analysed Long 

List, composed of five macro areas of investigation, is shown below: 

Registry 

For the Registry area three different indicators have been defined. Two variables with 

different levels of aggregation in relation with the Economic Activity Sector (SAE) and one 

indicator with the aggregation in relation with the Activity Subsector (RAE): 

1. IND_RAE_V1 clustered in: 

§ 1.Settore_primario (Primary sector); 

§ 2.Settore_secondario (Secondary sector); 

§ 3.Settore_terziario (Tertiary sector); 

§ 4.Altro (Other). 

2. IND_RAE_V2 clustered in: 
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§ 1. Altro (Other);  

§ 2.Settore_commerciale (Commercial sector); 

§ 3. Settore_residenziale (Residential sector). 

3. IND_SAE clustered in: 

§ 1.Società_non_fin (Non-financial companies); 

§ 2.Famiglie_produttrici_e_artigiani (Producing families and artisans); 

§ 3.Famiglie_consumatrici (Consumer families); 

§ 4.Imprese_produttive_e_holding (Productive companies and holdings). 

4. IND_RAE_ATECO clustered in: 

§ 01.Manifatturiero/Servizi (Manufacturing/Services); 

§ 02.Attività immobiliari (Real estate activities); 

§ 03. Trasporto/Commercio (Transport/Commerce); 

§ 04.Costruzioni / Missing (Buildings and missing values); 

§ 05.Altro (Other). 

It is worth noting that IND_RAE_ATECO is  a combined indicator based on the ATECO 

and RAE variables. The need to proceed with a combined indicator derives from the fact 

that, starting from May 2011, the use of the RAE has been replaced by that of the ATECO, 

and therefore there is no valuation of the latter before the aforementioned date. The 

definition of the IND_ATECO_RAE indicator is intended to overcome the problem of the 

ATECO variable missing values and therefore, in cases where this is absent, the RAE 

information is considered. The variable was divided as follows: 

Product Type 

The Technical Form area aims to indicate the technical macro-form of the loan under 

consideration (the variable is labelled CATEGORY). The following groups are considered:  

§ 1.MT-IPO (Secured loans); 

§ 2.CHIRO-RAT (Unsecured loans); 

§ 3. CC/PTF/CT (Bank accounts, portfolios and payment cards). 

Secured loan is a type of loan in which the required guarantee is a mortgage on a movable or 

immovable property owned by the borrower (or a third party mortgage provider). On one 

hand, the contract does not entail the loss of ownership by the debtor, who keeps the 
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availability and enjoyment of the asset subject to the guarantee. On the other hand, it 

establishes that in the event of insolvency the creditor acquires the right to expropriate or 

sell the asset in order to regain possession of what is due to him, including capital, interest 

and accessory charges. The main advantage of this type of instrument is that it has lower 

interests than the non-mortgage one. The reason is simple: given that for a non-mortgage 

loan the risks to the bank increase, the debtors’ interests will increase accordingly. 

The unsecured loan is by definition a fiduciary loan. The mortgage guarantee does not apply 

to this instrument; it is in fact guaranteed only by the simple commitment of the debtor who 

put his signature on the contract. Therefore, any financing other than a mortgage must be 

considered “unsecured”, and then, as said before, considered riskier. If the purpose is 

individual, it takes commonly the name of “personal loan”. 

Presence of guarantees 

This area considers the presence or not of the following types of guarantees:  

1. Mortgage guarantee (MORTGAGE) clustered in: 

§ 1.GARANZIE IPOTECARIE (mortgage guarantees); 

§ 2.ASSENZA DI GARANZIE IPOTECARIE (no mortgage guarantees). 

2. Personal guarantee (PER_GUAR) clustered in: 

§ 1.GARANZIE PERSONALI (personal guarantees); 

§ 2.ASSENZA DI GARANZIE PERSONALI (no personal guarantees). 

Nature of the counterparty 

The NATURE variable has been defined in order to describe the existence of mortgage 

guarantee on the counterparty loan. The variable is constructed according to the following 

methods. 

§ 1.IPO-PURO (if the counterparty is only inclusive of mortgage products); 

§ 2.MISTO (if the counterparty is composed of mortgage and non-mortgage 

products); 

§ 3.NON_IPO-PURO (if the counterparty presents only non-mortgage products). 

Obligor Country 
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The variable AREA has been identified in order to state the origin of the obligor. The variable 

divides the country of residence in four main areas: 

§ A; 

§ B; 

§ C; 

§ D. 

Exposure 

The exposure area is defined by the variable EAS_POSIT. It was defined based on loan-level 

exposure at the time of transition to the litigation status. Up to now we presented categorical 

variables, whereas this is a continuous variable, which has to be clustered later on.  

Loan to Value 

The Loan to Value survey area assesses the coverage of the exposure to non-performing 

loans by means of the value of the guarantee. Like the exposure, LTV is also a continuous 

variable. 

In conclusion, the exploratory analysis of the data has verified the quality of the data through 

the calculation, for each long list indicator, of the main descriptive statistics of the continuous 

variables (minimum value, average, percentiles), as well as the percentage of missing 

observations in order to exclude those for which the percentage of missing values is higher 

than 70%. In particular, the following variables were excluded, according with Table 16: 

§ ATECO; 

§ LTV; 

§ AREA. 

Table 16 – Variables to be analyzed that define the Long List, including the omitted variables and the reason why 
they have been excluded  

Variable List Type Missing 
Values (%) 

Outcome Notes 
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ATECO Discrete 88,84 r High amount of Missing 

CATEGORY Discrete - a   

IND_RAE_V1 Discrete - a   

IND_RAE_V2 Discrete - a  

 IND_RAE_ATECO Discrete - a   

 IND_SAE Discrete - a   

 MORTGAGE Discrete - a   

 PER_GUAR Discrete - a   

 EAS_POSIT Continuous - a To be clustered 

 LTV Continuous 92,75 r High amount of Missing 

 NATURE Discrete - a   

 AREA Discrete - r 

Only representative for 

one area (75% of the 

observation belonging to 

the North of Italy) 

3.5 Handling Anomalous Values 

In order to limit the distorting effects of any outlier elements in the LGD_OBS variable, the 

following procedures was adopted: 
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1. First of all, a floor equal to 0 is applied for the negative LGDs; 

2. A cap to be applied to the LGD values has been identified. 

In order to identify a cap for the LGD_OBS variable, the distribution of the LGD observed 

for each bank belonging to the database was analysed: 

§ Bank A 

Table 17 – Percentiles distribution of the variable LGD_OBS for Bank A 

Perc p_1 p_5 p_25 p_50 p_75 p_90 p_95 p_99 p_100 

LGD 0,23% 1,08% 8,64% 44,04% 100,00% 102,95% 106,66% 123,98% 127,17% 

Figure 6 - Column Chart representing the Percentile distribution of the variable LGD_OBS for Bank A 

 

§ Bank B 

Table 18 - Percentiles distribution of the variable LGD_OBS for Bank B 

Perc p_1 p_5 p_25 p_50 p_75 p_90 p_95 p_99 p_100 
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LGD 0,18% 1,38% 11,01% 41,26% 100,00% 100,14% 106,08% 126,78% 152,30% 

Figure 7 - Column Chart representing the Percentile distribution of the variable LGD_OBS for Bank B 

 

§ Bank C 

Table 19 - Percentiles distribution of the variable LGD_OBS for Bank C 

Perc p_1 p_5 p_25 p_50 p_75 p_90 p_95 p_99 p_100 

LGD 0,21% 1,80% 20,07% 63,64% 100,00% 103,26% 106,98% 120,66% 120,66% 
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Figure 8 - Column Chart representing the Percentile distribution of the variable LGD_OBS for Bank C 

 

For the outliers’ treatment, the aforementioned analysis was carried out in order to highlight 

a point on the distribution beyond which the observations can be considered outliers. The 

analysis conducted leads to a truncation at the ninety-eighth percentile. It should be noted 

that the treated observations were maintained in the sample with the same values being 

restored within the extreme limits identified: 

§ If x is greater than max {1 , p_98 }, a value of max{1 , p_98 } is assigned to x; 

§ If x is included between zero and max {1 , p_98 }, it remain the same. 

Table 20 identifies the upper limit of the LGD value for every Bank and the number of forced 

observations together with the values of LGD mean before and after the treatment. 

Table 20 – Evidences from Cap analysis: upper limit of the LGD value for every Bank, number of forced observations 
and LGD means before and after the treatment 
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LGD mean 
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B 115,74% 57 50,27% 50,02% 

C 113,76% 80 61,44% 61,33% 

The application of the outliers’ treatment on the distribution of the observed LGD generates 

an effect of stabilizing the estimates against a moderate change in the average value of the 

variable LGD_OBS. 

3.6 Pool Analysis 

The greater benefit of the Pooled Approach is that medium and small Banking Groups are 

able to use the AIRB approach for the risk parameters estimation as they do not have to face 

with the problem of having poor information. In fact, the main objective of the Pool analysis 

is to exploit the information contribution provided by each Banking Group in identifying 

the short list of risk drivers. In particular, the process of defining the short list was broken 

down as follows: 

1. Univariate Analysis: it is the phase of descriptive and performance analyses 

conducted for each of the variables defined in the long list with possible clustering 

of continuous variables (represented by the two variables EAS_POSIT and LTV);  

2. Correlation Analysis: In order to exclude strongly correlated variables, this analysis is 

carried out using the Spearman's correlation index. If two variables are strongly 

correlated (over 40%), the variable with the worst univariate performance is 

eliminated looking at its AR measure. 

3. Multivariate analysis: application of algorithms for automatic selection or exclusion 

of variables, using the stepwise selection method. 

3.6.1 Univariate Analysis 

The Univariate Analysis at Pool level aims to measure the predictive capacity of each 

individual indicator. This analysis represents the process by which the indicators are selected 

to pass from the Long List to the Middle List according to their predictive capacity with 

respect to the target variable defined by the variable LGD_OBS, as mentioned before. Due 

to the fact that the RDS contains a continuous variable, this must be clustered in order to 
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perform such analysis. For this reason, the current paragraph presents the clustering process 

of the variable EAS_POSIT and, at the end, the results of the Univariate Analysis performed 

for all the variables. 

3.6.1.1 Continuous Variable 

As abovementioned, before continuing with the Univariate analysis, the continuous variable, 

i.e. EAS_POSIT, of the Long List has to be clustered in order to be transformed in a discrete 

one. The process of clustering the indicator into some classes is aimed at optimizing the 

informative value that each variable can bring to the model function. The following criteria 

were applied: 

§ Classes are considered significant if they have at least 50 reports 

§ Aggregations must comply with the expected economic coherence. 

