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Abstract

This study performs a stress testing exercise on the Italian banking system in

view of the 2007 financial crisis which was triggered by the crash of subprime

mortgages. At the base of the global financial crisis was a failure of finan-

cial regulators to quantify the accumulation of endogenous risks. Following

the crisis, stress testing has acquired particular emphasis in the field of risk

measurement under the Basel II supervisory framework. An econometric rela-

tionship between the probability of default and the macroeconomic indicators

is modeled according to the Merton approach for structural analysis using data

on the Italian banking system. A latent factor model is employed to under-

stand the dependence of the credit risk on the changes in the macroeconomic

environment. The resulting relationship is exploited to compute the capital

requirement under stressed conditions in order to draw inference about the

resilience of the Italian banking system.
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Chapter 1

Introduction

The global financial crisis represented an interesting event because it provided

an opportunity to analyze the weaknesses of an economic system when it is hit

by certain harmful dynamics. The crisis started in United States around the

month of August 2007 with defaults in sub-prime mortgages. After a while,

systemic risk had spread to national financial systems all over the world. There

were three triggering factors at the core of the American financial turmoil:

burst of a speculative financial bubble, credit crunch, and a global saving glut.

These factors were revealed to be linked together in the culmination of a global

financial disaster. The speculative financial bubble originated from a low level

of the interest rate which produced a boom in the asset and real-estate markets.

A prominent role was attributed to the business of the sub-prime mortgages,

where the easy concession of credit was accorded to low rated borrowers to buy

houses. The credit crunch occurred in form of a curtailment of the credit supply

due to the excessive easing of conditions for issuing credit during the period

preceding the crisis. On the other hand, a softened monetary policy generated

an increment in the demand for investments. The resulting trend peaked into

the so called global saving glut which explained the untypical tendency of the

American economy to attract huge supply of investments accompanied with

macroeconomic imbalances. At the base of these events, there were the mistakes

of policymakers and the permissiveness of financial regulators. Then, another

contingent factor was the liberalization of the banking sector which contributed

to increasing financial innovation and accumulating endogenous risks into the

system.

On the light of the mistakes of the supervisory policy, the quantification of

financial stability has an important role to play in avoiding the occurrence of
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financial crises. On this concern, the macroprudential analysis is proposed as

a powerful supervisory instrument for the assessment of the system’s financial

(in)stability. Its main feature is essentially related to the qualification and the

quantification of the vulnerabilities in the financial system; finalized to prevent

the accumulation and the propagation of systemic risk. Initially, the measure-

ment of financial distress has been concentrated on the likelihood of failure

of single financial institutions which were considered equivalently fundamen-

tal for the stability of the system as a whole. Afterward the analysis shifted

from a microprudential dimension to an aggregate dimension. The latter was

more focused on safeguarding the financial system against potential shocks, by

virtue of its linkages to the macroeconomy. As we will explain within this work,

the main challenge for the macroprudential analysis, upon which there is no

consensus yet, has mostly been concerned with the establishment of a reliable

framework for the detection of the systemic risk, and the prediction of financial

crises. The current operational framework mostly relies on gathering a huge

set of macroeconomic and microeconomic information finalized to evaluate the

state of actual resilience through the historical values of the financial soundness

indicators. Alternatively, the macroprudential analysis relies on the predictive

power of specific statistical instruments when it is designed to capture early

signals of fragility which can potentially trigger imbalance in the financial sys-

tem. Macroeconomic stress tests are part of this toolbox. They are designed to

address financial stability through the simulation of shocks performed through

the construction of critical macroeconomic scenarios.

The practice of stress testing has been proposed under the Basel II frame-

work as an appealing risk management tool. It is represented by a set of specific

techniques designed to provide a forward-looking assessment of risks under the

influence of determined stress factors. Most emphasis is placed on ascertain-

ing the influence of single risk categories on the solvency of the banks’ capital

requirements. Due to the recent events of financial disruption, there has been

renewed interest in macroeconomic stress testing for credit risk as the most

important area of risk management.

The empirical analysis of this work is oriented to modeling the credit risk

for the Italian banking system on the basis of the macroeconomic environ-

ment. The output of the estimation will be exploited to stress test the capital

requirements of Italian banks through the construction of critical stress sce-

narios relying on the evolution of Italian macroeconomic factors. Within the

analysis, we employ a specific dataset for both the probability of default and
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macroeconomic figures covering the period 1990-2010. Top-down stress testing

methodologies have been introduced within the Italian Financial Sector As-

sessment Program (FSAP) to investigate the influence of the macroeconomic

environment on the credit risk. Within this framework, the adopted methodol-

ogy employs a multi-stage process consisting of a structural macro-econometric

model for the construction of the stress scenarios, and a reduced form model for

the estimation of the stressed Probability of Default (PD) which is used in the

computation of the Expected Losses (EL) and Unexpected Losses (UL) of the

entire banking sector. In contrast to the Italian FSAP, a Merton approach to

the structural analysis —mostly used within the Basel II framework— will be

adopted for the estimation of the aggregate default probability of Italian banks

at the changing of the macroeconomic indicators, and this will represent the

main contribution of this work to the literature. A variant of the latent factor

model —one-factor model— will allow us to model a relationship which will

be used to estimate the banks’ capital requirements under conditions of stress.

The obtained results will be useful in making inference about the resilience

of the Italian banking system in case of shock performed during the covered

time-frame.

The thesis is structured as follows. Chapter 2 addresses the recent global

financial crisis, its causes and origins, and the responsibility of policymakers in

its manifestation. Chapter 3 explains the role of macroprudential analysis in the

measurement of financial stability, and the existing regulatory framework for

the practice of stress testing. Chapter 4 deals with the methodology adopted for

modeling the probability of default employed within the stress testing exercise

of the Italian banking system. Chapter 5 explains the results of the estimation

and the computation of the capital requirement.



Chapter 2

2007 US Financial Crisis

2.1 Overview

The factors at the root of a financial crash, sometimes, originate from internal

institutional conditions in the affected economic system. In other cases, they

are generated outside the economic system, and they materialize because of

the interconnections with external economies. Although the set of triggering

factors can change from case to case, there are common features character-

izing nearly all the instances of economic crises. The downturn of economic

performance is one of the most harmful consequence for economies indepen-

dently from the specific nature of the shock. Regardless the several cases of

shock affecting the balance of payments in a small open economy (the so-called

currency crises), more frequently, crises have a financial nature. Shocks can

generally be related to different events: the crash of stock markets, the bust

of speculative asset bubbles, a credit crunch, or the loss of confidence due to

the default of financial institutions and bank panic. Furthermore, financial

crises can originate from intense economic activity in terms of increasing Gross

Domestic Product (GDP) growth rate, .e.g. important signals of fragility may

stem from sustained economic growth for long periods of time. In these cir-

cumstances, the accumulation of systemic risk is one of the responsible factors

for the emergence of financial fragility, and the burst of speculative bubbles.

American economy can be considered an exhaustive example on this concern

because its economic growth has been continuously sustained within a 3-4%

range since 1980s until the total derail in 2007.

The 2007 United States (US) financial crisis was a mix of several shocks

which had different implications for the economy, going from the burst of a
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speculative bubble in the asset prices to the credit crunch of the financial

system. Economic literature has provided many contributions with various

interpretations on the causes and the origins of 2007 financial crash. It has

been considered the biggest crisis after the 1929 Great Depression in terms of

disruption caused by the high number of financial institutions’ defaults, and

by the damaging consequences on the daily lives of the people. Although the

triggering event was the default of sub-prime mortgages, a big part of the

responsibilities is attributed to the tendency of financial institutions not to

adequately monitor their borrowers. Consequently, frequent problems of moral

hazard came out.

The sub-prime mortgage is de facto a specific financial instrument which

was used by low rated borrowers to invest in house market. Although it was

a risky financial activity, it was presented to domestic and foreign investors as

a safe type of asset with a certain return. Nevertheless, the profitability was

in strict connection with the variability of the American real estate market.

The business of sub-prime mortgages has very old origins. Initially, they were

created as a new lending line as result of increasing financial innovation aimed

to improve banks’ profits. Indeed, the growing financial innovation was one of

the basic reasons for the accumulation of endogenous risks, and the burst of a

speculative bubble. However there are many more determining factors which

converged to the US market economy to set the ground for the deepest recession

experienced in recent times.

When a global financial crisis is generated by the break-down of the financial

system, it means that there is shortage of liquidity within the capital markets,

and credit crunch. Liquidity is the main instrument to finance economic trans-

actions, and to ensure the dynamic functioning of the market economy. When

a large number of borrowers default in paying back their loans, there is no ful-

fillment of the required conditions to finance economic transactions until falling

into a situation of credit crunch. This basically represents a critical situation

characterized by a dearth of credit provision from the side of financial institu-

tions. If this situation holds, the financial system fails in allocating the primary

sources of investments, savings, toward the primary form of savings’ recycle,

investments. The lack of allocation of savings toward profitable investments is

explained by the mistakes of supervisory authorities and financial regulators.

Since 1990s, the US economy saw a sharp decline into the overall level of savings

due to the over-permissive use of credit cards within the daily shopping transac-

tions, and the exuberant boom of investment opportunities. The consequences
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related to the lack of policy restrictions over these trends showed up on the

balance of payments. The manifest incapacity to save created macroeconomic

imbalances with those countries looking for more attractive opportunities where

to invest their savings.1

2.2 Social Implications: the Loss of Confidence

The typical path followed by economic cycles in whatever market economy is

embedded in the cycles of fluctuations, alternating periods of expansion and

periods of contraction. Most of the times, the more stressed prolonged the

period of expansion, the deeper the following period of recession for the con-

sidered market economy. That is often the case of speculative bubbles blowing

in the system; once it explodes the economy is used to be projected in to a

deep state of depression. The role of the policy authority stands in directing

the business cycles fluctuations, and avoiding that the economy can be trapped

into a period of recession. The role of the policymakers is to intervene during

the peak of the business cycle to reduce risks of asset price bubbles and/or

unsustainable credit expansion. Moreover, the maintenance of a competitive

society’s welfare, in terms of real income and standards of living, has to be at

the basis of policy priorities. A fundamental issue connects the role of policy

measures suitable to prevent the risk of an economic depression to the capacity

to drive financial stability responding to a social purpose.

One of the main causes of this financial crisis is connected to the stability

measures imposed by financial regulators especially for as concerning banks

and their activity of capitalization. After the end of the state intervention into

countries’ economic affairs, several independent entities were responsible for

the correct functioning of the market economies. The abandon of the economic

issues, especially related to finance, were abandoned as a constitutional topic

of discussion among the state committed organisms.2 It means that the pre-

rogatives for a potential unbalanced legislative framework were created with

the introduction of particular autonomous organs committed to issue new reg-

ulations over financial markets. The advanced structures of the capitalist US

market economy were at the center of these changes for at least half century.

The crucial implications of such institutional framework contributed to set the

1Oil-exporting countries such as China, Japan and Germany, assumed a decisive role in
letting their savings float to the American economy as an attractive land of investments.

2See Alesina & Giavazzi (2008) for more details.
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ground for a regulatory regime being used to reveal its flaws whenever the econ-

omy was in a state of fragility. Contextually, a considerable policy mistake was

in the social perspective of a set of US government regulations introduced to

respond to the ambitious project aiming to American citizens buying a house.3

The realization of this project required the gradual relaxation of the conditions

to apply for credit; a relevant institutional responsibility that will be discussed

in detail later on.

To offer an idea describing the size of a loss of confidence situation due to

a diffused atmosphere of stress, it is sufficient to think to the phenomenon of

banks panic. The failure of banks is often associated with bank runs induced by

the panic of those people receiving bad news about the reliability of the bank

where they have deposited their money. Such event can transform in a chain

effect conditioning the psyches of depositors, and inducing them to withdraw

their funds at the deposit institution.

The 2007 financial crisis followed a similar process with respect to this

microscopic exemplification. In this case, the panic was systemic; it assumed

bigger proportions since it spread over a large part of the population which

was damaged by the drawbacks of the whole financial system. The disruption

of credit market succeeded a substantial boom within the period preceding the

financial disaster, and it had a relevant role to lower the people’s psychological

security. The occurrence of an intrinsic shock denoted a turning point for

the American economic system and culture. The period following the start of

the recession brought a pronounced loss of confidence for those poor borrowers

unable to pay back their housing mortgage. Factually, this represented a crucial

societal change in terms of mentality of the people which were terrorized by the

fear of being engaged in something greater than their budgetary possibilities.

The macroeconomic consequence was that the market of credit braked up not

only from the side of normal citizens, but also from the corporate view of the

firms. Consequently, the decline in certainty of the people was clearly reflected

in a discouragement of consumption caused by an increasing pessimism about

their job security and the profitability of their savings. Suddenly, a slump of

demand for normal business operations was requiring an efficient investment

environment which became unconditionally less attractive and profitable when

the recession set in.

It represented a big lesson for the economy since beyond all the perfunctory

actions of mortgage lenders in allocating debt to low rated borrowers —only

3See Shiller (2008).
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to get higher commission payments, there was a negative impact evidenced by

the growing dishonesty of banks in securitizing these loans, and shifting the

risk to hedge funds. The fundamental mistake was the complex set of believes

leading monetary and supervisory authorities to recognize this process as not

particularly corrupted. The problem was the incapacity of authorities in dealing

with the constantly increasing accumulation of credit risk in the system at the

expense of the ordinary consumers who in brief time suffered a sudden slump of

their optimism and trust in the policy authorities. A remarkable effect related

to the social side of such crisis was the policy responsibility over the economic

growth. On this concern, the severe impact of a credit crisis became even more

impressive if we shift the attention to the effort of the economy in recovering

its growth path within the standard times.

2.3 Global Financial Crisis: Origins and Causes

The global financial crisis started in August 2007 with the default of the sub-

prime mortgages, a specific type of assets introduced by the American financial

industry. Compared to other financial crises, the triggering factors were mostly

related to the burst of a speculative bubble which is destined to explode when-

ever it takes too large proportions with devastating effects on the real economy.

In order to have a complete understanding of the crucial causes of the global fi-

nancial crisis it is helpful to describe some evolutions of the American economy,

and how they peaked in a financial bubble.

The credit crunch is rooted in a period preceding the speculative bubble of

assets’ prices: the Great Moderation. This period started around 1984, which

is the period of Savings and Loan’ s scandal, until approximately the end of

the dot-com crisis in 2001. Therefore, it was not immediately preceding the

2007 financial turmoil; however it was decisive for the established easing con-

ditions of credit, successively culminating into the total derail of the American

financial industry. One of the crucial characteristics of the Great Moderation

consisted into was a boom of lending. It was supported by an expansive mon-

etary policy of the Federal Reserve which implemented low short-term interest

rates, and consequently increased the volume of credit demand in the mar-

ket. Another interesting aspect was the low volatility of the real output. It

denoted a peculiar situation of macroeconomic stability connected with the en-

couraging perception of a sustained permanent stable growth. In reality, this

represented only an illusion of economic prosperity because the financial sector
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was dropping into a gradual situation of instability due to the blowing up of

a speculative credit bubble. In the meantime, a rise of the asset prices was

registered —even over the current level of inflation— accompanied by a deep

increase in the value of housing properties.

Figure 2.1: Variance of US Quarterly Real GDP Growth
Source: U.S. Department of Commerce; Bureau of Economic Analysis (2011).

