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Abstract

The Banco de Espafa uses various microeconomic models, mostly of an empirical nature,
to support its decision-making in relation to the analysis of economic and financial risks
and economic policy advice. These models, which complement those of a macroeconomic
nature, seek to identify the potentially heterogeneous impact on different groups of agents
of certain economic, financial or public policy scenarios. This analysis covers many areas,
including the study of the behaviour of households and non-financial corporations, the
internal credit rating of companies, the study of the demand for and supply of bank credit,
top-down bank stress tests, supervisory review and evaluation processes (SREP) and the
study of non-bank financial intermediaries. This paper shows how these models have been
applied to analyse two recent crisis events, the onset of the COVID-19 pandemic and
the Russian invasion of Ukraine, illustrating their practical utility and the need for their
development and continuous adaptation.

Keywords: microeconomics, microeconometrics, non-financial private sector, banks, other
financial intermediaries, risks, impact.

JEL classification: D12, D22, D40, G10, G21, G28, G32.



Resumen

El Banco de Espafia utiliza distintos modelos de caracter microeconémico, mayoritariamente
de naturaleza empirica, para sustentar su toma de decisiones en relacion con el andlisis de
los riesgos econdémicos y financieros y del asesoramiento de la politica econdmica. Esta
familia de modelos, que complementan a los de corte macroeconémico, busca identificar el
impacto potencialmente heterogéneo sobre distintos grupos de agentes de determinados
escenarios econémico-financieros o de politicas publicas. Este andlisis se extiende a
multiples areas: estudio del comportamiento de hogares y empresas no financieras,
calificacién crediticia interna de empresas, estudio de la demanda y oferta de crédito
bancario, realizacién de pruebas de resistencia bancarias top-down, proceso de revision y
evaluacion supervisora (PRES) y estudio de los intermediarios financieros no bancarios. El
documento muestra la aplicacion de estos modelos en el andlisis de dos eventos de crisis
recientes: los inicios de la pandemia de COVID-19 y de la invasion rusa de Ucrania, ilustrando
su utilidad préctica y la necesidad de un desarrollo y adaptacion continua de los mismos.

Palabras clave: microeconomia, microeconometria, sector privado no financiero, bancos,
otros intermediarios financieros, riesgos, impacto.

Codigos JEL: D12, D22, D40, G10, G21, G28, G32.
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BANCO DE ESPANA

1 Introduction

This paper aims to compile the essentially empirical models and methods that comprise
the reference framework for the Banco de Espafa’s regular analysis of the impact of the
materialisation of economic and financial risks on particular groups of agents and specific
sectors. The Banco de Espafia uses not only macroeconomic models’ but also this broad set
of specialised microeconomic models and methods to discharge its functions of economic

and financial analysis and advising on economic policy.

An initial modelling area focuses on analysis of the private non-financial sector
(households and firms). These agents play a key role in the course of macro-financial
developments, on account of their investment and spending decisions, both during
economic upswings and in periods of adverse economic and financial shocks. Such
decisions are considerably heterogeneous across both households and firms, affected by
idiosyncratic, sectoral and geographical factors and how they interact with macro-financial
variables. Identifying and measuring the determinants of these agents’ behaviour helps to
better calibrate the different economic policies and anticipate their potential impact, via

households and firms, on the financial sector.

The Banco de Espafia has also developed an in-house credit quality assessment
framework for risk management purposes and for use in some of its monetary policy procedures,
such as receiving corporate bonds as collateral. This firm-centric framework comprises a
quantitative and qualitative assessment following a structured procedure and considers

sectoral heterogeneity, firm size and, where possible, financial position (balance sheets).

As regards analysis of the banking sector, close attention is paid to bank lending
given that it plays a key role in the banking sector’s profitability and financial position, it
is the nexus between real activity and financial activity and it is the channel for monetary
policy transmission. The Banco de Espafna’s empirical research has focused on bank lending
volumes and prices and the associated risks, on identifying the different bank loan supply
and demand-side factors and on the impact of different forms of regulation, such as dynamic
provisioning. To do so, it has harnessed its different granular databases, such as the Central
Credit Register (CCR) and the Central Balance Sheet Data Office (CBSO).

The ongoing individual analysis of banks’ risk profiles draws on the inspection work
conducted as part of the supervisory review and evaluation process (SREP). Each bank is
assessed on the basis of four elements: business model, internal governance and risk
management, risks to capital and risks to liquidity and funding. The aim is to thoroughly assess
a bank’s risk level and the controls established to manage it. The SREP is a cornerstone of
the microprudential assessment and underpins decision-making for key quantitative and

qualitative measures, including the Pillar 2 Requirement (P2R) and the Pillar 2 Guidance (P2G).

1 See Pérez Montes et al. (2023) for a review of the macro-financial models used by the Banco de Espafa to analyse the
systemic impact of risks.
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BANCO DE ESPANA

With regard to analysis of the banking sector, the Banco de Espafia has gone to great
lengths to design its own stress-testing framework, the Forward Looking Exercise on Spanish
Banks (FLESB). Under this framework, which comprises a broad set of statistical models, the
Banco de Espafa assesses for macroprudential purposes the system’s overall solvency in
the face of macroeconomic scenarios of varying degrees of severity. Despite focusing on the
overall Spanish banking system, this method also estimates the cross-bank heterogeneity of
the effects of different macro-financial scenarios. This heterogeneity is observed, for example,
in the different sources of revenue (net interest income, fees, net trading income, etc.) and
impairment losses (loan portfolio, bonds, foreclosed assets, etc.), and in risk-weighted assets.

Their combined effect determines the distribution among banks of the impacts on solvency.

To complement the FLESB, the Banco de Espafia has also analysed competition
in the banking sector. First, because of its most direct financial stability implications, due
to its impact on risk-taking, profitability and, ultimately, banks’ solvency. Competition has
also been studied from the wider economic perspective of banking sector analysis: the
determinants of supply, demand, costs, margins and efficiency, which impact the level
of economic value generated and its distribution among banks and among the different
agents that interact with them (e.g. households and non-financial corporations (NFCs), as

depositors or borrowers).

Assessment of the financial system is completed with the analysis of the non-bank
financial intermediaries — such as insurance firms and investment or pension funds, among
others - that are also part of the financial system and may impact its stability. In this case, in
addition to fluid communication with the supervisory and regulatory bodies that are directly
responsible for the regulation and supervision of the non-bank segments of the financial
system, the Banco de Espana analyses their interconnections with the banking sector: both
direct exposure (bilateral links) and indirect exposure (common links to third parties). The
new digital operators and the growing use and ownership of crypto-assets are also a focal

point of the microeconomic analyses in this area.

Lastly, it should be noted that the crises of recent years in Spain, Europe and globally
have called for the use and, where applicable, updating, adjustment and development
of microeconomic models to analyse risks. The economic and financial system has, in a
short period, been impacted by a considerable set of shocks: the crisis triggered by the
COVID-19 pandemic, together with the effects of the broad package of tax, monetary and
macroprudential measures implemented in response, and, more recently, the global value
chain bottlenecks, rising commodity prices, the Russian invasion of Ukraine, higher and
more persistent inflation and the attendant monetary policy response. All these shocks
have raised significant questions as to their scale and economic and financial impact, and
models and methods of this kind, focused on the differential behaviour of certain sub-sets

of economic agents and markets, have contributed to this analysis.

The remainder of this paper is structured as follows. Section 2 studies the

developments geared to households and firms, including the monetary policy-focused
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credit risk assessment model developed by the Banco de Espafa. Section 3 addresses
the analysis of the banking sector, specifically in terms of lending and generally under the
FLESB framework, in addition to studying competition in the banking sector. Section 4
focuses on banking supervisory analysis from a microsupervisory perspective, while Section
5 includes the developments for non-bank financial intermediaries and their relationship to
banks. Section 6 sets out some examples of the use of the methods and models prior to the

COVID-19 and war in Ukraine crises. Lastly, Section 7 presents the conclusions.
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2 Analysis of households and firms
2.1 Microeconometric models for households

Over their life cycle, households experience fluctuations in their income and wealth that
affect their spending and saving decisions. The Banco de Espana uses different panel data
empirical models that enable the estimation of the consequences of these different shocks

and their uneven effects across different kinds of households.