The process is divided into steps: 

§ Firstly, the distribution of EAS_POSIT for each bank is divided into ventiles (each 

ventile represents about 5% of the population under analysis); 

§ Secondly, for every ventile, the average LGS is calculated in order to display 

graphically the clusters and the LGD mean together and observe the variable 

distribution. 

Table 21 shows the distribution of the variable together with the maximum level of the class 

and the correspondent LGD mean in order to create a line chart which displays the 

Exposition pattern (see Table 16) and decide about clusters to be assigned to the variable. 

Table 21 – EAS_POSIT percentile distribution together with the LGD_OBS mean for every cluster with the purpose 
of clustering the variable: Pool level 

Variable Percentiles Classes’ upper level Mean LGD 

EAS_POSIT 
p_5 1510,66 66,26% 

p_10 2272,36 66,77% 
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p_15 3038,51 59,41% 

p_20 3986,13 59,46% 

p_25 5102,18 58,05% 

p_30 6156,01 58,80% 

p_35 7705,24 57,54% 

p_40 9603,98 57,99% 

p_45 11301,20 54,72% 

p_50 13663,55 54,80% 

p_55 16349,47 52,28% 

p_60 19836,10 55,59% 

p_65 24067,95 55,01% 

p_70 29144,73 51,71% 

p_75 36856,56 59,36% 

p_80 48452,20 54,83% 

p_85 66592,62 51,73% 
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p_90 103456,62 48,36% 

p_95 192114,24 44,18% 

p_100 34209539,34 46,85% 

 

Figure 9 – Line chart representing EAS_POSIT percentiles on the x axes and LGD_OBS means for every percentile 
on the y axes 

 

It is worth noting that the figure above underlined how the variable pattern is coherent with 

the economic sense of the variable. In fact, as the loan exposition increases, the LGD value 

decreases because the bank put more effort in recover the big amount of money. Accordingly 

to such analysis, 10000€ has been selected for clustering the continuous variable. In fact, the 

ventile distribution exhibits a great collapse corresponding to €9603,98. The selected 

aggregation for EAS_CLUS together with the corresponding LGD mean values is as 

summarized in Table 22. 

Table 22 - Selected aggregation for EAS_CLUS together with the corresponding LGD mean values 

EAS_CLUS # Observations Mean LGD 

1.[10000€ - MAX] 5349 52,43% 
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2.[MIN - 10000€) 3730 60,36% 

It is important to pointing out that, as mentioned before, the economic sense of the variable 

has to comply with mean of the Loss Given Default belonging to each exposition class. As 

displayed in Table 22, such behaviour is kept with the clustering activity. 

3.6.1.2 Discrete Variables 

A regression of each variable contained into the Long List on the dependent one has been 

performed, investigating on some aspect, such as: 

§ Significance of cluster parameters (P-value less than 5%); 

§ Univariate performance indicators (Accuracy Ratio greater than 5%); 

§ Economic significance. 

The coefficient p-values are used in order to state if it is worth to keep a variable in the 

regression model or not. When a linear regression is performed, the p-value explores whether 

the coefficient is equal to zero; this represents the null hypothesis. The null hypothesis is not 

accepted when the p-value is lower than a specific value fixed at the 5% threshold. Variables 

with p-values lower than the threshold have been kept in the list since a predictor with a low 

p-value has to be considered as an important addition to the model.  

The Accuracy Ratio is a performance indicator that expresses the predictive capacity of the 

variable under analysis. The higher the Accuracy Ratio, the greater the discriminating power 

of the model. In particular, a model with no discriminating power has an AR of 0%, while a 

perfect model has a 100% AR. Technically, the AR is defined as the ratio between the area 

comprised between the CAP (Cumulative Accuracy Profile) curve, which represent the 

estimated model, and the random model curve and the area between the random model and 

the perfect one.  

Let’s consider a population sample that contains a certain number (N) of costumers. Such 

costumers are ordered by scores, which represent the riskiness of the counterparty. 

Graphically, in order to build the CAP curve, the axes of the chart below are constructed as 

follows: 
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§ On the y axis the cumulative percentage of the population in default status (i.e. that 

turned out to be insolvent); 

§ On the x axis the cumulative percentage of the population (from the riskier customer 

to the less risky one). 

Furthermore, in addition to the CAP curve, the chart shows:  

§ A random model represented by the bisector of the angle. Such model is the one 

with the worst discriminatory power, composed by totally random variables; 

§ A perfect model, which flattens as the population approaches to the total, as the 

riskiness should go to get lost. Such model is the one with the best discriminatory 

power, composed by the most explanatory variables.  

The figure below shows all the aforementioned elements combined together. 

 

In the end, the AR measure is computed as  

U: =
y

U + y
 

Where the Accuracy Ratio represents a measurement of the percentage deviation between 

the CAP curve and the one I defined as perfect. 

Table 23 – Cumulative Accuracy Profile construction for the Accuracy ratio calculation 
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Table 24, in the following pages, shows a summary of the Univariate Analysis for the variables 

contained in the Long List (see Table 16) according to the logic described above. 

The variables that have been excluded are: 

§ The combined index RAE/ATECO, i.e. IND_RAE_ATECO; 

§ The Subsector of the economic activity, i.e. IND_RAE_V1 and IND_RAE_V2; 

§ The Sector of the economic activity, i.e. IND_SAE. 
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Table 24 – Outcome of the Univariate Analysis at Pool level for every variable contained in the Long List 

Variable Classes Coefficient P-values coeff (%) AR Signif 

MORTGAGE 

00_Intercept 0,585 <,0001 12,7% 

OK 1.GARANZIE IPOTECARIE -0,260 <,0001  

2.ASSENZA DI GARANZIE IPOTECARIE 0,000 -   

PER_GUAR 

00_Intercept 0,603 <,0001 11,9% 

OK 1.GARANZIE PERSONALI -0,102 <,0001  

2.ASSENZA DI GARANZIE PERSONALI 0,000 -   

IND_RAE_ATECO 

00_Intercept 0,602 <,0001 4,2% 

KO 01.Manifatturiero/Servizi -0,067 0,52%  

02.Attivita' immobiliari -0,046 8,78%  
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03.Costruzioni/Missing -0,039 11,11%  

04.Trasporto/Commercio -0,019 46,10%  

05.Altro 0,000 -   

IND_RAE_V1 

00_Intercept 0,606 <,0001 5,1% 

KO 

1.SETTORE_PRIMARIO -0,133 <,0001  

2.SETTORE_TERZIARIO -0,052 2,83%  

3.SETT_SECONDARIO -0,032 19,23%  

4.ALTRO 0,000 -   

IND_RAE_V2 

00_Intercept 0,582 <,0001 2,09% 

KO 

1.ALTRO -0,070 0,03%  
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2.SETTORE_COMMERCIALE -0,026 2,54%  

3.SETTORE_RESIDENZIALE 0,000 -   

IND_SAE 

00_Intercept 0,598 <,0001 9,4% 

KO 

1.SOCIETA_NON_FIN -0,103 <,0001  

2.FAMIGLIE_PRODUTTRICI_E_ARTIGIANI -0,037 0,04%  

3.FAMIGLIE_CONSUMATRICI 0,009 70,26%  

4.IMPRESE_PRODUTTIVE_E_HOLDING 0,000 -   

CATEGORY 

00_Intercept 0,616 <,0001 21,7% 

OK 1.MT – IPO -0,316 <,0001  

2.CHIRO- RAT -0,084 <,0001  
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3.CC/ PTF/ CT 0,000 -  

NATURE 

00_Intercept 0,598 <,0001 16,7% 

OK 

1.IPO-PURO -0,326 <,0001  

2.MISTO -0,209 <,0001  

3.NON_IPO-PURO 0,000 -  

EAS_CLUS 

00_Intercept 0,604 <,0001 9,0% 

OK 1.[10000€ - MAX] -0,079 <,0001  

2.[MIN€ - 10000€) -0,000 <,0001   
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3.6.2 Correlation Analysis 

Starting from the variables that were found to be significant during the Univariate Analysis, 

a correlation analysis was performed, aimed at excluding strongly correlated variables. In 

particular, this analysis studies the interdependencies between the indicators and develops 

the identification of strongly correlated indicators among them. A correlation between two 

indicators is considered strong if it exceeds 40% in absolute terms. For each pair of indicators 

only one out of the two is excluded. For the choice of the indicator to be discarded, the 

comparison between the degrees of accuracy ratio is used as criterion. Specifically, the 

indicator with the worst degree of accuracy is excluded. This analysis was conducted using 

the Spearman’s correlation index. The result of the correlation analysis is shown below in 

Table 25. 

Table 25 - Spearman Correlation Coefficient Matrix performed at Poole level for every variable that results 
significant for LGD_OBS in the Univariate step 

Variable CATEGORY NATURE 

 

PER_GUAR EAS_CLUS MORTGAGE 

CATEGORY 100% 51,68% 8,75% 14,47% 54,55% 

NATURE  100% 5,74% 21,63% 73,49% 

PER_GUAR   100% 22,47% 8,99% 

EAS_CLUS    100% 22,09% 

MORTGAGE     100% 

The Correlation Matrix displayed above leads to the following conclusions: 

1. The NATURE variable is eliminated because it is highly correlated with the 

CATEGORY variable, which however has a larger AR; 

2. The MORTGAGE variable is eliminated because it is highly correlated with the 

CATEGORY variable, which however has a larger AR. 
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In conclusion, in the Table 26 are summarized those variables that form the Middle List. 

These variables will be used to perform the Multivariate Analysis in the next section. 