There have been several interpretations about the Great Moderation, and

the level of macroeconomic stability achieved in the real economic output within

its course. The denomination has been originally attributed by the Harvard

economist John Watson who interpreted the surprising changes as originating

from ”a combination of improved policy (20%-30%) identifiable, good luck in

the form of productivity and commodity price shocks (20%-30%)”, and other

unidentified factors [Stock & Watson (2002)]. The reduced volatility of the real

economic activity, in comparison with the standard levels, was documented by

a drop from the average level of 2.7% for the period 1960-1983 until the 1.6% for

the period 1984-2001. According to this interpretation, the implemented policy

had a secondary role in determining these factors’ behaviour, i.e. the achieved

low level of inflation rate was not necessarily generated by some improvements

in the monetary policy actions. The American financial system played a crucial

role within the process of financial deregulation at the basis of the presumed

state of instability that would have led first to the dot-com bubble, and then

culminated into the 2007 financial turmoil.

There are several causes at the basis of the 2007 global financial crisis. After
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the US economy entered recession, there have been many theoretical contribu-

tions helpful to provide the correct interpretation to what basically did not

work such as to generate this huge scandal. The factors which were interpreted

as the most determinant ones are the innovation on the market of financial in-

struments, the liberalization of the banking sector, and the default of sub-prime

mortgages. We will go through the main mechanisms which characterized the

speculative bubble and the importance the role assumed by these components

in feeding up the speculative bubble until its explosion in August 2007.

The initial point of destabilization was a combination of two typical phe-

nomena related to the creation of a speculative bubble: the boom in the market

of assets, and the boom in the real estate market. Within this conditional sce-

nario, many financial institutions, especially banks and Government Sponsored

Enterprises (GSEs), found out that there was a big opportunity of speculative

gain coming from the increasing trend of financial assets’ prices. Differently, on

the side of investors, the big chance was represented by the increasing price of

houses. The irrational enthusiasm for investment in residential house properties

easily became a general tendency over the whole population. The increasing

return of the American assets became an attractive source of profit for many

economies around the world, especially those ones from the Asian continent.

Consequently, the huge increment of demand in financial assets contributed to

raise the assets’ prices and lower the nominal interest rate toward a condition

of increasing instability, especially in the market of credit.

Within this confused situation of overloaded volume of investments, the Fed

played a key role in being responsible for a relaxed monetary policy. It was

basically characterized by a low level of the short term interest rate with the

purpose to ease the conditions of credit for both consumers and entrepreneurs,

and stimulate the economy to grow. Afterward, the result turned out to be

severely harmful for the economy since the easy lending conditions ended up

to generating the so-called situation of credit crunch. This denotation can be

thought as an exhaustive expression to define the typical situation of drastic

curtailment of the credit supply within the economy. Mizen (2008) describes

the specific impact of the liquidity situation occurred during 2007 through the

term credit squeeze with the scope to denote a situation of liquidity shortage

even more severe than a situation of credit crunch. The credit crunch expression

was used in the past only to denote a situation of simple lack of credit supply

in connection with the interbank capital markets. The effects of a credit crunch
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are generally not supposed to hit the real sector of the economy.4 Nevertheless,

the 2007 financial turmoil was associated with a decline in credit supply going

to that affected the real dimension of the economy, and effectively limiting the

capacity of investment of consumers and firms. It followed a period of credit

boom that was strictly connected with the business of real estate properties

registering an historical surge between 2003 and 2006. At the beginning, the

credit boom was boosted by the low level of short term interest rate imple-

mented by the Federal Reserve. The increased volume of asset investments did

not allow the financial regulator to adequately calculate the high risk associ-

ated with the easy concession of mortgages to low rated borrowers. A similar

state of congestion exacerbated the exuberance to create new opportunities of

earnings, then, financial innovation started to ferment through the proposal

of new attractive investment packages. The result was that it became more

challenging to calculate risk and establish a detailed regulation for some non-

standard emerging financial products. While many economists were deducting

the imminent danger coming from this situation, authorities were convinced to

act in the proper way within the fulfillment of their tasks.

The interaction of these chained factors represented a dangerous mecha-

nism seriously threatening to destabilize the equilibrium of the economy. At

the basis of the chain of events, there was the irrationality connected to the

increasing volume of home investments which started to grow from the late

1990 until registering a precipitous drop on the early 2006. The exuberance

of home investors was originated by the continuous rise in value of real estate

properties. That created an illusory atmosphere of security, due to the climbing

trend in houses’ value, encouraging both lenders to grant low rated loans, and

homeowners to invest in house properties.

The boom in the home-ownerships and the share of residential investments

in the US GDP were the highest ever registered. ”According to U.S. Census, the

homeownership rate increased from 65.7% to 68.9% over the period 1997-2005”

[Shiller (2008)]. Figure 2.2 shows how the evolution in the real estate market

overcame the income possibilities of homeowners.

The favorable conditions of buying new home properties were stimulated

by the permissiveness in the market of loans. Furthermore, the complacence of

mortgage lenders activated a business around the sub-prime mortgages market

4Also within the interbank money market the conditions of lending can be corrupted by
exogenous factors such as shortage of banking capital, or lack of confidence about other banks
solvency, or also the rise in the interest rate levels. For details see Bernanke & Lown (1991).
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Figure 2.2: US Price to Household Income 1987-2009
Source: Calculated Risk, Finance and Economics (2011).

to take advantage of the escalating behavior of houses’ prices. The vicious

circle of events built on the easy accordance of mortgages, and the interest of

lenders to sell off risky assets toward securitized instruments and hedge funds.

A similar situation seemed like the wonderland of easy earnings for the agents

taking part to the market. Despite of the warnings of various economists on

the potential risks, the policy did not take the proper measures to prevent the

accumulation of systemic risk. A feeling of happiness spread among the people

since the conditions to buy a house were facilitated for those families belonging

to the middle-income classes. Notwithstanding the admirable national goal,

this initiative turned out to be misleading for the balance of the economy and

the adequateness of authorities’ measures was compromised. More aspects will

be treated in the following sections.

2.4 Global Saving Glut

Beyond the role of policy in triggering the 2007 US financial crisis, there is the

so-called phenomenon of the ”global saving glut” [Bernanke (2005)]. This ex-

pression was coined by the Fed Governor Bernanke in 2005 to identify a crucial

endogenous factor contributing to the conditions for the bust of a speculative

bubble between the market of assets and real estate properties. The occurrence

of an excessive world supply of savings found the most attractive investment
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opportunities in the American market. This tendency was responding to an

untypical global trend, not very often seen before, which gained misleading in-

terpretations from the side of policymakers. Indeed, they misinterpreted this

trend, and reacted with a policy keeping low the levels of the long-term interest

rate. The mistake stood in not counterbalancing the effects this phenomenon

had on the volume of demanded assets through a rise in the short-term interest

rate.

The global saving glut has been considered as a factor at the base of macroe-

conomic unbalances for the US current accounts generated by the boom of in-

vestments. This boom was fed up by those international investors who were

induced to buy American assets, as more profitable opportunities than those

ones offered in their own original countries. The huge demand for these assets

—especially Government Treasury bonds and securities— within the financial

markets indirectly caused a drop of the interest rate. Consequently, the expan-

sion of credit could not be avoided since people were not having the incentive

to save, but, conversely, they were more stimulated to borrow to enjoy the

benefits of investment. In this sense the increment of the global savings level

represented a specific factor quite complicated to control through the action

of the policy measures. On this concern, there are contrasting interpretations

about the formation of such dynamics, and the connections presumably related

with the bust of a speculative bubble, and the ascending trend of house prices.5

In order to explain the reasons at the basis of the global saving glut and its

destabilizing effects on the economy, it is necessary to think about the func-

tioning of the balance of payments for an open market economy. Within a

closed market economy the balance of payments can be drawn as the difference

standing between the volume of savings and the volume of investments made

in the economy. The financial system has to set the infrastructures committed

to ensure this difference to sum up to zero, paying attention to the accurate

allocation of savings into profitable investments. Extending the view to an

open market economy, the balance of payments in current accounts must set

to zero the difference between the volume of imports and exports —in terms

of both goods and services, and capital investments. Nevertheless, when this

mechanism does not work an economy achieves a deficit or a surplus in the

balance of its current accounts —respectively the negative or the positive dif-

ference between exports and imports, and turns out to be debtor or creditor

5At the center of the dispute there are the positions of notable economists such as John
B. Taylor and Robert J. Samuelson.
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with respect to the rest of the world. US economy, for at least fifteen years,

has been using the savings of Asian and oil-exporting countries. The former

countries were those ones affected by the 1997 Asian crisis, such as China and

Japan, among the latter ones there were primarily Germany, the Middle East,

and the former Soviet Union which saved large portion of their revenues from

the high price of oil. On this path, American investments became the most

attractive opportunities for many world countries, mainly due to the ascending

growth of technological innovation in the largest world economy. Therefore, the

strong inclination to attract international savings became the dominant trend.

Successively the trend switched into an increasing demand for domestic assets,

resulting into a rising trend of prices and a contemporaneous decline of the

short-term interest rate. The figure below illustrates the evolution of American

savings between 1993-2006 in comparison with the Eurozone and other indus-

trialized countries, Canada and United Kingdom (UK), affected by the crisis.

US savings show a fairly low tendency to save within the period preceding the

advent of the crisis.

Figure 2.3: Savings in Percentage of Disposable Income
Source: Mizen (2008).

There were the ideal conditions to discourage the propensity to save of

consumers, and to lead to an inevitable expansion of credit market; in turn,
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the business of houses acquired even more popularity due to the potential

opportunities of gain.

The global saving glut suddenly became a state of emergency of world pro-

portions. Theoretically, taking in consideration the world balance of payments,

the difference between the world level of savings and investments must equalize

to zero in order to have the full allocation of capital and not to incur in macroe-

conomic imbalances. There is an efficient world economy whenever the surplus

of resources goes to fund the world countries’ deficit in order to favor a more

efficient connection between opposite types of flows. Unfortunately, the hurdle

existing for this sort of perfect world stands in the world countries’ ability to

spend rather than to produce and to save. Therefore, they are usually obliged

to finance their investment projects through the funds coming from those coun-

tries which are in surplus with their current accounts. That is precisely the case

of American economy which offered its opportunities of investments to those

countries coming out from the Asian crisis with a huge stock of saving reserves

with no destinations. A clearer view of the problem can be provided through

several arguments of some economists.

Basically, the big deficit in the current accounts transformed the US econ-

omy from net lender on the international markets to net borrower of foreign

assets due to the scarce tendency to save: the frequent use of credit card for

daily shopping transactions from the side of American consumers is a typi-

cal example. An important contribution to interpret the dearth of sufficient

quantity of savings to finance domestic investments is provided in March 2005

by the Governor Bernanke. He traced out the motives of the US current ac-

count deficit as certainly standing in some ineffective implementations of the

economic policy or change in the households’ behavior.6 Differently from all

those economists analyzing the problem of the savings fall, he suggests that

the reasons must not be necessarily found in the domestic system since other

external factors played an equivalently important role. Before starting with

the arguments, it is necessary to have a concrete idea of the problem. Fig-

ure 2.4 highlights the declining evolution of American gross national savings as

a percent of GDP since the early 1980s.

According to the Governor Bernanke the macroeconomic imbalances oc-

curred in the US current accounts must not be considered an isolated case since

it is based on a phenomenon of global proportions. The problem related to

the low interest rate with the consequent ascent of prices of domestic assets

6See Bernanke (2005).
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Figure 2.4: United States Gross National Savings in Percentage of
GDP

Source: International Monetary Fund, Trading Economics (2011).

can be associated extensively to the source of the deficit in the balance of pay-

ments. That is correlated to the world size circumstances which conducted to

the so-called global saving glut. Many industrialized countries, between 1995

and 2005, faced excesses of savings such to generate particular movements of

capital flows going to increment the demand for investments in those countries

where they were more abundant and profitable. The interesting point is the

involvement of emerging countries such as Asian and Latin American coun-

tries within this general trend with consequences even more evident than the

advanced economies. During that period, they effectively shifted their posi-

tion from net international capital borrower to net international capital lender,

which technically corresponds to switch respectively from a deficit to a surplus

in the current accounts. On a general extent, there is a distinction between the

causes of the accumulation of savings between industrialized and developing

countries coming from the different background of economic welfare and the

production of different dynamic reactions. The abundance of sources of in-

vestment in the industrialized economies (US economy is excluded, its specific

case will be analysed aside) are due to a set of forces discouraging investments

at home and favoring them abroad. They are represented by the ”dearth of

domestic investment opportunities”, by the increasing number of retirees over

the total number of workers due to aging population, and by the purposes
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of singular national economies to be competitive on the international capital

and commercial markets. These economies were basically pointing to reach

a determined quantity of ”desired savings”7 higher than the current domestic

quantity of savings in order to gain a net balance surplus (or being net sup-

plier of capital or commercial goods and services on the international markets).

Concerning developing countries, the excess of savings emerged mainly because

they adopted some strategies in the management of capital flows to respond to

the respective crises they were coming out from.8 They accumulated a ”war

chest” of reserves denominated in foreign currency which could not be subjected

to speculative behavior and were used to protect their national economies from

potential shocks in the balance of payment. This strategy drove them to a sit-

uation of stable surplus of current accounts and net lender of savings to those

countries lying in a state of deficit (similarly to US). Moreover, their peculiar

export-oriented policy did not offer numerous domestic investment opportuni-

ties of the same quality of those ones available abroad.

Although the industrialized countries had an effort to accumulate a high

quantity of desired savings in order to achieve a balance surplus in their cur-

rent accounts, the empirical evidence suggests that many of them were not

able to achieve a positive balance.9 Due to the stable negative gap existing

between domestic savings and investments, the level of national savings was

not enough to cover all the domestic investment opportunities, thus the deficit

was covered by foreign resources. It is exactly the case of US economy that reg-

istered an almost permanent deficit in the current accounts. It was particularly

increasing within the period 1995-2004, and it denoted a tendency to finance

domestic investments which were supported by the surplus of savings from

foreign countries. This goes against the main path of the global saving glut,

i.e. no extra accumulation of savings for industrialized countries. According to

Bernanke (2005), this argument represents the main responsible justification to

the created macroeconomic unbalances.10 Therefore, the decline of American

savings during the period preceding the explosion of the speculative bubble

was basically explained by domestic investments not in condition to be funded

by national savings. Notwithstanding that probably no particular economic

7See Bernanke (2005)
8To mention some examples: the Asian crisis of 1997, the Mexican crisis of 1994, Brazil

in 1999 and Argentina in 2002.
9Table 1 enclosed in the Bernanke (2005) speech offers a clear idea about this point.

10Further provided perspectives shed the light on the role taken by the ”substantial trade
unbalances” and the ”burgeoning federal budget deficit”. See Bernanke (2005).
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policy was implemented in order to foster the behavior of households and firms

toward savings. The possible source of the problem was perhaps embedded into

an internal economic framework not offering incentives to save. On this con-

cern, Bernanke suggests the real reason standing in some global trends external

to the borders of the American economy. The resulting outcome of all these

hypothetical responsible forces is ascertained: there was a consistent boom of

capital inflows floating onto American projects and investments which were

considered very attractive in terms of rising technological innovation and pro-

ductivity. In this way, the volume of imports became bigger than the volume

of exports because the Dollar appreciation made cheaper the former flows and

more expensive the latter flows. Meanwhile, the current account deficit kept on

rising at extraordinary pace and the asset financial bubble busted impetuously.

