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Abstract

The thesis is composed of three main chapters each with an independent objective.

The first inspects the main funding risk drivers employing a multivariate copula es-

timation. The second looks at the systemic liquidity risk asking whether macroeco-

nomic fluctuations can trigger and create simultaneous liquidity shortages in banks’

funding position using agent based model(ABM). The third examines the funding

liquidity risk’s procyclical behaviour to macroeconomic changes using a feedback

mechanism.

The findings of the three chapters, are as follow: Chapter 2, detects and quan-

tifies the main funding liquidity risk drivers and shows that commercial banks’ Net

Stable Funding Ratio (NSFR) substantially decreases when macroeconomic adverse

conditions are applied. In Chapter 3 the results suggest that banks face simulta-

neous liquidity shortages when the economy’s agents operate under economic re-

cession. Chapter 4 indicates that funding risk is pro cyclical to the macroeconomic

fluctuations while large banks’ responses assist on withstanding substantial liquidity

shortages when macroeconomic shocks are applied.

This study contributes to the literature in three folds: 1) Introduces a new stress

test scope by assessing funding liquidity risk and its interrelations with the macroe-

conomic environment. 2) Provides evidence on prudential policies by incorporating

systemic liquidity risk in macro prudential stress test framework. 3) Measures fund-

ing liquidity risk pro-cyclical, by developing a second round e↵ects mechanism.
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Chapter 1

Introduction

Over the last decades, financial stability has become for both regulators and pol-

icy makers a key to maintain confidence and promote the safety and soundness in

the financial system (Acharya et al., 2009). Financial stability has received a great

interest from academics and practitioners, in terms of definition (Allen and Wood,

2006), scope (Goodhart et al., 2012) and measurement with the use of early warn-

ing (Drehmann and Juselius, 2014) and financial soundness indicators (IMF, 2006,

2008).

Central bankers and policy makers, in order to cross-border resolve weak banks,

introduce in late 70ś the Basel Committee on Banking supervision (BCBS) (Good-

hart, 2011). In 1988, BCBS published a set of minimum capital requirements as

the foundation for banking risk regulation, known as Basel I Accord (Balthazar,

2006). Basel I counts for a ratio of bank capital to risk-weighted assets for credit

risk and in turn for market risk (Accord, 1998). In 1999, Basel II is developed in

order to provide updates to the current regulatory framework. Basel II includes sev-

eral major di↵erences to amend Basel I regime. Basel II introduces internal models

for credit risk (internal ratings-based, IRB approach) and adds regulations for op-

erational risk. Also, Basel II implements the pillar-framework. Pillar I stands for

minimum capital requirements, Pillar II is the supervisory review of Pillar I results

while Pillar III which is related to market discipline and information disclosure, for

sustaining the transparency in the financial system (Penikas, 2015)

Regulators and policy makers continuously revise and enhance the existing reg-

ulatory regimes to maintain stable financial systems . Accordingly, Basel II reforms

on credit, market and operational risk capital requirements are under enhancement
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to improve Financial Institutions’ (FIs) resilience (BCBS, 2006). For this scope

Basel III regulation is introduced. On December 2009, Basel III publishes the first

consultative paper as a response to 2007-2009 financial crisis (BCBS, 2009b). Basel

III framework amends existing capital requirements by introducing capital bu↵ers

and leverage ratio which estimates banks’ capital capacity to meet on and o↵ balance

sheet exposures. Furthermore, a single rulebook for remuneration of risk-taking is

proposed (Cappiello, 2015). The single rulebook includes sound practices and prin-

ciples for back-testing counterparty credit risk models and for monitoring deposit

insurance systems. In parallel, Basel III regulation reveals the need to monitor addi-

tional aspects of FIs such as banks’ funding performance (BCBS, 2017). Specifically,

Basel III regulatory framework proposes liquidity risk quantification with the use

of two liquidity measures. These two liquidity measures refer to liquidity coverage

ratio (LCR) and net stable funding ratio (NSFR).

The LCR and the NSFR have two di↵erent objectives but in parallel a comple-

mentary scope. In particular, the NSFR measures banks’ ability to sustain su�cient

levels of equity and wholesale funding (i.e. deposits). Under the NSFR specification

banks should be able to withstand shortages in their funding position arising from

exposures to investments and lending transactions. The LCR key objective is to

promote the short-term resilience of the liquidity profile of banks. On the other

side, LCR measures banks’ liquidity risk profile. LCR aims to ensure that banks

hold adequate stock of high-quality liquid assets that can be easily and immediately

monetised at the minimum cost and price impact. Unlike the LCR, which is a short

term measure, the NSFR assess banks’ medium and long term resilience (BCBS,

2017).

Aside from the revisions in the regulatory reforms, regulatory and policy au-

thorities have proceed to prudential policies establishment, in the form of di↵erent

frameworks. The prudential policies framework aims not only to monitor the indi-

vidual banks’ performance and resilience, but also to investigate potential threats

which can trigger the economic system as a whole (systemic risk). The rise of pru-

dential policies at both the micro and macro level, does not comprise a new concept,

as these terms were introduced during the late 70’s (Clement, 2010). However, the

financial crisis of 2007-2008, which indicated a global turmoil triggering a series of

domino e↵ects, led policy makers and regulators to set prudential policies as primary

12



targets in the policy agenda.

The macro prudential framework focuses on ”the stability of the financial system

and its interrelations with the macro-economy ” (Clement, 2010). It considers sys-

temic aspects and pro cyclical behaviour of the financial risks (Hirtle et al., 2009),

to capture the main linkages of the macro and the financial side of the economy.

The micro prudential policy complements the macro prudential framework, hence

it consists of the performance of individual banks. The micro prudential concept

includes the assessment of individual banks’ risk profile and solvency through the

behaviour of idiosyncratic risks (Houben, 2013).

Under the financial stability scope, the prudential policies and regulatory reforms

are strongly linked. The assessment and the evolution of the macro and micro pru-

dential framework is based on the regulatory requirements, developed for promoting

the safety of the financial system as a whole. For this purpose, a series of financial

stability tools have been used for monitoring the resilience of FIs. Such tools com-

prise of the early warning (Drehmann and Juselius, 2014) and financial soundness

indicators (IMF, 2006, 2008). However, the use of these tools has proved rather

mechanical than analytical as these tools can only detect the sensitivity of banks

to specific system vulnerabilities, without providing further information on banks’

performance. Specifically, the quantification of the banks’ losses, capital needs and

shortages arising in banks’ balance sheets under severe financial events, is not taken

into account.

The parallel rise of the financial stability tools and their limitations, has led

regulators and policy makers to require for analytical operational frameworks for a

complete financial assessment of banks (Borio and Drehmann, 2008). These ana-

lytical frameworks are known as stress test models. Stress tests hold a significant

position in the assessment of the financial fragility as they comprise a diagnos-

tic process on banks’ resilience when acting under adverse but plausible scenarios

(Quagliariello, 2009). In addition, stress tests attract up to date academics’ and

policy makers’ interest, who have provided substantial advancements in such core

area (Foglia, 2009).

Stress testing originates in early 90ś to complement other statistical techniques

for evaluating risks arising on banks trading books (Peria et al., 2001; McGee and

Khaykin, 2013). While stress tests for market risk comprise a standard practice

13



at large international banks, their development for credit risk appears in 1999 as

an outcome of the revisions to the international regulatory capital regime. Banks

develop individual regulatory stress tests to review the robustness of the internal

based models and the adequacy of capital (BCBS, 2009a; Schuermann, 2014).

Unlike stress tests conducted by individual banks, policymakers introduce the

macro prudential stress tests. In the late of 90ś the International Monetary Fund

(IMF) and the World Bank establish the Financial Sector Assessment Program

(FSAP). FSAP introduces macro prudential stress tests in order to capture the

impact of severe, but plausible scenarios on the stability of financial system. FSAP

stress tests scope is to examine the key macro financial linkages between financial

stability indicators and the wider economy (Jobst et al., 2017).

Macro prudential stress tests comprise the key tool for monitoring the stabil-

ity of the financial system. Post to financial crisis period, regulatory stress tests

change from small-scale exercises to the system-wide risk assessment programs BCBS

(2009a). In Euro Area, the first system-wide stress test is performed by the Com-

mittee of European Banking Supervisors (CEBS). From 2011 and onwards, the Eu-

ropean Banking Authority (EBA) carries out the annual system-wide stress tests

for all EU systemically important banks. The focus of this regulatory stress-testing

is on the adequacy of banks’ capital resources for addressing both micro and macro

prudential policy. The scenarios are based on macroeconomic indicators’ evolution,

as developed by the European Central Bank and European Systemic Risk Board

(ESRB). EBA estimates the impact of these scenarios on EU banks following a

static balance sheet approach.

Despite the rise of evidence in the area of stress tests for assessing the resilience

of FIs, shortcomings have emerged and are still apparent. These shortcomings stem

mainly from the scope and the methods used for applying stress test models. The

scope of stress tests refers to the types of financial risks incorporated in these simu-

lations. The literature indicate a great focus on asset quality review and the amount

of capital needs when losses arise due to credit risk (Foglia 2009; Sorge 2004), while

the role of liquidity risk in stress testing is at an early stage. Stress test studies

counting for liquidity risk are limited and range from simple sensitivity to scenario

analysis (Ong and Čihák, 2010) with a great focus on rather market (Wong and Hui,

2009) than funding liquidity risk.
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Funding liquidity risk has received attention in the academic literature (see for

example Ong 2014; Hesse et al. 2012; Vento and La Ganga 2009; Čihák 2007; Di-

amond and Dybvig 1983), however an up to date assessment of this type of risk

within a stress test application, is currently lacking. Specifically, the performance

of funding liquidity risk led by macroeconomic fluctuations remains unanswered, as

the current literature lacks studies focusing on the main linkages between the macro

economy and the funding liquidity risk. Whilst policy makers and regulators require

analytical stress test assessments in order to address the objectives of the regulatory

and prudential framework, liquidity stress tests have proved unable to meet these

requirements yet. In addition, due to the missing link between liquidity stress tests

and economic stress, liquidity risk is lacking systemic treatment. Finally, a complete

assessment of the prudential regime combined with the newly implemented regula-

tory reforms, the funding risk (represented by the LCR and the NSFR) and funding

risk’s evolution under macroeconomic fluctuations (Athanasoglou et al., 2014), is

still missing.

Supplementary to the inability of current stress test applications to fully ad-

dress the scope of prudential and regulatory regime, are the variety of stress test

methods have been developed so far. These methods can range from traditional risk

management tools (i.e. logit probit models) to more analytical econometric applica-

tions, such as the vector autoregressive models. However, most methods indicate a

series of limitations which led stress tests unable to act as forward looking and stan-

dalone tools (Borio et al., 2014). These limitations stemming from the traditional

techniques used so far. Examples include the assumption of linearity, the inability

to model and detect the main macro financial linkages, the lack of systemic risk

quantification combined with the lack of advance mechanisms counting for second

round e↵ects, made stress tests unable to deliver the necessary information for policy

response.

The most common stress test methodologies in scenario analysis are the struc-

tural and the reduced form models. Structural models include logit, probit (see for

example, de Bandt and Oung 2004; van den End et al. 2006; Martin 2007; Marcucci

and Quagliariello 2008; Kalkbrener and Overbeck 2017) and copula estimations (see

for example Hamerle and Rösch 2005; Boss et al. 2006b; Kalkbrener and Packham

2015; Paraschiv et al. 2015). Logit and probit models are developed for sensitiv-
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ity rather than scenario analysis stress test. Logit model is a regression where the

dependent variable is categorical, while in probit model, the dependent variable is

binary (i.e. in case of stress testing pass or fail) (Albert, 2016). Whilst logit and

probit models have been used for examining individual risks sensitivity, their appli-

cation to macroprudential stress tests is unable to provide information on systems

of banks in order to reveal the key macrofinancial linkages.

Moving to the reduced form approach, the use of time series and panel data

models can assist in assessing distressed periods, when stress tests are focused on

specific countries or banks (Sorge, 2004). In the reduced form approach fits the

satellite model developed by Čihák (2007) which comprises a series of polynomial

functions aiming to link the macro with the financial side of the economy. The

satellite process provides a framework for assessing most of the risks banks might

face as they can contain multiple risk factors. The main advantage of satellite mod-

els is that through stochastic estimations, they can capture the relation between

scenarios (macroeconomic environment) and risk factors (microeconomic environ-

ment) (Henry et al., 2013). Also, Canova and Ciccarelli (2013) highlight the ability

of panel vector autoregressive models (VAR) as a stress test method in order to

investigate the key macro-financial linkages. In particular, panel VAR captures the

interdependencies between the macro and the financial side of the economy and

allows for cross sectional heterogeneity. Despite the flexibility panel VAR models

display as they incorporate macro-financial linkages in an unrestricted way, the key

limitations of these models when applied on a stress test process stem from the

assumption of linearity that leads to financial risks underestimations and the lack

of policy response. Particularly, VAR models estimate the e↵ects between macroe-

conomic indicators and banking risks, without being able to quantify the volume of

shortages and losses banks face due to the adverse economic scenarios.

This thesis contributes to the area of stress tests by filling both theoretical in

terms of the scope and methodological limitations. Particularly, we identify the

main macro financial linkages and contribute to the stress tests’ scope by assessing

funding liquidity risk and its interrelations with the macroeconomic environment.

In addition, we provide significant evidence on the scope of prudential policies as

it examines the existence of systemic liquidity risk, when banks’ funding position is

triggered by macroeconomic shocks. We also quantify the volume of liquidity short-
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ages when systemic risk arise. Another contribution is that our analysis measures

funding liquidity risk evolution, by developing a second round e↵ects mechanism,

where liquidity risk pro-cyclical behaviour is assessed. Furthermore, as funding liq-

uidity is represented by the Basel III LCR and NSFR measures, we also provide

insight to the regulatory regime regarding the newly implemented liquidity ratios’

performance and ability to capture financial and economic vulnerabilities.

In order to address the methodological limitations stress tests indicate, we con-

tribute to the existing sensitivity analysis stress test models and quantify the direct

links between the macro and the financial side of the economy, with the use of a

multivariate copula estimation (MCE). To the best of the author’s knowledge, this

is the first study that uses the MCE, in this estimation for carrying out liquidity

stress testing. Multivariate copulas models are functions which measure the inter-

dependence among variables. These estimations enable us to separate the marginal

distributions from the dependency structure of a given multivariate distribution.

Copula approaches are useful to expose and understand the various fallacies asso-

ciated with correlation as they count for the nexus between two or more variables.

Unlike VAR models, the copulas estimations perform for nonparametric modelling

which allow us to overcome the assumption of linearity and normality(Nelsen, 2007).

These models apply for both discrete and continuous data.

Our novel approach goes a step forward from the traditional copulas estima-

tions which count for the correlation and interdependence among variables. We

extend the framework of Koliai (2016), by measuring the marginal e↵ects of each

macroeconomic variable on the NSFR. Specifically, our approach contributes to

copula models by developing the marginal e↵ects which quantify the e↵ect of each

macroeconomic variable, on the funding position of banks, the deposits and the non-

performing loans.These marginal e↵ects, similar to the coe�cients of a regression

model, measure the change in the expected value of the target variable against a

marginal increment of each of the conditioning variables. These marginal e↵ects are

asymptotically normal, and p-values can be approximated for them. We examine

the funding position of 30 systemic European commercial banks with the use of a

multivariate copula estimation.

The copulas estimations play a key role in risk management, as they measure

the interconnectedness of shocks over asset prices and portfolios of assets. However,
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copulas estimations are not always applied properly and are generally static in na-

ture, requiring a substantial amount of observations for producing robust outcomes.

Our analysis overcomes the static nature limitation, as we count for the key macro-

financial linkages at a given point of time (the respective scenarios). Regarding

the amount of observations included in our analysis, this is marginally su�cient to

provide robust results, thus our analysis can be further benefited from more data,

especially bank level data.

Besides the use of MCE, we also develop an agent based model (ABM) for

investigating the complexity of the financial system and addressing policy response

related to micro and macroprudential framework. Agent Based models fall into the

category of computational economics and their use in stress tests remains limited

(Demekas 2015 and Bookstaber et al. 2018). Agent based modelling comprises

a forward looking approach, where parts of a system are modelled as autonomous

decision making agents who are interrelated (Darley and Outkin 2007). Agent based

models simulate aspects of real world conditions. Agent-based models are simulation

processes, where a system/economy is defined as a group of heterogenous decision-

making entities, the agents. Each agent individually assesses its situation and makes

decisions on the basis of a set of rules (functions). The agents are bundled data or

behavioural methods under a dynamic, complex and adaptive system. ABM are

based on repetitive and iterated actions between agents. This is achieved through

evolutionary algorithms which explore dynamics out of the reach of pure statistical

and econometric methods.

An agent based model is the approapriate method to be used for performing

macroprudential stress tests. Through the use of agent based models we simulate

the interrelation between the macroeconomic, the real sector and the financial side

of the economy in order to produce adverse but plausible scenarios. We also model

and iterate parallel actions agents proceed. Additionally, we incorporate multiple

feedback processes necessary for investigating banks’ responses to adverse economic

conditions and agents’ decisions. Our ABM process is based on Ladley (2013);

Leduc and Liu (2016); Ha laj (2018) work. Specifically, we provide more details on

agents’ decisions and banks’ balance sheet structure and evolution. Also the exis-

tence of systemic risk and funding risk pro cyclical nature after the implementation

of multiple feedback actions, are also investigated in the vein of Basel III framework.

18



Our ABM, not only allow us to estimate the key macrofinancial linkages but

also to quantify shortages and losses banks face simultaneously. The flexibility of

our ABM assist on quantifying systemic liquidity risk, while the dynamic specifica-

tion with the use of evolutionary algorithms reveal funding liquidity risk pro cyclical

behaviour. Our ABM is a unified stress test approach, which performs multiple feed-

back processes and provides valuable information for macroprudential surveillance

and supervisory engagement.

Despite ABM capabilities, on key disadvantage of ABM is the reliability of the

process and the outcomes produced. As ABM are able to produce large datasets due

to lack of real data, the forms of model calibration are debatable, while the outcomes

of the ABM process raise concerns. For this scope, in order to overcome this issue,

we calibrate and set up our process based on accurate data for banks, real sector

agents and the economy. Particularly, we use real rather than simulated data to set

up out model, collected from reliable databases such as the ECB datawarehouse,

the IMF database and Bankscope (new Orbis).

The use of agent based modelling overcomes limitations of other computational

economic approaches, which lack of flexibility for generalisations based on unrealistic

economic assumptions (Fagiolo and Roventini, 2016). ABM also overcomes the limi-

tations of the traditional methods have been developed so far, such as the structural

and reduced form approaches which proved unable to capture the dynamic evolution

and the complexity of the financial system, to perform as early warning systems and

to act as standalone tools. The assumption of linearity and normality and the static

nature of the traditional stress test models led these tools under-perform in times

of market distortion (Bookstaber 2012).

The thesis aims at answering the following research questions:

I) Is there a strong interconnectdness between funding liquidity risk and the

main macroeconomic indicators?

II) Is liquidity risk a systemic concern when banks operate in a system of eco-

nomic recession ?

III) Does Liquidity risk demonstrate a pro cyclical behaviour when banks face

simultaneous liquidity shortages in their funding position ?

Chapter 2 provides a multivariate copula estimation model, for assessing and
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quantifying the simultaneous e↵ects of the macroeconomic environment on the Net

Stable Funding Ratio (NSFR) of banks, as developed by the Basel III regulatory

framework. In this analysis we contribute to the copula estimation models and we

extend the multivariate analysis by deriving the marginal e↵ects. The marginal

e↵ects are used to quantify the interrelation between the NSFR and key macroeco-

nomic variables. From the joint distribution of the banking and macro variables,

we extract these marginal e↵ects and we identify the main liquidity risk drivers.

This analysis is applied under three main scenarios, a good, a baseline and bad

(stressed) economic scenario. From this analysis the unemployment rate, the GDP

growth rate and the Account Balance (deficit) comprise the main funding liquidity

risk drivers. The NSFR illustrates substantial decrease in both the baseline and the

stressed scenarios, while it indicate a good performance when the economic system

is operates under the good scenario.