Table 26 – Middle List containing all the variables that results significant after the Univariate and correlation 
analyses 

Variable Description Outcome 

PER_GUAR Personal guarantee presence a 

CATEGORY Product type a 

EAS_CLUS Litigation Esposure a 

MORTGAGE Mortgage Presence r 

IND_RAE_ATECO Combined index RAE/ATECO r 

IND_RAE_V1 Subsector of economic activity r 

IND_RAE_V2 Subsector of economic activity r 

IND_SAE Sector of economic activity r 

NATURE Nature of the mortgage r 

3.6.3 Multivariate Analysis 

There are various methods for variables selection in the regression context. The “Forward 

Method” begins performing a null model in which no variable between the predictors is 

selected; during the first step the variable with the most significant association at statistical 

level is appended. At each subsequent phase, the variable with the highest statistically 

significant association among those not yet included in the model is added, and the process 
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continues until there is no longer any variable with a statistically significant association with 

the dependent one. The “Backward Method” starts with a model that includes all the 

variables and proceeds systematically eliminating the variables starting from the one with the 

weaker association with the dependent variable. As a hybrid between the two models 

described above, the “Stepwise Process” adds and removes the variables that, in the various 

model adjustments (with addition or re-insertion of a variable) gain or lose in terms of 

statistical significance. This method regresses linearly the dependent variable LGD_OBS 

with respect to the different indicators that have passed the Univariate Analysis. A summary 

of the “Stepwise Process” is proposed in Table 27. 

Table 27 - Stepwise process description divided in steps 

Preparation Step 0 Step 1 Step 2 Step 3 

The procedure stops 

when no remaining 

regressor can be 

inserted according to 

the chosen 

significance level 

(SLENTRY) and no 

included regressor 

can be eliminated 

based on the chosen 

significance level 

(SLSTAY) 

 

The intercept 

model (the 

model 

containing the 

dependent 

variable only) is 

proposed 

The process 

estimates a 

model 

containing a 

single regressor 

among those 

proposed (the 

regressor who 

gives the 

greatest 

contribution to 

the explanation 

of the 

variability) 

All the possible 

models 

containing the 

regressor 

identified in Step 

1 and one of the 

remaining 

regressors are 

evaluated, 

holding the 

model with the 

best fit 

 

Evaluation of 

the possible 

exit of each of 

the regressors 

and entry of a 

new one 

(based on the 

greater 

increase in the 

explanatory 

capacity of the 

model) 

 

The Multivariate Analysis of indicators, performed at Pool level, is aimed at creating the 

Short List for the estimation of the LGD model. Once the Middle List of the indicators has 

been identified, they are selected using the GLM52 approach for the Stepwise Process 

                                                
52 We use the GLM procedure because Generalized Linear Models (GLM) are a generalization of the more 
classical linear model in the context of linear regression. While in the classical linear model it is assumed that 
the endogenous variable is normally distributed, within the generalized linear models the endogenous variable 
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application. We decided to use the GLMSELECT default selection method, which is an 

alternative of the traditional stepwise selection. In this case, the determinations on the 

variables to be selected or eliminated at every stage are based on the Schwarz Bayesian 

information criterion (SBC). When a further decrease in the SBC value is no longer possible 

by eliminating or adding a regressor, the model that produces the lowest SBC statistic is kept 

and the process stops. Table 28 displays the GLMSELECT procedure as explained above. 

Table 28 - The GLM Select procedure 

Data Set WORK.DB 

Dependent Variable LGD_OBS 

Selection Method Stepwise 

Select Criterion SBC 

Stop Criterion SBC 

Effect Hierarchy Enforced None 

In the following pages, the results of the analysis are presented. Table 29 displays the steps of 

the procedure, in particular: 

§ The first stage, called Step 0, represents the intercept model composed by 

LGD_OBS only, together with the coefficients estimates, standard errors, t-values 

with associated probability, R-squared and SBC; 

§ Step 1 describes a new model composed by the dependent variable with the first 

regressor CATEGORY; 

§ The final stage (Step 2) displays the model containing also the variable PER_GUAR. 

                                                
can be distributed as any random variable of the exponential family and, therefore in addition to the normal 
random variable, also the binomial, Poisson, gamma, normal inverse and others 
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The model chosen at the end of the Stepwise Process has been that of Step 2, in fact it ends 

after that. The final model is then composed by the dependent variable LGD_OBS together 

with PER_GUAR and CATEGORY that constitute the Short List. 

Table 30 shows the reason why the variable EAS_CLUS has been rejected and hence not 

inserted in the model: the SB Criterion of the model at this stage would be greater than that 

of the model at Step 2, i.e. -16823,30.
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Table 29 – Final table of the GLM Procedure which displays the performed models and the selected one, together with the variables’ classes 

Step Effect Parameter Estimate StdErr tValue Probt R2 SBC 

0 Intercept Intercept 0,56 0,004 129,44 <0,0001 0,00% -16185 

1 

Intercept Intercept 0,62 0,005 115,19 <0,0001 

5,87% -16251 

CATEGORY 

1.MT - IPO -0,32 0,013 -23,51 <0,0001 

2.CHIRO- RAT -0,08 0,010 -8,80 <0,0001 

3.CC/ PTF/ CT 0,00  
 

- 

2 

Intercept Intercept 0,65 0,006 102,77 <0,0001 

7,07% -16823 

PER_GUAR 

1.GARANZIE PERSONALI -0,09 0,008 -10,82 <0,0001 

2.ASSENZA DI GARANZIE PERSONALI 0,00  
 

- 

CATEGORY 

1.MT - IPO -0,31 0,013 -23,09 <0,0001 

2.CHIRO- RAT -0,08 0,010 -7,88 <0,0001 
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3.CC/ PTF/ CT 0,00  
 

- 

Table 30 – Stepwise Selection Stop Details by means of the SBC 

Candidate For Effect Candidate SBC  Compare SBC 

Entry EAS_CLUS -16819,032 > -16823,299 

Removal PER_GUAR -16716,116 > -16823,299 
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3.7 The Final Grid 

The final grid – that exhibits the estimated LGD and will be attached to every future loan –

is based on an approach that computes the average of the observed LGD for each sub-

classes chosen by the means of the Multivariate Analysis. This grid is obtained by dividing 

the estimation sample into as many sub-samples as there are combinations between the 

modalities of the variables composing the Short List. Each sub-sample is characterized by an 

average value of LGD, to be applied to loans with the same characteristics. The process of 

constructing the LGD grid is divided into several steps, summarized in Table 31: 

Table 31 - Process that permits the identification of the Final Grid, both at Pool level and at Bank Specific level 

Stage Description 

Step 1 (pool level) The grid at the Pool level is realized 

Step 2  (pool level) 

Observation of the number of reports 

contained in every sub-sample (at least 50 

reports) together with their economic 

sense. If needed, there are unifications that 

lead to the final grid.  

Step 3 (bank level) 
The grid obtained at Pool level is applied at 

Bank Specific level 

Step 4 (bank level) 

Step 2 is re-performed for the Bank 

Specific grids. Again if the economic 

significance of some sub-sample is not 

coherent with expectations, unifications 

will be carried out 
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In the table below the procedure for the construction of the Pool LGD grid (Step 1 of Table 

31) is displayed. A first grid of LGD values is obtained by combining all the possible classes 

of the significant variables, thus obtaining the maximum possible estimation granularity. 

Table 32 - Step 1 outcomes at Pool level 

Category Personal Guarantees LGD #Reports 

1.MT - IPO 

1.Personal Guarantees 31,49% 520 

2.No Personal Guarantees 28,67% 523 

2.CHIRO- RAT 

1.Personal Guarantees 50,15% 1303 

2.No Personal Guarantees 56,52% 1209 

3.CC/ PTF/ CT 

1.Personal Guarantees 54,32% 2312 

2.No Personal Guarantees 66,92% 3212 

The grid obtained is analysed according to two principles (as described by Step 2 of Table 31): 

§ The number of observation of the classes that constitute the clusters. In this phase, 

the clusters constituted by less than 50 reports are considered not sufficiently 

populated; 

§ Consistency of the values of LGS observed with respect to the economic sense of 

the indicators. 

When one or more clusters do not meet one of the two criteria, the next cluster is merged, 

based on the economic sense of the indicators. As we can observe, all the classes are 

constituted by more than 50 reports. Furthermore, regarding the economic coherence of the 

grid, we can state that: 
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§ According with the instrument category (CATEGORY), LGD values should 

increase as the riskiness of the instrument rises. In fact, the mortgage-backed loans 

show lower LGD values compared to CC/PTF/CT loans; 

§ According with the presence of the personal guarantees (PER_GUAR), LGD values 

should increase when the loan does not contain any personal guarantee. The grid 

does not meet this criterion; in fact, loans with a personal guarantee show a greater 

LGD values with respect to unsecured loans in the MT-IPO sector. 

In the light of the aforementioned situation, an aggregation for the MT-IPO cluster has been 

performed where the final LGD is a weighted average of the previous ones.  

Table 33 - Final Pool Grid by means of an aggregation for the MT-IPO cluster  

Category Personal Guarantees LGD #Reports 

1.MT - IPO NOT RELEVANT 30,08% 1043 

2.CHIRO- RAT 

1.Personal Guarantees 50,56% 1303 

2.No Personal Guarantees 56,23% 1209 

3.CC/ PTF/ CT 

1.Personal Guarantees 54,37% 2312 

2.No Personal Guarantees 65,92% 3212 

The Pool grid defined in this way is then applied to each Banking Group (Step 3 of Table 31). 

According with Step 4 of Table 31, for each Bank, when necessary, mergers are made to obtain 

clusters that comply with the same criteria of number and consistency with respect to the 

economic sense adopted for the definition of the Pool grid. The following tables present the 

Bank Specific grids as a result of the aforementioned analysis.  
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Table 34 – Bank A Grid  

Bank Category Personal Guarantees #Report LGD Significance 

BANKA 

1.MT - 

IPO 

1.Personal Guarantees 246 29,00% OK 

2.No Personal Guarantees 236 27,50% KO 

2.CHIRO- 

RAT 

1.Personal Guarantees 389 44,71% OK 

2.No Personal Guarantees 188 67,52% OK 

3.CC/ 

PTF/ CT 

1.Personal Guarantees 878 48,80% OK 

2.No Personal Guarantees 887 68,64% OK 

Table 35 - Bank B Grid 

Bank Category Personal Guarantees #Report LGD Significance 

BANKB 

1.MT - 

IPO 

1.Personal Guarantees 119 31,55% OK 

2.No Personal Guarantees 73 25,91% KO 

2.CHIRO- 

RAT 

1.Personal Guarantees 186 47,82% OK 

2.No Personal Guarantees 281 36,87% KO 

1.Personal Guarantees 548 53,34% OK 
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3.CC/ 

PTF/ CT 
2.No Personal Guarantees 

1049 55,97% 

OK 

Table 36 - Bank C Grid 

Bank Category Personal Guarantees #Report LGD Significance 

BANKC 

1.MT - 

IPO 

1.Personal Guarantees 155 35,39% OK 

2.No Personal Guarantees 214 30,91% KO 

2.CHIRO- 

RAT 

1.Personal Guarantees 728 53,65% OK 

2.No Personal Guarantees 740 61,20% OK 

3.CC/ 

PTF/ CT 

1.Personal Guarantees 886 60,40% OK 

2.No Personal Guarantees 1276 74,72% OK 

Inspecting the output, we realize the following: 