Robert J. Samuelson was a prestigious economist who acknowledged the

Bernanke’s hypothesis about the global savings glut. He interestingly defined

the phenomenon as a ”giant and unplanned recycling mechanism”11 for the

conditional influence it had over the world equilibrium. It is appealing how

he highlights the citizens’ inclination to invest their savings abroad after the

relaxation of the restrictions imposed by national economic policies between

1970 and 1980. This can be an effective interpretation to explain the way how

many countries decide about the movement of foreign savings around the world

with such impatience to generate as incredible phenomenon called global savings

glut. It somehow finds some of its roots in the national policy frameworks.

Samuelson (2005) provides data evidence relying on the huge stock of savings

French citizens devoted to invest abroad in 2003. It corresponds to 3.3 million

dollars according to the estimates of the International Monetary Fund (IMF),

expressed as the 4% of the total national savings —or the 28% of the total

national income— that Japan moved to international investments, especially

to the American investments. On supporting Bernanke’s view, Samuelson’s

argument sounds like a warning to induce the people to orient their own capital

resources more toward national projects.

The clue of the Bernanke’s speech focuses on the low level of interest rate

achieved in U.S. as in many other industrialized countries. It was basically due

not to some particular wrong conduct of the monetary authorities, but to the

action of an unusual global factor. The economist John B. Taylor was not very

confident about the possibility of a global savings glut determining the low level

of the interest rate since the ”long term interest rates remained low for a while

11The article is a column of the Washington Post on the April, 2005. See Samuelson (2005).
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even after the short-term federal funds rate started increasing” [Taylor (2008)].

His assertion is basically aimed at rejecting the Bernanke’s hypothesis related

to the existence of a global savings glut developed within the plenty of world

countries during the period 1995-2005. He provides some empirical evidence

proving that the whole world economy never fell in a situation of global savings

glut ; it suffered a saving shortage instead. This evidence is shown by a 2005

research of the IMF, where the evolution of the world savings as a percentage

of the world GDP is shown within the period 1970-2004.

Figure 2.5: Global Saving and Investment as a Share of World GDP
Source: Taylor (2008).

According to these data, the rate of global savings between 2003 and 2005

was registered at the 21% of the world GDP. Comparing this rate with the 25%

of the early 1970, there is not a big difference such to argue that a global stock of

excess savings was accumulated. The only certain point is that the flow of global

capitals into the American economy was so big at the point to impact the short

term interest rate that sharply lowered. It seemed like a purposeful response

to a presumed change in inflation, thus, this misinterpretation determined the

down-shift of the expectations of the long term interest rate, and consequently

it denoted the inconsistency of the monetary policy. The problems related to

the decisions of the monetary authorities are treated in the next section.
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2.5 Role of Monetary Policy

Economic crises are, most of the time, characterized by drops in the overall level

of productivity. They often represent a peak opposite to a situation of prosper-

ity of the economy. When the economy is in a situation of prosperity, there are

some stylized facts: the level of GDP growth is steadily increasing, and the rate

of inflation is controlled at a low level. This measure is fairly implemented by

monetary authorities in order not to incur in unpleasant implications such as

the corruption of people standards of living, and the loss of competitiveness on

the international real and capital markets —due to potential destabilizing fluc-

tuations in the exchange rate. The level of the interest rate is used to manage

the volume of assets and securities on the financial markets, which are setup

in order to ensure an efficient process of price discovery.

Independently from the adopted monetary regime, the main task of mon-

etary policy is to maintain sustainable growth of the economy, to provide the

proper amount of liquidity for economic transactions in consumption and in-

vestment, and to control the overall level of prices safeguarding the economy

against inflation or exchange rate shocks. The transmission mechanism is es-

sential for the incisiveness of the monetary policy actions over the stability of

the output growth and its influence over the business cycles. There are several

channels for monetary policy transmission through which monetary authorities

design the appropriate policy responses to contingent shocks and to variation

in the single economic variables. The monetary policy of US is in the hands of

the Federal Reserve which is a quasi-public institution. The main transmission

channels for the monetary policy measures are:

• the implementation of Open Market Operations (OMOs), consisting of

buying and selling treasury securities to influence the money supply,

• the setup of discount rate, which is incorporated by the federal funds rate

of interbank lending market,

• and, the establishment of banks’ reserve requirements —also called as the

bank lending channel, which are fundamental to control money supply

through the action of the national banking system.

Generally, monetary policy actions are implemented through the instrumen-

tal use of an endogenous interest rate rule, so-called Taylor rule, able to affect
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the volume of money aggregates through a demand-oriented effect. The follow-

ing discussion covers the failure in the use of the Taylor interest rate rule, with

respect to the historical standards, which drove the American economy through

internal excesses generating an undesired collapse of the system’s balance.

In a situation characterized by softened restrictions of financial regulators,

by high rate of financial innovation, by misidentification of assets prices —due

to an incalculable amount of securities traded, and by uncontrollable success

of the house investments, the monetary policy action has a key importance to

maintain stability in the economy. Therefore, contextually to such situation,

some responsibilities of monetary authorities are certainly at the basis of the

financial disorders occurred with the 2007 scandal.

The action of the monetary policy basically relies on the manipulation of

those economic variables able to address the business cycles, but sometimes

the economy may go through alternating phases of prosperity which are con-

sequently succeeded by periods of deep depression in the level of production.

The depression in the real output, most of the times, corresponds to a period of

crisis that comes from a phase characterized by an illusory situation of stabil-

ity and security. In reality, the economic system is likely to suffer a condition

of increasing instability and uncertainty driving to the dramatic collapse of

the system. The story of the sub-prime financial crisis, as the story of many

other financial crises, is a story of excess, more specifically of monetary excesses

[Taylor (2008)]. Many economists asserted that the house market bubble burst

in the early 2006 because of the mistakes of the monetary policy in keeping

the interest rate on excessive low level over the long period in comparison to

the historical standards. The frequent term of comparison is the period of the

so-called Great Moderation, which was characterized by a satisfactory path of

the economic performance denoted by low volatility of the output growth, and

low rate of inflation. This period —from 1980 to 2000— is cross-compared to

investigate on the possible mistakes in policy’s conduct as one causing factor

of the American collapse.

According to Taylor (2008), one of the main causes explaining the blow up of

the speculative financial bubble, in both the asset and the houses market, is the

easy monetary policy adopted by the Federal Reserve during the period 2000-

2004. Specifically, it was defined as ”loose fitting” monetary policy because

of the federal funds rate was on excessive low levels. That, in turn, affected

the overall demand for loans including the mortgage loans to invest in house

property.
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Figure 2.6: Loose Fitting Monetary Policy
Source: Taylor (2007).

Taylor (2008) argues that ”if the Fed had followed the type of policy that it

had followed fairly regularly during the previous 20 year period of good economic

performance” —including the period of the Great Moderation, the trend would

have been different from the actual one and no burst in the house market would

have occurred. He proves the failure in the use of his famous Taylor rule:

Figure 2.6 shows the empirical evidence provided through the simulation of a

counter-factual scenario. The Federal Funds Rate presents a different counter-

factual pace, which is obtained plugging the actual values of inflation and GDP

in the Taylor rule. A similar deviation from the historical standards has not

been achieved since the turbulent 1970s. Moreover, this ”extra easy policy was

responsible for accelerating the housing boom and thereby ultimately leading to

the housing bust which was the most noticeable effect of the monetary excesses”

[Taylor (2008)]. Taylor (2007) offers a further interpretation according to which

the recent developments have registered a relevant change with respect to the

Great Moderation when ”the monetary policy has been much more predictable

and systematic in its response”, in the way to achieve a low volatility of those

residential investments starting to boom around 2000.

As emerging from these interpretations, it is not possible to attribute the

origin of the crisis only to one factor. Scrolling over the literature, everyone’s

opinion is related to the prevalence of a single factor being decisive to destabi-

lize the equilibrium of the American economy. Bernanke argues that the low
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levels of the interest rate have been determined by the boom of incoming for-

eign capitals causing those macroeconomic unbalances over which no adequate

policy response was exerted in order to contrast it. Differently, Taylor is more

oriented to assert about the determinant role played by the policy’s conduct to

address the things on the right path. Then, no global savings glut or equivalent

global proportions phenomenon has affected the system if the policy measures

had not permitted it to spread over the economy.

The nature of the debate seems to be not very helpful to identify only one

responsible cause sourcing a similar disaster. However, there are many more

determinant factors at the basis of the crash; they are the introduction of new

complex financial products, the role of the securitization stimulated by the

promotion of the Government agencies Freddie Mac and Fannie Mae’, and the

additional complications carried by the sub-prime mortgages emerging markets.

The final point is that a collapse of similar proportions can have different factors

actively contributing to originate the downturn. On this concern, the increasing

number of interpretations can be only precious for the research as a fundamental

mean to suggest effective strategies to avoid a potential repetition of a similar

disaster.



Chapter 3

Macroprudential Analysis and

Sound Stress Testing

3.1 Financial (in)Stability

Financial stability represents a concept that takes particular emphasis in con-

texts such as financial crises, prudential regulation, and systemic risk. As

discussed in the previous chapter, the recent financial crisis originated in aggre-

gated phenomena, related to issues of inadequate monetary policy and financial

imbalances, as well as in failures of single institutions, able to transmit systemic

effects over the whole financial system. Under this light, several misinterpre-

tations of system-wide risks highlight the financial stability like a fundamental

point of debate for policymakers especially regarding the macro-dimension of

the financial system.

There is no general consensus in the literature about the definition of finan-

cial stability. Padoa-Schioppa (2003) defines financial stability as ”a condition

whereby the financial system is able to withstand shocks without giving way

to cumulative processes, which impair the allocation of savings to investments

opportunities and the processing of payments in the economy”. According to

Schinasi (2004), ”the concept of financial stability is most often thought as of

in terms of avoiding financial crises, but one can also think of it in terms of

managing systemic financial risk”. However, in the wake of the recent crisis,

financial stability acquired increasing interest as a key policy objective to deal

with the accumulation of financial distress, regardless its external or endoge-

nous nature.

During the 2007 turmoil, the shortcomings of a softened monetary policy



3. Macroprudential Analysis and Sound Stress Testing 25

stimulated financial innovation and financial deregulation for both banks and

financial markets. The main effects for the economy were the increase in debt

and leverage generated by the boom in credit supply and in asset prices —

especially for the housing sector— which, in turn, impaired the infrastructures

of financial intermediation because of the accumulation of aggregate risk. Given

the strict connection between financial crises and the propagation of systemic

risk, authorities have shifted their attention from a micro-based to an aggregate

dimension of financial stability. On this concern, the macro-prudential analysis

has been introduced with the scope to propose a tool suitable to quantify

systemic risk, and to assess the resilience of the financial system by virtue of

its linkage with the macroeconomy.

3.2 Toolbox of Macroprudential Analysis

The recent financial crisis has signaled several flaws and role of the monetary

policy on generating financial unbalances. In recent times, an important debate

developed regarding the need of financial authorities to improve the measures of

regulation and supervision over an aggregate dimension. On this concern, there

is a growing consensus about the necessity of implementing macroprudential

analysis as a measure to safeguard against potential financial fragility, and

to prevent its consequences over the real economy. Nevertheless, there is no

common definition of macroprudential analysis in the literature. International

Monetary Fund (2001) defines it as ”a methodological tool that helps to quantify

and qualify the soundness and vulnerabilities of financial system”; Bank for

International Settlements (1986) provides a definition more related to a type

of ”policy aimed at supporting the safety and soundness of the financial system

as a whole, as well as payments system”.

Whereas the macroprudential analysis is oriented to an aggregate perspec-

tive, the main objective is related to contain the risks and the costs linked to

potential systemic crises. Differently, the microprudential analysis is focused on

the stability of a single financial institutions and/or intermediary. The macro-

prudential and the microprudential analysis gain the same importance at an

aggregate level whenever the failure of a single financial institution represents

a serious danger for the propagation of systemic risk to the entire system. The

speech of Crockett (2000) represents an important contribution to underline

the importance of shifting the authorities’ attention from a microprudential to

a macroprudential dimension of the prudential analysis.
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Figure 3.1: Components of Macroprudential Analysis
Source: International Monetary Fund (2001).

As illustrated by Figure 3.1, macroprudential analysis requires a contin-

uous process of information going from the qualitative information, which is

integrated by structural monitoring of the institutional framework, to the quan-

titative information, which is typically supported by the employment of sta-

tistical indicators and technical analysis. In contrast to the field of monetary

policy, empirical literature on macroprudential policy is not in an advanced

stage, therefore it lacks analytical underpinnings useful for policy purposes.

Assuming that macroprudential tools are basically finalized to capture finan-

cial fragility, there is still uncertainty about a precise framework finalized to its

quantitative measurement. On this concern, Borio & Drehman (2009) provides

a ”taxonomy” of these tools under their analytical perspective:

• balance sheet and market-based indicators;

• early warning indicators (EWIs);

• Vector Auto-Regression (VAR) Models;

• macroeconomic stress testing.

The first category of indicators is part of the Financial Soundness Indicators

(FSIs); they are employed within the context of the IMF’s FSAP. VAR models

are essentially employed to investigate on the links between the real economy

and the financial system, and on the presence of eventual feedback effects.

Macroeconomic stress tests as well as EWIs are unable to capture feedback

effects —also called second round effects, however they play an important role
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in the forward-looking perspective of the analysis. For the purposes of this

work, we treat more in details the balance sheet and market-based indicators,

the early warning systems, and the macroeconomic stress testing exercises.

3.3 Building a Framework

Macroprudential analysis is considered as a young field of the regulation in

comparison with more advanced fields of regulation like monetary policy, or

fiscal policy.1 An important debate is currently in place to establish a consistent

operational framework of the challenges related to the empirical measurement of

financial distress, which is considered the main indicator of financial fragility.

According to Borio & Drehman (2009), as long as a financial crisis is not

experienced, the quantification of financial distress reveals to be a challenging

task in an ex post perspective rather than in an ex ante perspective. Whenever

the effects of a disruption are not experienced in terms of real consequences over

the economy, it is tougher to capture the effective drawbacks of the financial

system until they do not materialize into a new shock. Nevertheless, in order to

ensure a not ”fuzzy” assessment of financial fragility, it is necessary to design

an operational framework where the macroprudential tools can act ”as good

barometers rather than thermometers of distress”. Therefore they need to be

”able to capture the financial system’s fragility before financial distress actually

emerges”.

A rudimentary economic model setting the ground for research can be de-

scribed as follows:

M ← f(X, I, u) (3.1)

This theory assumes a set of economic variables X, of policy instruments I,

and of exogenous shocks u as entered inputs of a structural model to estimate

the measure of financial (in)stability M. The power of this model stands in

its ability to work in both ex post and ex ante perspectives. That is, the

endogenous response of the system can be identified through the decomposition

of the past shocks to be projected in the present. Equivalently, a probability

distribution of loss outcomes, due to distress, can be defined ex ante in order

to design shocks or critical scenarios.