Chapter 3 investigates the role of funding liquidity risk and its systemic aspect for

banks under a macro prudential stress test scenario analysis. We develop a dynamic

multi-agent based model to assess and quantify the liquidity position of system-

ically important banks located in Southern European countries. In this chapter

the key liquidity indicator is the liquidity coverage ratio (LCR). Our model con-

siders banks’ interaction with households, firms and the government under stressed

economic events. In addition we measure the probability of simultaneous liquidity

shortages banks face and we also count for the time needed in order the system of

banks to face systemic risk. In addition, to provide a deeper insight on banks’ fund-

ing performance they key balance sheet terms, such as deposits and liquid assets, are

also evaluated and quantified at each time step. The results of this analysis, demon-

strate the importance of funding liquidity risk, under the examination of adverse

macroeconomic scenarios. Specifically, the LCR, under stressed economic condi-

tions, displays simultaneous shortfalls below the critical value for all the banks in

our system. In parallel, our analysis indicates that the LCR’s reaction to macroe-

conomic shocks goes beyond the 30-days period of stress specified by the regulatory

guidelines (BCBS, 2017). A key finding is that the size of the banking system con-

tributes to the systemic risk reduction. With regards to economies that include a

large number of banks, the levels of the LCR go slightly below the critical value,

even under stress conditions. Furthermore, the decisions and rationality of firms
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and households lead to further investigation of the LCR behaviour, as households’

contribution to the LCR deterioration is greater than firms’ contribution.

For the last research objective, Chapter 4 addresses the second objective by de-

veloping a unified macro prudential stress test model counting for multiple feedback

processes. With the use of a multi agent stress test approach, we investigate the

evolution of liquidity risk when banks operate under adverse but plausible macroe-

conomic shocks. In this chapter, the interaction of banks with firms, households and

the economy, reveals funding risk’s pro cyclical behaviour, when systemic risk ap-

pears. In order to address the objective of capturing second round e↵ects, banks de-

velop a series of responses for facing the economy’s vulnerabilities. These responses

are represented by a series of adjusted liquidity channels such as the increase in high

quality liquid assets, the restriction in loans’ supply and the sales of assets in case of

illiquidity. These channels are used to uncover the second round e↵ects, arising in

banks’ funding position. Our results illustrate the pro-cyclical behaviour of funding

liquidity risk, under the examination of adverse macroeconomic scenarios. Addi-

tionally large banks (in terms of assets), when the adjusted liquidity channels are

activated, maintain the LCR above or close the critical value. Large banks’ LCR

drops as the economic recession continues. However it takes longer for these type

of banks to go below this threshold. With regards to small banks, these go below

the threshold and even adjusted responses are activated. These banks are unable to

recover or maintain their funding position.
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Chapter 2

Macroprudential Liquidity Stress Test: Investigating the

funding risk drivers

Abstract

This paper investigates the role of liquidity risk on the Southern European banking

system under macroprudential stress test analysis. We examine the funding position

of 30 systemic European commercial banks with the use of a multivariate copula

estimation. The model assesses and quantifies the e↵ects of the macroeconomic

environment on the Net Stable Funding Ratio (NSFR) of banks, as developed by the

Basel III regulatory framework. We calculate the probability of liquidity shortages,

under good, bad and baseline scenarios. We generate the marginal e↵ects from the

joint distribution of the NSFR and key macroeconomic variables modelled using the

Gaussian copula, by identifying the main liquidity risk drivers. The results show that

Unemployment, GDP growth rate and the Account Balance (deficit) are the main

liquidity risk drivers. The NSFR, in most cases, decreases by 60% under the stressed

but plausible events. Banks should adjust for the di↵erent levels of the NSFR, the

level of deposits and non-performing loans(NPLs) for contingency planning purposes.

Our results provide robust evidence for policy makers and regulators who wish to

monitor banks not as standalone financial institutions but rather as an integral part

of the financial system.

JEL classification: G01; G17; G21; C15

Keywords :Stress Tests; Liquidity Risk; Regulation; Gaussian Copula
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2.1 Introduction

The stability of the global financial system is a prerequisite for maintaining confi-

dence and promoting economic growth. Therefore, it is a key objective for policy

makers to maintain a sound and stable financial system. Over the last decade, there

have been multiple tools introduced by academics and policy makers for assessing the

soundness of financial institutions. Recently, the concept of stress testing emerged

as a primary tool to assess the resilience of FIs. The main focus of assessment in

using such tools is banks’ capital adequacy (Quagliariello, 2009).

However, as stated by Constâncio (2016) While the impact of liquidity stress is

captured to a certain degree by the funding and liquidity shocks, the exercise remains

primarily an assessment of solvency. Exercises have so far been conducted under

static balance-sheet assumptions, meaning that all balance-sheet elements are kept

constant throughout the time horizon of the test. Therefore, less attention was given

by policy makers and academics to the implication of liquidity risk on FIs stability.

Moreover, there are issues with the common stress testing approaches currently used

by policy makers, in terms of the breadth, applicability and e↵ectiveness (Acharya

et al. 2014).

The aim of this study is to provide a valid macro prudential liquidity stress test,

with the use of the Regulatory NSFR, which captures the dynamics of the financial

system, thus filling the gap in the literature. The proposed model identifies and

quantifies the main macro financial linkages that drive to liquidity shortages in the

Southern European Banking system. The study also measures the levels of deposits

and NPLs, as two main components in assessing the funding position of commercial

banks. This study main focus is on the e↵ect of liquidity risk on financial stability.

We define liquidity risk, as the risk of FIs to meet its obligations. Illiquidity in FIs

may arise from a range of reasons including asymmetric information (increase uncer-

tainty in the wholesale and retail market), interbank exposures (liquidity pressure

on interbank counter parties), and asset fire sales (BIS, 2013b).
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Post the financial crisis, the Basel committee developed liquidity regulations with

the aim of preventing future failures. These regulations are represented by the NSFR

and the Liquidity Coverage Ratio (LCR) which require banks to maintain su�cient

levels of long and short-term funding respectively, to prevent banks becoming illiquid

during an acute liquidity shortage. In particular, BCBS (2015) develops the LCR

in order to investigate whether a bank holds su�cient levels of high liquid assets to

mitigate short term outflows while the NSFR acts as a prudent toolkit for monitoring

banks’ funding capacity in the long term.

Banks borrow funding through deposits and wholesale funding and provides lend-

ing facilities through loans to households and firms. Through these operations,

banks develop a mismatch, between the assets they hold and the liabilities they

should meet. This mismatch entails a series of risks. For this scope the LCR and

the NSFR have two di↵erent objectives but in parallel a complementary scope. The

di↵erence between the LCR and the NSFR does not only rely on the time horizon

but also on their specification. In particular, under the NSFR regime, banks should

keep su�cient levels of equity and wholesale funding (i.e. deposits) in order to with-

stand shortages arising in their funding position due to exposures to investments

and lending transactions. In particular, the NSFR requires banks to maintain a

stable funding profile in relation to their on and o↵-balance sheet assets and activ-

ities. The objective of the NSFR is to reduce the probability that shocks a↵ecting

banks’ usual funding sources might erode their liquidity position, increasing its risk

of bankruptcy. The NSFR standard requires from banks to diversify their funding

sources and reduce their dependency on short-term wholesale markets. In parallel,

the key objective of the NSFR is to reduce the funding risk over a broader time

horizon.

The LCR key objective is to promote the short-term resilience of the liquidity

profile of banks. The LCR measures banks’ liquidity risk profile by ensuring that

banks hold adequate stock of high-quality liquid assets that can be easily and imme-

diately monetised with the minimum cost and the minimum price impact. Therefore,

unlike the LCR, which is short term, the NSFR measures a bank’s medium and long
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term resilience. The stable funding requirements for each institution are set based on

the liquidity and maturity characteristics of its balance sheet asset?s and o↵-balance

sheet exposures.

A macro prudential framework focuses on “the stability of the financial system

and its relation with the macro-economy” (Clement, 2010). Such a framework in-

cludes indicators for capturing and assessing the main linkages of the macro and

the financial side of the economy. Macro prudential stress tests have been carried

out by many major financial regulators around the world. The International Mone-

tary Fund (IMF) and the World Bank, introduced the Financial Sector Assessment

Program (FSAP) in 1999 (Moretti et al., 2008). The aim of the program is to pro-

vide a comprehensive macroeconomic framework capable of assessing the solvency

of individual banks on a set of countries, in terms of capital adequacy (Cihak, 2004).

Furthermore, the Bank for International Settlements (BIS), has developed mul-

tiple macro prudential stress tests which range from re-evaluating frameworks, to

studies focused on expanding the scenarios by including links to the financial side

of the economy(BIS, 2012). The Federal Reserve Bank (FED) in the United States

and the European Banking Authority (EBA) both provide frameworks with general

guidelines for estimating potential threats to financial institutions (Acharya et al.,

2014).

These frameworks, however, seem to focus on capital adequacy only and therefore

have largely ignored the requirement for su�cient banks’ liquidity in periods of stress

(Goodhart, 2006; Schiozer and de Freitas Oliveira, 2016; Jobst et al., 2017), where

bank liquidity is closely associated with the state of the economy. For instance,

individuals’ withdrawals and deposits are likely to worsen and boost institutional

liquidity, respectively. The relationship between the banks’ liquidity and the macro

and financial environment helps to further understand the liquidity position of the

bank. Therefore in the last decade, regulators focus on macro prudential regulation

as a key indicator of financial stability.

The most common method for developing and applying a stress test is the re-

duced form approach (Sorge, 2004). Two models are commonly used under this
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approach, Vector Autoregressive Models and Satellite Models (Čihák, 2007; Pesola,

2011; Quagliariello, 2007; Hesse et al., 2012). Additional limitations present in many

of the approaches to stress testing liquidity. Both methods have limitations stem-

ming from heavily relying on econometric estimations (see Acharya et al. 2014 for a

detailed disucssion). In addition, this satellite model does not capture the dynamic

e↵ects of stressed risk factors (Borio et al., 2014).

In this paper we propose a multivariate copula estimation (MCE) approach,

which allows us to overcome the main limitation of the reduced form model ap-

proach (Koliai, 2016). The MCE measures the dependency among variables even if

they do not follow the same distributions (Patton, 2009). It is a useful approach

in this case as it allows all variables to be endogenous, hence distributional as-

sumptions on the marginal densities of the variables modelled, are not required.

Consequently, it is not necessary to assume linearity when carrying out this test.

Once the marginal distributions have been characterised, the MCE allows to flexibly

model the dependence structure between several random variables.

To the best of the author’s knowledge, this is the first study that uses this

estimation for carrying out liquidity stress testing. The use of MCE allows to assess

and quantify the interaction of the macroeconomic factors with the financial factors.

To apply this approach, we go beyond the calculation of the joint distribution of

bank liquidity risks as we incorporate an estimation of the simultaneous macro

e↵ects on banks’ funding position. In our analysis, we extend the framework of

the traditional copula processes (see for example Koliai 2016), by measuring the

marginal e↵ects of each macroeconomic variable on the NSFR. The marginal e↵ects

provide important insights for stress testing as they describe the sensitivity of a

given financial institutions balance sheet to the macro environment. Therefore,

overcomes the limitations arising from the traditional econometric approaches, such

as the reduced form models. This approach also assesses the existence of liquidity

risk by identifying the main macroeconomic indicators leading to critical shortages

in the funding position of the banks. contingency planning.

Our results illustrate the importance of funding liquidity risk, under the exam-
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ination of adverse macroeconomic scenarios. Specifically, the NSFR under stressed

economic conditions, display higher probability to fall compared to the non-stressed

one, for the EU banking system. The main macroeconomic channels, that lead

to liquidity shortages, are the Unemployment rate, GDP growth rate and Deficit,

indicating the substantial role of Macro prudential Policy in the area of Financial

Stability.

The remainder of this chapter is structured as follows: Section 2.2 reviews the

relevant liquidity stress test literature. The methodology is presented in Section

2.3, discussing the data, scenarios and model specification. Section 2.4 presents the

results whilst Section 2.5 is the conclusion.

2.2 Related Literature

This section provides the relevant literature within liquidity risk and stress test

models as well as he existing studies using copulas estimation for capturing financial

stress. Additionally, a comparative analysis of the traditional stress test approaches

is provided. This section denotes whether funding liquidity risk is assessed within

the current stress test frameworks and reveals the need to investigate the main macro

financial linkages.

2.2.1 Stress tests under structural and reduced form models

Stress tests originally appeared during the early 90s in CreditMetrics and CreditMetrics+

models (Boston, 1997) assessing credit and market risk under adverse scenarios. In

2000, stress tests became a key component in assessing FIs stability (Bhattacharyay,

2004). The major expansion of stress tests is observed after the recent financial crisis

in 2008. Their purpose was mainly to measure the capital adequacy of FIs (focusing

on banks) under adverse economic scenarios (Quagliariello, 2009).

Stress test methodologies and applications comprise a multistep approach. One

of the starting points in this approach is the scenario design where the shocks and

the respective risk mapping, are developed. The choice of an exogenous shock or
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a set of shocks is usually based on historical extreme events, where shocks may be

drawn from the tail of historical distributions (Borio et al., 2014) or hypothetical

and hybrid scenarios (Breuer and Krenn, 1999; Adrian et al., 2020). The latter are

used when both historical and hypothetical scenarios are combined (CGFS, 2005).

The most common stress test methodologies in scenario analysis are the struc-

tural and the reduced form models. Structural models include logit, probit and panel

estimations (see for example, de Bandt and Oung 2004; van den End et al. 2006;

Martin 2007; Marcucci and Quagliariello 2008; Kalkbrener and Overbeck 2017) as

well as multivariate copula functions (see for example Hamerle and Rösch 2005; Boss

et al. 2006b; Kalkbrener and Packham 2015; Paraschiv et al. 2015).

Stress test approaches carried out with structural models and specifically copulas

estimations, mainly focus on financial rather than macroeconomic and macropruden-

tial analysis. In particular a study developed by Brechmann et al. (2013) examines

the interconnectedness of the international financial markets with the use of vine

copulas 1. The authors investigate contagion e↵ects among financial institutions

through a financial stress test approach. In the model developed, contagion risk is

assessed through the dependence of CDS spreads from the transactions among in-

surers, international institutions and banks. On a similar direction of financial stress

testing with the use of copulas estimation, is the analysis developed by Paraschiv

et al. (2015), who assess the contagion risk and count for dependency evolution on

commodity futures portfolios. The use of copulas approach highlights that under

market stress the joint dynamics among the commodities’ returns, provide “superior

prognosis” and a forward looking approach necessary for stress testing techniques.

A study developed by Koliai (2016) acts as a stress test process with a good-

performance-flexibility balance for an analytical scenario design. The scope of Koliai

(2016) analysis focuses on FIs’ portfolios of di↵erent asset categories such as equities

and commodities with the use of pair copulas estimation and provides the dynamic

perspectives (evolution of assets’ returns) of the key financial risks. Whilst the

1
Vine copulas leverage from bivariate copulas and enable extensions to arbitrary dimensions.

Vine copulas use in finance focuses more on the tail risks vine copulas have been shown to e↵ectively

model tail risk in portfolio optimization applications

28



use of copulas estimation reveals the complexity of FIs’ transactions and portfolios

of assets when adverse conditions are applied, the link between macro and micro

prudential perspectives which can provide valuable information for policy makers,

is missing.

Moving to the reduced form approach, the use of time series and panel data

models can assist in assessing distressed periods, when stress tests are focused on

specific countries or banks (Sorge, 2004). In the reduced form approach fits the satel-

lite model developed by Čihák (2007) which comprises a series of functions aiming

to link the macro with the financial side of the economy and provides a framework

for assessing most of the risks FIs might face (can contain multiple risk factors).

The main advantage of satellite models is that through stochastic estimations, they

can capture the relation between scenarios (macroeconomic environment) and risk

factors (microeconomic environment) (Henry et al., 2013). Also, Canova and Cic-

carelli (2013) highlight the ability of panel vector autoregressive models (VAR) as a

stress test method in order to investigate the key macro-financial linkages. In par-

ticular, the authors explain that panel VAR capture the interdependencies between

the macro and the financial side of the economy and allow for cross sectional het-

erogeneity. Despite the flexibility panel VAR models have fin order to incorporate

macro-financial links in an unrestricted way, the key limitations of these models

when applied on a stress test process stem from the assumption of linearity and

the estimation of the e↵ects between the micro and the macro environment with-

out allowing for the impacts quantification (as the Copulas estimation can provide).

The inability to quantify the impact of shocks and linkages arising in the financial

system, especially when FIs acting under stress, leads stress test models lacking of

significant information necessary for policy decision and FIs contingency planning.

Recent studies in the area of stress test models with the use of panel VARs

investigate FIs solvency and asset quality. Budnik et al. (2019) develop a VAR

approach for a macroprudential stress test for the euro area banking system. The

study examines the 91 largest euro area credit institutions across 19 countries by

linking banks’ reactions to changing economic conditions and assesses a broad set of
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interactions and interdependencies between banks, other market participants, and

the real economy. Whilst the results highlight the importance banks to maintain

su�cient capital and to improve the quality of the assets banks’ hold, the use of

VAR models for a stress test scenario analysis omits the magnitude of the impact

on banks’ solvency while banks’ ability to fund their activities and liabilities is

neglected.

Despite, the rise of structural and reduced form methods for performing stress

tests, the current literature partially addresses the key objectives policy makers

require from the current stress test applications. Particularly, the current studies

rely on financial rather than macroprudential stress tests and the vulnerabilities

financial institutions might face are not fully revealed. Even copulas estimation are

able to develop and capture the complexity of the financial system by overcoming

strict assumptions applied on the reduced form approaches, their use in stress testing

remains limited and the requirements of prudential regulation for informative stress

testing is not addressed . The current literature explain the capabilities of copulas

estimations to reveal the key financial vulnerabilities and to capture the dynamics

of a complex system such as the financial one. However, the lack of the key linkages

between the macro and the financial side of the economy combined with valuable

policy information for enhancing the macroprudential framework, underlines that

macroprudential stress tests with the use of copulas methods still emerge.

2.2.2 Liquidity stress tests

Liquidity risk has been the subject of substantial academic interest. This includes

numerous studies of individual institutional failures, for instance the seminal work

of Diamond and Dybvig (1983) and approaches to liquidity risk monitoring and

measurement (see for example Vento and La Ganga 2009). Nevertheless, liquidity

stress tests remain at an early stage (Constâncio, 2016). Current work in this

area is primarily based on assessing liquidity risk by examining banks reserves,

overdrafts, credit, interbank loans and the incoming payments from other banks
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(BIS, 2014a). For instance Hesse et al. (2012) builds on Čihák (2007) balance

sheet approach and quantifies liquidity risk through a cash flow analysis. In this

model the authors attempt to link liquidity and solvency risk using information

on the wholesale funding market. The importance of how liquidity risk is treated

is considered, however, the main drivers of liquidity risk during a financial or a

sovereign crisis period, can not be assessed.

Matz and Neu (2006) propose a framework for conducting liquidity stress tests.

They develop the Liquidity at Risk measure (LaR) and use it for the estimation of

the net cumulative liquidity gap for banks under extreme events. Whilst this mea-

sure captures liquidity risk it di↵ers from regulatory measures. In the context of the

assets and liabilities maturity mismatch, Cihák and Ong (2010) develop a liquidity

stress test for one Icelandic bank, in order to assess the solvency profile of this bank.

Through the liquidity gap approach (maturity mismatch), the authors estimate the

bank’s funding position in one year horizon and identify the nexus between the liq-

uidity and the solvency of the bank. However, the use of a static balance estimation

combined with the limited sample, do not reveal the main liquidity risk drivers and

the funding risk evolution, while the heterogeneity of the banking system is missing.

Further the above work diverges in terms of the scenario design, sample size

and the variables representing liquidity risk (Ong, 2014). Specifically, Financial

Sector Assessment Program (FSAP) models investigate liquidity risk by assessing

the number of days a bank would be illiquid after a shock (Moretti et al., 2008).

The main issues with FSAP liquidity stress tests is their inability to assess the

evolution of liquidity risk over time as well and to identify the main macroeconomic

and financial drivers that can lead to liquidity shortages.

The majority of studies related to liquidity stress tests focus on the micro rather

than the macro side of the economy whilst omitting key macroeconomic risk drivers

a↵ecting banks’ funding position . Such a case is the study developed by Wong

and Hui (2009) who use Monte Carlo simulation to measure the interaction between

default and liquidity risk during a downturn in stock prices. Similarly, by examining

the interrelation of liquidity risk with other types of risk, Van Den End (2009)
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attempts to endogenize both market and funding liquidity risk for Dutch banks

while considering first and second round e↵ects. The Monte Carlo simulation results

suggest that liquidity risk is non-linear and liquidity bu↵ers should increase under

stress events. To this point, Van Den End (2012) further develops this work to assess

the e↵ect of adverse financial scenarios on the Basel III liquidity ratios (LCR, NSFR)

in a stress test framework. Despite, the author incorporates the Regulatory liquidity

measures, within a scenario analysis stress test framework, the main funding risk

drivers as well as the interaction of the Basel III liquidity measures with the key

macroeconomic indicators, is neglected.

Similarly, the IMF (Adrian et al., 2020) provides information on the steps fol-

lowed to perform liquidity stress tests for individual banks globally. In their most

recent work, they perform LCR sensitivity rather than scenario analysis. Despite

banks’ funding position is assessed with the use of the regulatory liquidity mea-

sure, the set of parameters included so far, highlight that macro prudential liquidity

stress tests still emerge. Particularly, Adrian et al. (2020) make use of market level

information such as run-o↵ rates, rollover rates, and haircuts, without taking into

consideration the key macro-financial linkages under a scenario analysis process.