§ Bank A LGD results are in line with expectations in terms of number of 

observations. On the contrary, the grid shows a lack of economic sense for the cluster 

CHIRO-RAT. This fallacy is fixed using a weighted average for the cluster in Table 

38; 

§ Bank B LGD results are consistent in terms of number of reports. However, in some 

cases the economic sense is not in line with expectations. This fallacy is fixed using 

a weighted average for the categories MT-IPO and CC/PTF/CT in Table 38; 

§ Bank C LGD results show consistency for what concerns the number of reports for 

every class. On the other hand, with regard to the economic sense, there is an 

incongruity for the MT-IPO class. This fallacy is compensated using a weighted 

average for the specific field (see Table 39). 
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Table 37 - Final Grid for Bank A by means of an aggregation for the cluster CHIRO-RAT 

Bank Category Personal Guarantees LGD #Reports 

BANKA 

1.MT - IPO NOT RELEVANT 28,26% 482 

2.CHIRO- RAT 

1.Personal Guarantees 44,71% 389 

2.No Personal Guarantees 67,52% 188 

3.CC/ PTF/ CT 

1.Personal Guarantees 48,80% 878 

2.No Personal Guarantees 68,64% 887 

Table 38 - Final Grid for Bank B by means of an aggregation for the clusters MT-IPO and CC/PTF/CT 

Bank Category Personal Guarantees LGD #Reports 

BANKB 

1.MT - IPO NOT RELEVANT 29,40 % 192 

2.CHIRO- RAT NOT RELEVANT 41,23% 467 

3.CC/ PTF/ CT 
1.Personal Guarantees 

2.No Personal Guarantees 

53,34% 

55,97% 

548 

1049 

Table 39 - Final Grid for Bank C by means of an aggregation for the cluster MT-IPO 

Bank Category Personal Guarantees LGD #Reports 

BANKC 1.MT - IPO NOT RELEVANT 32,79% 369 
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2.CHIRO- RAT 
1.Personal Guarantees 

2.No Personal Guarantees 

53,65% 

61,20% 

728 

740 

3.CC/ PTF/ CT 
1.Personal Guarantees 

2.No Personal Guarantees 

60,40% 886 

74, 72% 1276 
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4. The Pool Model Choice 

The aim of this last chapter is to discuss the choice of a Pooled approach. In particular, the 

purpose is to present the rationales that support the choice of a Pool approach for the 

estimation of the LGD model, verifying that this choice does not generate bias compared to 

making separate estimates for each banking group. 

In order to check the accuracy of the analysis that has been described during the previous 

chapter, the following verifications has been performed:  

§ A Representativeness Analysis of estimation perimeters of each Banking Group with 

that of the Pool by means of the Population Stability Index (PSI), to verify the 

correspondence in terms of composition; 

§ A verification of the hypothesis of adoption of the Pool approach for the selection 

of risk drivers. 

4.1 Representativeness Analysis 

The Representativeness Analyses, performed using the Population Stability Index (PSI), have 

the objective of verifying possible deviations in the population of two samples under analysis 

which could make necessary a revision of the model described in the previous chapters. The 

two samples being examined during this section are: 

§ The sample composed by all the Banking Groups (Pool sample); 

§ Each Banking Group sample (Pool sub-samples). 

In particular, the purpose of this investigation is to analyse how the representativeness of a 

given variable within the Pool sample is respected also in the more specific context of the 

single Banking Groups. Technically, the PSI is a statistical measure which compares the 

variables belonging to two different samples of data. The PSI detects the variation between 

the proportions of each variable within the Pool sample and those within the Bank Specific 

samples. It is therefore calculated as follows, for each variable, assuming that T represents 

the time between 2000 and 2016: 
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!"#(%&'(), %+,,-: /) =2(3&'() − 3+,,-)
5

678
∗ [ln(3&'()) − ln(3+,,-)] 

																																																							= ∑ (3&'() − 3+,,-)5
678 ∗ @lnA3&'() 3+,,-B CD  

where,  

§ 3&'() represents the number of observations of the specific class of the variable over 

the total observations of the variable within specific Bank; 

§ 3!EEF represent the number of observations of the specific class of the variable over 

the total observations of the variable within the Pool; 

The Population Stability Index calculation is performed on the main sample drivers that are 

considered explanatory of every loan risk. The outcome of this analysis enables to clarify 

whether the adoption of a Pooled approach should be considered as coherent for the 

Banking Groups. Within this context, PSI results can be seen as measures representing how 

much a variable belonging to a specific structure can be significant also in another one.  

Current rules on the use of such index state that a PSI lower than 10% is considered as a 

“slight shift”. When it is comprised between 10% and 25% means “modest shift”, and, 

eventually if the index is greater than 25% it involved a “huge shift”. For this reason, the test 

result is considered positive if the value of Population Stability Index associated with each 

variable is below the threshold of 10%.  

The following tables represent the number and percentage of observations for each Banking 

Group compared with that of the Pool together with their Population Stability Index. The 

variable EAS_POSIT is parted because, being a continuous variable, the PSI calculation 

approach has been slightly different since the analysis includes the division of the variable in 

quartiles. The quartiles are first detected for the Pool sample and then applied to the Banking 

Group separately.   

For the means of the analysis shown in the next pages, the adoption of a Pooled approach 

is justifiable since every PSI does not exceed the 10% threshold. 
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Table 40 – Population Stability Index results for categorical variables on Bank A 

Variable Cluster Bank  % Pool % Psi Aux PSI 

CATEGORY 

1.Secured Loans 482 17,41% 1043 11,49% 2,46% 5,98% 

2.Unsecured Loans 522 18,85% 2512 27,67% 3,38%   

3.Bank accounts, Cards and Portfolios 1765 63,74% 5524 60,84% 0,13%   

IND_RAE_V1 

1.Primary Sector 105 3,72% 671 7,39% 2,52% 2,88% 

2.Secondary Sector 1635 57,90% 4982 54,87% 0,16%   

3.Tertiary Sector 962 34,07% 3112 34,28% 0,00%   

4.Other 122 4,32% 314 3,46% 0,19%   

IND_RAE_V2 1.Other 181 6,41% 656 7,23% 0,10% 0,12% 
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2.Commercial Sector 2177 77,09% 6896 75,96% 0,02%   

3.Residential Sector 466 16,50% 1527 16,82% 0,01%   

 IND_RAE_ATECO 

1.Manufacturing/Services 1063 37,64% 3588 39,52% 0,09% 0,38% 

2.Real estate activities 256 9,07% 799 8,80% 0,01%   

3.Transport/Commerce 829 29,36% 2715 29,90% 0,01%   

4.Buildings and missing 554 19,62% 1661 18,29% 0,09%   

5.Other 122 4,32% 316 3,48% 0,18%   

 IND_SAE 

1.Non-financial companies 789 27,94% 2159 23,78% 0,67% 2,82% 

2.Producing families and artisans 1073 38,00% 4193 46,18% 1,60%   
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3.Consumer families 122 4,32% 313 3,45% 0,20%   

4.Productive companies and holdings 840 29,75% 2414 26,59% 0,35%   

 MORTGAGE 

1.Mortgage guarantees 511 18,09% 989 10,89% 3,65% 4,26% 

2.No mortgage guarantees 2313 81,91% 8090 89,11% 0,61%   

 PER_GUAR 

1.Personal guarantees 1513 53,58% 4135 45,54% 1,30% 2,59% 

2.No personal guarantees 1311 46,42% 4944 54,46% 1,28%   

 NATURE 

1.Only mortgage products 263 9,31% 574 6,32% 1,16% 4,84% 

2.Mortgage and non-mortgage products 448 15,86% 909 10,01% 2,69%   

3.Only non-mortgage products 2113 74,82% 7596 83,67% 0,99%   
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Table 41 – Population Stability Index results for the continuous variable on Bank A 

Variable Quartile Pool % Bank % PSI 

EAS_POSIT 

1 2269 24,99% 483 17,10% 3,00% 

2 2270 25,00% 568 20,11% 1,06% 

3 2270 25,00% 692 24,50% 0,01% 

4 2270 25,00% 1081 38,28% 5,65% 

Total PSI 9,72% 

 
Table 42 - Population Stability Index results for categorical variables on Bank B 

Variable Cluster Bank  % Pool % Psi Aux PSI 

CATEGORY 

1.Secured Loans 192 8,51% 1043 11,49% 0,89% 4,42% 

2.Unsecured Loans 467 20,70% 2512 27,67% 2,02%   
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3.Bank accounts, Cards and Portfolios 1597 70,79% 5524 60,84% 1,51%   

IND_RAE_V1 

1.Primary Sector 210 9,31% 671 7,39% 0,44% 0,97% 

2.Secondary Sector 1203 53,32% 4982 54,87% 0,04%   

3.Tertiary Sector 736 32,62% 3112 34,28% 0,08%   

4.Other 107 4,74% 314 3,46% 0,41%   

IND_RAE_V2 

1.Other 200 8,87% 656 7,23% 0,34% 2,76% 

2.Commercial Sector 1802 79,88% 6896 75,96% 0,20%   

3.Residential Sector 254 11,26% 1527 16,82% 2,23%   

 IND_RAE_ATECO 1.Manufacturing/Services 941 41,71% 3588 39,52% 0,12% 4,43% 
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2.Real estate activities 130 5,76% 799 8,80% 1,29%   

3.Transport/Commerce 784 34,75% 2715 29,90% 0,73%   

4.Buildings and missing 292 12,94% 1661 18,29% 1,85%   

5.Other 109 4,83% 316 3,48% 0,44%   

 IND_SAE 

1.Non-financial companies 495 21,94% 2159 23,78% 0,15% 1,78% 

2.Producing families and artisans 945 41,89% 4193 46,18% 0,42%   

3.Consumer families 106 4,70% 313 3,45% 0,39%   

4.Productive companies and holdings 710 31,47% 2414 26,59% 0,82%   

 MORTGAGE 1.Mortgage guarantees 160 7,09% 989 10,89% 1,63% 1,79% 
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2.No mortgage guarantees 2096 92,91% 8090 89,11% 0,16%   