1This section mostly draws on Borio & Drehman (2009).
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Alternatively, policymakers can recur to their discretional judgment through

the qualitative macroprudential indicators2 to capture the expected costs of

financial distress in a more mechanical light. At the changing of the features,

they can help authorities under two separated perspectives:

• backward-looking perspective

• forward-looking perspective

In the first case the indicators work ex post ; functioning as thermometers

of financial distress. In the second case they work ex ante; functioning as

barometers of financial distress. Under the backward-looking perspective, the

balance-sheet and market based indicators, together with the CAMELS mi-

croprudential framework for banking indicators, can be mentioned. On the

forward-looking perspective, the assessment of financial stability is conducted

through the early warning system’s tools, and macroeconomic stress testing.

The following sections briefly describe their characteristics.

3.4 Backward-looking Perspective

The role of macroprudential analysis is highlighted by the necessity of policy

authorities to have a measure of financial instability in order to calibrate their

policy reactions. As specified above, there is no precise consensus on the ideal

boundaries for the macroprudential measurement of financial distress; however

the employment of ex post tools is less challenging than the employment of ex

ante tools to address financial stability with more confidence. The backward-

looking perspective has a lead in the assessment of financial stability since it

allows quantifying financial distress on the basis of historical experience. Poli-

cymakers can design their policy strategy, in a more manageable manner, just

relying on past shocks, and they are supported by macroprudential indicators in

performing their tasks. As long as the backward-looking perspective ascertains

the level of achieved instability instead of detecting the fragility potentially

leading to a future disruption, big trust is placed onto these indicators on the

base of the granularity of the accountable national information.

2A list of macroprudential indicators is enclosed in the Appendix A.
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3.4.1 Balance Sheet and Market-Based Indicators

Balance sheet items represent the most immediate category of macroprudential

indicators in the hands of the authorities. Parts of these indicators are inserted

into a set of macroprudential indicators, called FSIs, which are continuously up-

dated by the IMF.3 Basically, they incorporate statistical information useful to

assess the vulnerability of the financial system and the payment infrastructure.

On the base of the single national accounting regulations, this category of in-

dicators covers measures of banks’ capitalization, non-performing loans, loans

loss provision ratios, and items from the balance sheet of households and cor-

porations. Whereas their employment serves to evaluate the financial position

of agents from a backward-looking perspective, they act more as thermometers

than barometers of financial distress.

On a forward-looking perspective, ratings for individual borrowers represent

an important source of information to build up macroprudential indicators.

They are basically related to individual financial institutions and their specific

rate of solvency, therefore, sometimes, they don’t constitute a relevant indica-

tor for the purposes of the aggregate policy. Individual borrowers’ ratings are

issued by credit rating agencies and supervisory authorities; they often repre-

sent a confidential source of information because they incorporate estimations

of corporations’ probability of default and expected losses. Sometimes, their

reliability may be questionable because they ”seek to filter out the influence of

the business cycle, i.e. to be ”through-the-cycle” rather than ”point-in-time”

estimates of default” [Borio & Drehman (2009)].

Finally, market prices represent the last source of information for the scopes

of macroprudential analysis. They are basically market-based indicators, and

their capacity to derive volatilities and quality spreads is exploited by author-

ities. If some structure is assumed on the yield of fixed income securities or

equities, they can be exploited to derive probability of default or expected losses

for individual institutions and sectors. The advantage of market prices comes

from the possibility to of using them as forward-looking predictors on the basis

of the incorporated information about market participants. Furthermore, they

can provide specific point-in-time risk measures to evaluate the financial posi-

tion of firms. The disadvantage is in the potential lack of coverage due to the

particular structure of the financial system.

3For an updated list of FSIs indicators, see International Monetary Fund (2008).
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3.4.2 CAMELS Framework

Macroprudential analysis represents an important tool in the hands of policy-

makers to evaluate the system’s financial stability. The CAMELS framework

represents a set of microprudential indicators —naming its acronym form— to

evaluate the health of financial institutions, especially banking institutions, on

an aggregate scale. Their employment is often supplemented by market-based

indicators in order to provide a measure of the potential rate of vulnerability

of financial institutions. Six groups of indicators belong to this framework, and

they can be listed as follows:

• Capital Adequacy,

• Asset quality,

• Management soundness,

• Earnings,

• Liquidity, and

• Sensitivity to market risk.4

Capital Adequacy indicators are used to evaluate a bank’s capital risk ex-

posure, and capability to withstand potential losses. Asset quality indicators

are a set of ratios testifying to the quality of the balance sheet’s items, and

then the reliability of capital. Management soundness indicators are a qualita-

tive category of indicators which are crucial for the institution’s performance

since they evaluate the management of operational risk, and the functioning of

internal control systems. Earnings indicators are a set of ratios which can be

used on a sector level to provide a measure of profitability of the financial in-

stitutions. Liquidity indicators are crucial to monitor the solvency of financial

institutions in their management of short-term liquidity which includes also the

mismatch of maturity structures. The Sensitivity to market risk is evaluated

by indicators analyzing the variation of assets’ value at the changing of interest

rate and foreign exchange rate risk.

4This classification is drawn on Evans et al. (2000).
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Box 3.1 Financial soundness indicators for conjunc-

tural analysis at the Bank of Italy

Financial soundness indicators are used in the field of macroprudential analysis to

evaluate the vulnerability of the financial and the banking system. The Bank of Italy

conducts specific analysis over the aggregate indicators for banks’ soundness in a quar-

terly report, where measures of risk, profitability, and capital adequacy are provided

for the main geographical/sectoral/dimensional components [see Quagliariello (2005)].

The report analyzes four main categories of risk sources of banks’ exposure: credit risk,

concentration, market, and country risks. The impact of these risks is successively in-

vestigated over the banks’ measures of profitability and capital adequacy.

The credit risk of Italian banks is assessed through the compilation of prospects consid-

ering indicators of loans’ dynamics and quality. The main aggregate indicators are the

ratio of non-performing loans to the total amount of loans, and the ratio of new bad

loans to total loans, which is accounted for the various economic sectors, activities, and

regions. The evaluation of the resilience of the aggregate portfolio is processed with the

monitoring of banks’ exposures higher than 10% of the regulatory capital.

The report supplements the information collected on credit risk with the measures of

market risk. The risk of debt and equity positions are computed over the national trading

book as percentage of the regulatory capital, while the exchange rate risk is monitored

over the entire trading book of banks’ activities.

The country risk section of the report is devoted to evaluate the soundness of Italian

banks’ borrowers through the share of national loans to total loans outstanding to non-

OECD countries. The Italian prudential regulation introduces 7 risk buckets that are

based on selected indicators related to the measurement of credit risk for the national

borrowers (they include debt repayment performance, debt service ratio, ratings, spread

etc.). Concerning the profitability and capital adequacy analysis, aggregate and con-

solidated ratios related to banks’ performance are collected on a quarterly basis in a

separate section.

3.5 Forward-looking Perspective

The consistent structure of an operational framework for macroprudential pol-

icy is characterized by the establishment of an objective, and the set-up of

the instruments aimed to achieve it. In order to prevent the occurrence of

a crisis, policy authorities have to design a strategy using instruments with

a reliable predictive power. Under the forward-looking perspective, powerful

macroprudential instruments are used to focus the strategy on the prevention

of a financial crisis rather than on its resolution. These tools provide a quanti-
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tative measurement of financial distress ex ante, which is a field offering more

challenges than the field of measurement ex post in terms of identification of

upcoming distress on the basis of the current level of fragility.

Macroeconomic stress testing and EWIs are part of the toolbox for financial

stability in a forward-looking perspective. Although they are both employed

for macroeconomic forecasting relying on historical data, there are some con-

ceptual differences. While Early Warning Indicators are devoted to predict the

probability of crisis events, macroeconomic stress tests are oriented to simu-

late the size of a shock in the event of crisis. The construction of an analytical

framework is necessary to understand the power of these macroprudential in-

struments, and to ensure the assessment of financial stability is not ”fuzzy”.

Consistently, as stated by Borio & Drehman (2009), ”given the difficulties in ex

ante measurement, the framework should rely as far as possible on rules rather

than on discretion”. This framework can be described as follows5:

E(x̃t+1) = g1

{
X t, Zt

}
(3.2)

According to this reference framework, the probability of a potential future

state of the macroeconomy is modeled through historical data. The future ex-

pected value of the random variable x —time t+1 — can be estimated through

a function g1 mapping the past realizations —time t— of benchmark macroeco-

nomic variables X, and other relevant factors Z. The forecast generates a vector

of expected macroeconomic outcomes useful to address policy measures on the

whole macroeconomy, or on the single financial sector. This simple model only

traces the general coordinates for a reference framework finalized to the calibra-

tion of the single macroprudential tools. Essentially, it is more focused on the

prediction of likely events of distress; while, conversely, macroeconomic stress

testing and EWIs are more concerned with unlikely events of distress leading

to severe implications for the financial stability. The following sections explain

their functions in relation to the described framework.

3.5.1 Early Warning Indicators

Early Warning Indicators EWIs are macroprudential tools operating in a forward-

looking perspective; they are mostly oriented to estimate the probability related

to the occurrence of a specific event of distress relying on the information pro-

5See Sorge (2004).
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vided by historical shocks. Their analytical aspects can be comprehended in

light of the reference framework for macroprudential analysis traced above6:

P (x̃t+1 ≥ x) = g2

{
X t, Zt

}
(3.3)

The theory defines the probability related to the occurrence of a crisis

event at the time t+1, based on historical values of selected macroeconomic

indicators X, and other relevant factors Z. In this case, subset of X and Z

leading indicators are considered to forecast the probability of an occurring

crisis, taken as a binary event. That means, if the value of the random variable

x at time t+1 is above a certain critical threshold denoted by x, thus the crisis

is likely to occur, otherwise there is no probability of a crisis event.

Market-based indicators are not always the best predictors of financial

crises. Borio & Drehman (2009) provides the evidence linked to the US fi-

nancial distress index and its poor performance in predicting the 2007 financial

turmoil. The index is composed by a set of financial indicators relying on

market-based information and, as shown by Figure 3.2, its volatility begun to

rise just closely approaching 2007:

Figure 3.2: U.S. Financial Stress Index
Source: Borio & Drehman (2009).

Theoretically, EWIs are tasked to detect signals of financial fragility before

the materialization of a market disruption. They help to deal with the limita-

6See Sorge (2004).
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tions of market-based indicators through the development of a formal approach

consisting in using reduced-form relationships linking a set of explanatory vari-

ables to a ”financial distress” index [Borio & Drehman (2009)]. The basic

advantage stands in the analytical calibration of risks through capturing the

interaction of variables occurred within the historical shocks, and exploiting

them to estimate the likelihood of distress in the present. Nevertheless, a com-

mon criticism recognizes that these interrelations are not valid for long periods

of time.

In the wake of the last global financial crisis, Borio & Drehman (2009) refine

an indicator exploiting the signals offered by the growth in credit supply and

in asset prices to predict banking crises. This indicator, on the base of the

endogenous cycle view of financial stability, is able to predict the US financial

turmoil with a lead of two years relying on the available data at the time of

prediction.

3.5.2 Macroeconomic Stress Testing

Macroeconomic stress testing is part of the authorities’ macroprudential tool-

box to address financial stability. Macroeconomic stress tests operate in a

forward-looking perspective, and they help authorities to assess the vulner-

ability of the financial system under ”extreme, but plausible events” (official

IMF definition from Cihak (2004)). They are proposed as a methodology with

a statistical appeal. Differently from EWIs, they are devoted to evaluate the

resilience of the financial system through the simulation of crisis events, not

necessarily relying on historical data. Concerning the macroprudential func-

tion to operate on an aggregate dimension, IMF (see Sundarajan et al. (2002))

defines macroeconomic stress testing as:

”a key element of macroprudential analysis that helps to monitor and anticipate

potential vulnerabilities in the financial system. It adds a dynamic element

to the analysis of financial soundness indicators -that is, the sensitivity, or

probability distribution, of financial soundness indicators outcomes in response

to a variety of (macroeconomic) shocks and scenarios.”

Recent stress testing literature is very prolific in proposing new analytical

models. Based on the reference framework (3.2), we proceed through a classi-

fication of macroeconomic stress testing as proposed by Sorge (2004). There

are two main approaches in macroeconomic stress testing:
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• piecewise approach

• integrated approach

While the piecewise approach uses a single financial soundness indicator

to forecast a future critical event, the integrated approach uses multiple risk

measures to fulfill the task. The introduction of a basic analytical framework

is useful in tracing the specific differences between the two approaches:

Ω(ỹt+1/x̃t+1 ≥ x) = f
{
X t, Zt

}
(3.4)

The framework for macroeconomic stress testing considers the probability

associated to the realisation of a certain value for an aggregate measure of finan-

cial distress ỹt+1. This indicator, which is commonly represented by the ratio of

potential losses over available capital, provides information about the potential

distress of the financial system whenever it is subjected to a conditional stress

scenario x̃t+1 ≥ x simulating a tail event. Furthermore, the description of the

following components deserves explanation:

• Ω(.) represents the risk metric employed to estimate the vulnerability of

different portfolios across different scenarios. It basically represents an

operator used to denote a simple conditional expectation similarly to the

one adopted in the reference framework (3.2), however in this case it is

restricted to tail events. Its functionality is recognized within the specific

piecewise approach and integrated approach;

• F (.) represents the loss function mapping the set of macroeconomic

shocks simulated over the X and Z leading indicators for the stability

of the aggregated financial portfolio. The arguments of this function are

risk exposures, default probabilities, feedback effects, and correlations

between the macroeconomic environment and the aggregate financial dis-

tress.

In contrast to EWIs which are, used to estimate the unconditional proba-

bility of a stress scenario materialisation, macroeconomic stress testing is used

to estimate the probability distribution of losses conditional to the realization

of the designed stress scenario. More insights are provided by the following

methodological categorizations.
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Piecewise Approach

The power of macroeconomic stress testing stands in the ability to provide in-

formation about the resilience of the financial system against potential shocks.

The piecewise approach is adopted whenever macroeconomic stress tests use a

single financial soundness indicator to simulate plausible stress scenarios, in-

tended as events unlikely to occur. Generally, this approach uses indicators

such as non-performing loans, loan-loss provisions or write-offs, and their be-

havior is predicted as point estimates conditional to assumed stress scenarios.

Figure 3.3: Macroeconomic Shocks on Financial Soundness Indicators
Source: Sorge (2004).

The estimation of reduced-form or structural models is involved to discover

interactions between macroeconomic fundamentals, assumed as explanatory

variables, and risk measures —expressed by financial indicators or also bank-

related indicators— working as dependent variables. Time series and panel data

from the historical experience are employed to capture the existing correlations,

which are exploited for the calibration of adverse macroeconomic scenarios.

Sorge (2004) describes the analytical framework for this approach as follows:

E(ỹi,t+1/x̃t+1 ≥ x) = f
{
X t, Zt

i

}
(3.5)
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The piecewise approach relies on the reference framework explained above.

In this case, the same risk metric considers the vulnerability of a single portfolio

i. A linear relationship is estimated between a risk measure Y for the considered

portfolio, and historical values of selected macroeconomic indicators X ; less

often, other relevant leading indicators Z for banking sector are included within

the relationship.7 The measure of potential financial distress ỹi,t+1 identifies

the vulnerability of portfolio i to the impact of the conditional stress scenario

x̃t+1 ≥ x simulating a tail event.