Currently as the literature stands there is no comprehensive and complete in

terms of scenarios and macro-financial linkages, macroprudential stress test frame-

work. A unified approach, which can capture simultaneous macro-financial shocks

and their magnitude, and assess alternative sources of banking risks, will improve the

ability of stress tests to act as standalone tools in the financial stability framework.

2.3 Macroprudential Framework

In order to identify the relationship between the deposits, NPLs and expected bank

liquidity through the NSFR, we employ a copula approach. The latter allow us to

assess potential liquidity risk under di↵erent macroeconomic scenarios. For each

scenario, we compute the probability of the NSFR being above one to show whether

each bank is su�ciently liquid. In parallel, we calculate the marginal e↵ects of each
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macroeconomic variable. This illustrates the sensitivity of the NSFR under the

di↵erent economic conditions and provides information for the main liquidity risk

drivers. In the second stage we measure the level of deposits and non-performing

loans under varying NSFR levels. Given the expected value of the NSFR, from the

first stage, we recover the volume of deposits and NPLs. In order to do so, the

copula process applied to decide the relationship between the deposits and NPLs.

This means that for any value of the NSFR, we are able to determine the level of

deposits and NPLs the banks would hold, for any given scenario. This process is

necessary as it provides valuable information for banks to make contingency plans

against liquidity shortages. Given that lending and saving is an indispensable part

of the banks'operations, by quantifying these changes in banks'balance sheets we

can identify actions needed after severe liquidity shortages.

2.3.1 Data

We perform the above analysis on commercial banks in the the banking systems

of Cyprus, Greece, Italy, Portugal and Spain. We focus on the Southern European

banking sector because , even during the crisis, these banks were considered well cap-

italised but still were unable to prevent significant losses on their balance sheets and

at the same time many of the banks were found to be illiquid. As such liquidity risk

was neglected (Greenlaw et al. 2012; Schuermann 2014). The following subsections

2.3.1.1 and 2.3.1.2, provide details on the data used for carrying out this analysis

and the descriptive statistics of the macroeconomic and bank level variables.

2.3.1.1 Macroeconomic Data

To define the scenarios we focus on seven macroprudential indicators; Gross Domes-

tic Product, Unemployment, Inflation, Gross Debt, Account Balance, Foreign Direct

Investment and 12M Euribor, based on the report developed by the ECB (2016)

which provides the main macroprudential indicators . Each of these variables is col-

lected for each country in our sample. The macro level data are on annual span from
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1980-2016 and come from World Bank, the European Central Bank and the OECD

databases. In our analysis, we use historical information scenarios from 1980-2016.

This data set is selected in order to capture not only the global financial turmoil

but also the macroeconomic trends of each country separately. Using these data we

define three scenarios: Baseline, Good and Bad (Stressed). The baseline scenario

assumes the current state of the economy in each country. The good case takes the

peaks of each economy while the bad scenario assumes the periods of the greatest re-

cessions. In all cases the bad scenarios arise during 2010-2011. The use of historical

scenarios provides us with the stressed cases an economy may face and in parallel

is in line with stress test frameworks, which aim to use extreme but plausible events.
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2.3.1.2 Bank Level and NSFR Data

With regards to the individual banks within balance sheet and income statements

for systemically important banks located in Greece, Cyprus, Italy, Portugal and

Spain, are collected. This gives 30 banks in total (cross dimension) with annual data

from 2004 to 2014 (time series dimension) in a panel. Although the initial search

provided results for more than 41 Financial Institutions (FIs), 11 were eliminated

to ensure the panel was well defined.We consider only banks, which are rated by

one or more of the rating agencies Moody's Standard & Poor's and Fitch and which

are used in European system-wide stress tests (European Banking Authority 2014,

2016). In addition to avoid double counting of banks we consider only banks with

consolidated statements and therefore exclude subsidiaries and branches as separate

financial entities. Thirdly, we consider only large banks where book value of assets

exceeds 1000 Euro millions for all years examined. Finally, any bank whose data is

incomplete of not qualified under the International Reporting Standards is excluded.

The bank level data are collected from Bankscope and Bloomberg databases.
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In order to develop the NSFR ratio apart from the assets and liabilities collected

from the banks’ balance sheets, we also assign a respective weight for the NSFR

specific elements. In order to assign the weights we based our analysis on the BIS

(2014a) technical documentation. Figure 2.1, displays analytically the required and

the available funding components with the respective weight.

Figure 2.1: NSFR Components and Respective Weights for Banks’ Available and
Required Stable Funding

The funding position of banks is assessed with the use of Basel III Net Stable

Funding Ratio (NSFR) (see Vazquez and Federico (2015) and BIS (2014a) for further

details). The NSFR is the fraction of the Available Funding Ratio (ASF) over the

Required Funding Ratio (RSF). Specifically, the NSFR is calculated as the weighted

sum of liabilities (ASF) over the weighted sum of the assets (RSF) and it is specified

as follow:

NSFR(it) =
ASF (it)

RSF (it)

where i and t is the bank and the year-period respectively.
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2.3.2 Model

In this section we propose a method to jointly model the NSFR and macroeco-

nomic variables. To illustrate the methodology, let X = (X1, . . . , Xm)0 be an m-

dimensional vector formed by the variables of interest. The marginal densities are

modelled nonparametrically using the Gaussian kernel and the automatic optimal

bandwidth, also known as Silverman’s ’rule of the thum’ (S). Once the marginal den-

sities are defined, the joint distribution can be recovered via copulas. From Sklar

’s theorem, if the marginal cumulative distribution functions (cdfs) are continuous,

then there is a copula function C(x1, . . . , xm) : [0, 1]m ! [0, 1] such that the joint

cdf is defined as

F1,··· ,m(x1, . . . , xm) = C [u1, . . . , um|R] , (2.1)

where uj = Fj(xj) (j = 1, . . . ,m) are the corresponding marginal cdfs and R con-

tains the copula parameters that define the degree of dependence between the ran-

dom variables. In this case we have decided to use the Gaussian copula, given its

flexibility to model high-dimensional vector. In this case, R is estimated as the

sample rank correlation coe�cient between the observations of the variables in our

sample. From (2.1), the joint probability density function (pdf) can be obtained as

f1,··· ,m(x1, . . . , xm) = c(u1, · · · , um)
mY

j=1

fj(xj), (2.2)

where fj(xj) (j = 1, . . . ,m) are the marginal density functions and c(·) the pdf of

the Gaussian copula, defined as

c(u1, . . . , um) =
1p
R

exp


�1

2
y0(R�1 � Im)y

�
, y =

�
��1(u1), . . . ,�

�1(um)
�0
,

where ��1(·) is the inverse cumulative distribution function of a standard Normal,

and Im is the identity matrix of order m. Once the joint density is recovered via

copulas, we proceed further. We are interested in modelling the behaviour of one

variable, sayX1, given the values of the rest of variables. To this aim, it is interesting
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to obtain the conditional density of X1 given the remaining variables, which can be

obtained, by numerical integration as

f1(x1|X2 = x̄2, . . . , Xm = x̄m) =
f1,...,m(x1, x̄2, . . . , x̄m)R1

�1 f1,...,m(x1, x̄2, . . . , x̄m)dx1

, (2.3)

where {x̄2, . . . , x̄m} are predetermined (known) values for the conditioning variables.

These values will determined the di↵erent scenarios that we will consider in the anal-

ysis. 2 This conditional density function will be very useful to extract three di↵erent

measures that we will use in our analysis: first, we can calculate the probability of

our target variable X1 to be above a given level a as

Prob(X1 > a) =

Z 1

a

f1(x1|X2 = x̄2, . . . , Xm = x̄m)dx1. (2.4)

Second, we can calculate the expected value of our target value conditional on the

values of the rest as

E(X1|X2 = x̄2, . . . , Xm = x̄m) =

Z 1

�1
x1f1(x1|X2 = x̄2, . . . , Xm = x̄m)dx1. (2.5)

Finally, we can calculate the marginal e↵ect of each of the conditioning variable on

the target variable by numerical di↵erentiation as

�j =
@E(X1|X2 = x̄2, . . . , xj, . . . , Xm = x̄m)

@xj
, j = 2, . . . ,m. (2.6)

These marginal e↵ects, similar to the coe�cients of a linear regression model, mea-

sure the change in the expected value of the target variable against a marginal

increment of each of the conditioning variables. These marginal e↵ects are asymp-

totically normal, and p-values can be approximated for them. Notice that all these

measures defined in equations (2.4)-(2.6), depend on the values of the conditioning

events. Hence, we will have di↵erent measures depending on the scenario consid-

2
The process described in equations(1),(2) and(3)have been also applied for estimating the

relationship between the deposits and NPLs, in order to be able to define their levels under the

three scenarios.
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ered. This will allow us to study how the sensitivity of our target variable to the

conditioning variables change depending on the the scenario considered.

2.4 Results

In this section we present the results of the Copulas estimations discussed in Section

2.3. As oppose to the current macroprudential stress test models, we use copula

analysis in order to quantify the interconnectedness between the macro and the

financial side of the economy by overcoming the main limitations reduced form

approaches such as VAR models present.

We show the relationship between the economic state and banks’ funding posi-

tion, through the Regulatory liquidity measure, the NSFR. Our analysis reveals the

strong interrelation between the key macroprudential indicators and banks’ funding

position. The results underline that under adverse economic states (stressed sce-

nario) the key macro-financial linkages lead to liquidity shortages and increase the

probability of systemically important banks being unable to meet their liquid needs.

Apart from the key macro-financial linkages and the expected value of the NSFR

under the di↵erent economic states, we further our analysis by showing the levels

and degree to which deposits and NPLs need adjustment in order to cope with the

updated banks liquidity demands. Through this process, we contribute to the key

prudential requirements for developing analytical stress test exercises able to disclose

important information for both policy makers and banks’ contingency planning.

In estimating the NSFR and in turn the levels of NPLs and Deposits, we focus

on 30 systemically important banks located in Cyprus, Greece, Italy, Portugal and

Spain. Each bank acts under three scenarios: baseline, good and stressed. Each

scenario considers the e↵ect of the macroeconomic environment of each country

during the relevant period. In order to define the scenarios for the macroeconomic

variables, we use annual historical observation from 1980-2016. During this period

we observe that the peaks of the economy are stronger and more persistent compared
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Table 2.3: Expected Value of the NSFR under non-stressed, stressed and baseline
scenarios

Countries Good Stressed Baseline

Greece 119.67 44.4 78.14

Cyprus 120.55 53.16 97.00

Italy 108.12 79.68 89.67

Portugal 87.09 89.74 81.93

Spain 90.4 88.3 100.00

Table 2.3 provides the expected value of the NSFR under the good, stressed and baseline

scenarios. The NSFR is shown in percentage points and is displayed on a country level -

calculated as the mean of the values for all banks in each country. The medians were also

calculated, not shown, and follow a similar pattern.

to the crisis periods (for instance 2009-2011).3

2.4.1 NSFR under the di↵erent Economic States

The copula estimation provides the expected value of the NSFR under the three

di↵erent scenarios (baseline, good and stressed) as well as the marginal e↵ect of each

macro variable on the NSFR (conditional on the other macro variables). Therefore,

we quantify how responsive is the NSFR to a marginal change of each macro variable

and assess the main liquidity risk drivers.

Table 2.3 provides the NSFR expected value under the three economic scenarios,

namely the good, the baseline and the stressed scenario. We initially observe that for

all countries, the NSFR is responsive to the economic conditions. In particular, when

the economic state is good, the NSFR for Greece, Cyprus and Italy is above the 100%

threshold. The expected value of the NSFR highlights that under economic rise,

banks located in Greece, Cyprus and Italy have adequate liquidity. An exemption

to this is Portugal, which even under a good economic state is below the threshold

without presenting substantial variation across the di↵erent scenarios. Also for the

case of Spain, the NSFR requirement is just only met.

3
To assess the robustness of our results we use two further data sets, one quarterly data from

2000 to 2016 and the other annual from 2004-2014. We find that in each case the results are

qualitatively similar.
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Under the stressed scenario, which comprises a marginal change of the baseline

economic conditions, the NSFR on country level is below the threshold. The great-

est reductions between the baseline and stressed scenarios are for Cyprus, where

Cypriot banks face facing a substantial liquidity reduction by 44%. Whilst under

the baseline scenario, Cypriot banks display an average threshold equal to 97%,

when the economic conditions deteriorate, the expected value of the NSFR drops

reaching at 53%. In addition, substantial changes on the NSFR under baseline and

stressed scenarios are observed for Greek, Italian and Spanish banks, where the

NSFR decrease by 34%, 10% and 12% respectively.

Portugal is an exception to this rule. The macroeconomic stressed period for

Portugal is during the 2008-2010 financial crisis. While banks in Portugal were

under heavy stress during this period they were also being supplied by liquidity by

the government and Financial Authorities which artificially increased banks’ funding

position, and in turn the NSFR during the stressed period (Gaspar, 2012).

Taken together these results, we highlight the need for macroprudential analysis

of liquidity provision and in particular the use of stress tests. The expected value of

the NSFR is sensitive and strongly linked to the state of the Economy, as well as to

the fluctuations arising in an economic system. Changes in the macro environment

are very capable of pushing financial institutions into a state whereby they are

unable to meet their liquidity needs. The use of di↵erent scenarios highlights the

degree of sensitivity of the NSFR. Banks in Cyprus, Greece and Italy were highly

liquid a few years ago during the good state of the Economy, but are currently in a

position whereby they fail the tests.

In the next subsection we go on to examine the liquidity risk drivers through the

development of the marginal e↵ects. The quantification of these e↵ects provide the

magnitude of the interconnectedness between the NSFR and the key macro indi-

cators. The results below, assist to identify when macro-financial linkages strongly

respond to the macro environment fluctuations and result in the funding positions

of banks to shrinking.
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2.4.2 Sensitivity Analysis and the key Liquidity Risk drivers

Table 2.4 shows the marginal e↵ects of the macro-economic variables on the NSFR.

The marginal e↵ects quantify the sensitivity of the NSFR on a change of one macroe-

conomic variable conditional on the other variables remaining unchanged. The re-

sults are presented for each country, averaged across the banks within that country,

for each of the three scenarios, the good the baseline and the stressed scenario. Sig-

nificance levels are not included, however, all values are significant at the 99% level

and therefore these marginal e↵ects indicate the key drivers of liquidity risk.

By comparing across scenarios it is possible to identify common linkages between

the macro economy and bank funding position within each country. Across all

scenarios there is a positive e↵ect of GDP on the NSFR ranging from 0.05% to

4.34%. The strongest e↵ect across all scenarios is demonstrated by Cyprus in the

baseline scenario (4.34%). The reason for this is that Cyprus was subject to a severe

financial crisis during 2015 - 2016. The baseline scenario considers the state of the

macro economy just after this period a point at which the economy has started to

recover and banks are rapidly improving their liquidity post-crisis (Rapanos et al.

(2014)).

In the case of the good and the stressed scenarios, the strongest marginal e↵ects

on the NSFR comes from the GDP growth rate, and are observed for Spain. How-

ever, these e↵ects in all states are negative. This negative sign is not the expected

one as over this period Spain's GDP growth rate decreases due to macroeconomic

instability (Borio, 2014). In parallel, the Spanish Banking System is involved in

the Financial Assistance Programme in order to cope with the financial vulnera-

bilities. Therefore this mismatch between the NSFR and the GDP rate, indicates

the artificial liquidity provided in the Spanish banks through the financial assistant

programmes received which their main focus is to increase the capital position of

the banks.

Moving on to the unemployment rate (Table 2.4), a negative e↵ect on the funding

position of most of the banks exists, which falls in line with the rise of unemploy-
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ment across the EU region. An exception to this is Cyprus and Portugal, where

the marginal e↵ect of this rate is positive. This is due to the behaviour of the un-

employment rate which in both countries ranges between 8% and 12% under both

stressed and non-stressed period. The almost stable level of the unemployment rate

on these two countries, illustrates that this economic indicator is stable and not

substantially volatile even during crisis period. This is further evidence that our

results provide causality e↵ects between the NSFR and persistent macroeconomic

indicators such the unemployment rate. In parallel, the Greek economy indicates a

stronger e↵ect of the Unemployment in the baseline scenario (-1.80%) compared to

the good (-0.10%) and the stressed (-0.80%) case which indicates the deterioration

of the Greek economy in the post crisis period (Louzis et al. (2012)).

The account balance indicates the economic activity of a country. Significant

positive e↵ects are displayed for the Greek and Spanish banks across the majority

of scenarios. This is a signal that these two economies remain under stress while

their economic activity shrinks compared to the stressed period. The decrease of

the volume of exports over the volume of imports represents the restricted economic

activity of these two countries. Our observation here falls in line and enhances the

”fly to quality” argument, in other words the conservative lending policy of banks

post crisis, leads to lower exports due to the higher lending cost of firms (Provopoulos

(2014) andCarballo-Cruz (2011)).

The foreign Direct Investment indicator also related to liquidity risk. In most

case it has the expected sign (Table 2.4) under both the good and stressed scenarios.

In the baseline scenario, the FDI a↵ects negatively the funding position of Greek and

Portuguese banks, (-0.22% and -0.60% respectively). This negative sign arise from

the financial assistance and recapitalisation programmes provided to these banks in

order to cope with the Regulatory requirements which occurred at the same time

that the investment activity in these two countries continued to shrink (Cline and

Wol↵ (2012)).

Regarding the interbank interest rates (Table 2.4), these indicate a negative

e↵ect for Greece and Cyprus whereas for the rest of the countries the relationship
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is positive. The reason is that the Greek banks were restricted from borrowing

from the international markets and at the same time the Cypriot banking sector

was facing a recession in parallel with a bailout program which also restricted their

access to the interbank market (Xiouros (2013)) .

2.4.3 Stress Testing and the optimal level of Deposits and

NPLs

In the last step of our analysis, we identify the level of deposits and NPLs under

which the banks are able to handle the liquidity shortages arising from the macroe-

conomic fluctuations. Table 2.5 indicates the volume of deposits and non-performing

loans under the stressed scenario. We select the largest banks (in terms of assets)

from each country in our sample in order to provide further information on the

banks actions after a liquidity shortage and to assess the severity of liquidity risk.

Here we focus on the largest bank in each country in order to show how individual

balance sheets are impacted.

National Bank of Greece, Alpha Bank and the Italian Banca Monte dei Paschi

funding positions under stress are between 30% and 60%. The Basel III liquidity

regime requires a level of 100% for the NSFR meaning these three banks have a

very low level of liquidity and they should decrease the volume of the deposits and

NPLs as indicated by the negative sign of these two variables. This behaviour can

be explained in two facets. Firstly, the increased amount of NPLs indicate the

exposure these banks have through their lending activity and the need to invest in

safer assets. In parallel, the amount of deposits highlight that these banks continue

accepting funding through the deposits activity without being able to cover this

funding in case of substantial deposit withdrawals.

Despite the behaviour of these Greek and Italian banks, the level of the NSFR,

for the rest of the banks, indicates that these banks are able to meet their liquidity

needs. in other words by comparing our results with the NSFR expected value on

country level, the largest banks NSFR performance highlight that the size of the
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bank (in terms of assets) a↵ects their ability to serve their liquid needs.

Overall, these results explain that the NSFR captures the dynamic treatment

as it reflects successfully on the di↵erent economic states (scenarios), while the

liquidity stress test in a macroprudential framework is significant and necessary

when assessing the financial stability and should be complementary to the asset

quality exercises conducted so far. By including a direct assessment of liquidity risk

within a stress test framework , banks are able to assess their capital position and

absorb the losses coming from their funding position.

In parallel, the NSFR is responsive to marginal changes of the macro environ-

ment, which are quantified through the calculation of the marginal e↵ects.The sta-

tistical significance of the marginal e↵ects in 99% confidence level, reveals the main

macro financial drivers and provides information on the steps should be followed

not only from the financial stability perspective but also from the monetary and

economic policy point of view. This analysis should be the focus of banks manage-

ment in order to enhance banks’ e�ciency after significant liquidity shortages. As

banks need to cope with liquidity risk fast in periods of crisis where their capital

base is already at a critical stage, the estimation of the NPLs and Deposits volume,

is necessary for banks to withstand shocks.
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2.5 Conclusion

In this analysis, we develop a macroprudential liquidity stress test in order examine

the role of funding liquidity risk with the use of the regulatory NSFR liquidity ratio,

and the interconnectedness with the key macroprudential indicators. We assess the

levels of the NSFR under three scenarios, the good, the stressed and the baseline

scenario.

In parallel, we quantify the changes of the NSFR to marginal macroeconomic

fluctuations with the use of a novel extension to Gaussian copula analysis. In partic-

ular by extending traditional multivariate copulas, we introduce in our analysis the

development and the calculation of the marginal e↵ects. The marginal e↵ects assist

on capturing the magnitude of the key macrofinancial linkages interconnectedness.