 PER_GUAR 

1.Personal guarantees 853 37,81% 4135 45,54% 1,44% 2,47% 

2.No personal guarantees 1403 62,19% 4944 54,46% 1,03%   

 NATURE 

1.Only mortgage products 88 3,90% 574 6,32% 1,17% 1,94% 

2.Mortgage and non-mortgage products 177 7,85% 909 10,01% 0,53%   

3.Only non-mortgage products 1991 88,25% 7596 83,67% 0,24%   

 

Table 43 – Population Stability Index results for the continuous variable on Bank B 

Variable Quartile Pool % Bank % PSI 

EAS_POSIT 

1 2269 24,99% 709 31,43% 1,47% 

2 2270 25,00% 591 26,20% 0,06% 
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3 2270 25,00% 504 22,34% 0,30% 

4 2270 25,00% 452 20,04% 1,10% 

Total PSI  2,93% 

 
 

Table 44 - Population Stability Index results for categorical variables on Bank C 

Variable Cluster Bank  % Pool % Psi Aux PSI 

CATEGORY 

1.Secured Loans 369 9,23% 1043 11,49% 0,50% 3,85% 

2.Unsecured Loans 1468 36,71% 2512 27,67% 2,56%   

3.Bank accounts, Cards and Portfolios 2162 54,06% 5524 60,84% 0,80%   

IND_RAE_V1 

1.Primary Sector 356 8,90% 671 7,39% 0,28% 0,99% 

2.Secondary Sector 2144 53,61% 4982 54,87% 0,03%   
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3.Tertiary Sector 1414 35,36% 3112 34,28% 0,03%   

4.Other 85 2,13% 314 3,46% 0,65%   

IND_RAE_V2 

1.Other 275 6,88% 656 7,23% 0,02% 0,75% 

2.Commercial Sector 2917 72,94% 6896 75,96% 0,12%   

3.Residential Sector 807 20,18% 1527 16,82% 0,61%   

 IND_RAE_ATECO 

1.Manufacturing/Services 1584 39,61% 3588 39,52% 0,00% 1,33% 

2.Real estate activities 413 10,33% 799 8,80% 0,24%   

3.Transport/Commerce 1102 27,56% 2715 29,90% 0,19%   

4.Buildings and missing 815 20,38% 1661 18,29% 0,23%   
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5.Other 85 2,13% 316 3,48% 0,67%   

 IND_SAE 

1.Non-financial companies 875 21,88% 2159 23,78% 0,16% 3,17% 

2.Producing families and artisans 2175 54,39% 4193 46,18% 1,34%   

3.Consumer families 85 2,13% 313 3,45% 0,64%   

4.Productive companies and holdings 864 21,61% 2414 26,59% 1,03%   

MORTGAGE 

1.Mortgage guarantees 318 7,95% 989 10,89% 0,93% 1,02% 

2.No mortgage guarantees 3681 92,05% 8090 89,11% 0,10%   

PER_GUAR 

1.Personal guarantees 1769 44,24% 4135 45,54% 0,04% 0,07% 

2.No personal guarantees 2230 55,76% 4944 54,46% 0,03%   
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NATURE 

1.Only mortgage products 223 5,58% 574 6,32% 0,09% 1,25% 

2.Mortgage and non-mortgage products 284 7,10% 909 10,01% 1,00%   

3.Only non-mortgage products 3492 87,32% 7596 83,67% 0,16%   

 

Table 45 – Population Stability Index results for the continuous variable on Bank C 

Variable Quartile Pool % Bank % PSI 

EAS_POSIT 

1 2269 24,99% 1076 26,91% 0,14% 

2 2270 25,00% 1111 27,78% 0,29% 

3 2270 25,00% 1075 26,88% 0,14% 

4 2270 25,00% 737 18,43% 2,00% 

Total PSI 2,58% 
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4.2 Risk driver’s selection 

In order to validate the hypothesis of a Pool approach for the risk drivers’ selection, the 

current section presents the development of the following steps for each Banking Group: 

§ The Clustering Procedure of the continuous variable (EAS_POSIT): The Pool 

approach results consistent if in this stage the clustering procedure of such variable 

is coherent with that presented in Table 22 of the previous Chapter. The objective of 

such inspection is to verify that the clusters implemented during the Pooled 

approach development at Bank Specific level. 

§ The Univariate Analysis and the Correlation Analysis: The Pool approach results 

consistent if the Middle List representing the chosen variables at the end of this 

phase is coherent with that displayed in Table 26 of the previous Chapter. The 

objective of such inspection is to verify that the selection of risk drivers carried out 

on the Pool sample does not lead to erroneously ignoring significant risk indicators 

at Banking Group level; 

4.2.1 Clustering procedure: Bank specific level 

The first step of the Procedure consists in dividing the sample in three samples, 

corresponding to the three different banking groups. Secondly, as described beforeErrore. 

L'origine riferimento non è stata trovata., the distribution of EAS_POSIT for each bank 

is divided into ventiles (each ventile represents about 5% of the population under analysis). 

For every ventile, the average LGS is calculated. The aforementioned analysis is summarized 

in the tables below: 

Table 46 – Percentile distribution for the variable EAS_POSIT together with the LGD_OBS mean for every cluster 
for Bank A 

Variable Percentiles Classes’ upper level Mean LGD 

EAS_POSIT 

p_5 1719,54 65,65% 

p_10 2813,37 63,65% 

p_15 4219,1 58,27% 
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p_20 5800,63 60,13% 

p_25 7745,6 55,80% 

p_30 10268,47 55,38% 

p_35 12258,7 52,17% 

p_40 15477,75 54,56% 

p_45 18965,07 50,22% 

p_50 22877,83 56,54% 

p_55 27530,23 50,21% 

p_60 33848,05 52,06% 

p_65 43315,21 50,53% 

p_70 54355,11 51,59% 

p_75 72850,04 48,33% 

p_80 97213,41 47,29% 

p_85 133354,57 42,43% 

p_90 194329,85 42,09% 

p_95 353712,25 42,13% 

p_100 34209539,34 45,10% 
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Figure 10 - Line chart representing EAS_POSIT percentiles on the x axes and LGD_OBS means for every percentile 
on the y axes for Bank A 

  

Table 47 - Percentile distribution for the variable EAS_POSIT together with the LGD_OBS mean for every cluster 
for Bank B 

Variable Percentiles Classes’ upper level Mean LGD 

EAS_POSIT 

p_5 1322,85 57,21% 

p_10 1834,15 68,40% 

p_15 2462,62 59,93% 

p_20 3125,06 50,00% 

p_25 3969,7 50,18% 

p_30 4818,14 50,25% 

p_35 5826,85 53,57% 

p_40 7160,31 47,29% 

p_45 8598,43 46,88% 

p_50 10180 53,59% 
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p_55 12147,38 47,50% 

p_60 15031 39,38% 

p_65 18495,53 45,05% 

p_70 23355,22 43,47% 

p_75 28840,75 42,57% 

p_80 36856,56 51,50% 

p_85 48848,72 51,66% 

p_90 76614,84 42,28% 

p_95 152305,21 45,09% 

p_100 20504114,75 54,59% 

Figure 11 - Line chart representing EAS_POSIT percentiles on the x axes and LGD_OBS means for every percentile 
on the y axes for Bank B 
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Figure 12 - Percentile distribution for the variable EAS_POSIT together with the LGD_OBS mean for every cluster 
for Bank C 

Variable Percentiles Classes’ upper level Mean LGD 

EAS_POSIT 

p_5 1562,28 71,42% 

p_10 2280,01 68,25% 

p_15 2970,58 65,15% 

p_20 3772,6 63,99% 

p_25 4771,09 64,79% 

p_30 5670,54 62,51% 

p_35 6819,87 66,12% 

p_40 8436,71 58,88% 

p_45 10115,90 59,91% 

p_50 11765,91 59,40% 

p_55 13814,18 62,63% 

p_60 16081,51 58,23% 

p_65 19214,92 60,54% 

p_70 22870,47 59,10% 

p_75 27733,72 60,96% 

p_80 34037,45 63,70% 



104 
 

p_85 43860,23 60,96% 

p_90 61314,33 59,92% 

p_95 102067,01 50,54% 

p_100 3492974,94 49,75% 

Figure 13 – Line chart representing EAS_POSIT percentiles on the x axes and LGD_OBS means for every percentile 
on the y axes for Bank C 

 

Tables exhibit how the EAS_POSIT variable shows stationarity through the banking groups. 

The series are all characterized by a slightly downward trend, in line with the economic sense 

of the variable. In particular, 

§ Bank A exposition starts decreasing approximately after the threshold corresponding 

to a maximum of 10268,47€; 

§ Bank B exposition’s shape shows a decline beginning from 10180€; 

§ Bank C exposition exhibit some sort of decreasing pattern over 6819,87€. 

Such results support the Pool outcomes, i.e. the selected threshold seems satisfactory at Bank 

Specific level too. It turns out that the Pool model approach is consistent for this first 

examination. 
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4.2.2 Univariate and Correlation Analyses: Bank specific level 

In order to validate the results obtained through the Pool approach, the risk drivers are 

identified on the Bank specific samples. The resulting short list for each Banking Group is 

then compared to the Pool short list produced in the estimation section (Chapter 2). The 

correspondence of the results is tested by qualitative judgment and is verified if the following 

requisites are satisfied: 

§ The exact equivalence of the variables resulting from the Bank Specific selection 

analysis is verified for each Banking Group; 

§ In the case of inaccurate match between variables, the coherence in terms of 

“information” covered area is verified.   

The outcome of the test is therefore considered unsatisfactory if the Bank specific “selection 

analysis” leads to a different Short List in terms of the resulting risk drivers and information 

areas covered by them. Starting from the Long List displayed in Table 16 – Variables to be 

analyzed that define the Long List (which correspond with the Pool Long List), the 

univariate analysis is proceeded. The following table represents a summary of the results 

obtained performing univariate analysis. This selection eliminates the variables for which the 

following features are not verified: 

§ The sign of the regression coefficient estimated for each risk driver mode complies 

with the expectations formulated on the basis of the economic sense of the variable; 

§ The univariate regression of the target variable (LGD_OBS) with respect to the risk 

driver shows a p-value of the regression coefficient lower than 5%; 

§ The AR of the univariate regression model is at least 5%. 