Household income dynamics

Considering first the changes in household income, it is useful to distinguish between
anticipated and unanticipated shocks, and to incorporate into the analysis the effects of
households’ different demographic characteristics. For example, Basso, Bover, Casado, Galvez
and Hospido (2020) incorporate both aspects into an income dynamics model estimated
drawing on data from the Spanish Survey of Household Finances (EFF). The authors assess
whether the temporal dynamics of changes in household income (measured as a relative
percentage point drop in income) vary depending on the relative size of the income shock
and on the household’s actual income level. They also propose a methodology for estimating
these dynamics based on the responses to a question on subjective expectations for future
income included in the 2014 and 2017 editions of the EFF. Most of the survey respondents (at
least 60% in 2014 and 2017) replied that they expected their total household income to remain
stable over the following 12 months, but there was a not insignificant set of households that

expected a greater (upward or downward) change, which helps identify differential effects.

One of the ways to estimate the risks to income facing households is to measure their
persistence. Low persistence would mean that past income is less important for predicting its
future path and, therefore, income shocks would tend to result in more movement between
income levels. The above-mentioned authors estimate this persistence on the basis of the
current income level and income shock size, using two econometric models: one that only
uses realised income and another that combines actual income with subjective expectations
for future income. Using data on realised income, differentially low persistence is estimated
when there is (i) an unusually adverse impact on high-income earners, or (ii) an extraordinarily
positive impact on low-income earners. Using expectations data, persistence is high (close
to one) irrespective of income level and shock size. Therefore, the non-linearities estimated

using actual data are not observed when using income expectations data.

Response of household consumption to income shocks

Previous papers show that the consumption response to income changes varies, depending

on their persistence and degree of anticipation and household characteristics.

Browning and Collado (2001) harness the Spanish Household Budget Survey and

observe that the summer and winter “extra” payments,? considered anticipated fluctuations

2 Spanish wages and pensions are generally paid in 14 rather than 12 monthly payments.
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Chart 1
ANALYSIS OF THE IMPACT ON HOUSEHOLDS

1 EFFECTS OF CHANGES IN INCOME ON CONSUMPTION (a) 2 CHANGES IN CONSUMPTION ACCORDING TO HOUSEHOLDS' EMPLOYMENT
STATUS AND SOURCE OF INCOME (b)
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SOURCES: INE and Banco de Espana.

a Estimates of the average derivative of the conditional mean of consumption with respect to income assessed at different ages and wealth levels,
which correspond to wealth percentiles, and which are averaged according to income levels.
a Measured in each period as the average of the annual rates of median consumption expenditure in each category.

in income, do not affect monthly expenditure patterns. Casado (2011) analyses how
consumption responds to anticipated and unanticipated income shocks in Spain, and finds
that consumption is highly elastic (0.78) to permanent income shocks, whereas temporary
changes do not produce significant effects. He also finds that the degree to which households
are insured against these fluctuations varies, with it being statistically higher for more highly

educated and homeowner households.

Basso, Bover, Casado, Galvez and Hospido (2020) analyse how the effects of
changes in income on consumption may vary depending on the age of the household
reference person and wealth level. Chart 1.1 shows some of their results, such as the fact
that wealthier households see their consumption relatively less affected by fluctuations in
their income. For example, for households whose reference person is 30 years old and that
are in a low wealth percentile (5%), a 1% drop in income generates a 0.45% fall in their
consumption, compared with a smaller decline (0.29%) for households in a high wealth

percentile (95%).

Meanwhile, Anghel, Barcelé and Villanueva (2019) also identify heterogeneity in
household spending and saving behaviour. For example, they show that households with a
lower education level increased their saving rate more between 2007 and 2013 in response
to the financial crisis than the group with a higher education level (10.9 percentage points
(Pp), versus 9.6 pp). In terms of home ownership, homeowners with loans increased their

saving rate between 2007 and 2013 by 19.3 pp, followed by an increase of 14.5 pp among
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tenants and of 5.2 pp among homeowners without loans. Lastly, the authors show that the
youngest households (aged 18 to 34) increased their saving rate by 19.9 pp, compared with
an increase of 11.1 pp among older households (aged 65 to 74). All these findings identify
groups that were relatively more exposed to the risks that materialised in the global financial
crisis and that were forced to make greater adjustments to their consumption and saving

habits during the crisis.

Focusing on the 2008-2011 period of the crisis, Arce, Prades and Urtasun (2013) and
Martinez-Matute and Urtasun (2017) also show that the changes in saving and consumption
during the crisis (and the subsequent recovery) differed according to income level, education
level and employment status, as depicted in Chart 1.2 which draws on the latter of the cited
papers. Lastly, Banco de Espafia (2015) likewise shows that more indebted households

recorded a greater fall in consumption in the crisis of 2008-2011.

Response of household consumption to wealth shocks

Changes in household wealth also trigger significant and uneven changes in consumption

patterns.

Bover (2005) uses EFF data to estimate the relationship between household
consumption and different measures of household wealth (value of the principal residence,
value of other properties, financial assets and total assets). The study finds a very moderate
average wealth effect of 0.02, measured as the ratio of the change in consumption to the
change in wealth. The estimated effect ranges from 0.01 to 0.05, depending on the breadth
of the wealth and consumption metrics used. These effects do not control for households’
demographic characteristics, which are incorporated, in an extension of the analysis, into
the estimation of a linear equation in which wealth is also instrumented via local house prices
and inheritance indicators. The estimation of the ratio of the sensitivity of consumption to
wealth then falls to 0.013, with estimates ranging from 0.01 to 0.019 depending on the
specific metrics used. Bover (2005) also finds that the value of the principal residence has a

greater effect on consumption than that of other real estate wealth.

In a similar exercise, Trivin (2022) uses EFF data for the period 2002-2011 to estimate
the marginal propensity to consume (MPC) of wealth (the change in average consumption
relative to change in average wealth). He finds that the size of the effect is 0.01 (an increase in
wealth equal to €100 would give rise to an increase of €1 in annual consumption), in line with
the estimates of Bover (2005). He also finds asymmetries of sign and size in the estimates of
MPC: the effect decreases across the wealth distribution (from 0.07 for the lower quintile to
0.005 for the upper quintile) and is asymmetric (consumption falls by 5.3 euro cents if wealth

decreases by €1, but only increases by 3.1 euro cents when wealth rises by €1).
Lastly, Barcelé6 and Villanueva (2016) identify, once again via the EFF, the link

between income, wealth and consumption by exploiting the response of household wealth

accumulation to changes in the risk of job loss. They find that households with a greater risk
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of job loss respond by accumulating more financial assets, and estimate that the size of the
response of wealth to exposure to the risk of unemployment can amount to 40% of gross
annual employment income. In addition, they find that the size of this effect varies across the

household wealth distribution.

2.2 Microeconometric models for non-financial corporations

Different empirical frameworks are applied to this group of agents in order to analyse their
liquidity and solvency, with the aim of assessing the potential vulnerabilities to financial
stability that they represent, in addition to their decisions on real goods and services markets,

in particular their investment behaviour, which is crucial to the path of GDP.

Solvency and liquidity of non-financial corporations

The literature on predicting insolvencies began with the seminal paper by Altman (1968),
which defines an indicator called Z-score that serves to predict corporate bankruptcy by
drawing on a linear combination of five financial ratios selected via a discriminant analysis.
The Z-score indicator was initially estimated for listed US industrial firms® and, according
to the indicator’s value, a firm can be classified into three risk groups: distress zone, safe
zone and grey zone. Subsequently, Altman, Haldeman and Narayanan (1977) and Altman
(2000) developed variants of the Z-score indicator for other types of firms: those not traded
on stock exchanges, those not belonging to the manufacturing sector and those from
emerging market economies. Ohlson (1980) is another of the most influential articles in
the literature on predicting insolvencies. The author proposes an alternative measure (the
O-score), which is also a weighted sum of financial ratios, obtained via the estimation of a

conditional logit model.

Bellovary, Giacomino and Akers (2007) conduct an extensive review of the literature
initiated by Altman (1968). More recent studies, such as Shumway (2001), Campbell,
Hillscher and Szilagyi (2008) and Li and Faff (2019), also use market information and not
just accounting ratios. Methodological advances in neural networks, machine learning and
artificial intelligence have also been applied to this area (for example, Pan, 2012, and Wang
and Wu, 2017). The Banco de Espafa has also contributed to the literature with different

empirical analyses.

For example, Blanco, Mayordomo, Menéndez and Mulino (2020) analysed the
short-term liquidity needs of Spanish NFCs to stay current with their payments throughout
2020, drawing on CBSO information (with data on some 500,000 firms) and applying three
alternative macroeconomic scenarios, corresponding to those published in Banco de
Espafa (2020d). The three scenarios incorporate assumptions of a reduction in activity, to
varying degrees across sectors based on information on gross value added (GVA), to reflect

the uneven impact of the COVID-19 pandemic on firms’ income statements.