The results of our analysis reveal the need to complement the asset quality review

in the wide stress test process, with the examination of liquidity risk arising from

the funding positions of bank.

The sensitivity of the NSFR over the marginal fluctuations of the macroeconomic

and interbank indicators illustrate that funding liquidity risk can arise in periods

of economic recession. The GDP, Unemployment, Account Balance, Foreign Direct

Investment and the interbank interest rate are shown to be the main liquidity risk

drivers as they can significantly deteriorate the funding position of banks by up to

50%. Our results provide evidence that considering liquidity risk when conduct-

ing stress tests is an important input. Similarly, NSFR proved to be a significant

indicator to be included in the regulatory framework when counting for liquidity

risk.

This analysis acts as a useful statistical analysis for carrying out macroprudential

stress tests and reveal the high interconnectedness between the two key sides of the

economy, the macro and the financial one. Copulas method overcomes limitations

of the traditional stress test estimations and provides a more realistic estimation

of the financial system complexity. In particular this method by relaxing the key
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assumptions of the econometric approaches, reveals the most severe macro scenarios

and the key risk drivers which can trigger banks’ performance and ability to serve

their liquid needs. Despite the advantages this process displays, one caveat which

arises is the limited dataset used. While copulas estimations require a great amount

of observations, we use a marginally su�cient number of observations. However,

the statistical significance of marginal e↵ects, indicate that our data are su�cient

to produce a robust analysis.

The use of Copulas models indicate that they comprise indispensable tools for

carrying out stress tests and quantifying the magnitude of the macro environment

e↵ects over banks’ funding activity. However, in order to have a more complete

assessment on the banks’ funding position, an estimation of the LCR performance

and its interconnectedness with the macro environment is required. The LCR as-

sessment will uncover banks’ ability to hold high liquid assets for serving their liquid

needs in the short run. For this scope in the next Chapters 3 and 4, we perform a

computational agent-based process which captures the complexity of the financial

and overcomes data limitation faced for the liquidity measures development.

Future work of this analysis includes the extension of the current Copulas es-

timations by incorporating the calculation of the impulse responses for the NSFR.

By estimating the impulse responses we can further improve the capability of our

model for capturing dynamic interactions, as we can assess the time needed for the

NSFR to recover and reach the required by the Regulatory authorities, threshold.

Overall, our model is an analytical macroprudential stress test framework which

contributes to the prudential policy regime by providing valuable information for

the interconnectedness of the macroeconomic environment and the funding position

of banks. Given that most of the stress test analysis are lacking contingency plans

when assessing the financial position of banks, the copula estimation accompanied

with the novel extension of the marginal e↵ects, provide us with a guide to examine

the NSFR response to adverse macroeconomic conditions. Also our model is capable

to estimate the optimal level of deposits and NPLs that banks should hold in order to

act prudently and cope with severe liquidity shortages. These findings are up most
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importance for regulators and policy makers alike, particularly in designing robust

and early warning frameworks for establishing and maintaining financial stability.
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Chapter 3

Disentangling the systemic aspects of Liquidity Risk: A

multi agent stress test application for European banks

Abstract

This paper investigates the role of liquidity risk and its systemic aspect for banks

under a macro prudential stress test scenario analysis. We develop a dynamic multi-

agent based model to assess the resilience of systemically important banks, with a

specific focus on Southern European commercial banks. In this paper the key liq-

uidity indicator is the liquidity coverage ratio (LCR). Our model considers banks’

interaction with households, firms and the government under stressed events to mea-

sure the probability of simultaneous liquidity shortages. Simultaneously, we assess

the ability of LCR to capture systemic e↵ects and the expected shortfall. Our re-

sults indicate that when LCR drops below the critical value, it signals the existence

of systemic liquidity risk. The implications of our results to policy makers suggests

extending the 30-days assessment, as LCR’s responses to the shocks are lagging.

This study provides guidance for policy makers and regulators on forward looking

models when designing system wide stress tests to capture systemic liquidity risk.

JEL classification: C63; G01; G17; G18; G21

Keywords : Financial Stability; Macroprudential Policy; Stress Test; Liquidity Risk;

Regulation; Agent Based Models;
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3.1 Introduction

The stability of financial system became main objective for regulators and policy

makers in the last decade. The importance of such objective seem to be exagra-

vated after the financial crisis of 2007-2008. Therefore, the development of new

tools to detect vulnerabilities in the financial system deemed essential. Academics

and practitioners contributed to the solution with this matter by developing stress

test models, as a primary tool to assess and promote the stability of FIs. In parallel,

to the rise of these tools, policy makers and regulators introduced frameworks for

enhancing the credibility of the financial system as a whole through both the Pruden-

tial Regime (Lim et al., 2011) and the implementation of the Basel III regulation.

The latter complements the reforms regulations relevant to capital requirements,

leverage and liquidity of banks (BIS, 2013a).

The aim for developing both macro and micro prudential policies is to sustain

the resilience of the financial systems through a series of guidelines and tools. On

one hand, the macro prudential framework focuses on “the stability of the financial

system and its interrelations with the macro-economy” (Clement, 2010). This frame-

work includes indicators for capturing and assessing the main linkages between the

macro and the financial side of the economy. It also considers the systemic aspects

of the financial risks (Hirtle et al., 2009). However, the micro prudential framework

is concerned with the performance of individual FIs. It assesses their risk profile and

solvency of each FI, through the behaviour of idiosyncratic risks (Houben, 2013).

These regulatory requirements are developed for ensuring the behaviour and perfor-

mance of FIs and the safety of the financial system as a whole.

There is abundant literature on regulatory reforms and financial stability. How-

ever, limited studies attempt to combine between the implications of prudential

regime and regulatory reforms (see for example Herring and Carmassi 2008,Hirtle

et al. 2009, Borio 2011). The regulatory reform literature has a parition that focus

on the leverage and liquidity requirements, in terms of their impact on FIs perfor-
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mance and risk behaviour (Banerjee and Mio 2018, Acosta Smith et al. 2017, Bahaj

et al. 2016 and de Ramon et al. 2016). Other studies opt to investigation the LCR

and NSFR interrelation within a monetary policy framework (Balasubramanyan

and VanHoose, 2013). King (2013) Lallour and Mio (2016) and Flori et al. (2019)

consider the implication of liquidity requirements performance on banks’ business

model. However the literature lacks studies that investigate the contribution of liq-

uidity requirement performance to the macro prudential performance as a measure

of systemic risk.

Stress test models emerged in the literature as applaudable approach that links

between prudential reforms and regulatory framework. Nonetheless, the main focus

of these studies is stress testing for credit risk (Quagliariello, 2009) instead of other

types of risk such as the liquidity risk. According Acharya et al. (2014), liquidity

risk has received little attention in the literature within stress test framework. Ad-

ditionally, there are issues with currently used stress testing approaches concerning

both the breadth of applicability and e↵ectiveness. Central banks and policy mak-

ers developed a series of macro prudential stress tests (Moretti et al., 2008) . Their

aim is to provide a comprehensive macroeconomic framework capable of assessing

the solvency of individual banks on a set of countries, in terms of capital adequacy

(Cihak, 2004). Similarly, both The Federal Reserve Bank (FED) in the US and the

European Banking Authority (EBA) provide frameworks with general guidelines for

estimating potential threats to financial institutions (Acharya et al., 2014). These

frameworks, however, focus on capital adequacy only and therefore have largely ig-

nored both the requirement for su�cient liquidity for banks and the role of systemic

liquidity risk (Goodhart, 2006; Schiozer and de Freitas Oliveira, 2016; Jobst et al.,

2017).

We define by systemic liquidity risk as the probability that multiple financial

institutions will face liquidity shortages at the same time (Schumacher and Barnhill,

2011). Traditionally, the SLR assessment focuses mainly on the development of

indices (Christiansen et al., 2011). However, most these studies seem to neglect the

quantification of the probabilistic measures of SLR (Jobst, 2014) . We argue that
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it is essential to include new measurement for SLR from liquidity perspective that

driven by macroeconomic shocks, in order to further develop the macro prudential

framework to accommodate for new systemic risk perspectives. We believe that the

proposed approach is essential for countries that experience sovereign crisis preceded

the financial crisis. Specifically, during the European Sovereign crisis as well as in

the post crisis period, the wide stress test results indicate that the majority of

banks successfully passed the stress exercises. However, we observed that even large

banks continued facing di�culties to meet their obligations. For this scope, the

interrelation between the macro environment and the funding position of banks

which has been partially examined in the EU wide stress test exercises, requires

further investigation. This investigation can reveal the strong nexus between the

macro and the financial side of the economy providing valuable information for

banks’ behaviour during the post crisis period.

This study provides three major contributions to the literature. I) Develops a

macro prudential liquidity stress test, using the LCR to capture the dynamics of

the financial system. In this vein this study is the first to consider the implication

of the systemic risk on Basel III liquidity measure (LCR) under a state of economic

stress. II) Quantifies the systemic liquidity risk by measuring the simultaneous

liquidity shortages resulting from the main macro financial linkages. It adds to the

very limited studies that usually use rather probabilistic than analytical measures.

III) Develops an agent based model, that deals with complex financial systems and

act as a general stress testing tool. The latter can provide further insight on the

interactions among the di↵erent market participants. We add to the scant literature

that use ABM in stress test applications, without considering a system of countries

and macroeconomic endogenous shocks.

Agent based models in the area of computational economics, capture the com-

plexity of the financial system, through the reaction and the interaction of di↵erent

types of agents acting under the same economy/system (Demekas, 2015). Agent

based models for stress testing are at an infant stage, in terms of design and ap-

plication (Bookstaber et al., 2018). These models capture complex financial trans-
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actions which occur simultaneously. Our results advocate the importance of using

ABM in liquidity stress testing. We conduct the analysis by setting up a system

where agents i.e. banks, households, firms and the government interact in the same

economy. Our framework counts for both normal and stressed periods, where the

transactions of banks with other agents are modelled to reflect the development of

LCR through banks’ balance sheet.

The model is characterised by a finite number of steps where all agents maximise

their returns under decisions constraints. This process goes beyond the traditional

stress test approaches as it captures the evolution of the LCR over time as well as

assessing the time required in order for banks funding position to indicate simul-

taneous shortages. Our approach to measure SLR provides important insights for

stress testing. Hence it describes the sensitivity of a given financial institution’s bal-

ance sheet to other agents’ macro led decisions. Once these states are obtained the

corresponding levels of key balance sheet terms, such as deposits and liquid assets,

can be identified allowing for contingency planning.

Our results illustrate the importance of funding liquidity risk, under the exam-

ination of adverse macroeconomic scenarios. Specifically, the LCR, under stressed

economic conditions, displays simultaneous shortfalls below the critical value of 70%

for all the banks in our system. In parallel, our analysis indicates that the LCR’s

reaction to macroeconomic shocks goes beyond the 30-days period of stress specified

by the guidelines (BIS, 2014b). The LCR’s largest drop that we observe on a period

of 60-days, reaches 40% on average for the whole system. Another characteristic is

that the size of the banking system contributes to the systemic risk reduction. With

regards to economies that have large number of banks the levels of the LCR are

slightly below the threshold of 70% , even under stress conditions. However, in the

case of shrinking systems such as Portugal the LCR shortfall is 37%. The decisions

and rationality of firms and households lead to further investigation of the LCR be-

haviour, as households’ contribution to the LCR deterioration is greater than firms’

contribution.

Consequently our results highlight the substantial role of macro prudential policy
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in the area of financial stability. It also points to the need of developing analytical

stress test frameworks. We provide clear evidence that the linkage for prudential pol-

icy and macro level transactions, can reveal further information for banks’ business

model and assist in contingency planning.

The remainder of this paper is structured as follows. Section 3.2 reviews the

relevant literature. The methodology and model specification is presented in Section

3.3, while results are given in Section 3.4. Section 3.5 concludes.

3.2 Literature Review

This section discusses the relevant literature within the macro prudential framework,

liquidity risk and its role in the system wide stress tests. The section denotes

whether prudential policies assist on promoting the safety and soundness of the

financial system as well as well as the ability and performance of the Basel III

regulatory requirements to enhance the main scope of prudential policies. In addition

a discussion and analysis for the treatment of systemic risk is also provided. A

review of the most relevant studies reveals how the new generation stress tests

approaches can uncover systemic aspects of liquidity risk and enhance prudential

policies’ objectives as well as the main obstacles so far.

3.2.1 Prudential Policies and Regulatory requirements

In response to Financial instability, Regulators and Policy makers reveal the design

and the implementation of prudential policies for the Banking and the Financial

sector (Galati and Moessner, 2013). Macro prudential policy aims at mitigating

systemic risks and their propagation to the whole financial system (Claessens et al.,

2013). The scope of this policy is to count for the main interrelationships arising

between the real sector and the financial one by denoting the main macro financial

linkages. Despite the interest of academics and practitioners prudential policies have

attracted after the financial crisis of 2008, the implementation and the performance

of these reforms is still at an infant stage. Prudential framework continues to be

58



subject of debates and amendments, as combined with the lack of unified and well

specified approaches. This is why it has become apparent that the policies up to

date cannot fully address the complexity of the financial system and the behaviour

of financial risks when the system is threaten by di↵erent types of shocks (Galati

and Moessner, 2013).

In parallel to the macro prudential is the micro prudential policy which comple-

mentary to the former one sheds light on the performance of individual FIs instead

of the system wide assessments (Crockett, 2000). While macro prudential policy

has been developed for detecting the existence of systemic risk within the Financial

system, the micro prudential one focuses on the idiosyncratic risks, in other words

the factors that a↵ect and trigger a FI’s performance and resilience at the microe-

conomic level. Macro and micro prudential policies aim to promote the soundness

and the safety of the financial system while in parallel their purpose is to ensure

that the Regulatory reforms are su�cient requirements for maintaining the stability

in the Financial and Banking system.

For this scope relevant studies assess the performance of the newly implemented

Basel III requirements and contribute to the macro and micro prudential frame-

work. The reforms for banks’ leverage (leverage ratio (LR)) and liquidity (net sta-

ble funding ratio (NSFR) and liquidity coverage ratio (LCR)), agreed and applied

by the Basel Committee on Banking Supervision during 2010-2017 (BCBS, 2017),

have been examined through a series of studies. Banerjee and Mio (2018) and

Acosta Smith et al. (2017),investigate the leverage ratio ability to incentivise banks

for increasing their loss absorbing capacity which lead banks to more prudent strate-

gies regarding their risk appetite. In parallel, studies on capital (de Ramon et al.

2016 and Bahaj et al. 2016) and the newly implemented liquidity ratios examine

whether the banks’ lending policy changes while banks’ lending preferences and cost

of funding sources are still under investigation (Acharaya 2014, Banerjee and Mio

2018, Birn et al. 2017). Although, these studies examine the regulatory reforms’ per-

formance and their contribution to the Prudential Framework that policy makers

aim to enhance, the evidence has been provided so far, lies only on the micro level
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while the combination of the micro and macro prudential policies is still missing.

Furthermore, similarly to the micro prudential policy studies, macro prudential

reforms have been addressed through the examination of their interrelation with the

monetary policy. Beau et al. (2012) with the use of a DSGE model examine the

interrelation of these two main frameworks which comprise the two main targets for

Central Banks. Through their study, they investigate whether Monetary and Macro

prudential policy converge in terms of their objectives or they reach to di↵erent

outcomes regarding the price stability based on the inflation and credit growth

behaviour. Similarly to this study, Popoyan et al. (2017) assess the macroeconomic

impact of macro prudential reforms and their interactions with Monetary policy

in order to shed light on banks resilience through the capital requirements. In this

paper the authors carry out a detailed analysis with the use of an agent based model

for capturing the complexity of the system. However, the lack of systemic treatment

of financial risks in order to conclude to the level of capital for banks is necessary.

Moreover, another study developed by Lim et al. (2011) aims to reveal the im-

portance of systemic risk and its role for a solid macro prudential reform through a

panel estimation of the main macro prudential toolkits and their ability to decrease

the volume of procyclicality based on a set of financial shocks. Nevertheless, the

results indicate that for a group of countries in the sample macro prudential policy

toolkit has little impact. To this point, more analytical linkages between the micro

and the macro prudential tools combined with the use of forward looking models

would be necessary for a complete assessment which can reach to substantial remarks

for the Prudential framework performance.

Currently as the literature stands there is no comprehensive and complete in

terms of process and design, macro prudential analysis combined with the regulatory

regime. A framework which can incorporate the macro and micro prudential reforms

combined with the performance of newly implemented regulatory requirements such

as the liquidity requirements, LCR and NSFR , would provide valuable information

to the existing Prudential Framework.
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3.2.2 Stress Tests and Prudential Policy

Prudential policies are also incorporated to stress test models either through a sensi-

tivity estimation or scenario analysis (Quagliariello, 2009). Macro prudential stress

tests provide the link between the macro and the micro side of the economy. One

framework of tests is the Financial Sector Assessment Program (FSAP) which was

introduced in 1999 (Moretti et al., 2008) as a joint e↵ort between the IMF and the

World Bank. Several macro prudential stress tests have been developed since then

by the Bank of International Settlements (BIS), the Federal Reserve Bank (FED) in

US and the European Banking Authority (EBA), which provide general guidelines

and frameworks for estimating potential threats to financial institutions (BIS 2012

and Acharya et al. 2014).

In parallel, the rise of prudential policies assisted on a series of studies to be

developed with the use of stress tests estimation. Jesus and Gabriel (2006) develop

a model for assessing the interrelation between the borrowers’ risk profile and the

collateral provided when setting up loan contracts with banks. The analysis focuses

on loan loss provisions (LLPs) while the lack of a direct link to the macro envi-

ronment combined with the use of LLPs instead of Non performing loans does not

provide a complete assessment of the credit risk within a macro prudential stress

test framework.

On a similar path of mapping the macro side of the economy to the credit risk is

the study developed by Vazquez et al. (2012) who assess the interrelation between

credit risk and the macroeconomic environment for the Brazilian Banking system

in order to reveal the pro-cyclical behaviour of the assets quality. The authors con-

clude to a strong relationship between the real sector and the volume of pro-cyclical

credit exposure with the use of a panel estimation. However, the lack of systemic

treatment of the credit risk does not allow for a complete assessment required in

macro prudential stress tests.

Levy-Carciente et al. (2015), through a network analysis assist on the role of

credit risk in the prudential framework by carrying out a macro prudential stress
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test model for the Venezuelan banking system. This study focuses on banks’ assets

portfolios and their sensitivity to external shocks. The process goes a step forward

from the traditional static stress test approaches and notifies a dynamic assessment

of credit risk. Nevertheless, this analysis does not provide a concrete framework for

the link between the macro and the micro side of the economy while the volume of

exogenous shocks does not count for simultaneous losses on assets portfolios.

Despite the rise of macro prudential stress tests they are still unable to provide

all the required information for policy response(Galati and Moessner 2013,Haldane

2009 and Čihák 2007). The inability to provide a concrete framework necessary for

carrying out and enhancing the prudential policies framework can also be seen on

further attempts towards this direction.

To this point, a stress test exercise developed by Buncic and Melecky (2013),

examines the e↵ect of macroeconomic scenarios over banks assets’ portfolios in order

to measure the credit risk exposure of Southern European Banks. Through a Vector

Autoregressive Approach (VAR), they draw conclusions about banks’ capital level

and risk concentration without fully capturing the complexity of the financial system

and providing further analysis for other types of risks existing in the system under

investigation.

The aim of capital regulation incorporated in stress test exercises led credit risk

to hold a significant position when counting for prudential policies. The reason be-

hind this is mainly that credit risk is linked with traditional bank operations, such

as providing loans and holding/ investing capital. However, the complete assess-

ment and the information that policy makers require from stress test approaches

cannot only be provided from one type of financial risks. In order to sustain the

soundness of FIs, the prudential policy framework should be fully incorporated in

stress tests simulation by including and other types of risks, specifically when these

are a regulatory prerequisite, and quantifying the interrelationships arising within

the economic and the financial system, in order to capture all the systemic e↵ects

might arise within the system under examination.
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3.2.3 Systemic Liquidity Risk and its role in Stress Testing

Despite the rise of stress test analysis under di↵erent methods and applications

(see for example Boss et al. 2006a, Čihák 2007, Quagliariello 2009, Foglia 2009 and

Demekas 2015), and the crucial role they hold for sustaining the financial stability

(Dees et al., 2017), stress tests are still unable to act as standalone tools and to

address the complexity of the financial system (Borio et al., 2014). These limitations

stem from stress tests’ inability to fully incorporate the prudential reforms combined

with the regulatory regime at both micro and macro level. In parallel, the great focus

on credit risk combined with the capital adequacy of FIs (Buncic and Melecky,

2013), led stress test exercises to disregard, other types of financial risks such as the

Liquidity risk.