The following table shows the results of this passage, both for the Pooled Approach and for 

each Banking Group: 

Table 48 – Univariate Analysis outcomes for each Banking Group displayed together with the Univariate Analysis at 
Pool level performed in Chapter 3 

Pool Bank A Bank B Bank C 

MORTGAGE MORTGAGE MORTGAGE MORTGAGE 
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PER_GUAR 

CATEGORY 

NATURE 

EAS_CLUS 

PER_GUAR 

NATURE 

EAS_CLUS 

CATEGORY 

EAS_CLUS 

PER_GUAR 

CATEGORY 

NATURE 

EAS_CLUS 

The variables that go beyond the univariate analysis are further tested by means of the 

correlation analysis, in order to arrive at the definition of a Short List obtained by the Bank 

Specific approach to be compared with that of the Pool approach defined in Paragraph 3.6.3. 

All the variables resulting from the univariate analysis are tested in pairs and for each pair the 

Spearman correlation index is calculated. The variables that show a correlation index of less 

than 40% are considered uncorrelated. In the event of a correlation of more than 40% 

between two variables, the one characterized by a major Accuracy Ratio (AR) is kept in Short 

List. The following table displays the results obtained at Pool level and for each Banking 

Group: 
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Table 49 – Comparison between the Middle List at Pool level (performed in Chapter 3) and the Middle List of each bank 

Pool Information area Bank A Bank B Bank C 

PER_GUAR 
1.Personal guarantees 

2.No personal guarantees  
a r a 

CATEGORY 

1. Secured 

2. Unsecured Loans 

3.Bank accounts, portfolios and cards 

r a a 

EAS_CLUS 1. Exposition greater than 10000€ 

2. Exposition lower than 10000€ 
a a a 

Additional  

1. The counterparty is only inclusive of mortgage 
products 

2. Mortgage and non-mortgage products 

3. Only non-mortgage products 

NATURE r r 
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The exact correspondence between Banks Short Lists and Pool one with reference to the 

variable which represents the loan exposure (EAS_CLUS) is observed. Furthermore, is 

worth noting that Bank C Short List is strictly equivalent to the Pool one.  

The adoption of the Pooled approach leads to the exclusion of the variable whose aim is to 

describe the existence of mortgage guarantees on the counterparty financial instruments 

(NATURE), which, according to the bank specific approach, is significant for Bank A. 

However, it should be noted how the variable CATEGORY cover quite the same 

information area of NATURE. In fact, the former represents the technical macro-form of 

the financial instrument under consideration and is therefore an aggregation of the latter, i.e. 

is not considered a possible cause of distortion to be attributed to the adoption of a Pool 

approach. 

Table 49 also shows how the Pool approach allows to include variables in the model that can 

cover multiple information areas. In fact, the Pool consents the embracing of the information 

relative to the existence of personal guarantees within the item (PER_GUAR), which 

through the bank specific approach would not be significant for Bank B, except for the area 

that concerns CC/PTF/CT (see the aggregation made in Table 38, Chapter 3, representing 

the creation of the final grid for BANKB). 

The adoption of a Pooled approach for the selection of risk drivers is therefore justifiable 

since there are no variables and information areas that by adopting a Bank Specific approach 

would be covered by the model and which are not covered by the adoption of the Pooled 

model. 
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5. Final remarks 

In calculating risk parameters through internal credit risk measurement systems, the 

calculation of Loss Given Default plays a very central role because is a very complicated 

matter.  While the Probability of Default is associated with the debtor counterparty’s risk and 

therefore does not depend on the characteristics of the contract, the Loss Given Default is 

more complex as it must consider the different contractual characteristics. Therefore, some 

elements that must be taken in consideration are the exposure characteristics of the facility, 
i.e. associated collaterals and seniority of the exposure, the features of the obligor, i.e. the 

situation of the bank’s client, and internal and external factors such as of the efficiency of 

the Bank’s monitoring and recovery process or the Bank’s strategy or the business cycle. 

The aim of the thesis is to perform a model estimation for the Loss Given Default following 

the technical standards used by the market practice in the field of credit risk management 

that is compliant with the Regulation requirements. Such procedure follows the conventional 

principles for LGD estimation in the Advanced IRB context, implementing the underlying 

content with a Pool model Approach. The project, which has been detailed during the third 

Chapter, comprises several steps: 

§ Firstly, an analysis of the dataset has been performed. Such procedure aims at 

detecting missing values and outliers on the main variables which reflect the risk 

drivers of the model. Once anomalies have been identified, the variable has been 

modified or deleted; 

§ Univariate Analysis on risk drivers and Correlation Analysis in order to identify a 

short list. The Univariate Analysis underlines how a variable is accurate on the basis 

of some indicators (Accuracy Ratio and p-value). The Correlation Matrix, through 

the investigation of the degree of linear relationship between variables, makes a 

selection of the uncorrelated variables that will pass the analysis; 

§ Multivariate Analysis, where the observed LGD represents the dependent variable. 

In this step, the “Stepwise Selection” process identifies the most suitable model for 

estimation purposes by means of the Schwarz Bayesian Information Criterion.  
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The estimation processes of the individual components of the model are conducted at Pool 

level, whereas the final Banking Groups’ grids are calibrated starting from the samples of 

every Bank separately.  

One of the main contents of the project has been the discussion on the opportunity of using 

a “Pooled approach” in this context, assuming that the outcomes can be unbiased compared 

to those that could be calculated using Bank specific methods. Theoretically, estimating using 

a Pooled approach may benefit in many ways: 

§ Mid-size banks do not have as many information as the Pool composed of many 

banks. This factor can undermine the possibility of developing estimates models;  

§ On the assumption that a bank inside such project is platting to broaden its pool of 

instruments, it can rely on the Pool grid as a benchmark of riskiness and profitability. 

Such chance has been examined, executing some performance analyses: 

§ A Representativeness Analysis of estimation perimeters of each Banking Group with 

that of the Pool by means of the Population Stability Index (PSI), to verify the 

correspondence in terms of composition; 

§ A verification of the hypothesis of adoption of the Pool approach for the selection 

of risk drivers. 

The outcomes of the final part will be successfully in favour of the Pooled approach, 

underlying how it is more convenient using it for capital requirements estimation. In fact, 

the Representativeness Analysis showed how the variable represent the variables chosen for 

the LGD model. Furthermore, risk drivers’ selection at Bank Specific level indicated that the 

chosen threshold for the exposition variable seems satisfactory at Bank Specific level too and 

that no variables and information areas would not be covered by the Pooled model. 
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6. Appendix 

6.1 Appendix A – The one-factor Gaussian copula model  

In Paragraph 2.3.1 we discussed about Basel II capital requirements which can be explained 

through the following application of the one-factor Gaussian copula model that can be used 

to define a correlation structure between the times to default. Copulas are tools providing 

the correlation structure of some variables, basing on the shape of their probability 

distributions, used when the correlation structure to define the joint distribution of two or 

more variable is not natural (i.e. the distributions are not normal). The aim of copula is that 

of defining a correlation structure between two or more variable indirectly, i.e. to map the 

variables into other variables for which correlation is easier to be defined because of well-

behaved distributions. 

Suppose that a loans portfolio is held by a bank, and that this portfolio has a probability of 

default (PD) equal to exactly 1% for each loan every year. In practice, loans default 

dependently to each other, because they are influenced by macroeconomic variations. As a 

result, the portfolio default rate will not be equal to exactly 1% every year but will know high 

default rate periods and low default rate periods. Table 50 illustrates default rates for rated 

companies for the period 1970-2013.  

Table 50 - Default rates for rated companies, period 1970-2013 

Year Default rate (%) Year Default rate (%) Year Default rate (%) 

1970 2.621  1984 0.934  1999 2.409  

1971 0.285  1985 0.960  2000 2.852  

1972 0.451  1986 1.875  2001 4.345 

1973 0.453  1987 1.588  2002 3.319  
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1974 0.274  1988 1.372  2003 2.018  

1975 0.359  1989 2.386  2004 0.939  

1976 0.175  1990 3.750  2005 0.760  

1977 0.352  1991 3.091  2006 0.721  

1978 0.352  1992 1.500  2007 0.401  

1979 0.088  1993 0.890  2008 2.252  

1980 0.342  1994 0.663  2009 6.002  

1981 0.162  1995 1.031  2010 1.408   

1982 1.032  1996 0.588  2011 0.890   

1983 0.964  1997 0.765  2012 1.381  

  1998 1.317 2013 1.381  

Source: Moody’s 

Note that the lower value, i.e. 0.088%, is registered in 1979 whereas the higher one, i.e. 

6.002%, is registered in 2009.  

In order to model the defaults of the portfolio we make two assumptions (Hull 2015): 

1. “There is an implicit assumption that all companies will default eventually —

but the default may happen a long time, perhaps ever hundreds of years, in the 

future;  
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2. All loans have the same probability distribution for the time to default and 

define PD as the probability of default by time T:  

!" = !$%&(() < () 

 Equation 8 

 where () is the time when the company i defaults.” 

John Hull’s (2015)53 definition of factor model is  

“Sometimes the correlations between normally distributed variables are defined using a 

factor model. Suppose that ,-, ,., ...,,/  have standard normal distributions (i.e., 

normal distributions with mean zero and standard deviation one). In a one- factor 

model, each ,)  has a component dependent on a common factor, F, and a component 

that is uncorrelated with the other variables.  

Formally, ,) = 0)1 + 31 − 0)
.6) 

 Equation 9 

where 1 and the 6) have standard normal distributions and 0) is a constant between 

-1 and 1. The  6)  are uncorrelated with each other and with 1. The coefficient of  6) 

is chosen so that ,) has a mean of zero and a variance of one. In this model, all the 

correlation between ,) and ,7 arises from their dependence on common factor F.” 

Recalling Equation 8 assume that ()  is mapped to a variable having a standard normal 

distribution on a percentile-to-percentile basis, called ,) . Assuming that  

 

§ The factor model in Equation 9 for the correlation structure is between the ,) ; 

§ 0) are equal to 0. 

                                                
53 Risk management and Financial Institutions, Fourth Edition, John C. Hull, Wiley, 2015 
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We have  

,) = 01 + 81 − 0.6) 

Equation 10 

The variables 1 and 6) have independent standard normal distributions, which means normal 

distributions with mean zero and standard deviation equal to one. The copula correlation r 

between pairs of loans is the same, always equal to 0.. Hence, Equation 10 can be written as  

,) = 8r1 + 81 − r6) 

In 1987 Vasicek defined54 for the first time the “worst case default rate,” WCDR((, >), as 

the loan default rate during time T that will not be exceeded with probability X%. The 

previous statement lead to the following equation: 

WCDR((, >) = ? @
?A-(!") + 8r	?A-(>)

81 − r
C 

Equation 11 

Furthermore, if the pairs of loans are not correlated, the loans default are independent of 

each other and WCDR=PD. An increase of the correlation results in a higher WCDR.  