There are some pros and cons determining the adoption of a piecewise

approach within macroeconomic stress testing. Pros are related to their ”intu-

itive and low computational burden” that makes them commonly used within

the monetary policy environment. Among the cons there is the incapability to

provide feedback effects and the presumed ”parameter instability over longer

horizons” [Sorge (2004)].

Integrated Approach

Macroeconomic stress testing represents a relevant macroprudential tool for its

rigorous statistical background. While the piecewise approach uses individual

financial soundness indicators, some studies introduced an integrated approach

exploiting the statistical background of the macroeconomic stress testing tool.

The integrated approach helps to assess the vulnerability of the financial system

through the employment of multiple risk factors finalized to the estimation of

the aggregate probability distribution of losses conditional to stress scenario.

The risk metric (look at the reference framework (3.2)) of this approach is

comparable to the VaR methodology, which is used on the micro perspective

to estimate expected and unexpected losses, with a certain level of confidence,

across whatever portfolio and scenario. The summary statistic provided by a

VaR measure can be switched to a macro perspective to obtain the following

framework:

V aRi,t(ỹi,t+1/x̃t+1 ≥ x) = f {Ei,t(Xt);Pt(Xt);PDt(Xt);LGDt(Xt); Σt(Xt)}
(3.6)

7The macroeconomic indicators usually employed are GDP, inflation, interest rate, level
of indebtedness etc.. While bank-related indicators, such as measures of bank-size, capital-
ization, or cost-efficiency ratio, are incorporated in the vector Z of bank-specific variables.



3. Macroprudential Analysis and Sound Stress Testing 38

Xt = h(Xt−1, . . . , Xt−p) + εt (3.7)

The structure of this framework is similar to the piecewise approach. In

this case, the vulnerability of the entire banking system is estimated in terms

of losses under a simulated macroeconomic stress scenario, i.e. ỹi,t+1/x̃t+1 ≥ x.

The function f(.) maps the explanatory factors which are identified in a vector

E of credit exposures and market positions valued at time t for the aggregate

banking portfolio. The relationship is found with a vector of prices P , PD —

Probability of Default— and LGD —Loss Given Default— risk parameters, and

a matrix of default volatilities and correlations Σ. All the factors depends on

a vector of of macroeconomic variables X evolving in time through an autore-

gressive process. Furthermore, the simulated stress scenario can be constructed

through ”an appropriate vector of correlated innovations εt” as shown in equa-

tion (3.7). The movement of the conditional loss distribution from a normal

to an adverse macroeconomic scenario generates a shift as represented in Fig-

ure 3.4.

Figure 3.4: Loss Probability Distribution Shifted
Source: Sorge (2004).

Merton macroeconometric models are used under this integrated approach,

which, however, has some pros and cons. Among the pros, it allows for the

integration of the analysis of market and credit risk, and ”to capture non-

linear effects of macro shocks” on credit risk. The cons limit the adoption of

this approach to the short-term horizon, and do not allow dealing with feedback

effects.
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3.6 New Basel Capital Accord

The New Basel Capital Accord, known as Basel II, is the current regulatory

framework for banking supervision. Basel II is the second of the Basel Accords.

It was consultatively issued by the Basel Committee on Banking Supervision

(BCBS) in 2004. It became official in 2006 to provide the major countries

a set of international standard regulations allowing the banks to cope with

financial instability. The accord is operative under three Pillars dealing with

three contextual areas: the Minimum Capital Requirements, the Supervisory

Review, and the Market Disclosure. Pillar I is particularly concerned with the

topic of this work, since it is focused on the quantification of the main banking

risks. The bank-risk categories can be classified as follows: credit risk, market

risk and operational risk. Credit risk represents the most relevant source of

instability for the financial system. Its quantification is processed toward the

maintenance of a bank’s regulatory capital through three different approaches:

• Standardized Approach.

• Foundation Internal Ratings Based (IRB) Approach.

• Advanced Internal Ratings Based (IRB) Approach.

The formal difference between the Standardized and the IRB Approaches

stands in the difference in calculation of the capital requirements: the for-

mer applies external risk-weights to the different asset classes, while the latter

encourages banks to develop their own internal credit risk-weighting models.

The development of these models is finalized to the estimation of the specific

credit-risk components introduced by the New Basel Capital Accord: the PD

—Probability of Default, the LGD —Loss Given Default, the EAD —Exposure

at Default, and the M —Effective Maturity. The values estimated by the inter-

nal models are required to be part of the Risk Weighted Assets (RWA) function,

out of which the required Capital Adequacy (CAD) ratio must be calculated

[Basel Committee on Banking Supervision (2006)].

The implementation of stress testing at individual bank level is entered into

a new prudential regime for the identification of vulnerabilities in the financial

system. Stress testing methodologies are employed within the IRB framework to

assess the soundness of capital requirements against potential economic shocks.

The New Basel Capital Accord mentions stress testing as a practice oriented to

improve the portfolio quality in relation to the main types of risk: credit risk,
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liquidity risk in relation to the value of collateral, and market risk. Accordingly,

the regulators are required to ensure that individual institutions conduct ”rig-

orous, forward looking stress-testing that identifies possible events or changes

in market conditions that could adversely affect the bank” [Basel Committee on

Banking Supervision (2006)].

3.6.1 Sound Stress Testing

Stress testing can be defined as a generic term describing various techniques

used by financial firms to gauge their potential vulnerability to exceptional, but

plausible events [Committee on the Global Financial System (2000)]. Origi-

nally, it has been proposed as an appealing risk management tool, due to its

strong intuitive background, to assess the market liquidity risk; then later its

practice has been enlarged to all the risk categories. After the recent global

financial crisis, its practice has been extended from an individual perspective

to an institutional perspective with different levels of aggregation.

Despite the stress testing tool having gained special emphasis within the

FSAP framework (better treated later on), it still takes an important role under

the Basel II macro-prudential regime to fulfill the following regulatory func-

tions:

• ”providing a forward-looking assessments of risk ;

• overcoming limitations of models and historical data;

• supporting internal and external communication;

• feeding into capital and liquidity planning procedures ;

• informing the setting of a bank risk tolerance;

• facilitating the development of risk mitigation or contingency plans across

a range of stressed conditions.”8

The most common techniques of stress testing range from the simple sen-

sitivity analysis, where a single-factor simulation is performed, to the more

complex scenario analysis, where the impact of different stress factors is an-

alyzed. They are generally used to compensate the limitations of the banks’

8The functions are faithfully reproduced from Basel Committee on Banking Supervision
(2009).



3. Macroprudential Analysis and Sound Stress Testing 41

internal estimates deriving from models such as the VaR (Value at Risk), re-

lated to the definition of the risk-adjusted performance of the assets’ portfolio,

the EVT (Extreme Value Theory), which is concerned with the detection of

tail events on the loss probability distribution of returns, and the maximum

loss approach, suitable to quantify the portfolio’s exposure to extreme markets

events.

Within the supervisory framework, aggregate stress tests represent an im-

portant tool to assess the soundness of the financial system in case of credit

risk. The banks owning IRB models are encouraged, under the Capital Ade-

quacy framework of Basel II, to conduct macroeconomic stress testing for the

assessment of their capital solvency. Macroeconomic credit risk models are

employed to estimate the probability of default of a bank’s credit portfolio at

the changing of the macroeconomic climate. To this purpose, macroeconomic

indicators are employed as explanatory variables to model the probability of

default, employed as dependent variable. The output is then used for the stress

testing process to evaluate the soundness of the Capital Adequacy ratio. On

this concern, particular emphasis is attributed to the structural models such

as Merton (1974), which will be considered in detail in the later sections.

3.6.2 Internal Ratings Based Approach

The employment of stress testing within the New Basel Capital Accord is final-

ized to complement a bank’s internal models for the assessment of the capital

requirements. The advantage of stress testing, with respect to other techniques

like VaR (Value at Risk), is the possibility to simulate arbitrary extreme events

which are rare to face in reality. As mentioned above, the supervised banks can

estimate the capital cushion to apply to their credit exposures relying on both

external rating system, Standardized Approach, and on internal rating system,

Foundation and Advanced IRB Approach. The purpose of the IRB system is

the estimation of the banks’ losses due to the occurrence of adverse market

conditions called credit events [Allen & Saunders (2002)].

Standing to the Basel II analytical framework, two categories of losses can

be distinguished on the basis of the portion of capital which is supposed to cover

them: the Expected Losses (EL), which is covered by reserves and write-offs,

and the Unexpected Losses (UL), which is covered by the economic capital.

Basel Committee on Banking Supervision (2005) defines the formula for the

calculation of the Expected Loss as follows:
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EL = PD × EAD × LGD (3.8)

It is possible to notice a relationship between the EL and the three main

risk components, which can be defined as follows standing to Basel Committee

on Banking Supervision (2005):

• ”Probability of Default (PD) per rating grade, which gives the average

percentage of obligors that default in this rating grade in the course of

one year

• Exposure at Default (EAD), which gives an estimate of the amount out-

standing in case the borrower defaults

• Loss Given Default (LGD), which gives the percentage of exposure the bank

might lose in case the borrower defaults”.

The banks with IRB models are required to estimate the three main risk

components for the calculation of the Expected Loss —expressed in currency

amount— within a one-year time frame. Nevertheless, there is a distinction

in the use of the two IRB approaches: the banks with the Foundation IRB

are required to provide their internal estimation of the PD risk component

only; the banks with the Advanced IRB are required to provide their internal

estimation of all the three PD, LGD, and EAD risk components. Within the

Basel II framework, the estimation of the risk components is derived through a

specific algorithm based on the Asymptotic Single Risk Factor model developed

by Gordy (2003). The estimates are entered into the RWA function for the

calculation of the CAD ratio.

Statistically, the Expected Loss is more likely to occur than the Unexpected

Loss, which is generally due to extreme events. It is possible to notice this

difference by just looking at the probability distribution of losses the bank may

suffer (Figure 3.5). It is modeled as a standard normal distribution, where the

likelihood of the Expected Loss and the Unexpected Loss, due to credit events,

is traced out at a given supervisory confidence level.
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Figure 3.5: Probability Loss Distribution.
Source: Basel Committee on Banking Supervision (2005)

As drawn in the figure, the area beneath the curve is assumed to sum up to

100%, and the sum of the EL and UL —which are separated by a bank-specific

cut-off point— is said to be the VaR of the bank’s credit portfolio at a specified

confidence level. The bank is required to hold regulatory capital provisions

to cover the occurrence of both EL, and UL. Alternatively, the small shaded

area represents the likelihood of loss associated to a so-called tail event, against

which the bank is insolvent because unable to cover it. The stress testing helps

to model these exceptional events determining the insolvency of the bank, and

to understand the prudential capital measures able to absorb them.

3.7 Financial Sector Assessment Program

The Financial Sector Assessment Program (FSAP) was introduced in 1999 in a

joint effort of the IMF and the World Bank (WB) as a toolkit of policy measures

to prevent financial instability.9 Under this program, which involves around

the two-thirds of the Fund’s member countries, the national authorities are

encouraged to identify the structural weaknesses of the financial system, and

to improve their management of the potential risks associated to systemic crises.

Probably the defining feature of the FSAP ”is that it endeavors to take a

relatively broad, holistic view of system level risk and vulnerabilities” [Interna-

tional Monetary Fund and the World Bank (2005)]. The program proposes a

9The methodological issues contained in this paragraph draw especially on Blaschke et al.
(2001), and Jones et al. (2004).
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substantial set of quantitative tools and qualitative assessments. Stress testing

is the key quantitative tool employed within the FSAP to address the vulner-

abilities of the financial system toward a higher grade of resilience. There are

more quantitative tools such as the FSIs, the macro and sectoral balance sheet

analysis, and the early warning systems. On the qualitative side, the formal

assessment of international standards and codes, or the policy framework for

crises prevention and management can be considered among the most impor-

tant. Furthermore, the national authorities are supported by the technical

assistance of the Fund for the implementation of the supervisory measures,

e.g. the interest of financial authorities to improve the application of the stress

testing techniques often requires some methodological support.

The implementation of the stress testing practice responds to financial sta-

bility purposes. The scope of the implemented measures is to discover the

potential vulnerabilities with focus on the mitigation of the crises at systemic

level, rather than at individual level. The advantage of the stress testing stands

in the opportunity to tailor the exercises on the basis of the country-specific

circumstances. A wide range of approaches can be adopted depending on the

exact nature, coverage, and size of the shock to be transmitted through the

construction of critical stress scenarios. The calibration of the critical stress

scenarios can vary at the changing of the type of risk to be assessed, and of

the adopted approach. The risks covered in the FSAP’s stress tests can be

summarized as follows:

• credit risk ;

• market risk (interest rate risk and exchange rate risk);

• liquidity risk ;

• contagion/operational risk ;

The national authorities can decide to conduct specific tests to address

those risk sources peculiar to the specific country-case circumstances. On

this concern, the credit-risk has gained a key focus within the FSAP. The

macroeconomic credit-risk models have revealed to be a useful tool to provide

forward-looking information about the resilience of the financial system in case

of extreme shocks. To this extent, the macro-prudential regime encourages the

supervisory authorities to model the relationship between the default-rate and

the business cycles fluctuations. If the quality of a bank’s portfolio worsens
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when the real economy is subjected to shock, it can be more feasible to identify

the potential sources of financial instability. The use of these models is encour-

aged for both economic policy and financial regulation purposes: the policy

authorities need to be informed about this relationship to estimate the size of a

macroeconomic shock over the economy; the financial regulators need to have

a measure of the impact of the credit risk over the stability of the financial

system.

Figure 3.6: Macroeconomic Stress Testing.
Source: Quagliariello (2009)

The appeal of stress tests is found in a simple analytical technique, and not

necessarily ”a precise tool that can be used with scientific accuracy, producing

a rough estimate of a particular sensitivity” [Jones et al. (2004)]. There is a

range of approaches which can be adopted within the stress testing practice;

they can vary on the base of the analyzed shock-factors, and of the covered

financial entities:

• sensitivity tests, where the impact of single risk-factors is examined;

• scenario-based tests, where the impact of multiple risk-factors is exam-

ined;
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• bottom-up approach, performed over the individual portfolio level;

• top-down approach, performed over the aggregate portfolio level.

However, while the first and the second approaches are more mechanical

and straightforward to implement, the third and the fourth approaches require

more sophisticated regressions. The scenario and sensitivity analysis can be

part of the macroeconomic stress tests as well as the bottom-up and top-down

methodologies. In this case, the macroeconomic scenarios are designed ac-

cording to the specific country circumstances. At the bottom-up level, single

financial institutions are encouraged to employ their internal models to identify

vulnerabilities to potential shocks relying on their internal balance-sheet infor-

mation. On the top-down level, the FSAP attributes increasing emphasis to the

identification of those structural vulnerabilities defining the degree of resilience

for the entire financial system. The single methodologies are discussed in more

detail in the following sections.

3.7.1 Sensitivity and Scenario Analysis

Stress tests reflect the intent to build up a simulation finalized to estimate

the sensitivity of a portfolio to potential losses when it is subjected to ”ex-

treme, but plausible events” (official IMF definition from Cihak (2004)). The

sensitivity analysis technically represents the most mechanical use of the stress

testing tool. It basically relies on two complementary components: the iden-

tification of the country-specific risk factors, and the appropriate selection of

the macroeconomic scenarios.