3 Todo so, Altman (1968) used a sample of 66 listed industrial firms of a similar size, of which half had filed for bankruptcy
and the other half were non-bankrupt.
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The liquidity needs estimated included both the shortfall arising from operating
activities (turnover and financial revenue less staff costs and purchases together with
financial costs and other items) and that associated with investments in fixed assets and
with financial debt repayments. The impact of the macroeconomic scenarios is applied to
the different determinants of liquidity needs either via estimated statistical relationships
between GVA and the variables of interest, or via expert judgement. The paper also provides
a methodology for analysing NFC solvency (capacity to fulfil medium and long-term financial

obligations), incorporating cross-sector and firm-level factor heterogeneity.

Blanco, Mayordomo, Menéndez and Mulino (2021) continued with the aforementioned
line of work, but incorporated new assumptions and scenarios. To do so they used (i) statistics
on turnover available from the Spanish tax authorities to estimate earnings performance in
2020 and (jii) the projections published by the Banco de Espafia in March 2021 to proxy
earnings performance in the period 2021-2023. Based on the simulations, the authors
estimated a gradual decline in the percentages of financially distressed firms compared
with those recorded in 2020, in line with the expected recovery in activity up to 2023. The
results also identified that, as a result of the COVID-19 crisis, the proportion of firms at risk
of becoming non-viable and the proportion of those that would remain viable but struggle to

repay their debts out of their expected future earnings (overindebted firms) would rise.

In a subsequent Banco de Espafia working paper, Alvarez, Garcia-Posada and
Mayordomo (2022) use CBSO and CCR data to develop a taxonomy of financially distressed
firms and zombie firms in Spain* and to monitor them over time (see Chart 2.1). The findings
show a negative correlation between insolvency and the probability of being granted a new
bank loan. However, they also find that, in order to avoid an increase in their NPL ratio and
provisions, the main banks of insolvent firms are more reluctant to restrict loan supply to them
than banks without prior exposure. This financial support contributes towards zombie firms

continuing to operate in the market for longer than insolvent firms without new bank lending.

Meanwhile, Ferrer, Garcia Villasur, Lavin, Pablos Nuevo and Pérez Montes (2021)
conduct an initial analysis for the Spanish banking sector of the impact of energy transition
risks on corporate loan portfolios. To do so, they use a highly granular (in terms of firm-size
and economic sector) probability of default (PD) model under different transition scenarios.
This granularity allows the authors to obtain evidence that, while the effect on firms’ PD may
be moderate in the portfolio overall, there is significant cross-firm heterogeneity, particularly

when considering their economic sector.

Lastly, it is important to highlight that the effect of NFC solvency and liquidity on their
ability to pay has also been assessed at the Banco de Espafia for other purposes, such as

internal risk management and stress tests, as described in more detail in subsequent sections.

4 In the definition used, a financially distressed firm exhibits both cash-flow (it is unable to pay its debts as they fall due)
and balance-sheet insolvency (the value of its assets is less than the amount of its liabilities), whereas a zombie firm is a
distressed firm that has received new bank lending.
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Chart 2
ANALYSIS OF THE IMPACT ON FIRMS

1 FINANCIALLY DISTRESSED AND ZOMBIE FIRMS IN SPAIN, 1997-2019 2 NON-LINEAR RELATIONSHIP BETWEEN BUSINESS DEATH RATES AND
5-YEAR TFP GROWTH AT SECTORAL LEVEL (a)
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SOURCES: Alvarez, L., M. Garcia-Posada and S. Mayordomo (2022), and Gonzélez, B., E. Moral-Benito and I. Soler (2022).

a The chart depicts the sector-level business death rates in the year t (x-axis) and total factor productivity (TFP) growth in that sector between t and
t+5 (y-axis). The brown dots stem from the categorised data and the orange dots from the model described in Gonzalez, B., E. Moral-Benito and
|. Soler (2022).

Behaviour of non-financial corporations on real goods and services markets

Firms’ financial positions, considered in more detail in the preceding section, are an
important determinant of their decisions on real goods and services markets. For
example, using granular CBSO data Hernando and Martinez-Carrascal (2008) show that
the deterioration in firms’ financial positions has a non-linear effect on their employment
and investment decisions, which is greater when it affects a critical number of firms and
seriously damages economic activity.® The paper stresses the usefulness of granular
data that enable pockets of financially distressed firms to be identified, which might
not be detected using macro data. In a similar vein, Bentolila, Jansen and Jiménez
(2018) find that the credit restrictions imposed on firms by weak banks during the 2008
financial crisis had a significant impact (close to 24%) on the employment of the credit-

restricted firms.

Using CBSO and Central Business Register (DIRCE) micro data, Gonzalez, Moral-
Benito and Soler (2022) show that an increase in the business death rate has non-linear
effects on overall productivity: at low levels of business destruction, business death is
associated with productivity gains related to the creative destruction phenomenon; however,
at high levels of destruction, this association becomes negative and any increase in the

death rate results in productivity losses (see Chart 2.2).

5 See also the related papers by Estrada and Vallés (1998) and Benito and Hernando (2007).
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On account of its influence on inflation, price setting by firms is also crucial in
analysing economic policy. For example, Vermeulen et al. (2012) document the empirical
patterns of producer prices for six euro area countries, showing, among other stylised facts,
that they are more flexible than consumer prices, which are heterogeneous across sectors,
and that they are correlated with cost and competition factors. Lastly, Alvarez, Burriel and
Hernando (2010) analyse the same matter for the Spanish economy and also find evidence

of producer prices being more flexible than consumer prices.

Firms’ capital investment decisions are also affected by monetary policy decisions.
Using CBSO micro data for Spain, Albrizio, Gonzalez and Khametshin (2021) show how
expansionary monetary policy can improve the allocation of productive capital, with
investment by the most productive firms increasing thanks to an easing of financial frictions.
Quantifying this benefit of expansionary monetary policy means it can be compared with its
other costs and benefits, thus contributing towards the information available for determining

monetary policy.

2.3 Banco de Espana non-financial corporation credit quality assessment model

for risk management purposes

As part of the Eurosystem’s monetary policy framework, the Banco de Espafna has an in-
house credit assessment system (ICAS BE). The ICAS BE® performs credit assessments of
public and private Spanish NFCs,” with the main aim of allowing the loans extended to them
to be used as collateral by the counterparties, typically credit institutions, in their monetary

policy operations.

The scope of the ICAS BE depends on the assessment systems formally authorised
by the Eurosystem. The ICAS BE may currently assess Spanish firms of any size. At present
around 500 large firms® are assessed, via a two-stage system: a statistical model and an

expert model.

The statistical model has two distinct stages: development and calibration. The
aim of the development stage is to automatically rank the firms on the basis of their
creditworthiness, drawing on the information in their financial statements, with the final
output being a score. To do so, econometric techniques (specifically, logistic regressions)
are used to determine the financial ratios and their weights that help explain the percentage
of defaulted loans by each firm in the Spanish banking system. When selecting the final
model, the analysts’ opinion is incorporated and, as far as possible, all the different data
blocks are represented (liquidity ratios, profitability, costs structure and financial structure),

thereby avoiding model discrimination being concentrated on a specific block.

6 For more details on the ICAS BE, see Gavila, Maldonado and Marcelo (2020).
7 Classified within the non-financial corporations institutional sector as defined in the ESA 2010 manual.

8 Meaning those that do not satisfy the European Commission's definition of SME (see Article 2 of the Annex to
Recommendation 2003/361/EC).

BANCO DE ESPANA 1 7 DOCUMENTO OCASIONAL N.° 2313


https://ec.europa.eu/eurostat/web/products-manuals-and-guidelines/-/ks-02-13-269
https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:32003H0361&from=EN

Figure 1
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a The effect of the financial and business risk profile on the final statistical assessment may be either positive or negative.

The aim of the second stage (calibration) is to quantify the firms’ default risk, so
that it is possible to map the model’s score to the probability of a firm defaulting on its
loan obligations 12 months ahead, i.e. they are assigned a PD. Additionally, the estimated
models are validated both within and outside the estimation sample, assessing both the
discriminatory power and the consistency between the calibrated PDs and the defaults

observed in each rating class.

The ICAS BE has statistical models for firm type, economic groups and large firms

(depending on the availability/unavailability of separate or consolidated financial statements).