6.2 Appendix B – Historical simulation VaR 

The process of the historical simulation consists in past data manipulation with the purpose 

of reflecting what will happen in the future. In order to understand the idea, an example is 

proposed. Consider: 

§ A one-day time horizon; 

§ A confidence level equal to 99%; 

§ A period of 501 days: we use this period because it produces 500 scenarios. 

                                                
54 O. Vasicek, “Probability of Loss on a Loan Portfolio” (Working Paper, KMV, 1987). Vasicek’s results were 
published in Risk in December 2002 under the title “Loan Portfolio Value.” 
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Firstly, market variables being of interest to the portfolio are identified (exchange rates, 

interest rates, stock indices…). The movements of each variable during the period of 501 

days provides 500 alternative scenarios: the first scenario is “where the percentage changes 

in the values of all variables are the same as they were between Day 0 and Day 1”; the second 

one is “where they are the same as between Day 1 and Day 2, and so on” (Hull, 2015).  

Secondly, the probability distribution of the daily portfolio loss is defined as the monetary 

variation for each scenario proposed between time D and time	D + 	1. The VaR estimate is 

the loss when we are at the 99-percentile point of the aforementioned distribution. The 

meaning of this process is that we are 99% confident that the loss will not be larger than the 

VaR if the variables are representative of the actual scenario.  

Algebraically, we define E) as the market value of the variable at time D, assuming that the 

period is up to F, representing the current day. The market variable value tomorrow 

corresponding to the Dth Scenario is defined by the market variable at time D divided by the 

market variable at time D − 1. Then, the total value will be then multiplied by the value of 

the market variable today (time F). Essentially: 

Value	under	the	Dth	Scenario = E/
E)
E)A-

 

The historical simulation approach to estimate the VaR can result vulnerable for some 

intervals as it can be based on any period on the past. In fact, if the variables under 

consideration are part of a high volatility period, the approach tends to give high VaR values 

and, specularly, periods of low volatility perform low VaR values. 

6.3 Appendix C – Stressed VaR 

The intention of the stressed VaR, introduced by the regulators55, is to get an idea of possible 

losses given worse market conditions. In order to calculate the measures, “a financial 

institution must search for the 251-day period during which its VaR would be greatest” (Hull, 

2015).  In this case, the period to consider is different with respect to the Historical 

simulation VaR56. In fact, the period under consideration lasts 251 days (with the goal of 

                                                
55 EBA Guidelines on Stressed Value at Risk (Stressed VaR), EBA/GL/2012/2, 2012 
56 See Appendix B 
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having 250 scenarios). The second difference, comparing this approach with the previously 

mentioned, is that the period under consideration must be the one for which the VaR would 

be greatest than before. Then, “the changes in market variables between Day 0 and Day 1 of 

the 251-day period are used to create the first scenario; the changes in market variables 

between Day 1 and Day 2 of the 251-day period are used to create the second scenario; and 

so on” (Hull, 2015).  

After all, this approach estimates the VaR as the loss that is in the middle of the loss for the 

second and the third worst scenarios.  

6.4 Appendix D – SAS Procedure 

In the following section, the major procedure steps are reported. 

The Procedure of capping the dependent variable LGD_OBS at the 98th percentile for every 
Bank: 
 
/*********Example for BANKA*********/ 
data DATA_BANKA_2; 
 set DATA_BANKA_1; 
 if LGD_OBS>1.16821228549998  

then LGD_OBS=1.16821228549998; 
run; 
 
EAS_POSIT clustering at Pool level and Bank Specific level: 
 
1.Percentiles - Pool********/ 
/*From 5th percentile to 100th percentile by 5 
%macro percentili_cont (var); 
 
%let var=EAS_POSIT; 
 
proc univariate data=DB noprint; 
var &var.; 
 output out=Pctls_&var.   pctlpts  = 5 to 100 by 5  

pctlpre  = P; 
                                               
run; 
proc transpose data=Pctls_&var. out=Pctls_&var.; 
run; 
 
data Pctls_&var.; 
set Pctls_&var.; 
format col1 commax12.9; 
run; 
 
data _null_; 
set Pctls_&var.; 
%do i=5 %to 100 %by 5; 
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          if _NAME_ = compress("P&i.") then do; 
                     valore = round(Col1, 1e-9); 
                     call symputx("P&i.", valore); 
          end; 
%end; 
 
run; 
 
data DB; 
set DB; 
    if .      = &var.           then do; 
                     &var._CL="P_MIS"; 
                     &var._CL_UB = .; 
          end; 
          else if .      < &var. <= &P5. then do; 
                     &var._CL="P5"; 
                     &var._CL_UB = round(&P5.,.01); 
          end; 
          else if &P5. < &var. <= &P10. then do; 
                     &var._CL="P10"; 
                     &var._CL_UB = round(&P10.,.01); 
          end; 
     else if &P10. < &var. <= &P15. then do; 
                     &var._CL="P15"; 
                     &var._CL_UB = round(&P15.,.01); 
          end; 
     else if &P15. < &var. <= &P20. then do; 
                     &var._CL="P20"; 
                     &var._CL_UB = round(&P20.,.01); 
          end; 
          else if &P20. < &var. <= &P25. then do; 
                     &var._CL="P25"; 
                     &var._CL_UB = round(&P25.,.01); 
          end; 
    else if &P25. < &var. <= &P30. then do; 
                     &var._CL="P30"; 
                     &var._CL_UB = round(&P30.,.01); 
          end; 
    else if &P30. < &var. <= &P35. then do; 
                     &var._CL="P35"; 
                     &var._CL_UB = round(&P35.,.01); 
          end; 
          else if &P35. < &var. <= &P40. then do; 
                     &var._CL="P40"; 
                     &var._CL_UB = round(&P40.,.01);  
          end; 
    else if &P40. < &var. <= &P45. then do; 
                     &var._CL="P45";  
                     &var._CL_UB = round(&P45.,.01); 
          end; 
          else if &P45. < &var. <= &P50. then do; 
                     &var._CL="P50";  
                     &var._CL_UB = round(&P50.,.01); 
          end; 
          else if &P50. < &var. <= &P55. then do; 
                     &var._CL="P55"; 
                     &var._CL_UB = round(&P55.,.01); 
          end; 
          else if &P55. < &var. <= &P60. then do; 
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                     &var._CL="P60"; 
                     &var._CL_UB = round(&P60.,.01); 
          end; 
    else if &P60. < &var. <= &P65. then do; 
                     &var._CL="P65"; 
                     &var._CL_UB = round(&P65.,.01); 
          end; 
    else if &P65. < &var. <= &P70. then do; 
                     &var._CL="P70"; 
                     &var._CL_UB = round(&P70.,.01); 
          end; 
          else if &P70. < &var. <= &P75. then do; 
                     &var._CL="P75"; 
                     &var._CL_UB = round(&P75.,.01); 
          end; 
    else if &P75. < &var. <= &P80. then do; 
                     &var._CL="P80"; 
                     &var._CL_UB = round(&P80.,.01); 
          end; 
          else if &P80. < &var. <= &P85. then do; 
                     &var._CL="P85"; 
                     &var._CL_UB = round(&P85.,.01); 
          end; 
    else if &P85. < &var. <= &P90. then do; 
                     &var._CL="P90"; 
                     &var._CL_UB = round(&P90.,.01); 
          end; 
          else if &P90. < &var. <= &P95. then do; 
                     &var._CL="P95"; 
                     &var._CL_UB = round(&P95.,.01); 
          end;  
    else if &P95. < &var. <= &P100. then do; 
                     &var._CL="P100";  
                     &var._CL_UB = round(&P100.,.01); 
          end; 
run; 
%mend; 
%percentili_cont (EAS_POSIT); 
 
/*2.Percentiles - BSpecific********/ 
/*From 5th percentile to 100th percentile by 5 
 *******/ 
data DB (where=(cod_id='BANKA')); 
SET NEW.DATA_CAP; 
RUN; 
%percentili_cont (EAS_POSIT); 
 
data DB (where=(cod_id ='BANKB')); 
SET NEW.DATA_CAP; 
RUN; 
%percentili_cont (EAS_POSIT); 
 
data DB (where=(cod_id =BANKC)); 
SET NEW.DATA_CAP; 
RUN; 
%percentili_cont (EAS_POSIT); 

The Univariate analysis: 
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/*UNIVARIATE ANALYSIS ON: */ 
/*******1.MACRO FOR THE ANALYSIS*/ 
%macro UNIVAR(A=); 
 

/*UNIVARIATE*/ 
Proc glm data= univ_1 PLOTS(MAXPOINTS=NONE) order=INTERNAL ;  
  class &a.;   
  model LGD_OBS= &a. /solution ss3; 
  output out= univ_&a. p= LGD_OSS ;  

ods output ParameterEstimates= glm_&a. 
FITSTATISTICS=FIT_&a.; 

Run; 
   

/*******2.AR COMPUTATION*/ 
proc freq data=univ_&a. ; 
  table LGD_OSS*FLAG_LGD /measures ; 
  ods output Measures=SD_&a. ; 
run; 

 
/*******3.UNIVARIATE MERGE */ 
data GLM_FIN_&a. ; 
 merge  glm_&a.  
      FIT_&a. (keep=RSquare)  
       SD_&a. (keep=value rename=(value=Somers)); 
run; 

 
/*******4.MEAN LGD FOR CLUSTERS*/ 
Proc Means data = DB_DISCRETE;  
   class &a.; 
   var LGD_OBS;  
   output out= media_&a. mean(LGD_OBS)= LGD_MEAN;  
Run; 
   
data _media_&a.(keep=NOME Dependent _FREQ_ LGD_MEAN ); 
  set media_&a. ; 
  format Dependent NOME  $50.; 
  NOME=input(&a., $50.); 
  Dependent="LGD_OBS"; 
run; 
   
proc sort data=_media_&a.;  by Dependent; run; 
proc sort data=GLM_FIN_&a.;  by Dependent; run; 
   
data univ_4_&a. (drop=biased); 
  merge   _media_&a. (in=a) 
    GLM_FIN_&a. (rename=(somers=AR)
 in=b); 
   by Dependent; 
   if a or b; 
run; 
 