The calibration of the risks embedded in the specific country conditions is

part of the design of the macroeconomic scenarios. The design of the appropri-

ate macroeconomic scenarios is defined as an ”art” by Cihak (2004), instead

of a pure scientific tool because of the grade of expertise required to elaborate

suitable hypothetical assumptions. The hypothetical approach can be distin-

guished from a second type of approach, the historical experience approach, for

the level of discretionary choice of the risk manager in selecting the best ad hoc

stress scenarios. Nevertheless, the hypothetical scenarios rarely find parallel in

the history as the historical experience approach does. Therefore, sometimes it

is strictly more plausible to stress the baseline scenarios just reproducing the

shock occurred in the history. In both the cases, the country’s characteristics

are captured, and the role of the risk factors is defined.
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The sensitivity simulation is aimed to test the impact of a shock in a single

risk-factor over the single financial institution, or the whole financial system.

Differently, a multiple shock of the risk-factors is inserted into the multivariate

scenario analysis. The construction of the stressed scenarios in this field is

made through the transmission of a simulated shock to the risk-factors, which

can change singularly or collectively under the ceteris paribus assumptions.

The proper fashion of the scenario construction has to be consistent with the

internal estimation models.

One relevant issue is related to the construction of the baseline scenario.

Most of the time it is done through the supervisory organizations’ ”macro-

econometric or simulation model that provides forward-looking and internally

consistent framework for analyzing key linkages between the financial system

and the real economy” [Jones et al. (2004)].

2000-2 2003-5 2005-7
Scenario analysis 64 95 82
Contagion analysis 11 38 55
Insurance sector stress testing 25 37 9

Table 3.1: Evolution of stress-testing methodologies in European FS-
APs (% of all FSAPs initiated in the period)

Source: Quagliariello (2009); and Cihak (2007); and LATEX table.

The stress testing has gained particular attention under the FSAP, and the

European continent has maintained the highest coverage in terms of national

frameworks. As can be noted from Table 3.1, the popularity of the stress

tests substantially increased due to the practice of scenario analysis, and to the

increase in the volume of FSAP covered institutions, ranging from non-bank

financial institutions to insurance companies, and pension funds. Furthermore,

an important emphasis is attributed to the contagion analysis, which is con-

cerned with the propagation of the shock from individual institutions to the

whole financial system.

3.7.2 Bottom-up Approach

The macroeconomic stress tests are conducted by the national organizations for

financial stability purposes to prevent system-level risks. One challenge related

to these practices is the quantification of the aggregate shock to the individ-

ual portfolios. The bottom-up approach solves this methodological challenge
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because it estimates the reaction of financial intermediaries when their balance-

sheet is subjected to a macroeconomic shock.

Within the stress testing framework, no harmonized applied procedure ex-

ists since every country has to build its own methodology, however the FSAP

encourages the national authorities to apply the produced stressed scenarios

equally to all their financial institutions. The bottom-up approach allows trans-

mitting the macroeconomic shock to the individual intermediaries, which are

supposed to estimate the balance-sheet effect through their internal models, be-

fore getting to the aggregate results. Each institution’s model is tailor-made,

and it can include sensitivity and scenario analysis in it. Nonetheless, the

bottom-up approach has some pros and cons. On one side, the single intermedi-

aries have the comparative advantage to build their internal estimation models

with more accurate results, because of the exclusive availability of data. On the

other side, this comparative advantage is offset by the impossibility to cross-

compare the results of the bottom-up stress tests, because every intermediary

uses its own model.

Before the transmission of the shock to the financial institutions, the macroe-

conomic stress scenarios, reproducing extreme, but plausible events, are cali-

brated on the base of the specific country-circumstances, and risk factors. Then,

only internal bank-by-bank estimations separate the macro-stage dimension

from the micro-stage dimension of the final outcome.

3.7.3 Top-down Approach

This stress testing methodology responds to the same purpose ”to provide an

independent verification of potential sources of vulnerability, and broaden the

understanding of linkages in the financial system” [Cihak (2005)]. The top-

down approach is the opposite methodology with respect to the bottom-up

approach. It is concerned with the development of aggregate models to estimate

the effect of a macroeconomic shock, not at the single portfolio level, but at

the system-wide level.

Within the FSAP, the national authorities are encouraged to conduct top-

down stress testing for the assessment of the soundness of their banking systems

when they are affected by ”exceptional, but plausible events” (official IMF def-

inition from Blaschke et al. (2001)). There is stronger consensus about the

standardization of the top-down practices at the national levels. The cross-
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comparability of results plays in favor of less dispersion of information in terms

of supervisory outcomes.

The use of top-down for modeling can be simpler than the use of bottom-up;

however the practice is sometimes extended to more sophisticated applications.

The challenge is still related to data availability that, in this case, may cost some

loss of information. This is because the data come from the system aggregation,

and not from the individual financial institutions. The top-down approach can

be integrated into the macroeconomic stress tests through the application of

the scenario analysis on the basis of the specific country risk-factors. On this

concern, the design of adverse macroeconomic scenario represents a further

challenge to the authorities who are involved in screening the weaknesses of

the financial system as a whole.

The cost-benefit analysis of the top-down exercises involves an important

trade-off. It is related to the relative simplicity of the top-down applications,

and the potential loss of accuracy of results due to data gathering process.

Though the scenarios construction represents a critical point especially for the

FSAP exercises, it can’t be always of easy implementation. By contrast, the

straightforwardness of a standardized exercise with an effective benchmark pro-

cedure consents the supervisory authorities to address less costly analysis with

more cross-sectional comparable results as a necessary prerogative for policy

implementation.

3.8 FSAP in Italy

The FSAP is a joint initiative of the IMF and the WB to address the macro-

prudential analysis toward the quantification of financial vulnerabilities at na-

tional level.10 The macroeconomic stress-testing represents the most empha-

sized quantitative tool within this framework. Although the FSAP was launched

in 1999, the practice of stress testing was already in use since the early 1990s to

deal with risk management of asset portfolios. Since the year 2005, the FSAP

extensive approaches have been applied to assess the vulnerability of the Italian

banking system to the instabilities generated by the credit risk.

The most common source of crises is the materialization of the risks under-

lying the financial system. Within this context, the macro-prudential analysis

is aimed to identify the structural weaknesses through the assessment of the

10This section is partially based on Laviola et al. (2006)
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resilience of the banking system. The FSAP stress testing exercises for Italy

have been focused on the credit risk, as the main source of fragility the Italian

banks must deal with. In order to give major credibility and comparability

to the tests, both top-down and bottom-up approaches have been used, and

the critical scenarios have been performed while taking into consideration the

Italian economy’s characteristics.

The features of the Italian banking system can be summarized in several

stylized facts. A process of institutional transformation started in the late 90s,

when a period of privatizations, regulatory reforms, and large-scale consoli-

dation came up to increase the competitiveness of Italian banks. After that,

several improvements were registered in terms of profitability of financial ser-

vices, and increase of risk diversification. Despite these evolutions oriented to

enlarge the size of the banks’ capital toward the European standards, the fi-

nancial products essentially rely on the traditional intermediation. Therefore,

the credit risk necessarily represents the central supervisory matter for the

authorities.

3.8.1 Methodologies

The stress testing analytical framework has several contingent limitations in

terms of provided results and information. Consequently, in the case of Italy,

”the most pragmatic way to achieve sound financial stability assessment is to

adopt a variety of approaches”11 able to allow the drawing stronger conclusions.

Beyond the simple sensitivity and scenario analyses, bottom-up and top-down

methodologies have also been used to estimate the impact of credit risk, market

risk, and sovereign risk over the entire banking system. For the purposes of

this work, the focus will be on credit risk.

Regarding the bottom-up approach, the six largest limited company banks

in Italy and three large cooperative banks have estimated the credit risk cycles

through their internal methodologies. As related to the top-down approach,

the impact of the credit risk has been estimated on an aggregate scale and

also on a solo basis for those intermediaries belonging to the nine banking

groups covering 62% of the banking system’s assets. The sensitivity analysis

for the credit risk has been performed through an increase of 60% of the PD

in the domestic exposures for all the Italian banks, under the ceteris paribus

assumption. This value has been assumed based on the historical experience:

11Laviola et al. (2006).
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the largest PD change registered in Italy corresponds to an increase of 54% in

1993, after the European Monetary System (EMS) crisis. The scenario analysis,

which is better explained in the next section, considered a multivariate shock

of three relevant macroeconomic variables.

The shock was applied to the baseline scenario relying on the exposures of

Italian banks as of December 2004, as a benchmark for the before-stress stage.

The banks’ exposure was estimated in the after-stress stage for a time-horizon

of two years, as ”the minimum needed if one wants to fully capture the impact

of the business cycle on the credit cycle” [Laviola et al. (2006)].

Figure 3.7: Stress Testing the Banking System
Source: Laviola et al. (2006)

The chart reproduces the multi-stage process of the macroeconomic stress

testing exercise that was conducted within the Italian FSAP. The method-

ology involves a combination of a structural macro-econometric model and a

reduced form econometric model. Initially, a fixed exogenous shock, which can

be single or multiple, is transmitted to the domestic macroeconomic variables

through the Bank of Italy Quarterly Model (BIQM). The generated output

of the macro-econometric model serves as input for the reduced econometric

model aimed to the estimation of the PD on the base of the macroeconomic

indicators. The stressed macroeconomic figures are plugged into the reduced
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econometric model to estimate the stressed PD. The difference between the

stressed and non-stressed PD —Probability of Default, together with the hypo-

thetical LGD —Loss Given Default, and EAD —Exposure at Risk, are employed

for the estimation of the change in the EL of the entire banking system in a

given time-horizon.

∆EL = (stressedPD − unstressedPD)× EAD × LGD (3.9)

Essentially, the crucial relationship is captured between the macroeconomic

indicators and the bank-specific variables. It is useful to carry out the stress

tests, and to estimate the amount of capital provisions the banks need to own

in order to absorb the produced shock. The generated shock has been trans-

mitted over the banking system through two different, though, interconnected

channels: ”an increase in portfolios’ riskiness, and a contraction of profits”

[Laviola et al. (2006)]. The second channel has been privileged for the estima-

tion of expected losses within the scenario analysis approach.

Box 3.2 Data sources at the Bank of Italy

The uniformity of data dissemination represents a fundamental concern for the na-

tional supervisory policymakers within the implementation of the macro-prudential anal-

ysis. The Bank of Italy is institutionally responsible for collecting data for all the credit

transactions and financial intermediaries under its supervision. The data are dissem-

inated through three main informative sources: the Supervisory Reports, the Central

Credit Register, and the Company Account Register (see Quagliariello (2005) for more

details).

The Supervisory Report, since the early 1970, compiles the so-called matrix which sum-

marizes —in accordance with the prudential European Directives— the technical infor-

mation related with banks’ risks, capital requirements, and monetary markets.

The Central Credit Register (CCR) exists since 1962 in accordance with the Banking

Law. It reports monthly data of healthy credit transactions up to 75,000 Euros expo-

sure, and bad debts irrespective of their exposure. The reporting institutions are all

the Italian banks, the leasing and finance companies, and the Italian branches of foreign

banks.

The Company Account Register is a private company engaged to collect the firms’ fi-

nancial statements information in cooperation with the Bank of Italy. The company is

has been active since 1980, and it covers around 40,000 individual financial statements

of medium and large firms.
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3.8.2 Scenario Analysis

The multiple stressed scenarios have been adequately tailored on the base of

the Italian macroeconomy. They can be summarized as follows:

1. ”a 70% oil price increase from the level observed in the fall of 2004 com-

bined with a sudden global equity price decline of 30%;

2. a confidence shock in the US that triggers a 20% appreciation of the Euro

with respect to the US dollar;

3. a confidence crisis triggered by a large corporate failure in Italy, that

implies a 35% decline in stock prices combined with a 200 basis point

increase in corporate spreads”.12

The aggregate impact of the produced shocks has been computed through

the BIQM, which is composed by 96 behavioral equations, 885 endogenous and

663 exogenous variables, and few non-linear relationships. The model is Key-

nesian in the short-run and neoclassical in the long-run. A detailed description

of the model is offered by Bank of Italy (1986).

The sensitivity analysis (multiple shocks) and the scenario analysis (single-

factor shock) were implemented for both the top-down and bottom-up ap-

proaches. The profits and losses generated by the shocks were measured in

terms of:

(i) percentage of after tax profits;

(ii) percentage of capital buffer (i.e. bank capital in excess of the mandatory

regulatory capital);

(iii) new solvency ratio calculated according to Basel I prudential regulations,

but allowing for losses to be initially covered by pre-tax profit.

Several works have been proposed to estimate the reduced econometric rela-

tionship between the macroeconomic climate and the credit quality indicators,

at both the top-down and bottom-up level.13 The stress tests covered the nine

major banking group relying on the Bank of Italy databases, the available bal-

ance sheet information, and the Credit Register (see Box on the Data Sources

at the Bank of Italy). The results were satisfactorily consistent across the two

12The scenarios are faithfully reproduced from Laviola et al. (2006)
13For a review of the papers and the results of the exercises, look at Laviola et al. (2006)
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approaches, regardless their weak comparability, and suggested that, globally,

the ”Italian banking sector is resilient to shocks” [Laviola et al. (2006)].



Chapter 4

Theoretical Background

4.1 Credit Risk Models

Credit risk modeling is one of the most important areas of risk management.

Modeling credit risk means estimating the probability of default of a firm on

the basis of its market value and /or its assets and liabilities structure. Due

to the recent turbulent times for the financial sector, credit risk modeling has

acquired increasing importance within the last decade. After the introduction

of the New Basel Capital Accord in 2004, new techniques for the estimation of

credit risk have been developed. The IRB framework (see Subsection 3.6.2) es-

tablishes three different measures for credit risk which are useful in quantifying

banks’ exposure to default as well as calculating their capital buffers in case

of default Basel Committee on Banking Supervision (2006). The three main

risk components for credit-risk estimation are: PD, LGD, and EAD. Within this

framework, the estimation of credit risk is a regulatory requirement set in order

to improve the quality of banks’ portfolios, and to assess the adequacy of their

capital.

There are two different approaches for the estimation of credit risk [see

Jakub́ık (2006)]. They can be broadly categorized as follows:

• individual credit risk models ;

• aggregate credit risk models.

Both credit risk models rely on a unique theoretical framework, changing

on the basis of the input . This framework can be described as follows:

pt = f(Xt) (4.1)
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The equation formalizes the relationship between the individual default

probability p at time t, and some client-quality indicators X, which change

at the changing of the adopted approach. In the case of individual credit-risk

models, the input indicators are related to a single borrower’s portfolio . These

are empirical observable information which can be ”related to the financial

statement in the case of the traditional model, firm’s value and leverage in the

case of structural models, or the bond price in the case of the reduced model”

[Jakubik (2007)]. In the case of the aggregate credit-risk models, the input indi-

cators are represented by aggregate information which is incorporated into the

macroeconomic environment. This approach is generally adopted for financial

stability purposes since it helps to identify the default probability conditioned

on the business cycles, as well as avoiding the problems of risk-assessment pro-

cyclicality (see Box 4.1). The output of the credit risk models are employed

within the IRB framework to assess the quality of the banks’ portfolio in fulfill-

ing their regulatory capital.

Box 4.1 Pro-cyclicality of Credit Risk

The changes in the aggregate default rates can sometimes be explained by the strong

connections existing between the financial system and the real side of the economy. In

these cases, periods of financial instability coincide with periods of recession, as well as

periods of macroeconomic shocks that are able to negatively affect the balance of the

financial system. There are models which allow estimating the macroeconomic default

rate on the basis of cyclical factors [see Allen & Saunders (2003)].