In the second stage, the ICAS BE’s business analysts complete the automated
assessment obtained in the statistical model with a case-by-case review of the firm based
on the expert model framework. Specifically, the expert model comprises five areas, required

to obtain the firm’s individual rating, each with a set of risk indicators (see Figure 1).

The aim of including this additional information is to incorporate into the credit
assessment the latest events related to the firm — such as market information, economic
projections based on public information or press information — that are not reflected in the
financial statements due to the financial reporting time lag. In the case of firms belonging to

an economic group, the parent undertaking’s potential decisions in relation to the assessed
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firm (“implicit support”) are also considered. Lastly, the existence of adverse warnings
in the CCR, in addition to possible discrepancies with the assessments available from
other external sources, such as external credit assessment institutions (ECAIs) or internal
ratings-based (IRB) systems, can result in the rating being changed during the expert

model assessment.

The ICAS BE also has specific models to assess another 900,000 smaller firms
(SMEs). These models are implemented similarly to the procedure described above.
However, the assessment is strictly automated, i.e. without analyst participation. The lack
of analyst participation is mainly because of the impossibility of an individual assessment
by an SME analyst, on account of both the high volume of firms to be assessed and the
lack of available public information on them additional to that already incorporated into
the automated assessment system. Instead, this assessment system complements the
statistical model’s evaluation of the financial risk profile with those aspects of the expert

model that allow for an automated assessment (sector risk, implicit support and warnings).

Lastly, itisimportant to note that the performance of the ICAS BE is reviewed annually

by the Eurosystem, in order to identify and correct in advance any potential shortcomings.
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3 Modelling the banking sector
3.1 Econometric analysis of bank lending

Analysing bank lending developments is key to monitoring financial stability, as banking
crises are often preceded by a strong and sustained increase in bank lending, which
tends to coincide with a certain easing of credit standards by banks (Kindleberger, 1978;
Gourinchas and Obstfeld, 2012; Schularick and Taylor, 2012; Jorda, Schularick and Taylor,
2013). Moreover, in a financial system such as Spain’s, where firms (especially SMEs, which
account for a large share of total firms) are heavily dependent on bank lending, its cyclical
behaviour, and its response to monetary policy changes or to the introduction of regulatory
measures or reforms affecting banks, are passed through particularly strongly to the real
sector and may generate negative externalities. That is why empirical research on the
response of bank credit supply to external shocks is so important from both the micro and

the macroprudential standpoint.

From the empirical perspective, two econometric identification challenges must be
addressed to ensure that this kind of analysis can provide a satisfactory answer and is not

influenced by other concurrent factors.

First, credit supply and demand components need to be separated. Shocks
affecting demand, stemming, for example, from monetary policy changes or disruptions in
real economic activity, may also affect supply. Furthermore, there may be a bank selection
bias, whereby the borrowers most affected by the shock under analysis (e.g. a shift in
economic policy) would be associated with the banks that are likewise most affected by
that shock. Accordingly, in order to determine the impact of this economic policy on credit

supply, its effect on the borrowers must first be isolated.

Second, it is necessary to identify shocks that are as exogenous as possible (i.e.
that do not depend significantly on decisions adopted by the banks themselves and are,
at least to some degree, unexpected). For example, monetary policy changes cannot be
considered entirely exogenous when central banks change policy interest rates in response
to changes in their jurisdiction’s macroeconomic situation, as macroeconomic conditions
also affect commercial banks’ policies. Thus, the exogenous component of monetary policy
changes needs to be identified. Also, for instance, analysing the effect of an increase in bank
capital on credit supply is complicated by the possibility that a bank that plans to pursue
an expansionary credit policy over several years may first need to increase its capital to
maintain its regulatory ratios. In this case, the rise in credit supply would not be the result of
the capital increase. Rather, both changes would arise from an earlier decision of the bank

linked to other latent factors.

Various Banco de Espafia papers have addressed these identification problems
relating to bank credit dynamics. First, the separation of supply and demand factors has been
analysed in various studies drawing on the Banco de Espafia’s CCR. This database contains

granular monthly information on all loans extended in Spain (over a €6,000 threshold in the
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full historical series).® Moreover, since 2002 the CCR also has information on borrowers’
loan applications to banks with which they had no previous relationship at the time of the
application. This sub-database makes it possible to analyse not only loan applications that
are accepted but also those that are refused by a large number of banks over a long period,

further helping to identify demand and supply factors.

To this end, the basic strategy is to exploit the information on borrowers (particularly
firms)'® that have submitted more than one loan application in the period under analysis,
even in a specific month. Based on the work of Khwaja and Mian (2008), one way to control
for demand factors in this data environment is to introduce firm fixed effects, which absorb
time-invariant observed and unobserved characteristics. The identification of demand
factors may be further improved by introducing firm and year-month fixed effects into the

estimations to control for time-variant demand conditions, thus reducing potential biases.

Meanwhile, in some of these papers the exogeneity of the shocks analysed is guaranteed
by the fact that the relevant monetary policy for Spanish credit institutions is based only partially
on Spain’s macroeconomic conditions, as it is part of the Eurosystem and shares a common
monetary policy with the euro area. In other studies, the exogenous shock consists of measures

imposed on banks by the regulator (for example, the introduction of dynamic provisioning).

The paper by Jiménez, Ongena, Peydré and Saurina (2012) studies the influence
of monetary policy and economic conditions on the supply of bank credit and whether this
effect depends on the strength of banks’ balance sheets (proxied by their capital and liquidity
ratios relative to total assets). To this end, the authors use panel data on loan applications by
non-financial corporations to banks with which they have no other loans at that time for the

period 2002-2008, which covers years of both economic upswings and downturns.

Jiménez, Ongena, Peydrd and Saurina (2012) show that credit supply is highly
influenced by interest rates and by the economic situation. Thus, in response to an
expansionary monetary policy or during economic booms, banks increase their supply of
credit, demonstrating their pro-cyclical nature. The empirical evidence also shows that the
bank credit supply channel, as defined, for example, in Bernanke and Blinder (1988), plays
an essential role, since the stronger the banks (that is, the higher their capital and liquidity
ratios), the smaller the effects of economic circumstances on credit dynamics (see Chart 3.1).
Moreover, Jiménez, Ongena, Peydré and Saurina (2012) find that the credit constraints faced
by Spanish firms in the period analysed, which was marked by very adverse monetary and

economic conditions, cannot be avoided by resorting to other financial intermediaries.

In a subsequent paper (Jiménez, Ongena, Peydré and Saurina, 2014), the same

authors extend the previous results and analyse how the composition of credit supply

9 Circular 1/2017 establishes as a general rule that direct exposure counterparties shall be reported individually to the
CCR, excluding all performing exposures up to a threshold of €6,000.
10 This type of analysis favours consideration of firms for which additional financial information is available other than
the characteristics of their loans recorded in the CCR. The CBSO is the main additional source of such information.
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Chart 3

MICROECONOMETRIC ANALYSIS OF THE EFFECTS OF MONETARY AND PRUDENTIAL POLICIES ON CREDIT SUPPLY
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a Banks with high (low) capitalisation are defined as those two standard deviations above (below) the average.

b The first three bars show the effect on the probability that a loan will be granted, while the other three show the impact on the amount granted. For
each three-bar set, the first bar identifies the effect of a firm being classified as risky (defined as having previous defaults in the last four years); the
second identifies the combined effect of this classification and a 1-pp decline in benchmark interest rates; and the third, the combined effect of the
two previous factors and a decline (by one standard deviation) in the capital of the bank making the decision to lend. Each second and third bar

shows the cumulative effect of the previous factors.

¢ The orange line shows the effect of the introduction of dynamic provisioning on the rate of change of firm-bank credit, where t=0 is 2000 Q1. The
brown line shows the effect of using the dynamic provisioning buffer on the rate of change of firm-bank credit, where t=0 is 2008 Q1. The 90%

confidence intervals are shown.
d Difference between most and least affected banks.

changes in response to changes in monetary policy. In particular, they measure whether

an expansionary monetary policy encourages greater risk-taking, with credit focusing on

riskier firms ex ante, and if this behaviour depends on banks’ degree of capitalisation. The

identification is again based on the inclusion of firm and time (year-month) fixed effects,
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which isolate the demand effects and allow the study to focus on credit supply factors.
Moreover, this study includes a triple interaction (interest rates, firm risk’ and banks’
capital ratios) and an estimation of a ground-breaking two-stage selection model. In the
first stage the probability that a loan application will be granted is studied, while in the
second stage the focus is on the loan outcomes (the volume of lending, collateral and

future loan behaviour).