%mend UNIVAR; 
%UNIVAR (A=MORTGAGE); 
%UNIVAR (A=PER_GUAR); 
%UNIVAR (A=IND_RAE_ATECO); 
%UNIVAR (A=IND_RAE_V1); 
%UNIVAR (A=IND_RAE_V2); 
%UNIVAR (A=IND_SAE); 
%UNIVAR (A=CATEGORY); 
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%UNIVAR (A=NATURE); 
%UNIVAR (A=AREA); 

Correlation Matrix construction: 

/* VARIABLES */ 
%let variabili_cor =  MORTGAGE 
    PER_GUAR 
    CATEGORY 
    NATURE 
    EAS_CLUS; 
 
Proc Contents data= DB_CORR (keep=&variabili_cor.) out= 
elenco_categoriche noprint;  
Run; 
 
Data _null_; 
      set  elenco_categoriche end=fine; 
 call symput (cat("var",_N_), NAME); 
 if fine then do; 
 call symput ("fine", _N_); 
 end; 
Run; 
 
Data corr_lgd; 
 set DB_CORR; 
 NUM_CATEGORY =substr(CATEGORY,1,1)*1; 
 NUM_NATURE =substr(NATURE,1,1)*1; 
 NUM_PER_GUAR =substr(PER_GUAR,1,1)*1; 
 NUM_EAS_CLUS =substr(EAS_CLUS,1,1)*1; 
 NUM_MORTGAGE=substr(MORTGAGE,1,1)*1; 
Run; 
 
/* Spearman CORRELATION MATRIX*/ 
Proc Corr data= corr_lgd  

spearman nosimple outs= correlazioni_lgd_spearman; 
 var NUM_CATEGORY 
  NUM_NATURE 
  NUM_PER_GUAR 
  NUM_EAS_CLUS 
        NUM_MORTGAGE;    
Run; 
 
/*ELIMINATIONS: 1.NATURE; 2.MORTGAGE.*/ 

Multivariate analysis on survived variables: 

/*SURVIVED VARIABLES 
1. PER_GUAR 
2. CATEGORY 
3. EAS_CLUS */ 
 
Proc glmselect data= DB_DISCRETE ; 
  class EAS_CLUS PER_GUAR CATEGORY  ; 

 model LGD_OBS = EAS_CLUS PER_GUAR CATEGORY / 
 selection= stepwise details=all ; 

  output out= model p= LGD_STIMATA ;  
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       ods output ParameterEstimates= glm FITSTATISTICS=FIT; 
Run; 
  

Final grid using PER_GUAR and CATEGORY: 

/*SURVIVED VARIABLES: 
1. PER_GUAR 
2. CATEGORY */ 
 
/*FINAL GRID POOL*/ 
 /*1.MEAN LGD FOR CLUSTERS*/ 
 proc sql; 
    create table POOL_GRID 
    as select CATEGORY, PER_GUAR, MEAN(LGD_OBS) AS MEAN_LGD 
    from DB_DISCRETE 
    group by CATEGORY, PER_GUAR 
    ;       
 quit; 
 

/*2.COUNT REPORTS */ 
proc freq data=POOL_GRID; 

table CATEGORY PER_GUAR CATEGORY * PER_GUAR /missing 
out=FreqCount;  

 run; 
 
/*FINAL GRID BANK SPECIFIC*/ 

/*1.MEAN LGD FOR BANKS*/ 
%MACRO BS(NAME=,GR=); 

  proc sql; 
create table BS_GRID_&NAME. 
as select COD_ID, CATEGORY, PER_GUAR, MEAN(LGD_OBS) 
AS MEAN_LGD 

   from DB_DISCRETE 
   where COD_ID =&GR. 
   group by COD_ID, CATEGORY, PER_GUAR;       
  quit; 

%MEND BS; 
%BS (NAME=BANKA,GR="BANKA"); 
%BS (NAME=BANKB,GR="BANKB"); 
%BS (NAME=BANKC,GR="BANKC"); 
 
/*2.COUNT REPORTS*/ 

 %MACRO NUM(NAME=,GR=); 
  proc sql; 
   create table NUM_GRID_&NAME. 

as select COD_ID, CATEGORY, PER_GUAR, MEAN(LGD_OBS) 
AS MEAN_LGD 

   from DB_DISCRETE 
   where COD_ID =&GR. 
   group by CATEGORY, PER_GUAR;       
  quit; 
 %MEND NUM; 
 %NUM (NAME=BANKA,GR="BANKA"); 
 %NUM (NAME=BANKB,GR="BANKB"); 

%NUM (NAME=BANKC,GR="BANKC"); 
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Computation of the Population Stability Index for the continuous variable (EAS_POSIT), 

example for Bank C: 

/*model variable */ 
%Let MODELVAR=EAS_POSIT; 
/*PSI Output Data Library*/ 
%Let 
PSILibrary=C:\Users\bmapelli\Desktop\TESI\BM_Analysis\Database 
and analysis\NEW^2_DB\PSI_OUTPUT; 
/*original population File Name*/ 
%Let SourceData1=NEW.DB_FINAL; 
/*current population File Name */ 
%Let SourceData2=NEW.DB_FINAL_BANKC; 
/***************************************************************
*******/ 
/* BEGIN Steps to get the data samples for the periods being 
compared */ 
libname PSI "&PSILibrary"; 
data PSI.PSISample1; 
 set &SourceData1 
 (Keep=&MODELVAR); 
 Format &MODELVAR; 
run; 
 
data PSI.PSISample2; 
 set &SourceData2 
 (Keep=&MODELVAR); 
 format &MODELVAR; 
run; 
/*BEGIN establish ODS Output File */ 
ODS Listing Close; 
Title2 "PSI (Population Stability Index) Calculations for 
&MODELVAR"; 
/* BEGIN PSI Calculations */ 
/************************************/ 
/* BEGIN break Sample1 into bins */ 
/* BEGIN Sorting & Ranking process */ 
proc means Noprint Data=PSI.PSISample1 ; 
 Output 
 Out=PSI.RankedTotal (rename=(_freq_=RankedTotal)); 
run; 
 data _Null_; 
  Set PSI.RankedTotal (Where=(_Type_=0)); 
  Call Symput('RankedTotal',RankedTotal); 
 run; 
proc means Noprint Data=PSI.PSISample2; 
 Output 
 Out=PSI.RankedTotal2 (rename=(_freq_=RankedTotal2)); 
run; 
 data _Null_; 
  Set PSI.RankedTotal2 (Where=(_Type_=0)); 
  Call Symput('RankedTotal2',RankedTotal2); 
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 run; 
proc Sort 
 Data=PSI.PSISample1; 
 By &MODELVAR; 
run; 
proc Sort 
 Data=PSI.PSISample2; 
 By &MODELVAR; 
run; 
/*BEGIN Use the Program Data Vector to override the binning of 
Zero's*/ 
data PSI.PSISample1 (Keep=BinVar); 
 Set PSI.PSISample1; 
 BinVar=Sum(&MODELVAR,(_n_/&RankedTotal)); 
run; 
 
data PSI.PSISample2 (Keep=BinVar); 
 Set PSI.PSISample2; 
 BinVar=Sum(&MODELVAR,(_n_/&RankedTotal2)); 
run; 
 
proc Sort 
 Data=PSI.PSISample1; 
 By BinVar; 
run; 
 
proc Sort 
 Data=PSI.PSISample2; 
 By BinVar; 
run; 
 
/*Quartile division*/ 
proc format; 
Value QuartileF 
Low-0='00'  
0-.25='01'  
.25-.5='02' 
.5-.75='03' 
.75-1='04' 
.='5'; 
Value DemiQuartileF  
Low-0='00' 
0-.125='01' 
.125-.25='02' 
.25-.375='03' 
.375-.5='04' 
.5-.625='05' 
.625-.75='06' 
.75-.875='07' 
.875- 1='08' 
.='9'; 
Value ZeroMiss 0='Zero' 5='Missing' 9='Missing'; 
run; 



126 
 

 
data PSI.PSISample1; 
 Length Quartile 8.; 
 Set PSI.PSISample1; 
 Rank=_n_/&RankedTotal; 
 Quartile=Put(Rank,QuartileF.); 
run; 
/* BEGIN 10 equally sized bins with no ties in the output of 
this step. */ 
proc freq data=PSI.PSISample1; 
  tables Quartile / out=PSI.out1; 
  Title3 'Base-Line Sample Frequency By Quartile Bin 
(Data=PSISample1)'; 
run; 
/* BEGIN Calculate how the quartiles are defined on the */ 
/* Supplied Variable (MODELVAR) scale */ 
/* so I want MAX(MODELVAR) in each Quartile */ 
proc means data=PSI.PSISample1 nway; 
  class Quartile; 
  var BinVar; 
  output out=PSI.endpoints max=maxVar; 
Title3 'Base-Line Sample Mean, Max & Min Values 
(Data=PSISample1)'; 
run; 
/* BEGIN Data Step to write code that applies the above Quartile 
definition to the data set with MODELVAR on it */ 
data _NULL_; 
  set PSI.endpoints end=last; 
  file "&PSILibrary\quartileSample1.sas"; 
  if _N_ = 1 then put " select;"; 
  put " when (BinVar le " maxVar ") Quartile = " Quartile 
";" ; 
  if last then do ; 
  put " otherwise Quartile = " Quartile ";" ; 
  put "end;"; 
  call symput('maxbin',Quartile); 
  end; 
run; 
data PSI.PSISample2; 
  set PSI.PSISample2; 
  %inc "&PSILibrary\quartileSample1.sas" / source; 
  If BinVar=. Then Quartile=&maxbin; 
run; 
 
/* BEGIN Use the same definition for the buckets to establish 
how much data falls in each group for the sample 2 */ 
proc freq data=PSI.PSISample2; 
 tables Quartile / out=PSI.out2; 
Title3 'Current Sample Frequency By Quartile Bin 
(Data=PSISample2)'; 
run; 
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/* BEGIN put the % fields on the same file and calculate the 
terms that make up PSI */ 
data PSI.PSICompare; 
  merge PSI.out1 PSI.out2(rename=(percent=percent2)); 
  by Quartile; 
  psi = log(percent/percent2)*(percent-percent2)/100; 
run; 
proc print data=PSI.PSICompare noobs; 
  var quar: per:; 
  Format Quartile ZeroMiss.; 
  sum psi; 
  Title3 "NOTE: PSI Calc Accomodates the Binning of Zero And 
Missing"; 
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