Liquidity risk comprises the risk that a bank becomes unable to meet its liquid

needs (Drehmann and Nikolaou, 2013) and it is broken down into funding and market

liquidity risk. The former is the inability of an FI to cope with its liabilities while

the latter is the inability to trade an asset at its fair price (Hoggarth et al. 2001

and Ferguson et al. 2007). Even liquidity risk has been the subject of substantial

academic interest (see for example Diamond and Dybvig 1983, Vento and La Ganga

2009 and Hesse et al. 2012, and Ong 2014), their role in stress test models has not

been fully investigated. Current work in this area is primarily based on assessing

liquidity risk by examining banks reserves, overdrafts, credit, interbank loans and

the incoming payments from other banks (Čihák 2007) while the role of liquidity

risk to the stability of the financial system under the prudential regime has not been

fully assessed.

A recent attempt developed by Van Den End (2009) who endogenizes liquidity

risk for Dutch banks while considering first and second round e↵ects. The Monte

Carlo simulation results suggest that liquidity risk is non-linear and liquidity bu↵ers

should increase under stress events. Van Den End (2012) further develops this work

and the author assesses the e↵ect of adverse financial scenarios on the Basel III

liquidity ratios (LCR, NSFR) in a stress test framework. Even this study acts from
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the micro prudential perspective combined with the regulatory reforms, the lack of a

dynamic analysis for capturing the complexity of the financial system and the lack of

an analysis from the macro side of the economy by incorporating systemic liquidity

risk, led this analysis to omit the e↵ects of liquidity risk, its behaviour over the time

as well as the role of macro prudential framework within a stress tests application.

Systemic Liquidity Risk (SLR) is the probability that multiple financial insti-

tutions will face liquidity shortages at the same time (Schumacher and Barnhill,

2011). In order to measure SLR, both practitioners and researchers have devel-

oped systemic liquidity indices. For instance Brunnermeier et al. (2012) develop

a maturity index based on the cash flow approach while Jobst (2014) generates a

probabilistic measure of the frequency and severity of multiple entities experiencing

a joint stressed market liquidity event. In the same context of probabilistic measures

and market liquidity risk, the IMF has also developed SLR measures. For example,

Jobst (2014) combines option pricing with market information and balance sheet

data to generate a probabilistic measure of the frequency and severity of multiple

entities experiencing a joint stressed liquidity event.

In spite the rise of measures for systemic liquidity risk, these measures are built

up on probabilistic approaches rather than the quantification of the systemic risk. In

parallel, the focus of these studies to market liquidity risk leads the measurement of

funding liquidity risk systemic aspects to emerge. The macro prudential assessment

combined with liquidity requirements when counting for Systemic Liquidity Risk

comprises a significant omission.

On the other side, the systemic treatment of funding liquidity risk still remain at

an early stage. Severo (2012) constructs a systemic liquidity risk index (SLRI). The

main purpose is to calculate a liquidity premium in case of funding from public au-

thorities. With SLRI he examines equity return exposures while deriving a positive

association between SLRI and Net Stable Funding Ratio (NSFR) from Basel III.

In a similar context to funding liquidity risk, End and Tabbae (2012) aim to reveal

the systemic aspects arising from Dutch banks’ balance sheets. Specifically, through

the evolution of assets and liabilities they calculate the correlation of balance sheet
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changes across the banks. However, the analysis is carried out at a micro rather

than a macro prudential assessment while the quantification of systemic risk would

provide further information for banks’ reactions.

Although there is lack of systemic liquidity risk from the funding position of the

banks in a macro prudential stress test framework, there are a few studies developed

which shed light on liquidity risk and contagion e↵ects through interbank lending

with the use of network analysis. Cifuentes et al. (2005), assess FIs’ liquidity risk in-

terconnection when these institutions are subject to regulatory solvency constraints

and market’s demand trigger assets’ prices. In addition, Ladley (2013) focuses on

liquidity risk through an interbank computational model, in order to assess the con-

tagion risk arising from liquidity shortages. Furthermore, Krause and Giansante

(2018) model liquidity and solvency shocks, in order to investigate the ability of

banks to amplify systemic risk. Therefore, these computational methods such as

network analysis and dynamic agent-based models (ABM) allow to deal with non

linear dynamic environments and quantify the interaction of financial systems with

the real economy (Hommes, 2006), however in stress test applications computational

models remain at an infant stage.

In the next section (3.3), we provide the analytical framework for developing

a macro prudential liquidity stress test which with the use of the newly imple-

mented LCR, links the funding position of banks with the macroeconomic fluc-

tuations through the main transactions with other agents acting under the same

economy. In addition this model specifies the existence of systemic liquidity risk by

quantifying simultaneous liquidity shortages Banks’ face when acting under stress.

3.3 Model

The analysis is carried out with the use of an Agent Based Model, which is able to

capture the complexity of the financial system. Agent Based models fall into the

category of computational economics and their use in stress tests remains limited

(Demekas 2015 and Bookstaber et al. 2018). Agent based modelling comprises a
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forward looking approach, where parts of a system are modelled as autonomous

decision making agents who are interrelated (Darley and Outkin 2007).

Agent based models simulate aspects of real world conditions. Agents are bun-

dled data or behavioural methods under a dynamic, complex and adaptive system.

Through the use of agent based models we simulate the interrelation between the

macroeconomic and financial side of the economy in order to produce adverse but

plausible scenarios. An agent based model is an appropriate way to do this, as it

comprises not only forward looking models but also they can produce large dataset

of extreme events which can be rarely modelled with the traditional stress test

tools due to lack of real data (Tesfatsion and Judd 2006). The use of agent based

modelling in the area of stress testing overcome the limitations of the traditional

methods have been developed so far, such as the structural and reduced form ap-

proaches which proved unable to capture the complexity of the financial system,

to provide robust forecasting and to act as standalone tools. The assumption of

linearity and normality of these traditional models led these tools under perform in

times of market distortion (Bookstaber 2012).

The main objectives of macro prudential policy are to be fulfilled with the global

liquidity requirements as introduced by the Basel Committee (Cooke et al. 2015,

Calomiris et al. 2015, De Nicoló et al. 2012). This model studies the ability of the

LCR to capture the systemic liquidity risk due to economic cycle fluctuations in

a macroprudential framework for the Southern European economies populated by

heterogeneous interacting agents.

The behaviour of these di↵erent agents who exist and interact in an open small

economy, is assessed by also specifying their role in triggering simultaneous liquidity

shortages for 30 systemically important banks from Cyprus, Greece, Italy, Portugal

and Spain. The model closest antecedent is the process developed by Ladley (2013)

and Leduc and Liu (2016) which we expand by providing a more detailed account of

agents’ decisions and banks’ balance sheet and by exploring the existence of systemic

risk in the vein of Basel III framework under a stress test application.

Through this stress test framework, we fill both theoretical and methodological
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gaps arising in the area of stress tests as their framework indicate substantial lim-

itations, such as their inability to act as standalone tools (EBA wide stress tests,

2014-2016). We consider a model of a small open economy where, banks, (Lij) in-

teract with households (H ij), firms (F ij) and the government(Gij) under a macro

prudential environment (E ij) as defined by the European Central Bank (2016).

In the model there are N agents (households and firms) and M Banks. The

production possibilities contemplate a variety of homogeneous goods. Each firm

and household is characterised by the coe�cients ij where i denotes the economy

they are producing their goods and j the Bank they set up their transactions through

the deposit and lending activity.

The real sector is composed of Firms which produce and sell the homogeneous

consuming goods and form a relationship with theHouseholds. A firm (F ij) employs

labour of type i to produce a good which will be sold in the economy/market. Each

agent (Household) can be employed only in one firm. Employment and consumption

of goods evolve endogenously over time. Firms produce using labour only and they

denote their cost equal to the level of wages (wij) provided to the labour.

In the economy there is a fixed number of M banks indexed by m. Given that

banking competition is binding by the Market rules implied by European Banking

Authority (EBA) and the respective regime (Van Leuvensteijn et al., 2011), house-

holds and firms choose randomly the bank where they will set up their transactions.

In other words I proceed with the assumption that the market competition leads

banks to maintain similar levels for the interest rates they impose on o↵ering and

receiving funding respectively, leading households and firms to choose randomly the

bank that they set up their lending and saving transactions.

The banking sector provides credit to households and firms through loans when

the credibility of these agents is su�cient and their solvency based on their wealth

denotes the ability to serve these obligations. Prudential regulation constrains the

endogenous supply of credit in the economy. Beyond loans to households and firms,

banks also hold cash and government securities. Banks are heterogeneous in terms

of their balance sheets and may run out of liquidity if households and firms do not
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serve their loans, triggering substantial liquidity shortages.

The government comprises the economy where all the agents interact and is rep-

resented by the Gross Domestic Product (GDP ij) which denotes the advancements

in the economy, the gross of the production in the economy through the Exports and

Imports, the Investments and the total Consumption as well as the financial support

to the banking sector through the securities o↵ered to banks, namely the govern-

ment securities. Beyond these resources, the government has a gross debt from other

resources receiving in order to finance its activities, which should be served in order

to maintain the level of GDP and in turn the prosperity in the economy. All the

agents interact under this economy.

3.3.1 Macroprudential Framework

The Macroprudential Framework is based on a set of the main macroeconomic pa-

rameters as denoted by the ECB (2016) . The economy where all the di↵erent types

of agents interact is represented by the respective government where banks, firms

and households are located.

The government (Gij), is modelled as a function of National Income namely the

Gross Domestic Product (GDP i). Government’s decision making is characterised

through its main transactions which aim to specify the price stability, the economic

activity and the indebtedness of the respective economy.

GDP i = CPI i + INV i +X i �M i �Debti (3.1)

For the price stability we use the level of inflation, estimated by the Consumer Price

index (CPI i). Through the CPI we identify whether the price changes incentivise

households to increase or decrease the level of the consumption which constitutes

the main constraint when they have to decide between expenditure and saving as

well as between expenditure for consumption and loan payment. In addition, the

price stability is also used for quantifying the increase on firms’ production and in
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turn their value.

CPI i =
Consumptioni

Inflationi

(3.2)

Furthermore, the level of investments (INV i) combined with the volume of exports(X i)

and imports (M i) define the economic activity of the respective government and in

turn the ability of firms to maximise or not their net value. As long as the level of

investments and exports increase, firms’ net value also increases.

INV i =
Investmentsi

GDP i

(3.3)

AccountBalancei =
X i �M i

GDP i

(3.4)

Another component which specifies the Economy’s reaction function is the gross

debt (Debti) (3.5) which includes both the external, and the internal debt of an

economy such as the government bonds and other government securities.

Debti =
GrossDebti

GDP i

(3.5)

3.3.2 Firms

Firms use their profitsij as funds to the banks through current and term deposits

(dij) and they receive a return equal to the deposit rate (rdeposit). Each Firm (F ij) is a

non-bank entity, which has a loan contract with entity Bank (Lij) at an interest rate

settled by Banks (rloan). Firms receive funds from the banks through commercial

and corporate loans at an interest rate rloan at time T .

In this economy firms produce homogeneous goods and they receive inflows from

the trade of these through consumption, investments and exports. These cash inflows

comprise the main source of funding for the firm while combined with the amount

of loan received from the Bank, denotes the ability of firms to meet their liabilities

such as the cost of production and the loan interests. To this point, the cost of

production (cij), is the sum of wages (
PN

N=1
wij) provided to the labour.

Firms maintain rationality and aim to maximise their net value (NV ij) at each
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time step T and under the di↵erent economic conditions (3.6). The ability of firms

to repay or not the loan interest (loaninterest) and meet the level of cost, depends on

the level of the firms’ net value at each time step. When the economic state is good

firms repay the loan interest to the banks as well as the wages to the households.

When acting under stress economic conditions, firms are not able to repay the

loan as they prefer to place their inflows either for increasing their profits or covering

the cost of production. When firms inability to repay their loan obligations is for

multiple periods (not necessary sequential), it is then captured by the banks’ system

specification namely the non-performing loans (NPLs). In parallel, when firms’

inflows are not enough for also covering the cost of production and firms change

their strategy and place their inflows as deposits only while the the wages to the

households are getting equal to zero.

Firms’ reaction function is specified by the level of the Net Value while at each

time step the aim to maximise this value is constrained by the di↵erent levels of cost

they face under the di↵erent economic conditions.

arg maxNV ij (cashij + (1 + rdeposit)
t ⇤ dij � cij � loaninterest) (3.6)

where the loaninterest is calculated as follow:

loaninterest = Loanprincipal ⇤Di
f, Di

f =
[i(1 + i)T ]

[(1 + i)T � 1]
and i =

rloan
T

(3.7)

3.3.3 Households

Households (H ij) are non-bank entities, which aim to maximise their income (I ij)

at any time step. Households receive wages (wij) for o↵ering their homogeneous

good which is labour to firms (F ij). Households, use this wage as the main source of

income for saving and consumption. At each time step T households given the level

of wage they receive from firms, aim to maximise their disposable income (Y ij).

Households are also related to banks through deposits for which they receive

a return equal to the deposit rate (rdeposit) and through loan contracts at a rate
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which is set by banks (rloan). Loan contracts include consumer and other loans.

Being constrained from their expectations, households at each time step have choose

between saving and consuming.

Households aim to maximise their income (Y ij) at each time step T under the

di↵erent economic conditions (3.8). The ability of households to repay or not the

loan interest (loaninterest) and meet the level of consumption which satisfies them,

depends on their disposable income and its level at the di↵erent states. When the

economic state is good households repay the loan interest to the banks while the

consumption in the economy increases and in turn the performance of the economic

activity also rises (GDP i).

Under stress events, households should decide between their need to consume and

the obligation to pay back the loan interest. In these constrained states, households

decisions are driven by the firms’ actions, in other words the level of wages the

latter provide. Households’ financial constraints enhance their di�culty to serve

their loans to banks. When households cannot repay their loan obligations for

more than three periods (not necessary sequential) which turns loans with unpaid

instalments into non performing loans, and banks’ non-performing loans mechanism

is activated. This action leads banks decisions to other strategies in order to maintain

their funding position and being able to meet their liquid needs. Moreover, when

households’ level of wage is not su�cient to fulfil the optimal level of consumption

(csij), they make use of their savings which in turn lead banks to face substantial

outflows.

The households’ reaction function (3.8) is denoted by the maximum level of the

disposable income they have at each period of time under the consumption and

lending obligations constraints.

arg maxY ij (wij + (1 + rdeposit)
t ⇤ dij � csij � loaninterest) (3.8)
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where the loaninterest is calculated as follow:

loaninterest = Loanprincipal ⇤Di
h, Di

h =
[i(1 + i)T ]

[(1 + i)T � 1]
and i =

rloan
T

(3.9)

3.3.4 Banks

In order to address the lack of a liquidity macro prudential stress test, banks’

(Lij) position and reaction is assessed with the use of the Liquidity Coverage Ratio

(LCR)(3.10). The LCR assesses the funding position of Banks on monthly basis, in

other words the ability of banks to use their inflows such as liquid assets in order

to fund substantial outflows such as deposits withdrawals. The LCR calculates the

amount of liquid assets over the net outflows for a period of one month. The LCR

is defined as follow 1

LCR(ij) =
LiquidAssetsij
NetOutflowsij

� 1 (3.10)

The assets of Banks (Lij) consist of short term loans to households, firms and to

other banks, the cash and equivalent and the government securities. The liabilities

of banks are constituted by deposits to households, firms and other banks and other

contingent liabilities. We follow a stylised balance sheet approach in order to repre-

sent the relationship and the mismatch between the liquid assets and the potential

outflows the Bank will face under stress conditions. The LCR follows a stylised

balance sheet and requires that the assets side should be equal to the liabilities, in

other words, the sum of the liquid assets should be equal or greater to the short-term

liabilities, so in case of substantial bank runs the bank should be prepared to meet

its obligations.

At each time step banks aim to maximise the expected return arising from the

transactions with the other agents subject to the LCR E(LCRij) constraint (3.11).

The LCR for banks is calculated at each period T in order to capture the dynamic

treatment of the banks’ funding position and the evolution over the time, under the

1
Basel Accord indicates LCR thresholds for the banks, which have not yet implemented this

Regulatory ratio, which varies between 60% and 80% (BIS, 2014b)
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di↵erent economic conditions and the decisions developed by the agents interacting

in the economy.

arg maxLCRij (laij � lbij) (3.11)

where, laij are the liquid assets and lbij the net outflows

At T = 0 the bank o↵ers its funds to the respective agents by increasing the liquid

assets side, namely the consumer, corporate loans, loans to banks and government

securities. In the next periods, the bank is expecting to decrease the remaining loan

outstanding amounts while in order satisfy its expectations (E(LCRij)) the cash

and equivalent should raise by the amount of loan interests provided by the other

agents in the economy which include both loan capital and interest.

In parallel by setting up lending transactions with the economy’s other agents,

the bank receives deposits dij and generates an amount of liabilities which in order

to satisfy the LCR constraint, the volume of liabilities should not exceed this of

the assets. Under stress conditions, these obligations which comprise a substantial

source of funding for commercial banks turn into claims and banks are obliged to

cover these outflows.

3.3.5 Model Calibration

In this section, we present the summary statistics of the parameters used as input

in the model. We perform our analysis on commercial banks in the banking systems

of Cyprus, Greece, Italy, Portugal and Spain. We focus on the Southern European

banking sector because , even during the crisis, these banks were considered well

capitalised but still were unable to prevent significant losses on their balance sheets

and at the same time many of the banks were found to be illiquid. Additionally,

we are making use of the same group of banks as in Chapter 2 in order to provide

further information regarding the performance and the ability of the Basel III liq-

uidity measures, LCR and NSFR, to capture the economic vulnerabilities and assess

the key macrofinancial linkages even under di↵erent computational approaches. In

particular in Chapter 2 we investigate the e↵ects of macroeconomic indicators to the
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banks’ NSFR through a copula estimation, while now we are developing a computa-

tional approach for assessing the LCR. By definition the LCR investigates whether

banks are able to cover outflows on a period of 30 days, therefore the use of a model

capturing the time evolution is a prerequisite for estimating banks coverage ratio.

Similarly to Chapter 2, we use individual banks balance sheet and income state-

ments information. The analysis focuses on systemically important banks located

in Greece, Cyprus, Italy, Portugal and Spain, are collected. This gives 30 banks in

total for 2014. Although the initial search provided results for more than 41 Finan-

cial Institutions (FIs), 11 were eliminated to ensure the panel was well defined. We

consider only banks, which are rated by one or more of the rating agencies Moody's

Standard & Poor's and Fitch and which are used in European system-wide stress

tests. In addition to avoid double counting of banks we consider only banks with

consolidated statements and therefore exclude subsidiaries and branches as separate

financial entities. Thirdly, we consider only large banks where book value of assets

exceeds 1000 Euro millions for all years examined. Finally, any bank whose data is

incomplete of not qualified under the International Reporting Standards is excluded.

The bank level data are collected from Bankscope and Bloomberg databases. Ta-

ble 3.1, presents the descriptive statistics used for the LCR parameterisation and

the model set up. The LCR structure is the fraction of banks’ liquid assets over

potential outflows. For defining banks liquid assets we make use of consumer and

corporate loans, loans to other banks and the amount of cash banks’ hold as well

as government securities which comprise high liquid safe assets banks’ invest in.

For modelling the potential outflows, we model banks’ funding through the deposits

channel as well as other liabilities.

Table 3.2 displays the descriptive statistics for the macroeconomic indicators

as well as demographic information regarding households and firms data on in-

come, consumption and financial turnover respectively. Regarding the macroeco-

nomic environment, we focus on five macroprudential indicators; Gross Domestic

Product, Consumption, Inflation, Gross Debt, Account Balance (amount of imports

and exports) and Foreign Direct Investment based on the report developed by the
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ECB(2016) which provides the main macroprudential indicators . Each of these vari-

ables is collected for each country in our sample. The macro level data come from

World Bank, the European Central Bank datawarehouse and the OECD databases.

In parallel, for modelling the behaviour of households and firms we collected data

for households income, level of wages (in terms of basic salary) as well as financial

turnover of corporates for 2014.These data were also collected from Datawarehouse

and World Bank.
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3.3.6 Model Operation

This section details the order of events within each time period. At T = 0, the

models starts operating under the baseline scenario which means the current state

of the economy before introducing the macroeconomic shocks. In the baseline state,

households and firms choose the respective bank to receive credit and place their

savings through the deposits account.

Banks grant loans to households and firms according to their creditworthiness

by classifying debtors into resilient and not resilient based on households level of

income and firms’ net value. The model process acts under two di↵erent conditions:

(a) the Baseline 3.3.6 and (b) the Stress case 3.3.6.

In this section we first discuss the model process under the baseline case which

means the current state of the economy while in turn we analyse the economy’s

state under stress, how this stress is defined and incorporated in the models as

well as whether the agents’ decisions change and a↵ect the Banks’ funding position.