The results show that, during low interest rate periods, banks increase supply in
terms of both the number of firms to which they lend (extensive margin) and the volume
of credit associated with each lending relationship (intensive margin), particularly credit
to riskier firms (with a worse credit history, which all else being equal are less likely to be
granted loans), and, above all, from less capitalised banks (see Chart 3.2). Moreover, these
loans are extended with fewer collateral requirements and are found to result in higher

future defaults.

Another paper by the same authors (Jiménez, Ongena, Peydré and Saurina,
2017) provides empirical evidence of the effect of dynamic provisioning in Spain (so called
because it varies with the cycle, but also known as “statistical” or “generic” provisioning,
as its implementation is based on a closed and known formula) on banks' performance
and its real effect on the economy. Thus the authors’ findings suggest that the banks most
affected by dynamic provisioning, introduced in 2000, reduced their supply of credit more
than those least affected and that the buffer generated as result of this requirement during
the economic boom partly mitigated the effects of the 2008 financial crisis, improving firms’

performance in terms of both employment and survival.

In this study, the supply-side factors in the boom period are identified by using the
average composition of each bank’s credit portfolio prior to the entry into force of the measure
(at December 1998), to ensure that this control variable is exogenous to the introduction of the
measure. By way of exception, for the 2008 crisis period, the buffer level reached mechanically
prior to that crisis (at December 2007) is used. As banks were affected differently depending on
the composition of their credit portfolio or the level of their provisioning buffer, the identification
depends both on the time of measurement (before and after the shock) and the differential

impact of the shock on banks.

These authors’ findings show that, for a given borrower firm, the banks most
affected by the introduction of dynamic provisioning reduced their credit to a greater extent
than those less affected. But this effect at firm-bank level, which lasts for about two years
(see Chart 3.3), disappears in a firm-level analysis, as dynamic provisioning entered into
force at a time of strong economic growth, when it was easier for firms to find new lenders,
allowing them to mitigate its impact. An analysis of the effect of the measure to mitigate

the global financial crisis shows that banks with a higher provisioning buffer at the start

11 Measured through their credit history (possible defaults) prior to the date of the loan application.
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of the crisis reduced their supply of credit less than other banks. This had strong positive

aggregate effects on credit at firm level and on employment and firms’ survival.

Lastly, the authors compare this behaviour with that seen after an ad hoc provisioning
requirement introduced in 2012 for banks whose exposures were more concentrated in the
construction and real estate development sectors. The purpose of this extension of the analysis
is to compare the effect on credit supply of setting aside a loss-absorption buffer before a
crisis with that of doing so in the midst of a crisis, when increasing these buffers is costlier.
The authors find that increasing loss-absorption fund requirements at the worst point of the
economic cycle leads to a significant credit crunch. In particular, these results highlight that
capital buffers need to be set up during good times and used during bad times, rather than new
capital requirements being introduced when losses start to materialise, which would lead to a

worsening of the macro-financial situation.

Other papers have also studied the impact on credit of the low interest rate
environment in Europe in the years prior to the COVID-19 pandemic. Thus, in a Banco
de Espafia working paper Arce, Garcia-Posada, Mayordomo and Ongena (2018) examine
the impact of negative interest rates on the supply of credit to Spanish firms in the period
2014-2019. The probability of a bank being affected by the negative interest rates is first
estimated by combining a Bank Lending Survey (BLS) question' with characteristics of
123 euro area banks using a probit regression. The paper finds that affected banks are
characterised by having a high share of liquid assets in the period 2014-2016 and a high
deposit ratio in the period 2016-2018 (see Chart 3.4). This may be because retail deposit
interest rates were close to zero at end-2017, while other forms of bank financing reached

negative remuneration levels.

In this first estimation stage a sample of 23 Spanish banks is classified as either affected
or unaffected by the negative interest rates.’ Based on this classification, the paper uses a
regression analysis to study whether affected and unaffected banks’ credit supply differs. The
analysis reveals that less capitalised affected banks' reduced their supply of credit, especially
to risky firms™ (compared with unaffected banks), and that they increased interest rates on their
loans in the last sub-period (2018-2019). However, no effect is seen for the previous years. This
suggests that a prolonged period of negative interest rates may ultimately have a negative effect
on the supply of credit, especially at banks with little loss-absorbing capacity. However, additional
analyses show that firms whose main lender was an affected bank did not experience credit
restrictions, which could indicate that they may have compensated for this effect by seeking

more financing from unaffected banks.

12 Using a dummy that takes the value 1 if the bank responds that the negative marginal deposit facility rate has led to a
reduction in its net interest income over the last six months and 0 otherwise.

13 A given Spanish bank is considered to be affected by the negative interest rates if the probability of being affected,
obtained from the coefficients estimated for euro area banks, is greater than or equal to the median of the sample of
Spanish banks (0.75).

14 Banks whose capital ratio was below the median in December 2013.

15 Firms whose debt-to-income ratio was above the median.
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3.2 Banking sector stress tests

The Banco de Espafia also analyses the banking sector through its own stress-testing
framework — the Forward-Looking Exercise on Spanish Banks (FLESB) — which aims to
ascertain the resilience of the Spanish financial sector to the materialisation of hypothetical
macro-financial scenarios of varying severity. In addition to its usefulness as a macroprudential
tool applied to the system as a whole, the FLESB framework makes it possible to analyse
cross-bank heterogeneity in terms of resilience and the factors behind it, and the distribution

of credit risk across borrowers from different sectors of activity.

The FLESB stress-testing framework has a top-down approach, meaning that it
is the Banco de Espafa that makes the projections of the parameters of interest, using
its own models and databases, which include the regulatory reporting statements and
the CCR. Depending on the macro-financial scenario and time horizon assumptions, this
methodological framework calculates Spanish banks’ solvency, measured as the ratio of
common equity tier 1 (CET1) capital to risk-weighted assets. In this exercise, this ratio sums
up the impact of the scenarios on banks’ different income and loss items and on the size
and composition of their balance sheets'® In particular, the financial elements for which

heterogeneous bank-specific information is generated include:

1 Projected paths for credit risk parameters (probability of default, expected loss
given default, etc.) to obtain the estimated loss of the loan portfolio in Spain.
The determination of expected loss given default may be considered the core
component of the FLESB, given the high weight of this component in risks to
Spanish banks. The methodology yields heterogeneous projections for different
portfolios classified by counterparty, loan purpose and, most notably, the

counterparty’s economic sector.

2 Projections for other losses, such as those associated with foreclosed assets or

corporate and sovereign bond portfolios.

3 Projected changes in income statement items, including, inter alia, net interest

income and fees and commissions.

4 Other elements of the calculation, such as changes in risk-weighted assets
or, for banks with significant international activity, the projected net profit from

business abroad.
Cross-bank heterogeneity is due to various factors. First, banks’ different starting

points in terms of their balance sheet size and composition by sector, product type, credit

quality or level of collateralisation, inter alia. Second, the different response of each bank’s

16 Banco de Espafia (2013) and other subsequent Financial Stability Reports describe the main characteristics of this
framework in more detail. See also the additional description of this framework in Pérez Montes et al. (2023).
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credit risk parameters to the economic cycle, based on the historical patterns captured
by the models. Section 6 below presents, by way of illustration, the distribution across
different types of banks, classified according to their systemicity and level of international
diversification, of the estimated potential impacts of the risks associated with the outbreak
of the COVID-19 pandemic.

3.3 Bank competition

Analysing competition between banks is relevant not only because it measures how efficient
their activity is and the well-being of market participants, but also because of the close

relationship in the banking sector between competition and financial stability.

The theoretical framework of this link has been explored in numerous papers,
including Allen and Gale (2004), Boyd and De Nicol6 (2005) and Martinez Miera and Repullo
(2010). In short, and under certain assumptions, too much competition could be a long-
term incentive for greater and more uncertain risk-taking and could reduce banks’ profit
generation and, thus, their solvency, making them more vulnerable to shocks and the system
as a whole more unstable. However, a very low level of competition may also be associated
with greater risk-taking, for example, because of larger banks’ expectation that they would
be more likely to obtain government aid in the event of a financial crisis, due to their criticality
for the banking system as a whole. Thus, all theoretical research subsequent to the findings
of Martinez Miera and Repullo (2010) suggests that the relationship between competition

and financial stability is not monotonic.

Some empirical research has addressed this relationship between competition,
financial stability and economic performance in the case of Spain. Jiménez, Saurina and
Lopez (2013) study, using granular CCR data, whether the relationship between competition
and risk-taking described in Martinez Miera and Repullo (2010) is observed in the data
for the Spanish banking sector. These authors’ findings support this hypothesis and find
that the level of competition is optimal for financial stability purposes. However, these
results are more robust when competition is measured in terms of concentration rather

than through price margin metrics.