Sometimes the pro-cyclicality issue can constitute a problem for the assessment of credit

risk since the aggregate probability of default can be mitigated by periods of economic

boom or downturn. Macroeconomic credit-risk models, in their reduced-form, are capa-

ble of overcoming these problems. However they are static models and fail to capture the

so-called second round (or feedback) effects defining the reciprocal interactions between

financial and macroeconomic variables. Latent-factor models help to model the macroe-

conomic cycles of credit risk on an aggregate level, and to ensure that the estimation

is not biased by periods of boom —assessed in positive terms, and by periods of down-

turn —assessed in negative terms. Conversely, VAR and Vector Error Correction (VEC)

empirical models are examples of dynamic approaches to the cyclical behavior of credit

risk, which provide a framework to capture eventual first and second round effects [see

Quagliariello (2005)].
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4.2 Merton Approach

The recent episodes of financial disruption generated a renewed wave of interest

for credit risk modeling. Merton’s approach for default rate modeling played an

important role in risk-weight calibration within the Basel II regulatory frame-

work.1 This approach is based on the seminal idea provided by Merton (1974).

It has contributed to building a framework for structural analysis aimed towards

the modeling of credit risk. The latent-factor model (explained in Section 4.3),

which is employed in this work for the estimation of the macroeconomic credit

risk of the Italian banking system, belongs to the class of Merton structural

models.

Figure 4.1: Merton Model
Source: Quagliariello (2009)

The model assumes that the firm is financed only by equity and debt. The

firm’s assets are assumed to evolve according to a stochastic process which

can determine the firm’s default in case the assets value falls below a certain

threshold, i.e. negative difference between assets and liabilities. Essentially, the

firm’s debt is considered as a zero coupon bond to be paid off at the maturity

1Similar importance is attributed to the Asymptotic Single Risk Factor model of Gordy
(2003) for the derivation of the credit risk components within the IRB framework.
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time T , while the firm’s equity is setup to be nothing else than a call option on

the underlying asset with the bond’s face value as strike price. Whenever the

bond is not repaid at maturity T , equity holders’ payoff is zero, and the firm

defaults. In contrast, if the bond is paid back at maturity T , the firm does not

default, and equity holders are paid off with the remaining value of the assets.

As illustrated in Figure 4.1, the assets’ value can evolve over time according to

a standard normal distribution, and the default event is defined whenever the

assets value falls under a hypothetical default barrier.

Beyond its employment within the macroeconomic stress testing framework,

the Merton approach is applied also by Moody’s KMV for the estimation of

Expected Default Frequencys (EDFs). In this case, ”Moody’s KMV defines

”distance-to-default” the difference between the expected value of assets at ma-

turity and the default threshold” [Borio & Drehman (2009)].

4.3 One-factor model

The latent-factor models belong to the class of the Merton models for the struc-

tural analysis. The Merton approach is used for credit risk modeling finalized

to provide input for the calculation of capital adequacy ratio. This approach,

together with the Asymptotic Single Risk Factor (ASRF) model elaborated by

Gordy (2003), is employed within the Pillar I of the New Basel Capital Accord

(IRB framework) for risk-weight calibration. While the ASRF model assumes

that the borrowers’ exposures are affected by one systematic risk factor, the

latent-factor model á la Merton assumes that the default probability is affected

by an unobservable factor related to the conditions of the macroeconomic en-

vironment. The one-factor model represents one variant of the latent-factor

model for the estimation of the conditional PD, which is useful in the estima-

tion of the conditional EL (Expected Losses) and UL (Unexpected Losses) [see

Basel Committee on Banking Supervision (2005)]. This model is employed in

several works, such as Rosch (2003) and Jakubik (2007) for investigating the

influence of the macroeconomic environment on the credit risk. One of the

main advantages in the use of this model is its microeconomic foundations.

The model basically analyzes the behavior of assets return, and following

the Merton approach, it defines the default rate as a fall of the borrowers’ assets

below a certain specified threshold. A homogeneous portfolio of firms in the

economy is assumed, and the discrete logarithmic return on assets of the firm

i at time t can be so-defined:
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Rit =
√
ρFt +

√
1− ρUit (4.2)

The discrete logarithmic return on the asset Rit is assumed to be a random

variable with a standard normal distribution. This variable depends on two

different components: the logarithmic return Ft related to the economic envi-

ronment at time t, which is independent from firm i; the logarithmic return

Uit related to the firm i at time t, which represents the firm specific return

on assets. The ρ term is interpreted as the coefficient of correlation between

the normalized asset returns of two different borrowers. Both components of

the logarithmic return Ft and Uit are assumed to be random variables with a

standard normal distribution. Furthermore, they are assumed to be serially

independent, i.e.:

Ft ≈ N(0; 1) (4.3)

Uit ≈ N(0; 1) (4.4)

The components Ft and Uit can be interpreted respectively as the assumed

systematic factor and idiosyncratic factor affecting the logarithmic value of

assets return. Based on the above assumptions, the expected value and variance

of the normal logarithmic return can be so-defined:

E(Rit) = 0 (4.5)

V ar(Rit) = E(R2
it)− E(Rit)

2 = E(ρF 2
t + (1− ρ)U2

it + 2
√
ρ
√

1− ρFtUit) = 1

(4.6)

According to the Merton idea, the default is determined whenever the

debtor is not able to meet debt obligation because the value of its assets is

lower than an established threshold. This statement can be explicitly formal-

ized as follows:

P (Yit = 1) = P (Rit < T ) (4.7)
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Yit =

{
1 borrower i defaults at time t

0 borrower i defaults at time else
(4.8)

The behavior of the assets return can be associated related to the ran-

dom variable Yit which assumes two different potential states as described by

equation (4.8). The variable T represents the defined threshold below which

borrowers are declared in default. This is a random variable depending on time,

and it can be expressed as a linear combination of the considered macroeco-

nomic indicators.

T = β0 +
N∑
j=1

βjxjt (4.9)

The equation (4.9) represents the key relation of the model since it for-

malizes the impact of the macroeconomic environment in defining the barrier

of default. The explanatory variables are expressed by xj, which is the jth

macroeconomic indicator with coefficients βj, while β0 is the constant coeffi-

cient. Generally, the changes in the macroeconomic environment explain the

changes in the default threshold over time, which should be higher in periods

of boom and lower in period of downturn. This means that, in certain times,

the credit cycles follow the path of the business cycles in terms of improving

financial stability during periods of economic growth, and worsening financial

stability during periods of economic recession.

Since the business cycles vary over time, the estimation function of the

probability of default can be derived for two different states: constant default

threshold in over time, and changing default threshold over time. In the first

state, the conditional probability of default of firm i at time t can be derived

through the standard normal distribution function Ψ as follows:

pit = P (Rit < T ) = P (
√
ρFt +

√
1− ρUit < β0) = Ψ(β0) (4.10)

Thus the conditional probability of default in the state of constant default

threshold over time can be derived as:

pi(ft) = P

(
Uit <

β0 −
√
ρft√

1− ρ

)
= Ψ

(
β0 −

√
ρft√

1− ρ

)
(4.11)



4. Theoretical Background 61

Equation (4.11) expresses the conditional probability of default in response

to a realization of the unobservable factor Ft. As described by equation (4.2),

this factor represents the component of the logarithmic return related to the

overall macroeconomic environment, and its realization is expressed by the term

ft.
2

pit = P (Yit = 1) = P (
√
ρFt +

√
1− ρUit < β0 +

N∑
j=1

βjxjt) = Ψ(β0 +
N∑
j=1

βjxjt)

(4.12)

Equation (4.12) defines the probability of default of firm i at time t in the

state of changing default threshold over time. Here the random variable Yit is

in the state denoting the borrower’s default at time t.

pi(ft) = P

(
Uit <

β0 +
∑N

j=1 βjxjt −
√
ρft√

1− ρ

)
= Ψ

(
β0 +

∑N
j=1 βjxjt −

√
ρft√

1− ρ

)
(4.13)

The equation above defines the conditional probability of default in re-

sponse to the realization of the unobservable factor Ft as the macroeconomic

environment changes over time. This framework is employed to estimate the

conditional PD which serves as an input in the estimation of the capital re-

quirement under stressed conditions. The estimated difference in the capital

requirement between stressed and non-stressed conditions are exploited to make

inference about the fragility of a specific bank’s portfolio.

The methodological background of this work allows us to estimate the PD

parameter as a function of the macroeconomic indicators. The relationship

traced obtained from the estimation will be useful in performing a stress test-

ing exercise on the Italian banking system. Modeling macroeconomic credit

risk responds to the need of examining the change in the default events at the

changing of business cycles. The macroeconomic stress scenarios will be con-

structed based on the evolution of the Italian macroeconomic variables in Italy.

The output will be employed in the estimation banks’ capital requirement(s)

under stressed conditions.

2The unobservable factor is the latent factor of the model explaining the change in the
probability of default from the macroeconomic point of view. In this case, it is assumed as
a random variable with a standard normal distribution.



Chapter 5

Stress Testing the Italian Banking

System

We conducted an empirical exercise aimed to find an econometric relationship

designed to explain the aggregate probability of default for the Italian banks at

the changing of the macroeconomic environment. A variant of the latent fac-

tor model —one-factor model— is employed to estimate a specification for the

conditional probability of default, which will constitute the input of the stress

testing exercise conducted over the Italian banking system. Italian macroeco-

nomic indicators have been used in the model as explanatory variables. The

estimation of a stressed measure for the probability of default will drive through

the computation of the capital requirements under condition of shock in order

to draw conclusions about the solidity of Italian banks.

5.1 Dataset

The methodological selection of the variables useful to estimate macroeconomic

credit risk models requires a specific background consistent with the specific

characteristics of the analyzed economic system. One of the requirements of

a macroeconomic stress testing exercise is related to the identification of the

major risks affecting a national economy. Generally, the macroeconomic indi-

cators are selected on the basis of the risk types identified by those indicators

which are more likely to be impacted by an economic shock. Several macro-

indicators have been taken into account within this empirical exercise. We

selected the macroeconomic indicators with the best performance in the econo-

metric model. The structure of the model includes an expression of the default
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probability as dependent variable, and selected macroeconomic indicators as

explanatory variables. All data for the Italian economy are taken in the form

of quarterly time series for the period 1990-2010.

Table 5.1: Variable Description

Name Description Sample Source Transformation

DR Default Rates for Loan Facilities 1990 : 1 − 2010 : 4 BIP ON-LINE Log difference of G(z)

GDP Real GDP 1990 : 1 − 2010 : 4 EUROSTAT Log difference

INFL Inflation Rate 1990 : 1 − 2010 : 4 EUROSTAT Log difference

U Unemployment Rate 1990 : 1 − 2010 : 4 EUROSTAT Log difference

Source: author’s; and LATEX table.

5.1.1 Default Rates

The dependent variable of the model is assumed to be a measure of the credit

risk related to the borrowers of Italian banks. The default event occurs when-

ever the borrower is not able to meet its debt obligations. The probability

associated to default events is expressed by the PD risk parameter for the pur-

poses of capital requirement calculation within the Basel II framework (IRB

approach). In our analysis, Quarterly Default Rates for loan facilities for the

period 1990-2010 are assumed as measure of PD. Data for this variable have

been downloaded from the online statistical database of the Bank of Italy (BIP

online). They cover the sector of non-financial corporations, i.e. those corpo-

rations whose principal activity is the production of market goods and non-

financial services. The values of this variable are computed as the number of

borrowers who were declared defaulted for the first time within a given year;

quarterly observations of this variable have been taken in consideration (see Ta-

ble 5.1). The information used to build this data is collected from the Central

Credit Register of the Bank of Italy.

As shown by the Figure 5.1 below, the pattern of the default rate denotes

its highest peak in 1993, when the Italian economy went through the EMS

crisis characterized by turbulent times for the financial stability and banks’

exposure.1 More stable values were achieved between 2000 and 2008 probably

due to a stabilization of the banking system which was subjected to several

1The Italian FSAP considers these historical values of the PD as reference for the construc-
tion of critical stress scenarios for the Italian banks. See Section 3.8.
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Figure 5.1: Default Rates for Loan Facilities
Source: author’s

transformations during the 1990s. It registers soaring levels also during the

aftermath of the last global financial crisis, however they do not represent the

highest values.

We assume the quarterly default rates for loan facilities, as an approximated

measure to express the probability of default. For comparisons purposes, the

PD measure employed within the Italian FSAP for macroeconomic stress tests

is the ”flow of new bad debts over the stock of non-performing loans in the

previous period” [see Laviola et al. (2006)]. The estimated default probability

will be stressed on the basis of assumed critical values of the macroeconomic

indicators for the purposes of the stressed capital requirement computation.

5.1.2 Macroeconomic Indicators

The selection of the macroeconomic indicators for an aggregate credit risk

model should denote the characteristics of the economy under analysis. Method-

ologically, a stress testing exercise considers those macroeconomic figures which

are more subjected to shock within the historical experience, in order to ease

the construction of critical stress scenarios. Generally, the most common in-

dicators chosen for such analysis are the GDP, and the interest rate. In our

case, the choice of the macroeconomic figures has been subjected on their best

response in explaining the probability of default. Although several macroeco-
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Table 5.2: Variables Descriptive Statistics

DR GDP INFL U
Mean 0,57169 2.9474e+005 0,24250 9,0667
Median 0,53050 2.9781e+005 0,21000 8,7500
Minimum 0,34400 1.6537e+005 0,00010 6,000
Maximum 1,000 4.0726e+005 0,68000 11,500
Std. Dev. 0,17154 71415 0,15991 1,5832
C.V. 0,30006 0,24230 0,65940 0,17462
Skewness 0,77061 -0,11003 0,85246 -0,032064
Ex. Kurtosis -0,30728 -1,2696 0,24094 -1,0467

Source: author’s computations; and LATEX table.

nomic variables demonstrated an interesting performance, only three of them

have been included in the set of the explanatory ones. All the selected macroe-

conomic data for the Italian economy are quarterly time series covering the

period 1990-2010. They have been entirely downloaded from the Eurostat sta-

tistical database.

The real GDP was available in both raw and adjusted data, however raw

data have been considered for the estimation. GDP is a fundamental variable

to examine the economic dynamics and to identify the point-in-time cyclical

position of the economy. Sometimes, the credit cycles can be associated to

lower or higher values of the GDP. High level of financial fragility, in terms

of exposure of the credit portfolio, can be determined by a low level of the

GDP growth with a negative effect on corporate profitability, household con-

sumption, wage growth, unemployment and inflation. Oppositely, high level of

the GDP growth is correlated to periods of relative financial health which are

associated to low financial fragility and thus less exposure to credit risk. The

unemployment variable demonstrated to react quite satisfactorily in the plenty

of the regressions. The inclusion of the unemployment rate revealed an effect

complementary to the inclusion of the GDP macro-indicators, since periods of

economic downturn are associated to periods of financial instability which, in

turn, affect the rate of corporate bankruptcy, and consequently the number of

job-less workers. Finally, the inflation rate is the last macro-indicator included

in the model. Inflation is a meaningful indicator reflecting the effectiveness

of the transmission mechanism implemented by monetary policy. Moreover,

it turns out to be very useful to understand the reactions of monetary and

financial markets to the changes of the macroeconomic environment. Table 5.1
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offers an overview of the macro variables included in the econometric model.