Furthermore, the assessment and quantification of systemic liquidity risk is also

discussed.

Baseline Scenario process

Banks credit assessment is specified by the borrowers’ income and net value respec-

tively as they determine the financial and economic situation of the loan applicants

and their potential future revenues (see for example Jiang 2007).The classification

of good and bad debtors (3.12 and 3.13) is to provide a positive answer to the fol-

lowing questions about a borrower demanding a loan:(i)Can the borrower pay the

loan?(ii)Does the borrower have enough revenues to pay the loan if a period of ad-

versity arises? Does the borrower demonstrates the ability to make wise decisions?

Furthermore, each bank commits to a lending rate prior to being approached by

borrowers with loan opportunities. Under this assumption, the market competition

leads banks to keep similar levels of the interest rates while households and firms

choose randomly the Bank that they set up their lending and saving transactions.
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Therefore Banks set the interest rate on new loans (loanij) as well as on deposits

(dij) held at the end of the previous period. The interest rate on loans is common

across all banks and it is fixed.

Firmij =

8
>><

>>:

good debtor, if NV ij > f(NV ij)

bad debtor, otherwise

(3.12)

Householdij =

8
>><

>>:

good debtor, if Y ij > g(Y ij)

bad debtor, otherwise

(3.13)

In parallel with the loan supply process, banks accept firms’ and households’

savings through deposits account for funding their activities. Firms and households

constrained by the level of labour costs (cij) and consumption (csij) respectively,

place their savings through deposits and receive a return equals to deposit rate

(rdeposit).

Firmij ! Bankij

8
>>>>>><

>>>>>>:

cash&equivalentijT = cash&equivalentijT�1
+ loaninstallment, if cashij > cij

cash&equivalentijT = cash&equivalentijT�1
+ loaninstallment, if cashij = cij

cash&equivalentijT = cash&equivalentijT�1
+ 0, if cashij < cij

(3.14)

Householdij ! Bankij

8
>>>>>><

>>>>>>:

cash&equivalentijT = cash&equivalentijT�1
+ loaninstallment, if wij > csij

cash&equivalentijT = cash&equivalentijT�1
+ loaninstallment, if wij = csij

cash&equivalentijT = cash&equivalentijT�1
+ 0, if wij < csij

(3.15)

Banks’ funding position is adjusted by the above statements (3.14) and (3.15)

and the economy’s performance. The ability of firms and households to serve the

loan payments, increases banks’ cash and equivalent account and in turn the liquid

assets.
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When firms and households are unable to serve their loan obligations for multi-

ple periods (not necessary sequential), then banks activate the NPLs account for

recording the non-performing payments (loaninterest) which are subtracted from the

initial value of the loan (Loanprincipal). In case of non-performing payments, the

liquid assets of the bank change as described in equation 3.16.

laijT = laijT�1
�

NX

n=3

LossV alueij (3.16)

Where laij is the current period (T ) banks’ liquid assets and n is the amount of

periods, firms and households do not provide the loan payments, which comprise

the LossV alueij.

Firms’ and households’ level of expenditure in labour and consumption respec-

tively, not only bind banks liquid assets position but also the amount of inflows

banks receive through deposits. Equations 3.17 and 3.18, explain firms’ and house-

holds’ decisions for saving or not, where banks’ should be able to react accordingly

and maintain the LCRij above the critical value of 70%.

Firmij ! Bankij

8
>>>>>><

>>>>>>:

df ijT = df ijinflows ⇤ (1� rdeposit), if cashij > cij

df ijT = df ijT�1
� df ijoutflows, if cashij = cij

df ijT ! 0, if cashij < cij

(3.17)

Householdij ! Bankij

8
>>>>>><

>>>>>>:

dhijT = dhijinflows ⇤ (1� rdeposit), if wij > csij

dhijT = dhijT�1
� dhijoutflows, if wij = csij

dhijT ! 0, if wij < csij

(3.18)
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Stress Scenarios process

The processes described above indicates the system’s state under the current eco-

nomic situation (baseline scenario). In order to develop the stress case, we specify

the shocks based on the main components which describe the Economy’s behaviour.

These components are the consumption (CPI i), the investments (INV i), the ex-

ports (X i) and imports (M i) and the gross debt (Debti). In order to define the stress

scenario, we assume the largest percentage change of these components and apply a

Monte Carlo simulation to these for producing the ✓ parameters which describe the

volume of the shocks.

These ✓ parameters follow a stochastic process in order to address the dynamic

specification our model. Let ✓ be a ⇥-valued stochastic process. For every finite

sequence T ’ = T 1, ..., TK 2 TK a random variable taking values ⇥K . To each out-

come ✓TK, there corresponds a function of TK. This function is called a realization,

or sample function of the stochastic process. In our case ⇥K represents the set of

macro prudential variables, and ✓ comprises the specific shock which corresponds to

time T = 2 and follows the random motion the macroeconomic shocks follow over

the steps the model acts. This process allows us to capture both the good and the

bad periods of the macroeconomic environment interrelated to the banking sector.

Given that the agents in the economy constitute the structure of this, they

comprise part of the economy’s performance. The implementation of the stochastic

shocks will not only change the economy’s behaviour but it will also a↵ect the

respective transactions with the banks, firms and households, namely through the

government securities, the net value and the income value respectively. By assuming

this, we firstly calculate the weight of Bankij (3.19), Firmij (3.20) and Householdij

(3.21) and use these weights in order to calculate the new states of these agents.

wGovernmentSecurities =

MP
M=1

(GovernmentSecuritiesij)

GDPi
(3.19)
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wNetValue =

NP
N=1

(NVij)

GDPi
(3.20)

wIncome =

NP
N=1

(Yij)

GDPi
(3.21)

The new state of the banks’ government securities, firms’ net value and households’

income, assist on investigating whether stress economic conditions are able to change

the agents’ behaviour (3.22).

AgentijNewState = weightAgentij ⇤ (1.0� (✓shocki ⇤GDPcomponent/GDPi)) (3.22)

The above equation (3.22), specifies the new state of banks, firms and households

and assists on defining these agents’ decisions and actions when acting under the

economic stress. Based on the agents’ rationality to maximise their return given

the economic state,we set up the process discussed in section 3.3.6, in order to

see whether agents’ transactions are changing or not when the economic conditions

change.

The scope of this analysis is to quantify the Banks’ LCRij, and see whether this

is under the critical value of 70%. In addition, as this model process is dynamic

we benefit from this and capture the systemic risk as this defined by Severo (2012).

Specifically, the model process run for a finite number of steps which allow for shed-

ding light on the LCR performance and the system’s simultaneous LCR shortfalls.

3.3.6.1 Scenario Analysis Parameters

Table 3.3 shows the ✓ parameters used for the specification of the macroeconomic

scenarios. These parameters are extracted from the historical macroeconomic indica-

tors largest percentage changes, for Cyprus, Greece, Italy Portugal and Spain. The

✓ parameters arise from a Monte Carlo simulation for di↵erent percentiles, namely

5%, 25%, 75% and 95%. These parameters indicate the changes of the macroeco-

nomic variables when counting for tail events, therefore for our analysis we use the
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95% percentile counting for extreme but plausible events.

By comparing across the parameters, it is possible to identify common linkages

among the di↵erent economies. Across all countries there is a similarity of these

parameters which indicate that the group of these di↵erent economies face similar

macroeconomic changes. The change in Investments and Gross debt further enhance

this, as the group of these counties is still subject of the debt crisis (Stracca, 2013)

which leads their creditworthiness to decrease.

The illiquid profile banks have since the recent financial turmoil made these

countries unable to attract investors’ interest while the economic condition is still

under-performing (World Bank, 2010). In order to avoid, liquidity risk overestima-

tion, we used the marginal change of these parameters and we assess our system

sensitivity under these plausible conditions as described in section 3.3.6.

In the following section, we discuss the findings of the above model process by

providing an analysis on the Banks’ reaction and the level of the LCR under the

di↵erent economic states. In addition, the systemic liquidity risk and how this arises

from banks’ main transactions is also provided.
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3.4 Results

In this section we present the key findings of our analysis and model process de-

scribed above. The agent-based model investigates the existence of systemic liquidity

risk led by a series macroeconomic shocks. The macroprudential stress test frame-

work we develop, reveals the existence of systemic liquidity risk arising from the

interrelation of the macro and the financial side of the economy. Also, our frame-

work uncovers the importance to incorporate funding liquidity risk when counting

for macroprudential stress tests and the systemic dimension triggered from the main

transactions of banks with other agents in the economy.

At each time step agents’ behaviour and their interactions with other market

participants, highlight the key macro-financial linkages which lead to simultaneous

liquidity shortages. Also, this analysis displays the ability of the LCR to capture

the existence of systemic liquidity risk which increases the probability of systemi-

cally important banks being unable to meet their liquid needs, simultaneously. In

addition, we show the levels and the degree to which households and firms trig-

ger substantial outflows considering at each time step the updated banks’ liquidity

demands.

The model is calibrated with banks’ balance sheet data and macroeconomic

indicators, while the analysis is applied on 30 systemically important banks lo-

cated in Cyprus, Greece, Italy, Portugal and Spain. This system, the economy and

the agents, initially operates under the baseline scenario. At T = 2, a series of

shocks arise endogenously and evolve through a stochastic process. From T = 2

and onwards our system operates under stress. The shocks are modelled through

a stochastic process which allow us to observe the evolution of the LCR based on

the transactions between banks and the other agents such as households and firms.

Both baseline and stressed states capture the economy’s heterogeneity, as the di↵er-

ent states count for e↵ects arising in each country’s macroeconomic environment.

The LCR behaviour under the di↵erent economic states (baseline and stressed),
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reveals that this regulatory liquidity measure is able to capture systemic e↵ects,

while our findings uncover valuable information for banks’ contingency planning

when systemic shocks arise. Specifically, further analysis for banks’ asset liability

allocation is provided, as the behaviour and the reaction of firms and households at

the di↵erent economic states, are assessed. Firms and households’ contribution to

systemic risk, through the Transactions of borrowing and saving (i.e. loan repay-

ments, deposits savings and withdrawals), is estimated.

3.4.1 LCR under Baseline and Stress Scenario

Table 3.4 provides the expected value of the LCR, on country level, under the

baseline and the stressed scenario. Our process operates for a finite number of steps

(T = 1, ..., 10) and the stress scenario is implemented from T = 2 and onwards,

where the shocks are applied and evolve for the next periods (T = 2, ...10).

From Table 3.4, we initially observe that under the baseline state, all banks in

our sample have su�cient liquid assets to cover potential outflows.2 An exemption

to this, is Portugal. Even under the baseline state, Portuguese banks indicate LCR

below the critical value of 70%. Portugal has been facing several occurrences of

a banking crisis, leading to “boom-bust” and “capital-flow bonanza” cycles (Borio

and Zhu, 2012; Reinhart and Rogo↵, 2009). In other words, during the pre financial

crisis period,“the main Portuguese banks began borrowing money intensively from

financial institutions abroad and started pumping enormous liquidity into the Por-

tuguese economy, leading to a dramatic bust, when the banks were no longer able

to meet their obligations” (Cardao-Pito and Baptista, 2017).

Moving to the stressed state of the economy, the results display that for all coun-

tries, except Italy, LCR under stress, is below the 70% threshold. Italian banking

system has a strong presence in our sample as the number of Italian banks is almost

double of Greece and Spain (13 in total). By following a series of experiments re-

garding the size of the Italian banking system (changes to the number of banks and

2
LCR on country level is the average of individual banks’ LCR located in the respective country
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Table 3.4: Expected Value of the LCR under baseline and stressed scenarios

Country Banks Baseline Stressed

Cyprus 2 225.50 69.90

Greece 6 160.39 52.96

Italy 13 124.27 70.41

Portugal 3 58.75 28.77

Spain 6 123.86 45.35

Table 3.4 provides the expected value of the LCR under the baseline and the stressed scenarios.

The LCR is shown in percentage points and is displayed on a country level - calculated as the

mean of the values for all banks in each country. The medians were also calculated, not shown,

and follow a similar pattern.

sub categorise banks into small and large), we observe that LCR indicates a positive

correlation with the size and the volume of the respective system. This sensitivity

and variability of the LCR highlights that by increasing the number of banks, we

eliminate the risk concentration in the financial system. The risk concentration can

amplify stress in the economy, such as the propagation of systemic risk. By including

in our analysis all the Italian systemically important banks (in total 13 banks), the

liquidity performance of the respective banking system improves and the expected

value of the LCR just meets the lower bound of the threshold, namely 70.4%.

Under the stressed economic conditions, the greatest reduction of the LCR is

for Cyprus. Whilst Cypriot banks have on average LCR equal to 225.5% during

the baseline state, under the stressed scenario, the LCR for these banks reduces

by 155.5%. The magnitude of this reduction explains the strong nexus between

the macroeconomic environment and the funding liquidity risk. Similar albeit great

reductions are observed for Greece, Spain and Portugal. In particular, the intercon-

nectedness between the macroeconomic environment with liquidity risk, lead banks

in Greece, Spain and Portugal to face substantial liquidity shortfalls up to 110%.

Greek and Spanish banks during the baseline state are above the 70% threshold and

seem to be able to meet substantial outflows, however the vulnerable macroeconomic

conditions propagate substantial shortages in the funding position of these banks.
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Taken together these results, it is evident the need for macro prudential analysis

of liquidity provision and in particular within a system wide macroprudential stress

test. In particular, the use of computational agent-based model underlines the dy-

namic treatment capability of these models, which captures the key characteristics

of an economy and provides the interconnectedness of dynamic systems such as this

of banking and the economic one. The expected value of the LCR is sensitive and

strongly linked to the macroeconomic fluctuations as well as to the preferences and

decisions of the agents interacting in the same Economy. Changes in the macroe-

conomic environment are very capable of pushing financial institutions into a state

whereby they are unable to meet their liquidity needs. The use of di↵erent macro

scenarios evolving endogenously in our model, highlights the degree of sensitivity

in banks’ funding position. Banks in Southern European region seem to be highly

liquid under the baseline state but are currently in a position whereby they fail

the tests as the interconnectedness between the macro environment and the funding

position of banks, measured by the LCR, is significant. The decrease of the LCR

even for highly liquid systems of banks during the stressed scenario, explain that

for a marginal change in the macro environment, banks face substantial liquidity

constraints and their LCR drops dramatically.

In the following subsection we examine whether the strong nexus between the

macro and the financial side of the economy leads to simultaneous liquidity shortages

in the funding position of banks. We also provide the key findings highlighting our

contribution on revealing and capturing systemic liquidity risk.

3.4.2 LCR and Systemic Liquidity Risk

Systemic risk di↵ers from the contagion one. Whilst the latter measures the con-

nectivity among the illiquid entities and counts for domino e↵ects (Iori et al., 2006;

Ahnert and Georg, 2018), the former estimates the probability that multiple fi-

nancial entities will face simultaneous e↵ects due to adverse market or economic

conditions (Schumacher and Barnhill, 2011).
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Figure 3.1: LCR expected value evolution from the baseline state to the stressed
periods

Figure 3.1 illustrates the existence of systemic liquidity risk and highlights the

dynamics our model captures. This figure provides the LCR evolution from T = 1 to

T = 10. We observe country level LCR for Southern European banks starting with

the baseline state at T = 1, following the macro economic shocks’ implementation

at T = 2 and continuing with the stress conditions from T = 3 to T = 10.

At T = 1, the value of the LCR is banks’ funding position at the current eco-

nomic state. The baseline state has as input the current values of banks, firms,

households and the government as these specified from our dataset.3 At the base-

line state, Southern European banks indicate su�cient liquidity levels. In particular,

comparing across countries, the level of LCR expected value varies from 125.0% to

50.0%. At T = 1 Cyprus, Greece and Italy meet the liquidity requirements imposed

by Basel III regulatory framework, as the LCR expected value equals to 85%, 80%

and 125% respectively. However, as discussed in section 3.4.1 an exemption to this

3
see Section 3.3.5 which provides details on the data used for the model calibration and the

baseline state of agents
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is Portugal and Spain. Portugal and Spain are not binding from the liquidity regu-

latory requirements and LCR (on country level) is close to the critical threshold of

60.0% and 70.0%. This behaviour can be explained by the risk profile Portuguese

and Spanish banks indicate in the pre-crisis period.

As stated by Veloz and Benou de Gómez (2007) and Baselga-Pascual et al. (2015),

Portugal and Spain display high levels of credit risk which has a positive correlation

with the liquidity one. Particularly, banks with higher levels of liquidity are less

likely to experience an increase in the default rate and vice versa. In addition,

the correlation between credit and liquidity risk is further examined by Gómez-

Fernández-Aguado et al. (2018) who estimate the credit profile of commercial banks

in Spain and concludes that stronger liquidity position for commercial banks is

associated with lower probability of default.

At T = 2, the macroeconomic shocks are introduced. Figure 3.1 displays that

LCR expected value decreases for all banks across the countries. Whilst our model

counts for agents and economies heterogeneity, the introduction of the macroeco-

nomic shocks indicates a similar reaction of Southern European banks to these

shocks. Specifically, we observe simultaneous shortfalls of the LCR expected value

leading up to 20% decrease. This behaviour not only explains the strong nexus be-

tween the macro and the funding position of banks but also this simultaneous banks’

reaction reveals the existence of systemic liquidity risk in Southern European banks.

Despite, banks’ reaction when macroeconomic shocks are applied (T = 2 ) re-

sulting a sharp decrease on the LCR expected value, at T = 3 banks LCR expected

value continues to decrease but at a slower pace. This behaviour explains that banks

do not proceed to any mitigation policy and continue their operation through the

key transactions they have with economy’s agents, namely households, firms and

the government. However, at T = 4 we observe that all banks in our system face

substantial liquidity shortfalls. LCR expected value goes below the threshold of 70%

and all banks in our system face substantial liquidity shortages as an outcome of

the vulnerable economic conditions.

At T = 4, Portugal displays the greatest shortfall compared to the rest of the
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sample, where the LCR expected value for the Portuguese banking system reaches

at 29% indicating a liquidity shortfall equal to 36.79%. Similarly to Portugal, Spain

faces a great recession as LCR expected value goes under the critical threshold of

70% and reaches 45%.

Apart from Spain and Portugal, Cyprus, Greece and Italy indicate substantial

liquidity shortfalls. At T = 4, Italian banks are almost below the critical value of

70% facing a shortfall equal to 21.21%. The liquidity shortfall Italian banks face,

highlights the nexus with the economic activity (Klusak et al. 2017 and Balassone

et al. 2018) but it also reveals that the size of the banking system can limit the

exposure to illiquidity as the risk concentration eliminates (Cerrone et al., 2017).

When T = 4, similarly to the rest of the Southern European countries, Cyprus

indicates its greatest liquidity reduction equal to 15%. During this stress period

the LCR expected value of Cypriot banks is slightly lower than the critical value of

70% though. The reason why the LCR expected value of Cypriot banks just only

meets the threshold of 70%, is the implementation of the bailout program. The

bailout program refers to a set of restrictions to Cypriot banks in order to limit the

amount of outflows they face (Xiouros, 2013). In particular, the bailout program

sets capital control requirements which enable Cypriot banks to avoid substantial

outflows through the firms and households deposits withdrawals. However, banks in

Cyprus face a substantial decrease on the LCR value. This decrease arises not from

the outflows side which have been limited due to the capital controls, but from the

amount of liquid assets Cypriot banks hold. The reduction of liquid assets consists

on firms and households inability to serve their loans and provide loan payments

to banks. The deposits haircut combined with deposits withdrawals limits, do not

allow households and firms to serve their obligations as the savings channel of these

agents has been diminished.

Furthermore, at T = 4 it is evident that all banks face simultaneously their

largest liquidity shortfalls due to macroeconomic shocks propagation leading to sys-

temic liquidity risk. Whilst T represents an 1-month period of time and the macroe-

conomic shocks are applied when T = 2 , we observe that banks face their largest
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liquidity shortages at T = 4. This time lag highlights that LCR assessment under

the Basel III Pillar II supervisory engagement through the Internal Liquidity Ade-

quacy Process (ILAAP), should be extended to more than 30-days stressed period.

Whilst, Basel III recommendations on the regulatory liquidity measures (BCBS,

2014) suggest LCR estimation in 1-month time horizon, the evidence of our analysis

is valuable for the macroprudential surveillance, as systemic liquidity risk appears

in 2-month time horizon.

Moving to the next periods we observe that all banks’ LCR expected value indi-

cates a persistent behaviour during the distressed period (T = 5 to T = 10). Once

banks faced the largest liquidity shortfalls, the expected value of the LCR remains

at the same level. This behaviour uncovers two key points which should be taken

into consideration when dealing with macro prudential surveillance and supervi-

sory engagement. On the one side, macro-prudential stress test developed so far,

deal with shortages banks’ face without taken into consideration further mitigation

steps banks should take, in order to deal with these substantial losses (Bouveret,

2017). On the other side, the LCR expected value persistence during the distressed

period has to reveal further information regarding the nexus between the macro

economy and banks’ funding position. In particular, this LCR constant level flags

that funding liquidity risk evolution over the business cycle and the macroeconomic

fluctuations should be further examined.