Meanwhile, Mayordomo, Pavanini and Tarantino (2020) focus on the banking
consolidation process that took place in Spain between 2009 and 2011 and assess
its impact on market power and risk-taking. The evidence obtained suggests that the
process may have decreased credit supply and increased interest rates on lending,
but that it has reduced risk-taking, lowering NPL ratios. Under a structural model, they
conclude that the gains from the banking consolidation in terms of financial stability and

efficiency offset the costs arising from the tightening of credit supply.
Competition has also been analysed in terms of demand, costs, margins and

efficiency for the case of Spain. Thus, Pérez Montes (2014) also assesses the process of

banking consolidation in Spain triggered by the global financial crisis, as in the above-
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mentioned paper, but focusing on the mortgage market, and finds no evidence that a higher
concentration per se creates incentives for a significant increase in mortgage spreads to

collusive levels.

Gutiérrez de Rozas (2007) also studies the level of bank competition in Spain, in this
case in the period 1986-2015, and finds no significant evidence that competition decreased

despite the increase in the Spanish financial system’s concentration during this period.

Lastly, Castro and Galan (2019) study the productivity of the Spanish banking system
from 2000 to 2015 and identify the level of competition in that period as an influential factor
that favours cost efficiency but also reduces intermediation margins, particularly during the
expansionary years preceding the 2008 crisis, although banks were able to increase these

margins again during the subsequent banking consolidation process.
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4 Microprudential analysis framework for the banking sector

The supervisory review and evaluation process (SREP) assesses the systems, strategies,
procedures and mechanisms used by supervised institutions to comply with the Capital
Requirements Directive (Directive 2013/36/EU) and its implementing regulation (Regulation (EU)
No 575/2013), transposed into Spanish law in Law 10/2014 of 26 June 2014 on the regulation,
supervision and solvency of credit institutions, Royal Decree 74/2015 of 13 February 2015
implementing this law, and Banco de Espana Circular 2/2016 of 2 February 2016. In Spain,
this process is carried out by the Banco de Espana as the national supervisory authority for
less significant institutions and, as a participant in the Single Supervisory Mechanism, as the

Eurosystem’s supervisory authority for significant institutions.

The SREP aims to keep the supervisory authority’s knowledge on the institutions
under their remit up to date, to determine each institution’s supervisory risk profile and, where
appropriate, take the necessary measures to improve it. Specifically, it seeks to determine
the extent to which each institution’s systems, strategies, procedures and mechanisms,
along with their level of own funds and liquidity, contribute to the sound management and
coverage of their risks and, consequently, to decide whether additional capital or liquidity

measures or other qualitative supervisory requirements are needed.

To this end, the risks to which each institution is or could be exposed must be
measured, along with potential risks to the financial system and any additional risk identified
by the stress tests. This process follows a harmonised methodology set out in the EBA
Guidelines on common procedures and methodologies for the SREP (EBA/GL/2014/13,
revised in 2018), whose implementation takes into account the principle of proportionality.

Figure 2 summarises the SREP’s general framework.

One of the main characteristics of the SREP is that it is a continuous and holistic process
for reviewing each institution’s risk profile. It uses both quantitative and qualitative sources,
includes forward-looking information and also incorporates supervisory expert judgement as
a basic element in the final assessment. Thus, the SREP summarises in a single score the
risk, according to the supervisor, of a credit institution having solvency, profitability or liquidity
problems in the future. It is a key element to determine the supervisory intensity to be applied to

each institution, as the higher the risk profile, the higher the supervisory intensity needed.

The SREP includes an assessment of four main elements:

1 Business model: the extent to which the institution’s business model is robust,
allowing the bank to remain viable and sustainable in a changing business
environment.

2 Internal governance and risk management: the bank’s organisational

arrangements, senior management and governing bodies, risk management and

control, and technological infrastructure.
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Figure 2
SREP METHODOLOGY
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3 Risks to capital: credit risk, market risk, operational risk (including risks
associated with information and communication technologies and ICT risk

management) and interest rate risk.
4 Liquidity and funding risks.
These elements can be assessed using two approaches: the level of risk, which
is approximated using basic indicators, and/or control measures for those risks. The
supervisor’s analysis for these approaches is carried out in three stages:

1 Compiling the information available to the supervisor or provided by the institution.

2 Assigning an automatic score based on several basic indicators and

questionnaires to assess compliance with the applicable prudential regulations.

3 Supervisory assessment: the supervisor’s expert judgement is incorporated at

this stage and the assessment is adapted to each institution’s specificities.

In the case of risks to capital, and liquidity and funding risks, account will also be
taken of the content and conclusions of two reports prepared annually by banks, namely the
internal capital and liquidity adequacy assessment process (ICAAP and ILAAP) reports, both

of which should include at least one stressed scenario.
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The process described results in the determination of a score for each of the
elements and risks, ranging from 1 to 4, such that the higher the score, the lower the rating.
The global score for the institution is then assigned. To this end, all these elements and risks
and their interconnections and mitigating measures are assessed jointly and holistically, and
the final overall SREP score is determined by the supervisor using their in-depth knowledge

and expert judgement.

Once the scores for each institution have been determined and the areas
requiring greater monitoring or corrective action have been identified, the quantitative and
qualitative measures to be taken are specified. Quantitative capital measures include the
Pillar 2 requirement (P2R) and the Pillar 2 guidance (P2G), which basically consists of a
recommendation for banks to maintain a specific amount of additional capital, bearing in

mind the impact on their solvency of the risks identified under a stressed scenario.

This process ends when a letter is sent to the institution informing it of the supervisory
measures agreed and the minimum capital and liquidity levels that it will have to maintain

the following year. Dialogue with the institution in this last stage of the process is essential.

In sum, the SREP is a harmonised process that summarises institutions’ risk profile
through a limited set of scores and makes it possible to: (i) compare institutions under a
common methodological framework, (ii) determine and plan the extent of supervisory action,
and (iii) justify the supervisory measures and capital and liquidity requirements that are

notified annually to the institution.
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5 Analysis of non-bank financial intermediaries

In general, the assessment and monitoring of non-bank financial intermediaries is important
for analysis of financial stability, given the size of their balance sheets and their direct and

indirect interactions both with each other and with the banking sector.

As Chart 4.1 shows, at end-2021 in Spain the banking sector accounted for around half
of the financial system in terms of total assets, followed (among private agents) by the insurance
sector and the pension fund industry. All other private financial institutions combined (including
specialised lending institutions and investment funds) accounted for around 17% of the total.
This distribution is similar to that of other developed economies, such as France, Germany or

Italy, whose financial systems serve mainly to support their domestic economies (see Chart 4.2).

Generally speaking, direct exposures are those that stem from commitments —to lend or
borrow — entered into by different financial agents, such that any deterioration in the solvency or
liquidity of either party can undermine that commitment, resulting in a loss for the other party. In
turn, indirect exposures stem from common holdings of assets or liabilities of third parties, which

in the event of their deterioration would result in a loss in several financial sectors.

Alonso and Stupariu (2019) describe the main mechanisms through which financial
sectors are interconnected, the importance of this issue in recent years in the ambit of the
European Central Bank (ECB) and the European Systemic Risk Board (ESRB), and the empirical
evidence for Spain, both as regards direct and indirect interconnections, considering the
banking sector, the insurance sector and the investment fund and pension fund industries.
The importance of the non-bank sectors and their interconnections for analysing financial
stability is also reflected in the fact that the Banco de Espana devotes a regular section of its

Financial Stability Report to them."”

Drawing on this monitoring framework, several empirical patterns can be identified.
In the case of direct interconnections, on the assets side of the balance sheet, the banking
sector has significant exposure to insurance companies, mainly through shareholdings and
loans, and is also exposed — albeit significantly less so — to other intermediaries such as
pension funds, through loans, or investment funds, through shares or units. Accordingly,
through this channel, any potential deterioration in these financial sub-sectors would also
affect deposit-taking institutions. On the liabilities side of the balance sheet, banking sector
deposits held by other financial intermediaries are the main direct interconnection. Moreover,
insurance companies and pension funds also hold a significant proportion of banking sector

debt securities issues.

Banks and other financial intermediaries may also be exposed to common shocks

in the case of valuation adjustments in assets where there are indirect interconnections.