Although the selection of the macroeconomic variables is not necessarily

consistent with the macroeconomic forecasting model of the Bank of Italy for

as concerning the macro-econometric interactions, particular emphasis has been

attributed to the interpretability of the results uniquely relying on the economic

intuition.

Table 5.3: Model Results

Coefficient Std. Error t-ratio p-value

const −0,00330716 0,00112981 −2,9272 0,0045
ld GDP 3 0,343754 0,0266476 12,9000 0,0000
ld INFL 1 0,00183012 0,000801578 2,2831 0,0253
ld U −0,0807112 0,0442115 −1,8256 0,0719

Source: author’s computations; and LATEX table.

Table 5.4: Statistics based on the rho-differenced data

Mean dependent var 0,000011 S.D. dependent var 0,024090
Sum squared resid 0,009968 S.E. of regression 0,011528
R2 0,779832 Adjusted R2 0,771025
F (3, 75) 67,26379 P-value(F ) 3,25e–21
ρ̂ 0,045526 Durbin–Watson 1,868436

Source: author’s computations; and LATEX table.

5.2 Model Estimation

The ”one-factor” model represents one variant of the latent factor model which

is characterized by the effect of an unobservable factor in explaining the de-

pendent variable. In this model, the unobservable factor is identified as the

systematic factor influencing the logarithmic return of a considered firm in a

specified time period (see Section 4.3). Essentially, this factor represents the

logarithmic return, related to the overall macroeconomic environment, which is

independent of the considered firm. This factor, as well as the remaining vari-

ables of the model, is assumed to be random variables with a standard normal

distribution.
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The one-factor model is employed for the estimation of the macroeconomic

default probability on the basis of Italian data. Following the Merton approach

for structural analysis, the model allows to estimate the conditional probability

of default assuming that the default event occurs whenever the assets return

falls below a specific threshold. In this context, the threshold changes over

time at the changing of the macroeconomic indicators. The dependent variable

employed in our model is represented by the Quarterly Default Rates for loan

facilities related to the non-financial corporations’ economic sector. The rate is

basically calculated as a percentage expressing a probability included between

0 and 1. One assumption of the model states that the dependent variable is

expressed as conditional probability of default in response to a realization of

the unobservable factor. Numerically, it is computed as the inverse cumulative

distribution function for a random variable with a normal standard distribu-

tion.2 The logarithm of the variation for this function has allowed expressing

the specification of the model in log-linear form. The macroeconomic indicators

which have been included into the specification of the model are:

• Real GDP lagged by three quarters;

• Inflation Rate;

• Unemployment Rate.

All the considered macroeconomic indicators have been transformed into

the logarithm of the variation in order to interpret the regression parameters

as elasticities. For a summary of the employed variables, look at Table 5.1.

The econometric software used for the estimation has been GRETL open

source. Since the available data considered for the estimation are time series

of quarterly observations, the model has been estimated according to an Auto-

Regressive process which can be described as follows:

φ(L)yt = θ(L)εt

Where φ(L), and θ(L) are polynomials in the lag operator L such that:

2Given a function N(x) denoting the cumulative distribution function for a random vari-
able with a standard normal distribution (i.e. the probability that a normal random variable
with mean zero and variance of one is less than or equal to x), G(z) denotes the inverse
cumulative distribution function for the same standard normal random variable (i.e. the
value of x such that N(x) = z).
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Lnxt = xt−n

where n is considered as the number of lags within the autoregressive pro-

cess. The residual term εt is a white noise process according to the following:

εt ≈ IID(0;σ2)

The best performing model has been selected on the basis of the response

of the macroeconomic variables in explaining the variation in the default rate.

The chosen specification of the model is characterized by a satisfactory value of

the of the adjusted R2 coefficient of determination, and by the effect of the GDP

explanatory variable as the most significant one in terms of p-value. Neverthe-

less, all the selected regressors are significant at least at the 10% confidence

level. The adjusted coefficient of determination is considered for the multiple

regression, and it has revealed an explanatory power of 77%. Table 5.3 and

Table 5.4 summarize the obtained results. We run the main tests to assess

that the main statistic properties of the employed model were respected. The

obtained model has demonstrated to react satisfactorily to both the test of

collinearity and normality of residuals. No collinearity problems among the ex-

planatory variables are shown. The positive results for the test of the normality

of residuals validate the error as normally distributed (see Figure 5.2).

Whereas the selection of the macroeconomic variables is not in line with

the national macroeconomic forecasting model developed at the Bank of Italy,

we are able to establish our own interpretative framework solely in line with

the economic intuition. The signs of the macroeconomic regressors are as ex-

pected. The change of the probability of default depends on a positive change

in GDP and inflation rate, respectively lagged by three and one quarters. A

negative effect is found for the non-lagged rate of unemployment. Given the

transformation in the dependent variable, the probability of default depends on

the opposite sign achieved by the macroeconomic regressors. It means that a

positive change in the lagged GDP and the lagged inflation explains a negative

change in the probability of default. However the effect of the inflation rate

seems to be strongly weaker than the effect of the GDP. A positive change in

the rate of unemployment explains a positive change in the probability of de-

fault. These results seem to be consistent with the business cycles theory since

periods of high GDP are associated to periods of low level of the credit risk due
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Figure 5.2: Normality of Residuals
Source: author’s computations.

to a healthy state of the macroeconomy. On the same extent, periods of eco-

nomic stability are associated to low level of the unemployment which is also in

line with the presented scenario. An increment of the default rate is explained

by an increment in the rate of unemployment which, in turn, occurs during

periods of downturn. Furthermore, the statistical significance of the unobserv-

able factor demonstrates the presence of further internal factors determining

the credit risk of the default probability. Standing to the obtained results,

the combined effects of the GDP with the unemployment demonstrate that the

behavior of the credit risk for the Italian economy reflects the tendency to rise

whenever the conditions of financial stability worsen due to negative trends of

the national productivity. A confirmation of this effect can be found in a drop

of the GDP in the aftermath of the last global financial crisis, when a jump in

the considered default rates was registered.

5.3 Stress Testing the Capital Requirements

We estimated a model to define an econometric relationship between the default

rate of the Italian non-financial corporations and the macroeconomic indicators.

This relationship defines the interaction of a bank specific variable with a set
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of macroeconomic variables. It provides a crucial measure to evaluate in which

extent the resilience of the banking system —under the credit-risk view— is

affected by the fluctuations in the real economy. The solidity of the Italian

banking system can be fully assessed through a stress test of the measured

credit risk. The estimated macroeconomic default rates are assumed to be an

approximated measure of the PD risk parameter used in Basel II framework for

the estimation of the capital requirements of bank exposures.

l̂nDR = −0, 003307
(0,00112)

+ 0, 3437
(0,0266)

ld GDP 3 + 0, 00183
(0,000802)

ld INFL 1− 0, 08071
(0,04421)

ld U

(5.1)

The equation above formalizes the relationship found with the latent factor

model. The coefficient estimates quantify the effects of the macroeconomic

indicators determining the change in the probability of default. We constructed

a stress scenario based on the historical experience in order to obtain a stressed

value of the probability of default to be employed for the computation of the

stressed capital requirements. We selected the most critical values observed

for real GDP, inflation rate, and unemployment rate within the covered period

1990-2010.

Table 5.5: Stress Scenario

Variable Value Observation

GDP -0,099 2008:4-2009:1

INFL -7,940 2006:3-2006:4

U -0,056 2006:1-2006:2

DR(transf.) -0,044 2011:1

Source: author’s computations; and LATEX table.

As it is possible to notice from Table 5.5, Italian macroeconomic indicators

register their worse values across the 2007 global financial crisis. These values

are applied to the estimated coefficients in equation above in order to obtain

a stressed value of the quarterly PD. Generally, the regulatory PD employed

for the RWA estimation is a yearly figure, however, in our case, the stress test
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is performed over the bank exposure as of the last quarter of 2010. Therefore,

the last quarterly observation for the considered time period represents our

baseline scenario.

Table 5.6: Capital Requirement Computation

Parameter Base case Stressed case

PD 0,007 0,009

LGD 0,45 0,45

M 2,5 2,5

R 0,205 0,195

b 0,153 0,141

K 0,064 0,072

Source: author’s computations; and LATEX table.

Table 5.6 presents the results of the stress testing simulation over the Ital-

ian banks. The capital requirement K has been calculated through the IRB

Foundation Approach. Under this regulatory regime, the New Basel Capital

Accord encourages banks to develop their internal risk-weighting models de-

signed to provide their own credit-risk parameters for the calculation of the

capital requirements. The IRB Foundation Approach allows banks to provide

their internal estimation the PD risk component, and to assume a 45% weight of

the LGD along a measure of 2.5 years for the Effective Maturity (M). This pro-

cedure has been adopted to estimate the capital requirement K over defaulted

exposures in both the stressed and before-stressed scenarios.3 The percentage

change registered in the capital requirements between the stressed scenario and

the baseline scenario corresponds to the 12%, and it represents the final result

of the stress testing analysis.

3The formulas employed for the calculation of these values are enclosed in the Appendix A.
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5.4 Comparisons with the Italian FSAP

As explained in Section 3.8, a stress testing exercise has been conducted on

the Italian banking system within the FSAP framework. Top-down approaches

have been adopted in order to assess the resilience of Italian banks under three

different macroeconomic stress scenarios.4The impact of the macroeconomic

shock has been converted in profits and losses through ”percentage of capital

buffers, i.e. bank capital in excess of the mandatory capital” [see Laviola et al.

(2006)]. We can compare the percentage change in capital requirement for our

exercise with the average losses in percentage of capital buffer if we assume that

our measure of regulatory capital, conceptually, approaches the FSAP regulatory

capital measure, and that the produced macroeconomic scenarios among the

two exercises are cross-comparable. Within the FSAP the average capital losses

vary between a minimum value of 7.4% for the least severe scenario, to a value

of a 17.3% for the most severe scenario. In our case, a 12% additional amount

of the mandatory capital, which has to be used to cover the produced shock,

can be considered in the middle of the range established by the FSAP stress

tests. Therefore, if the Italian banking system has proved to be resilient to

”many kinds of shocks” within the FSAP simulations, consistently with this

assumed benchmark, we can state that the same conclusion can emerge from

the results of our analysis.

4See Subsection 3.8.2 to have an outlook of the scenario analysis developed within the
Italian FSAP.
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Conclusion

The recent global financial crisis provided an opportunity to analyze the vulner-

abilities of an economic system whenever it is impacted by exogenous financial

shocks. The role of the supervisory policy is stressed when the system has to

cope with the accumulation of endogenous risks generated by phenomena such

as a burst of a speculative bubble fermenting from sustained financial inno-

vation. In this respect, macroprudential analysis plays a fundamental role in

the measurement of financial instability. Macroeconomic stress tests represent a

forward-looking macroprudential tool which is employed to assess the resilience

of the financial system when it is affected by ”exceptional, but plausible events”.

This tool has been proposed under the New Basel Capital Accord as a statis-

tical technique with a strong predictive power based on powerful simulations

that can reproduce critical macroeconomic conditions. The practice of stress

testing is used to assess the solidity of the banking system while exploiting the

interconnections existing between the financial variables and the real economic

variables.

In this work, a macroeconomic stress testing exercise for the assessment of

credit risk has been conducted on the Italian banking system. In this case, the

stress testing framework was designed to capture the influence of the macroe-

conomic environment on the bank specific variables for the quantification of

credit-risk. Time series of Italian data for the period 1990-2010 have been em-

ployed for the estimation of a relationship between the probability of default

and macroeconomic indicators. In contrast to the previous macroeconomic

stress testing exercise conducted on the Italian banking system, this work in-

troduces a latent factor model for the estimation of a measure of the aggregate

credit-risk. The estimated model defines a relationship between the probabil-
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ity of default and three macroeconomic indicators: real GDP, inflation rate,

and unemployment rate. The resulting specification has been employed as an

input to stress test bank capital requirements. The stress scenario has been

constructed on the basis of the historical critical values of the macroeconomic

indicators. This has then been used to provide a stressed figure of the probabil-

ity of default and subsequently to calculate the stressed capital requirements.

In comparison with the stress testing simulations performed within the Ital-

ian FSAP, the results of our analysis demonstrate a state of resilience in the

exposure of Italian banks.
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Appendix A

Appendix A

A.1 Capital Requirement

Formulas for the computation of Correlation(R), Maturity adjustment(b), and

Capital requirement(K) from Basel Committee on Banking Supervision (2006).1

R = 0.12× [1− EXP (−50× PD)]

[1− EXP (−50)]
+ 0.24×

[
1− [1− EXP (−50× PD)]

[1− EXP (−50)]

]

b = [(0.11852− 0.05478× ln(PD)]2

K =

[
LGD×N [

√
(1−R)×G(PD)+

√(
R

1−R

)
×G(0.999)]−PD×LGD

]
×

×

[
1

(1− 1.5× b)
× [1 + (M − 2.5)× b]

]

1N(x) denotes the cumulative distribution function for a random variable with a standard
normal distribution (i.e. the probability that a normal random variable with mean zero and
variance of one is less than or equal to x). G(z) denotes the inverse cumulative distribution
function for the same standard normal random variable (i.e. the value of x such that N(x) =
z).



A. Appendix A II

A.2 Macroprudential Indicators

Table A.1: Summary of Macroprudential Indicators

Aggregated Microprudential Indicators Macroeconomic Indicators

Capital adequacy Economic growth
Aggregate capital ratios Aggregate growth rates
Frequency distribution of capital ratios Sectoral slumps

Asset quality Balance of payments
(a) Lending institution Current account deficit

Sectoral credit concentration Foreign exchange reserve adequacy
Foreign currency-denominated lending External debt (including maturity structure)
Nonperforming loans and provisions Terms of trade

Loans to loss-making public sector entities Composition and maturity of capital flows
Risk profile of assets Inflation
Connected lending Volatility in inflation
Leverage ratios Interest and exchange rates

(b) Borrowing entity Volatility in interest and exchange rates
Debt-equity ratios Level of domestic real interest rates
Corporate profitability Exchange rate sustainability
Other indicators of corporate conditions Exchange rate guarantees
Households indebtedness Lending and asset price booms

Management soundness Lending booms
Expense ratios Asset price booms
Earnings per employee Contagion effects
Growth in the number of financial institutions Trade spillovers

Earnings/profitability Financial market correlation
Return on assets Other factors
Return on equity Directed lending and investment
Income and expense ratios Government recourse to the banking system
Structural profitability indicators Arrears in the economy

Liquidity Market-based indicators
Central bank credit to financial institutions Market prices of financial instruments, incl. equity
Indicators of segmentation of the money market Indicators of excess yields
Deposits in relation to monetary aggregates Credit ratings
Loans-to-deposits ratios Sovereign yield spreads
Maturity structure of assets and liabilities/liquid
asset ratios
Measures of secondary market liquidity

Sensitivity to market risk
Foreign exchange rate risk
Interest rate risk
Equity price risk
Commodity price risk

Source: International Monetary Fund (2001); and LATEX table.



Appendix B

Content of Enclosed DVD

There is a DVD enclosed to this thesis which contains empirical data and

MatLab and Stata source codes.

• Folder 1: LATEX source code

• Folder 2: Empirical data

• Folder 3: Thesis in pdf format
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