Complementary to the above findings, we present the LCR expected shortfall for

the largest banks located in Cyprus, Greece, Italy and Spain.4 We start analysing

the LCR expected shortfall, in other words the percentage change of the LCR,

starting from the baseline state and reaching to the distress period T = 6.

Table 3.5 provides the percentage change of the LCR for the largest banks of our

sample, from T = 1 to T = 6.5 We focus on the largest banks of our sample, as these

4
The size of banks is in terms of the amount of assets they hold

5
Table 3.5 presents the key events captured in our model. Specifically the 1st event refers to

the period between the baseline state and T=2 which is the macroeconomic shock implementation.

The 1st period of stress refers to the transmission from T=2 to T=3, while the 2nd period of

stress which is the period systemic liquidity risk appears, is the transmission from T = 3 to T = 4.

The 3rd and 4th period refers to the distress periods, from T=4 to T=5 and from T=5 to T=6

respectively
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banks indicate greater exposures in terms of lending and deposits activity compared

to the smaller commercial banks. These large banks indicate significant presence in

the domestic and international markets, thus their contribution to systemic risk is

of upmost significance to be further analysed (Begenau et al., 2015).

Comparing across individual banks’ funding position and the expected value of

LCR on country level, the findings specify that Individual banks’ funding position

has the same as the country level LCR reaction when macroeconomic shocks are

applied. Specifically, as displayed in Table 3.5, from the baseline state to the shock

implementation, the largest southern European banks indicate a significant reaction

and a shortfall in their funding position reaching up to 17.4%. Credito Emiliano,

Banco Santader and National bank of Greece face a decrease of the LCR expected

value equal to 17.4%, 15.8% and 11.7% respectively. However, when moving to

the next period (1st period of stress, from T = 2 to T = 3), these banks continue

facing a deterioration in their funding position but the LCR expected shortfall is

significantly smaller reaching up to 13% decrease. Similar albeit applies to the rest

of banks.

In the 2nd period of stress (from T = 3 to T = 4), all the banks reflect the same

reaction as the LCR on country level. In particular, the largest banks included in

our analysis indicate substantial outflows while the largest shortfall is for Banco

Commercial Portuguese. This bank’s LCR expected value when the macroeconomic

shocks are applied, equals to 45.5% while during the 2nd period of stress the LCR

drops by 36.8% and reaches the 28.8%. A similar behaviour is observed to the rest of

the banks for which LCR shortfalls vary between 8.5% (Bank of Cyprus) and 22.7%

(Banco Santader). Individual banks’ liquidity performance further support our key

findings which reveal the existence of systemic liquidity risk when the financial

system face adverse economic conditions.

Our findings highlight the existence of systemic liquidity risk. Also these results

emphasize our analysis’ contribution to perform macro-prudential liquidity stress

tests able to capture the interconnectedness between the macroeconomic environ-

ment and the funding liquidity risk of banks, which nexus can turn into systemic
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a↵ecting multiple financial entries simultaneously. In parallel, the evidence provided,

not only underlines the interconnectedness between the real sector and banks’ fund-

ing position, but also the macro shocks propagation to banks’ liquidity position

which leads to systemic liquidity risk in the Southern European banks.

The analysis of the LCR evolution combined with the key dynamics of our model

captures such as agents’ heterogeneity and financial system complexity, underlines

that LCR regulatory measure is able to catch the adverse economic conditions. How-

ever the LCR in order to reveal the existence of systemic risk and reflect successfully

the di↵erent economic states (periods), should be examined for more than 30-days

period. The extension of the LCR assessment from 1-month period to 2-months

assessment is of upmost significance as the key dynamics of funding liquidity risk

lagged the economic shocks.

Lastly, the economic shocks’ evolution through a stochastic process combined

with households and firms transactions, notify agents’ ability to serve loan obliga-

tions and savings to banks at each time step as a reaction to the respective economic

state. This premise is further enhanced by assessing the amount of loan payments

and deposits from the transactions with the households and firms which will be fur-

ther discussed in the next subsection (3.4.3), where we will focus on the decisions

of households and firms when acting under stress as well as on their contribution to

the banks’ liquidity shortages.
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3.4.3 Agents Behaviour

This section discusses the volume of liquid assets and outflows the banks face during

the baseline and the stress periods. We analyse the amount of liquid assets arise from

the transactions with the households and firms respectively, as well as the proportion

of outflows due to firms’ and households’ deposits withdrawals. These findings draw

conclusions on agents’ behaviour and transactions when they are binding from the

consumption and the cost of production constraints under the di↵erent states of the

Economy. Also these results assist on banks’ contingency planning, in particular the

asset and liability allocation, when adverse economic conditions arise.

Figure 3.2 indicates the volume of liquid assets provided from households and

firms to banks through the cash&equivalent account. These liquid assets refer to the

loan payments provided by households and firms loan payments. The blue area of

Figure 3.2 corresponds to the average amount of payments coming from households

to all banks in our system while the grey one is the amount of cash provided by firms.

The evolution of the liquid assets illustrate that during the baseline period (T = 1),

the volume of cash&equivalent banks receive from households is e 5.25 bn while

the amount coming from the transactions with firms is almost double. When the

macroeconomic shocks are introduced (T = 2) and during the first period of stress

(T = 3) both households and firms continue to serve their loan obligations while in

the second period of stress in the economy (T = 4) there is a simultaneous sharp

drop of these liquid assets. Specifically the amount of cash&equivalent provided by

households drops up to e 3.5 bn while almost half of loans provided to firms are

not regularly served. Thus the amount of cash&equivalent banks receive from the

transactions with firms decreases by e 3bn.6

The economic situation a↵ects households’ and firms’ decisions regarding the

level of consumption and financial turnover as well as the labour costs (amount of

wages). Particularly, households and firms are forced to reallocate their disposal

6
Under the baseline state banks receive almost e 8.25 bn in total from the transactions with

firms while at T = 4 this amount equals e 5.25 bn
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income and net value respectively, due to adverse economic conditions . Thus as

rational agents, households and firms relocate their expenses given the new state of

their revenues, wages and cash respectively. The reaction of these agents and the

decrease in banks cash&equivalent account signals how real sector triggers simulta-

neous shortages to banks’ funding position leading to systemic liquidity risk.

Complementary to these findings, Table 3.6 provides details on the liquid assets

shortfalls banks face at each time step focusing mainly on T = 4, which is the

time period, systemic liquidity risk arises. we provide these findings in order to see

which time step T banks’ liquid assets indicate their greatest shortages. These result

explain households and firms contribution to banks’ funding position deterioration.

To this point, agents’ decisions and actions to serve their loan payments combined

with the development of the non-performing loans mechanism, we conclude that

banks face liquidity shortages and we estimate whether banks should change or not

their preferences regarding the type of customer (agent) they choose to provide their

funds.

Table 3.6 highlights that the percentage change of liquid assets from both house-

holds and firms is the same by the time the macroeconomic shocks take place (from

T = 1 to T = 2). These are relatively small values (ranging from -1.2% to -1.96%)

as the shock has not yet fully a↵ected the agents’ actions. The magnitude of the

shock becomes apparent from the first period (T = 3) of stress where banks’ liq-

uid assets coming from firms’ transactions indicates a stronger negative e↵ect than

households do. At T = 4 a steep decrease of banks liquid assets coming from the

transactions with households and firms, is displayed. However, households indicate

a greater than firms inability to provide loan payments to banks. The reason why

banks’ cash&equivalent account face substantial drops due to households inability

to provide loan payment, is because of the decrease in the level of wages. The ad-

verse economic conditions, lead firms to cut labour costs in order to maintain and

maximise the level of net value.

In Portugal, where the banking system has been shrinking (Greenwood et al.

2015) households lead banks’ cash&equivalent account to a decrease equal to 79.55%
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. This is the largest decrease compared to the rest of commercial banks for the second

period of stress (T = 4), with Greece and Spain lagging behind. In contrast, Italian

banks have the smallest decrease in cash&equivalent account. To this point, the size

of the Italian banking system as also highlighted in the previous subsections plays

a key role, as the liquidity risk concentration risk concentration is split among the

banks.

Firms on the other hand, demonstrate milder decrease in the funding position of

banks, compared to households. However, also in the case of firms, Portugal displays

the largest decrease in banks’ cash&equivalent account. Portuguese firms’ activity

leads to a 45.71% decrease in banks’ cash&equivalent, resulting a respective decrease

in the expected value of the LCR.7 This reduction is due to Portuguese firms’ size

and activity, which is shrinking dramatically. The deterioration in Portuguese firms

size and activity is an outcome the economic activity which does not allow firms to

meet their maximum value (Braguinsky et al., 2011).

Cyprus has the smallest shortfall in cash&equivalent account. During the stressed

event, Cypriot firms contribute to the LCR shortfall by -9.95%. Even during the

macroeconomic crisis, Cypriot firms were able to overcome market vulnerabilities

and financial constraints, as these firms indicate significant international presence

through their corporate activities. Cypriot firms resist the crisis from the levy im-

posed on banks’ deposits, leading these firms to lose only 5% of their pre-crisis net

value (Hardouvelis et al., 2016).

7
See Section 3.4.2, which provide details on the LCR expected value evolution and shortfalls at

each time step
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Figure 3.2: Liquid Assets behaviour during baseline and stress period

In order to fully capture households and firms’ contribution to LCR substantial

shortfalls leading to systemic liquidity risk, we analyse the amount of outflows banks

face from the transactions with households and firms over the time (from T = 1 to

T = 10). Whilst the outflows banks’ face seem to be stable over the time, which

means that agents to do not proceed to substantial deposits outflows, at T = 4

where systemic liquidity risk appears we observe that the amount of outflows from

households and firms increase by e 0.25 bn and e 0.8 bn respectively. To this point,

LCR counts for the amount of outflows and the ability of banks to cover these

outflows through their liquid assets. However, households and firms reaction related

to their savings and in turn deposits withdrawals, indicates that the LCR shortfall

relies more on agents inability to provide loan payments rather than to withdraw

deposits and increase the amount of outflows banks face.
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Figure 3.3: Deposits Outflows arising from transactions with households and firms

The red dotted line displays the deposits from households and highlights that

these agents, even during the distress period, do not proceed to substantial with-

drawals. This behaviour is explained by the amount of loan payments (liquid assets)

provided to banks which decrease significantly over the time, highlighting that house-

holds prefer not to serve the loan obligations rather to withdraw deposits in order

to finance their activities.

Figure 3.3, shows the evolution of households and firms’ deposits on average,

for all the banks in our sample, from T = 1 to T = 10. The blue line shows the

deposits from firms, hese indicate a a greater decrease than this of households. Firms

during the stressed period withdraw almost e 1bn from their deposits. Despite, this

increase in banks’ outflows, firms in order to sustain the level of their net value, they

proceed to substantial delays of the loan payments (see Figure 3.2) reduce labour

costs reduction, which force households to make use of their savings.

To this point, in Figure 3.3, the red dotted line displays the deposits from house-

holds and highlights that these agents, even during the distress period, do not pro-

ceed to substantial withdrawals. This behaviour is explained by the amount of loan
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payments (see Figure 3.2) provided to banks which decrease significantly over the

time, highlighting that households binding from the decrease their wage due to firms’

decision to reduce labour costs, decide not to serve the loan obligations rather to

withdraw deposits. As rational agents, the decrease of their income through the

wages channel, create further insecurity, which prevent households from making use

of their savings in order to finance their activities and obligations.

Furthermore, another reason which explains the evolution of banks’ outflows is

the global financial crisis of 2007-2008. As a consequence of this financial turmoil,

countries such as Cyprus and Greece of countries faced structural changes in the

Financial and Fiscal policy. These reforms enable Banks to set a threshold amount

of deposits withdrawals (Hardouvelis et al., 2016). in particular, in Cyprus and in

Greece, capital control and deposits haircuts were applied for preventing further

liquidity drainage to the banking system (Monokroussos et al., 2015).

The break down of the LCR liquid assets and outflows, combined with further

information on households and firms contribution to systemic liquidity risk, should

be the focus of banks’ management. This analysis contributes to banks’ contingency

planning, not only banks to identify the sources of systemic risk (i.e. macroeconomic

fluctuations) but also to draw outcomes about the contribution of real sector agents

to substantial liquidity shortages, these banks face during periods of stress. This

process is of upmost significance, in order banks to enhance and build up e�cient

business models during distress periods. Banks need to cope with liquidity risk fast

in periods of crisis as their capital base is already at a critical stage. Thus, the

estimation of the volume of liquid assets, cash&equivalent, non-performing loans

and deposits outflows is necessary for banks to withstand shocks.

3.5 Concluding Remarks

In this paper, we examine the role of funding liquidity risk and its systemic dimension

with the use of the regulatory LCR liquidity ratio, under a macro prudential stress

test framework. Through this analysis, we assess the levels of the LCR under both a
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baseline and a stressed scenario. We measure the changes of the banks’ liquid assets

and outflows based on households’ and firms’ decisions led by the disposable income

and net value constraints respectively. We conduct the analysis in an environment

where the macroeconomic fluctuations a↵ect households and firms decisions under

both the baseline and the stressed scenarios.

We derive the LCR expected shortfall for all banks acting under the same econ-

omy. Our analysis reveal that LCR experiences its greatest reduction during the

second period after the shock implementation. Our results indicate that LCR should

be treated for a more than 30 days period in order to capture the time lag between

the economic and the financial stress. Therefore the LCR assessment over 30 days

is not able to capture the whole aspect of the stress. As banks’ funding position is

defined by the transactions with households, firms and the government, this means

that the financial system cannot immediately react to the economic stress.

We find evidence that banks’ business model and transactions contribute more

to the LCR deterioration. The cash inflows and the outflows of banks coming

from households and firms respectively, imply that banks’ contingency planning

and model should be continuously monitored, during periods of economic stress.

The use of ABM in our study reveals the need of analytical frameworks instead of

the traditional econometric and statistical approaches when dealing with scenario

analysis. Hence, ABM assess the position of banks as well as other agents’ behaviour

when acting under the same economic environment.

A key result of our study is highlighting the need to complement the macro

prudential framework with the assessment of systemic liquidity risk. This need seem

to be amplified when dealing with di↵erent banking systems. The examination of

liquidity risk arising from the funding position of banks with the use of the Basel III

LCR, provides further insight on the financial stability framework. In addition, this

study contributes to prudential framework from the micro aspect of this regime as it

reveals information regarding banks business model. The behaviour of households,

firms and the government illustrates that banks should reconsider their business

models and act in a more prudent way in intermediation activities .
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The sensitivity of the LCR over the marginal fluctuations of the macroeconomic

environment combined with existence of systemic liquidity risk illustrate the strong

linkage between the macro side of the economy with the funding position of banks.

This study shows the importance of considering liquidity risk when conducting stress

tests as well as the validity of the regulatory framework in liquidity risk as assessed

through the LCR. The model and the dynamics captured from our analysis comprise

a useful tool and substantial evidence for macroeconomic surveillance and supervi-

sory engagement.

However, this framework can be further expanded and count for feedback pro-

cesses. The application of multiple feedback process will provide evidence on finan-

cial risks behaviour such as funding liquidity risk, and will reveal banks’ ability to

withstand systemic risk e↵ects and recover their funding position. For this scope,

the following Chapter extends the current macroprudential stress test framework

by incorporating a series of multiple feedback responses and assess whether banks’

liquidity position recovers.

Lastly, given that most of the stress test analysis are lacking contingency plans

when assessing the financial position of banks, the agent based process provides a

guide to the volume of fund flows that banks should hold in order to cope with

severe liquidity shortages. Our results are rather appealing to regulators and policy

makers alike. Hence, we provide ample evidence that helps in designing robust and

forward looking frameworks for establishing and maintaining financial stability and

prudential policies.
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Chapter 4

When liquidity risk becomes procyclical: A multi agent

feedback process

Abstract

This study presents a macro prudential stress test model including for second round

e↵ects. With the use of a multi agent stress test approach, we investigate liquid-

ity risk’s evolution when banks operate under adverse but plausible macroeconomic

shocks. In this paper, the interaction of banks with firms, households and the

economy, reveals funding risk’s pro cyclical behaviour, when systemic risk appears.

Simultaneously, banks develop a series of responses for facing the economy’s vul-

nerabilities. These responses uncover the second round e↵ects which arise in banks’

funding position, and provide evidence about funding liquidity risk behaviour. The

results of this process show that, the development of adjusted liquidity channels

supports banks to resist to economic recession. However the pro cyclical behaviour,

liquidity risk indicates, leads banks to face substantial shortages in the balance

sheet. By addressing the adjusted channels and counting for banks’ responses, we

contribute to the area of second round e↵ects, that banks should consider to set up

their funding planning.

JEL classification: C63; G01; G17; G18; G21

Keywords : Macroprudential Policy; Stress Test; Liquidity Risk; Procyclicality; Agent

Based Model;
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4.1 Introduction

Post the financial crisis of 2007-2008, policy makers and regulators revised the re-

quired reforms, for promoting and sustaining the safety in the financial system. One

of the primary objectives they focused on, was the design of new regulatory reforms,

the amendment of existing ones and the development of tools which act as early

warning indicators and reveal system vulnerabilities (BCBS, 2017).

The financial soundness indicators developed by IMF (2006) and Drehmann and

Juselius (2014) proved mechanical than analytical tools for monitoring financial

institutions performance. Therefore, policy makers and regulators proposed advance

risk management methods for financial resilience assessment. Stress test models

comprise these risk monitoring methods, in order to examine the resistance of FIs

to financial and economic vulnerabilities.

Stress test models attracted academics’ and policy makers’ interest, who pro-

vided substantial advancements in such core area (Foglia, 2009). Despite these

advancements and the rapid rise of the stress test models, a series of limitations led

these applications to still emerge. These limitations refer to the the great focus on

asset quality review, by omitting other financial risks, such as the funding liquidity,

combined with traditional econometric applications, which are unable to capture

the complexity of the financial system (see for details Borio et al. 2014).

Whilst the scope of stress tests is to provide financial and economic information

required for policy makers’ decision making, these applications proved unable to

address this scope (Haldane, 2009). This financial and economic information con-

sist on the development of feedback mechanism, in order to capture second round

e↵ects. By developing banks’ responses to economic and financial shocks, the imple-

mentation of a feedback mechanism in a stress test process captures the evolution

of financial risks under long periods of stress, especially when these risks comprise

an outcome of systemic or contagious e↵ects. However, the stress tests models de-

veloped so far lack these mechanisms because of the reliance on rather econometric
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than analytical computational approaches (e.g. agent based models).

By incorporating feedback assessments when carrying out stress test models,

the evolution and pro cyclical behaviour of financial risks reveal that policy makers

can draw outcomes about financial risks and economic cycle fluctuations (Landau,

2009). Even second round e↵ects are not fully addressed by the stress test models

developed so far. The academic literature on financial risks’ pro-cyclical behaviour

displays significant evidence of credit risk and its cyclical patterns to business cycle

fluctuations (see for example Bikker and Metzemakers 2005; Bouvatier and Lepetit

2008; Repullo and Suarez 2012; Bertay et al. 2012). Besides these attempts, funding

liquidity risk pro-cyclical behaviour remains at an early stage (Kim et al. 2013 and

Athanasoglou et al. 2014) and combined with liquidity stress tests’ inability to count

for second round e↵ects, it leaves ample space for further research.

Our analysis contributes and provides evidence to the very limited studies on

funding risk and its pro-cyclical behaviour, by implementing novel multiple feed-

back mechanisms which assess and quantify cyclical patterns arising from the main

macro financial linkages. The use of a data driven agent based model comprises an-

other significant contribution in the area of stress test methods as it acts as a unified

process. In particular we extend the model developed in Chapter 3 and we perform

novel multiple feedback processes. The implementation of multiple feedback pro-

cesses accommodates for complex financial systems such as the banking one. Our

analysis counts for banks’ responses through the development of multiple feedback

process which investigate funding liquidity risk’s pro-cyclical behaviour. This study

is the first to consider the implication of multiple feedback mechanisms on Basel III

liquidity measure (LCR) under a state of economic stress.

We carry out the analysis by setting up a system where banks, households, firms

and the government interact. Our framework counts for both baseline and stressed

periods, where the transactions of banks with other agents are modelled to react to

the development of LCR through banks’ balance sheet. In addition, in order to count

for multiple feedback processes we incorporate second round assessments through

banks’ responses to systemic liquidity shortages. Banks’ responses comprise the
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adjusted liquidity channels which focus on the loan supply restriction, the increase

on high quality liquid assets, i.e. government securities and the fire sales when banks

are unable to meet their liquid needs.