17 For example, see section 2.2 of the Spring 2022 and Autumn 2022 Financial Stability Report.
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Chart 4

SIZE AND COMPOSITION OF FINANCIAL SYSTEM SECTORS

1 GROWTH OF SPANISH FINANCIAL SYSTEM SECTORS
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SOURCES: FSB and Banco de Espafa.

a According to the methodology used by the FSB in its annual monitoring report on the non-bank intermediation sector, “Other financial entities”
comprise several financial accounting sectors: “Other financial intermediaries” (which include securities dealers, securitisation vehicles, private
equity firms, real estate investment trusts and central counterparties), specialised lending institutions, investment funds (money market and
non-money market funds), financial auxiliaries (securities agencies, appraisal companies, mutual guarantee companies, asset management
companies, clearing and settlement companies and financial group headquarters), and captive financial institutions and money lenders (holding
companies holding shares of financial and non-financial corporations and special purpose vehicles, as well as others that issue securities and are

subsidiaries of financial institutions).

In addition, if a sub-sector is forced to dispose of certain assets should an initial valuation
be corrected (for instance, investment funds’ mandates may require that they invest only
in assets with a certain credit rating), a further downward price adjustment may follow
that would also affect all other sub-sectors holding those assets. The empirical evidence
available™ shows that the banking sector has the highest absolute volume of common
holdings of marketable securities with other sub-sectors. Yet they account for a smaller
proportion of its total holdings than for other sub-sectors, with the highest proportion held

by pension and investment funds.

Besides analysing the level and development over time of direct and indirect
exposures, some studies have also explored the interlinkages in the network of financial
intermediaries as a result of these exposures. For instance, Carro and Stupariu (2022)
examine direct interconnections by analysing one of the possible contagion channels in the
interbank market — namely the credit quality channel — whereby any perceived deterioration
in a bank’s solvency leads to a fall in the value of counterparties’ exposures to that bank.
This in turn may damage their own solvency, and that of their respective counterparties,

triggering contagion.

18 See, for example, the Spring 2020 Financial Stability Report.
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The above-mentioned paper argues that the way in which shocks are transmitted
depends on (i) the uncertainty of banks’ assessments of the probability of default of
their respective counterparties, and (ii) the non-linear correlation between the increased
probability of default of a bank and the scale of the reduction applied by its counterparties
to the value of their exposures to the bank. In turn, at the system level, these dynamics are

affected by banks’ capitalisation levels in proportion to their total assets.

Moreover, among the most relevant non-bank financial sectors, account must be
taken of the growing role being played by the new digital operators - fintech and bigtech —in
the financial sector, and of the potential competition they pose for commercial banks, which
may result in customer — and hence revenue — migration to these operators. The effect of this
competition on financial stability must also be considered, particularly given the more limited
scope both of the information on these new operators and the regulatory and supervisory

tools applicable to them.

Martinez Resano (2022) documents the boom in this sector and the challenges it
poses for the regulatory framework, especially given the global nature of these new sector
players, the constant technological advances underpinning their activities and the new
channels for the provision of banking services that may arise in response to or in connection
therewith. Carbo, Cuadros and Rodriguez (2020) explore the characteristics of these digital
operators in Spain and find that the majority are focused on B2B transactional services and

obtain the bulk of their income from fees and commissions.

Lastly, mention must be made of the emergence of crypto-assets as a disruptive
element, owing to their novelty value and to the new financial intermediaries linked to
these assets. Although the crypto-asset market is still immature and is in constant change,
and although there is still very limited information available on the exposures and risks,
its potential impact on financial stability has already attracted regulatory and supervisory
attention. Indeed, the special chapter in Banco de Espafa (2022b) analyses the potential
economic functions of these instruments, the incipient regulatory developments, the
intermediaries specialising in crypto-asset-related services and the level and characteristics
of other agents’ exposure to these instruments in Spain and in Europe overall. For their
part, Carb6é and Gorjon (2022) analyse the determinants of Bitcoin prices via machine

learning techniques.
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6 Practical applications of the analytical frameworks
6.1 The COVID-19 crisis

The emergence of the global pandemic in early 2020 and the necessary social and health
measures rolled out in response, gave rise to one of the sharpest, fastest and most widespread
contractions in economic activity in recent history and led governments and other national and
supranational authorities to introduce significant fiscal, monetary and macroprudential support
packages. More than three years since the onset of the COVID-19 crisis, and despite the lifting
of the direct restrictions imposed in 2020 and 2021, some of the economic effects (such as

higher public debt) persist, although the effects on economic activity have disappeared.

Throughout the crisis, the Banco de Espafa used its analytical tools to assess
individual agents, to gain a better picture of how each was being affected by the crisis and of
their prospects for recovery as it unfolded. It also used these tools to assess the efficacy of the
support measures deployed and the resilience of the financial sector, to ensure that it could
continue to provide essential intermediation services to the real economy and to absorb the
substantial pandemic-related risks should they materialise. The Banco de Espafa published
these analyses in its Financial Stability Report and Annual Report, and in other individual

analytical papers and articles.

For instance, Box 1.1 of the Autumn 2020 Financial Stability Report (Banco
de Espafa, 2020c) discussed in detail firms’ financial vulnerability after the onset of the
pandemic, by economic sector and level of indebtedness. In addition, Box 1.2 of the Report
analysed the characteristics of households and banks associated with access to the public
loan moratoria programmes adopted in response to the pandemic. In particular, it examined
the effect of the distribution by population of the bank debt-to-income ratio, which is crucial

for characterisation of the financial risk associated with the programme.

Also presented in the Autumn 2020 Financial Stability Report were the results of
the stress test under the FLESB framework, which envisaged a particularly severe adverse
scenario given the highly uncertain setting at the start of the pandemic. The stress test
concluded that the solvency of the system overall was sufficient, although it also revealed a

high degree of heterogeneity across banks that advised a capital conservation policy.

Along the same lines, the Annual Report published in 2020 (Banco de Espafa,
2020a) focused particularly on the COVID-19 crisis, with the whole of Chapter 3 devoted to
the uneven impact of the pandemic on the business sector. This effect was analysed using
different financial metrics (debt, profitability and liquidity) and by firm characteristics, such
as firm size and, above all, economic sector. Indeed, much of the discriminant analysis
conducted in response to the crisis focused on the degree to which each economic sector

was affected by the pandemic.

As the crisis continued through 2020 and 2021, various risks materialised, including

loss of corporate profitability and employment. These effects were highly uneven across
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economic sectors, with hospitality and leisure being the industry most affected, as discussed
in Chapter 1 of the Spring 2021 Financial Stability Report (Banco de Espana, 2021b). Moreover,
Box 1.2 of the Report analysed in detail how firms’ and individuals’ bank debt evolved during
the first year of the health crisis, depending on their socio-economic characteristics. It also
examined the differential behaviour of the business sectors most affected by the health crisis

and of the individuals who had taken advantage of the moratorium measures.

Chart 5.1 sets out part of this analysis for individuals, drawing on data obtained
by matching census data to CCR data, and shows that the biggest drop in total credit
was among the unemployed, foreign nationals, older individuals and those in lower income
groups, but with no significant differences by gender. Likewise, the impact of the moratoria

programme on the stock of credit of individuals was broadly positive.

The Spring 2021 Financial Stability Report (Banco de Espanfa, 2021b) also examined,
in its Box 2.1, the Official Credit Institute (ICO) guarantee programme for loans to firms and
sole proprietors, one of the main support measures implemented in Spain. The box analysed
the differential characteristics (profitability, debt, credit quality, etc.) of the firms that took
advantage of the guarantee scheme (see Chart 5.2 below). In turn, Box 2.2 of the Report
examined the debt moratoria introduced in response to the COVID-19 crisis, finding, inter
alia, a positive correlation between the proportion of non-performing and Stage 2 loans and
the initial debt level of households that took advantage of these measures. This issue is

analysed in greater detail in Jiménez, Pérez Asenjo, Vegas and Trucharte (2021).

Analysis of the uneven impact of the health crisis continued in the Autumn 2021
Financial Stability Report (Banco de Espafa, 2021c), which, for example, addressed the ICO
loan programme in Boxes 2.1 and 2.2. In addition to re-examining the firm characteristics
associated with these loans (firm size, ex ante credit risk, etc.), Box 2.1 analysed the effect
of pre-existing banking relationships on the incentives to grant these loans, estimating that
there was a significant and positive correlation between these relationships and the granting
of ICO-backed loans, which to a certain extent replaced pre-existing loans (see Chart 5.3). In
turn, Box 2.2 studied the take-up, by firms and banks, of the maturity extensions and payment

holidays permitted under the regulations implemented as the health crisis continued into 2021.

The results of the annual banking sector stress tests were also presented in autumn
2021, focused in this case on the possible macro-financial risks to the economic recovery
following the initial impact in 2020. Chart 5.4 depicts the CET1 ratios estimated under different
scenarios for December 2023 (together with the starting ratios in December 2020 and the
difference between them), classified by bank type, degree of systemic importance and level of
international diversification. One of the key results obtained is that, under a baseline scenario
of gradual economic recovery, banking solvency could increase overall, whereas under the
adverse scenario that envisaged a continuation of the pandemic-induced economic crisis
in 2021-2023, solvency decreases at banks with international activity and at all other SSM-
supervised entities and increases only slightly at those under direct supervision, with business

models less exposed to cyclical risks.
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Chart 5
ANALYSIS OF THE IMPACT OF THE COVID-19 CRISIS
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or provides for classification into two groups (high/low), based on each individual’s position relative to the median. The Moratoria indicator identifies
whether the individual benefited from a loan moratorium at any time in 2020. An individual’s income is attributed by data matching with National
Statistics Institute (INE) data on income by postcode. The differences based on each individual’s characteristics are compared both for the overall total

and for individuals who have made use of at least one moratorium.
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Each bar depicts the impact (in pp) of a bank having granted a firm at least one ICO-backed loan between December 2019 and June 2021 on
the change in the share of funding between the bank and the firm in that period. The impact is estimated using a differences-in-differences model
drawing on CCR and CBSO data and regulatory reporting statements.

For more details, see the Autumn 2021 Financial Stability Report.

From a different standpoint, and as regards in-house credit assessment systems,

the measures approved by the Eurosystem in response to the COVID-19 crisis allowed

Spanish SMEs to be included in the firms assessed by the ICAS BE described in section

2.3 ahead of schedule. These measures included extending the scope of the eligible credit

assessment systems, in the case of the ICAS BE temporarily permitting assessments of
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Spanish non-financial corporations using purely statistical models, provided that the
approach adopted was sufficiently conservative to mitigate the risk of dispensing with
expert analysis. As a result, the number of ICAS BE assessments available for counterparties

increased significantly, and thus the number of loans potentially eligible as collateral.

Lastly, micro-supervisory activities continued during the pandemic but adapted to
the new circumstances, replacing in-person meetings with virtual meetings. Close contact
with banks was maintained, focusing on the problems stemming from the health crisis, but
information had to be passed on faster, to enable the possible impact of the ongoing crisis
to be measured and changes in banks’ financial situation to be monitored in real time. In
this difficult setting, supervisory monitoring continued, while at the same time endeavours
were made to avoid overloading banks’ operational capacity, to underpin their solvency and

support their role in sustaining the real economy throughout the crisis.

More details of how banking supervision adapted to the pandemic may be found in
Eirea, Oroz and Diez (2021). One of the key points discussed there is that, following the onset
of the pandemic, credit institutions were asked to provide more frequent reporting of certain
information on the risks most affected by the crisis (liquidity, operating and credit risk, basic
balance sheet, income statement and capital information), as well as other specific data
on their use of public moratoria or moratoria provided by the banking sector and on loans
granted with the backing of public guarantee schemes to support the economic sectors

hardest hit by the crisis.

6.2 The Ukraine crisis

The Russian invasion of Ukraine in late February 2022 triggered a war in Europe whose duration
and economic and geopolitical consequences remain uncertain. Moreover, the fact that this
fresh crisis has emerged when some of the economic consequences of the pandemic still
linger (for instance, high debt levels in some sectors, especially the public sector) may be fertile
ground for latent risks to materialise and for at least some groups of firms and households to

become more vulnerable.

One of the distinguishing features of this new crisis is the emergence of higher and
more persistent inflation, to which monetary policy has responded with interest rate rises,
in an attempt to control inflation. In this setting it is particularly useful to analyse the uneven
impact that price rises and interest rate hikes have on different types of agents, to measure

their possible effects not only on activity but also on financial stability.

Thus, the Spring 2022 Financial Stability Report (Banco de Espafa, 2022b)
presented an analysis of the impact of the interest rate hikes on households’ interest burden.
As Chart 6.1 shows, when interest rates rise, the estimated increase in the proportion of
households with a high interest burden relative to their income varies by income decile, with
the largest increases concentrated between the 20th and 40th deciles. Box 1.4 of the Report

examined the impact of a 25% increase in energy prices on the GVA of various business
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Chart 6
ANALYSIS IN SPRING 2022 OF THE IMPACT OF THE CRISIS TRIGGERED BY THE INVASION OF UKRAINE
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a The increase in debt service expenses is calculated for households with floating rate debt. It is assumed that short-term interest rate hikes are passed
through in full to the interest rate on floating rate debt. In the case of deposits, it is assumed that 15% is passed through to sight deposits and 76%
to fixed-term deposits.

b The net interest burden is considered high when the ratio of (debt service expenses - interest income from deposits) / household income is over
40%. Households without debt are excluded from this calculation.

c A 22% rise in energy prices is assumed for 2022, with a further 3% increase in 2023.

d Heavily indebted firms are defined as those whose net financial debt / (gross operating profit + financial revenue) ratio is greater than 10, or which
have positive net financial debt and zero or negative earnings. Net financial debt is defined as interest-bearing borrowing minus liquid assets and
short-term financial investments.

sectors, with the primary sector, transportation and the automotive industry being those
most adversely affected. The box also studied the impact of this increase on other firm
metrics, such as the foreseeable growth in the total gross debt of firms that were already
heavily indebted (see Chart 6.2).

The Report also presented a banking sector stress test (Boxes 1.3 and 2.1), focused
in this case on different economic slowdown and interest rate hike scenarios that could arise
as a consequence of the war in Ukraine. The results of the stress test indicated that the
aggregate resilience of the banking sector overall is adequate. However, they also showed
that under the most adverse risk scenarios there could be capital depletion, encouraging
banks to maintain loss-absorbing resources in what was a highly uncertain environment in

the wake of the Russian invasion of Ukraine."

The Annual Report published in spring 2022 (Banco de Espafa, 2022a) also paid

special attention to the surge in inflation and its uneven impact across households and

19 The Autumn 2022 Financial Stability Report included further analysis of the Ukraine crisis. Specifically, the spring stress
test conducted was updated, together with the micro-simulation analyses of households and firms.
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firms, particularly in Section 3.5. The Report indicates that the overall effect of price rises on
the ability to save, and the effect of the tax measures introduced to contain inflation, affect
households differently according to their income level, with both having the most impact
on lower income households. By contrast, in the case of firms, the uneven increase in their

production costs by sector and firm size is driven by how energy-intensive they are.

In subsequent publications, the Banco de Espafna has continued to analyse how
the macro-financial risks stemming from the new geopolitical environment and the higher
inflation momentum are unfolding.2’ This section does not seek to provide a comprehensive
review of these developments, but rather to focus on certain early examples of analysis
conducted after the Russian invasion of Ukraine, to illustrate the flexibility and adaptability

of the analytical tools currently available.

20 See, for example, the Annual Report 2022 (Banco de Espafia, 2023a) or the Spring 2023 Financial Stability Report
(Banco de Espafa, 2023b).
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7 Conclusions

To fulfil its responsibilities to provide economic and financial analysis and economic policy
advice, the Banco de Espafa needs to have at its disposal a wide range of analytical tools
—including microeconomic tools — consisting of models and methodologies focusing on the
differential behaviour of certain sub-sets of economic agents and markets. This approach is
essential to obtain a clearer picture of the inherent heterogeneity of economic and financial
agents, including households and firms, banks and other financial intermediaries, in order
to gain a profound understanding of their response and resilience to shocks, and to better
calibrate the policies to be implemented in response and better measure the impact and

efficacy of such policies.

As shown here, the microeconomic methodologies and models used in the
Banco de Espafa’s regular tasks cover a broad range of areas, including the supervisory
assessment process, in-house credit risk assessment and stress tests, and also the stance
adopted as regards the introduction and subsequent withdrawal of monetary, fiscal and

macroprudential measures.

As the various extreme events that have impacted the macro-financial environment in
recent years have shown, these models and methodologies have been developed in response
to real, practical needs. This means that it is essential that they be regularly updated, improved
and extended to adjust to changing circumstances. In particular, models of this kind, with
the necessary development of databases and methodological innovations, will be needed to
analyse the medium-term challenges facing the banking sector, such as those stemming from

climate change and technological transformation.
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