The model operates on a finite number of steps where all the agents aim to max-

imise their returns under their constraints. This process goes beyond the traditional

stress test approaches as it provides a unified stress test method, able to act as stan-

dalone tool. To this point, the development of the feedback mechanism reveals the

LCR evolution and funding risk pro cyclical behaviour to adverse economic changes.

Our results illustrate the pro-cyclical behaviour of funding liquidity risk, under

the examination of adverse macroeconomic scenarios. Specifically, the LCR, under

stressed economic conditions, displays simultaneous shortfalls for all the banks in

our system, while the largest shortfall reaches 40% on average for the whole system.

Another characteristic is that the size of banks (in terms of assets) combined with

the adjusted liquidity channels, assist on maintaining the LCR above or close to

70% threshold. Large banks’ LCR drops as the economic recession unfolds. How-

ever, it takes longer for these banks to fail below this threshold. With regards to

small banks, these go below the 70% LCR threshold and even when adjusted re-

sponses are activated, these banks are unable to recover or maintain their funding

position. In addition, the decisions and rationality of firms and households lead to

further investigation of the LCR behaviour, as households’ contribution to the LCR

deterioration is greater than that of firms’. Households indicate substantial amount

of deposits outflows and combined with banks’ responses to systemic risk and the

increase in lending rates, underline the LCR continuous reduction.

Overall, our results highlight the substantial role of macro prudential policy in

the area of financial stability and points out to the need for developing analytical

unified stress test models, counting for second round e↵ects. We provide clear ev-

idence that the linkage for prudential policy and macro level transactions, as well

as the implementation of feedback mechanism reveal further information for banks’

business model and assist in banks’ funding planning.

The remainder of this paper is structured as follows. Section 4.2 reviews the
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relevant literature. The methodology and model specification is presented in Section

4.3, while results are given in Section 4.4. Section 4.5 concludes.

4.2 Related Literature

This section discusses the relevant literature within liquidity risk and pro cyclical

behaviour as well as stress tests and their ability to capture second round e↵ects.

This section denotes whether funding liquidity risk is pro-cyclical and reveals the

need to investigate liquidity risk evolution when systemic aspects arise. In addition,

a discussion and analysis for the stress test models and their ability to count for

second round aspects is also provided.

4.2.1 Funding Risk and Pro cyclical behaviour

The inability of banks to meet their liquid needs, directly relates to their liquidity

profile and signals the existence of liquidity risk, namely the funding risk (Drehmann

and Nikolaou, 2013). Funding liquidity risk comprises a forward looking type of risk,

measured for a specific time horizon (Brunnermeier and Pedersen, 2008). Funding

liquidity focuses on banks balance sheet evolution and the cash flow mismatch arising

from banks main financial activities through assets and liabilities (Bryant, 1980;

Allen and Gale, 2004, 2009).

Besides funding liquidity risk, the financial crisis of 2007-2008 underlined the

existence of market liquidity risk. The rise of sub-prime loans and securities led to

substantial drops to assets’ prices (Blanchard, 2009), which revealed the existence

of liquidity risk in the market and the lack of trust in the financial transactions.

According to Ferguson et al. (2007), market liquidity risk is the inability to trade

an asset at the fair price. In addition, the financial policy committee in Bank of

England defines market liquidity risk exists when ”the demand for liquidity exceeds

the supply” (BoE, 2017a).

Whilst, the existing literature attempts to provide evidence regarding liquidity

risk, at both funding and market aspect, this type of risk still emerges. Bai et al.
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(2012) uncover the importance of market liquidity risk through an in depth assess-

ment of this risk behaviour, but the assessment of funding risk and its evolution

over the time highlights the need to investigate funding liquidity risk pro-cyclical

behaviour.

As stated by Landau (2009), pro cyclicality is ”the tendency of financial variables

to fluctuate around a trend during the economic cycle”. For the banking system,

the term pro cyclicality is explained as the behaviour of financial risks and their

relationship with the economic activity (Athanasoglou et al., 2014). The assessment

of funding risk and the its evolution over the time, highlights the need to examine

this risk’s behaviour.

Studies developed so far regarding banks’ procyclical behaviour (Bikker and Met-

zemakers 2005, Bouvatier and Lepetit 2008, Repullo and Suarez 2012 and Bertay

et al. 2012), tend to focus on banks’ credit risk and capital requirements rather than

liquidity risk. In particular, Bikker and Metzemakers (2005) assess banks’ portfolios

and the relation with the economy’s performance, through an econometric estima-

tion, they reveal the inter-linkage between credit risk and the economy’s behaviour.

Results show when banks act under economic recession, credit portfolios’ riskiness

increases. In the same direction Jesus and Gabriel (2006) assess the evolution of

credit risk and its interrelation to the business cycle fluctuations based on macro

prudential tools for measuring credit risk, such as the loan loss provisions. Also a

recent study provided by Tasca and Battiston (2016) focuses on credit risk procycli-

cality. The authors carry out a network model that captures credit risk dynamics

and the contagion counting for pro cyclicality between asset prices and financial

leverage.

Pro cyclicality in banking risks has been assessed under di↵erent perspectives.

Whilst the current literature indicates a great focus on credit risk procyclicality

(Shin, 2013), current studies also reveal the need to investigate leverage and liquid-

ity risk pro cyclical behaviour. As suggested in a policy paper by Bank of England,

leverage pro cyclicality, is the association between leverage and the business cycle

(Saporta, 2009). To this point, Acharya and Ryan (2016) and Rauter (2016) rec-
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ommend to capture leverage pro cyclicality by looking at the association between

leverage growth and the business cycle. Particularly, Rauter (2016) documents

strong pro cyclicality of leverage and show that fair value accounting contributes to

the positive relation between the GDP growth and leverage growth during expan-

sionary periods. In the same direction, Olszak et al. (2016) underline that during

the non-crisis periods, leverage is not pro cyclical, while leverage pro cyclicality is

visible during crisis period.

Beyond credit and other banking risks, other types of risks have also been found

to be pro cyclical. According to an IMF study (Andritzky et al., 2009), funding

risk is pro cyclical to market changes while a recent analysis developed by Kim

et al. (2013), identifies banks’ cyclical patterns between monetary aggregates, such

as core and non-core funding, and financial vulnerability. Also, Olszak et al. (2016)

show that liquidity risk is pro cyclical during non-crisis period while during crisis

period this risk becomes countercyclical. However, there is not enough evidence

revealing funding liquidity risk pro cyclicality as the current literature partially

addresses the funding risk behaviour. A series of studies highlight the need to move

from traditional credit risk assessment to other types of financial risks such as the

market and the funding liquidity. Specifically, Athanasoglou et al. (2014) in their

paper on banks’ behaviour and policies to mitigate pro cyclicality underline the need

to incorporate into risk management tools, such as stress tests, the assessment of

funding liquidity risk and its evolution over the economic cycle, in order to identify

potential cyclical patterns.

Despite the need for funding risk pro cyclical behaviour to be investigated, recent

developments in financial and prudential policy tools indicate rather mechanical

than analytical processes (Andritzky et al., 2009), which cannot fully incorporate in

depth liquidity risk examination, which is required for banks’ contingency planning.

Stress test processes fall to the category of financial resilience assessment, however

the models developed so far and the way they treat liquidity risk omits funding risk

and its relation to pro cyclical behaviour.
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4.2.2 Stress tests and second round e↵ects

Stress test models comprise an indispensable part of the financial stability assess-

ment framework. In order to promote the resilience of FIs, academics and practition-

ers reinforced their e↵orts to provide stress test techniques able to capture financial

and economic stress and draw outcomes regarding banks’ financial performance.

Despite the rise of stress tests (see for example Boss et al. 2006a, Čihák 2007,

Quagliariello 2009, Foglia 2009 and Demekas 2015), and their crucial role they hold

for sustaining financial stability (Dees et al., 2017), these models are still unable

to act as standalone tools. In addition, stress tests are still unable to address the

complexity of the financial system (Borio et al., 2014) and to be informative for

policy response (Galati and Moessner 2013,Haldane 2009 and Čihák 2007).

These limitations stem from stress tests’ inability to fully provide all the required

information for a complete assessment of both micro and macro prudential frame-

work, necessary for banks’ contingency planning and policy makers and regulators’

decisions. In particular, the stress test models which have been developed so far do

not present a concrete framework for a feedback mechanism which can incorporate

the main macro financial linkages and underline banks’ responses when acting un-

der stress. Additionally, by neglecting financial risks such as the funding liquidity,

required for banks’ funding planning, stress tests models do not fully address and

contribute to the new prudential reforms, while the behaviour financial risks under

economic recession is also omitted.

Liquidity risk has been the subject of academic interest (see for example Di-

amond and Dybvig 1983, Vento and La Ganga 2009 and Hesse et al. 2012, and

Ong 2014), while studies in the area of stress tests and funding liquidity risk assess

banks reserves, overdrafts, interbank loans and funds from other banks (Čihák 2007).

However, the investigation of liquidity risk within stress tests scenario analysis, the

evolution and association of liquidity risk to macroeconomic changes (procyclical be-

haviour), as well as banks’ responses to substantial funding shortages for revealing

liquidity second round e↵ects on banks balance sheets, are still at an infant stage.
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To this end a study developed by Van Den End (2012) investigates the e↵ect of

adverse financial scenarios on the Basel III liquidity ratios (LCR, NSFR) in a stress

test framework. This analysis attempts to take into account liquidity second round

e↵ects. However, the lack of a dynamic treatment for capturing the complexity of

the financial system and the lack of an analysis from the macro side of the econ-

omy, leaves ample space for further investigation of the main inter-linkages between

liquidity risk and the economy’s performance. Additionally, the behaviour of liq-

uidity risk to economic recession as well as banks’ responses to substantial liquidity

shortages, are needed for a complete evidence to both macro and micro prudential

reforms.

Second round e↵ects comprise the changes in financial variables, when banks

and other FIs respond endogenously to financial and economic shocks (Mart́ınez-

Jaramillo et al., 2010). Whilst policy makers and regulators highlight the need to

incorporate second round e↵ects when applying stress test simulations (Haldane,

2009), only a few stress test studies address these e↵ects while the great focus is on

credit risk, capital requirements and bank losses (Mart́ınez-Jaramillo et al., 2010).

In particular, a recent attempt focusing on second round e↵ects mechanism,

has been developed by Martinez-Jaramillo et al. (2014). With the use of network

analysis, the authors estimate the distribution of banks’ losses after the detection

of contagion risk in the system of banks. While this approach comprises a step

forward to the traditional stress test applications, the evolution of risk factors’ after

the second round e↵ects implementation is needed for a concrete risk analysis.

Another study which contributes in the area of second round e↵ects by providing

banks’ responses channels is this of Cohen and Scatigna (2016). In their analysis,

the authors design adjustment capital channels for modelling banks’ responses to fi-

nancial and economic shocks. With the use of econometric estimation, they conclude

that banks, after the responsive channels application, indicate a prudent behaviour

with an increase in safe assets while sustaining their profitability and capital levels.

Despite, the analytical banks’ responses provided in this paper, the use of econo-

metric estimation and the lack of banking factors evolution, for capturing potential

113



pro-cyclical behaviour, is required.

Second round e↵ects are also addressed in the wide stress test analysis carried out

by central banks. The European Central Bank (ECB), under the framework of asset

quality review, carries out a series of responses in order to draw outcomes about the

evolution of capital shortfalls, loan supply and banks’ probability to macroeconomic

changes. With the use of Global Vector Autoregressive Models (G-VAR), they

count for credit risk procyclicality to potential economic recession. However, the

great focus on credit risk combined with the reliance to econometric applications,

such as reduced form models, not only omit other types of financial risks but also

cannot provide a detailed analysis due to econometric techniques limitations.1

In the same direction of asset quality review, the Bank of England stress test

model overcomes the limitations of econometric estimations when counting for sec-

ond round e↵ects and applies a network analysis, which assists in investigating credit

market risk evolution through assets’ prices depreciation followed by fire sales (BoE,

2017b). This process provides a great insight to the built up of second round e↵ects.

However a further analysis on the evolution of funding risk combined with banks

responses would be required.

The current literature indicates a field on the rise through attempts to account for

banks’ second round e↵ects, when operating under stress. These highlight the need

to provide a detailed framework for capturing second round e↵ects. In addition,

the inability of including, substantial risk factors and monitor their evolution for

measuring potential pro-cyclical behaviours, underline that this area emerges.

4.3 Model

This model develops a mechanism for assessing the evolution of funding liquidity

risk after the detection of systemic behaviour led by macroeconomic fluctuations. In

other words, based on the model developed in Chapter 3, we extend the process and

1
See Acharya et al. 2014 for a full description of reduced form models limitations, such as the

assumption of linearity
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count for second round e↵ects in banks’ funding position. Particularly we develop

multiple feedback processes, filling both theoretical and methodological limitations

in the area of wide stress tests. The use of the Agent-based model allows to perform

simultaneous feedback channels in order to provide a unified stress test process

acting as standalone tools (Borio et al. 2014).

The purpose of this analysis is to investigate whether banks’ reaction, with the

activation of multiple feedback processes to tackle systemic liquidity risk, improves

banks’ LCR expected value. Through this process and the banks’ actions to over-

come systemic liquidity risk, we provide evidence on funding liquidity risk evolution.

In particular we investigate whether funding liquidity risk becomes procyclical to

the macroeconomic fluctuations. Also, we assess the contribution of households’ and

firms’ indebtedness to funding liquidity risk, and we estimate whether banks need

to develop further requirements to cover their liquid needs when adverse economic

conditions are applied.

The multiple feedback processes start with two main channels which describe

banks’ reaction when adverse economic conditions appear and systemic liquidity

risk arises in the system of banks. The development of these key strategies is an

extension of Cohen and Scatigna (2016) study who build up adjustment channels

for banks in order to recover their capital requirements. We follow these strands for

assessing banks’ ability to meet their liquid needs by focusing on the restrictions in

loan supply and on banks’ inflows, which can increase through the asset fire sales

mechanism and the investment to safer assets such as the government securities.

Similarly to Chapter 3 process, an Agent Based Model is carried out, which is able

to capture dynamic and complex systems such as the financial one (Tesfatsion and

Judd 2006). Through this process we simulate aspects of real world conditions such

as the interrelation between the macroeconomic and financial side of the economy

in order to identify the second round e↵ects in Banks’ expected return arising to

their funding position.

An agent based model is the right method to be used for performing macro-

prudential stress tests. ABM is a forward looking method which can produce large
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dataset of extreme events which can be rarely modelled with the traditional stress

test tools due to lack of real data. Also, ABM can model and iterate the parallel

actions agents proceed. Additionally, these parallel actions which can be modelled

and run simultaneously can incorporate multiple feedback processes necessary for

banks’ resilience and contingency planning. The use of agent based modelling over-

comes the limitations of other approaches developed and applied for second round

e↵ects such as the Dynamic Stochastic General Equilibrium (DSGE) models which

”lack of flexibility for generalisations based on unrealistic economic assumptions”

(Fagiolo and Roventini, 2016).

The model is applied to 30 systemically important banks from Cyprus, Greece,

Italy, Portugal and Spain, populated by heterogeneous agents, who exist and interact

in an open small economy.2 This model closest antecedent is the process developed

by Ha laj (2018) which we expand and adjust in detailed analysis of agents’ decisions

and banks’ balance sheet evolution by exploring the behaviour of systemic liquidity

risk on banks’ liquidity performance, after the implementation of multiple feedback

action, namely the adjusted liquidity channels in the vein of Basel III framework.

4.3.1 Agents: Economy, Firms, Households and Banks

We make use of the small open economy model developed in Chapter 3 for the

baseline state and we extend this model by developing multiple feedback processes

during the stressed economic states, analysed in Section 4.3.2.1.

Economy

Our model operates for a finite number of steps T .3 All the agents interact under this

economy, which comprises the real sector composed by firms and households, and

the banks. Firms produce and sell the homogeneous consuming goods and form a

relationship with the households4 Also, the economy includes M banks indexed by j,

2
See Chapter 3, Section 3.3.5 which provides details on model calibration and the data used to

set up the process before running the multiple iterations
3T represents 1-month period and our model operates for 10 periods
4
As denoted in Chapter 3, each household can be employed only in one firm. Employment and

consumption of goods evolve endogenously over time. Firms produce using labour only and they
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(Li), which interact withN households (H ij) and firms (F ij),and the government(Gi).

Thus the macro prudential framework represents the respective economy (Gi), where

all the agents interact, and it is modelled as a function of the national income through

the Gross Domestic Product (4.1).5

GDP i = CPI i + INV i +X i �M i �Debti (4.1)

Firms and households

Firms and households borrow funds from banks through corporate and commercial

loans respectively at an interest rate rloan. In parallel, they place their savings as

funds to banks, through deposits (dij) and they receive a return equal to the deposit

rate (rdeposit)6. In parallel, at each time step firms and households aim to maximise

the net value 4.2 and the disposable income 4.3 respectively, under the di↵erent

economic conditions.

arg max NV ij (cashij + (1 + rdeposit)
tdij � cij � loaninstallment) (4.2)

arg max Y ij (wij + (1 + rdeposit)
tdij � csij � loaninstallment) (4.3)

where the loaninterest is calculated as follow:

loaninstallment = Loanprincipal ⇤Di
j, Di

j =
[i(1 + i)T ]

[(1 + i)T � 1]
and i =

rloan
T

(4.4)

When stress events apply to the system, firms and households constrained from

their preferences to increase the net value and the disposable income respectively, are

assessed by our model operation whether they are able to serve their loan obligations.

Once firms and households are unable to provide loan payments for multiple periods

denote their cost equal to the level of wages
5
See Chapter 3, for the detailed model specification of the government’s (Gi) main transactions,

which denote the price stability, the economic activity and the indebtedness of the economy
6
Firms use their profitsij for o↵ering funds to the bank and households, use the wage as the

main source of income for consumption and saving through a deposit account.
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(not necessary sequential), it is then captured by the banks’ system specification

namely the non-performing loans (NPLs).7

Banks

Banks o↵er credit to households and firms through loans when the solvency of these

agents is su�cient based on the wealth denoted by the net value and disposable

income respectively (see for example Jiang 2007). Beyond loans to households and

firms, banks also hold cash and government securities while they receive deposits.

Banks are heterogeneous in terms of their balance sheets and may run out of liquidity

if firms and households do not serve their loans, or subtract substantial amounts of

deposits which comprise one of the main sources of funding banks receive. Banks’

(Lij) funding position is assessed with the use of the LCR (4.5), which illustrates

the ability of banks to use their inflows in order to back and fund potential outflows

such as deposits withdrawals over a period of 30-days.8

LCR(ij) =
LiquidAssetsij
NetOutflowsij

� 1 (4.5)

For the scope of our analysis, we follow a stylised balance sheet format that

requires the assets side to be greater or equal to the liabilities, so in case of substan-

tial bank runs, banks should be prepared to meet their obligations and losses. This

stylised balance sheet analysis does not make use of banks’ equity as Basel III LCR

measure, does not entail equity on its specification, while the Regulatory framework

does not count for liquidity risk capital requirements.

4.3.2 Model Operation

The model acts for a finite number of periods. At T = 0, the models starts operating

under the baseline scenario which means the current state of the economy before

7
NPLs mechanism is analytically presented in Chapter 3 Section 3.3.6 Baseline Scenario process

8
As also defined in Chapter 3, the regulatory framework requires banks’ LCR to be greater or

equal to 1, however we follow the most recent LCR technical summary which indicates a threshold

varying between 60% and 80% for those banks which have not yet fully implemented this liquidity

measure (BIS, 2013a)
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introducing the macroeconomic shocks. In the baseline state, households and firms

choose the respective bank to receive credit and place their savings through the

deposits account.9 Banks assess agents’ credibility and proceed with the loan supply.

Under adverse economic conditions, banks react to these conditions, which also a↵ect

the other agents’ decisions, by developing adjusted liquidity channels.10

According to (4.6) and (4.7), firms and households are eligible borrowers if the

net value and the disposable income are greater than or equal to zero. In other

words, in order to set up a loan contract with banks, firms’ and households’ total

revenues should be greater or equal to the total expenses these agents face at each

time step.

Firmij =

8
>><

>>:

good debtor, if NV ij � f(NV ij)

bad debtor, otherwise

(4.6)

Householdij =

8
>><

>>:

good debtor, if Y ij � g(Y ij)

bad debtor, otherwise

(4.7)

in turn banks’ funding position is adjusted by 4.8 and 4.9 actions and the econ-

omy’s performance. The ability of firms and households to serve the loan payments,

increases banks’ cash and equivalent account and in turn the liquid assets. When

firms and households are unable to serve their loan obligations for multiple periods

(not necessary sequential), then banks activate the NPLs account for recording the

non-performing payments (loaninterest) which are subtracted from the initial value of

the loan (loanprincipal).11

9
Based on the market competition assumption, banks maintain similar levels for the interest

rates they o↵er. This leads households and firms to select randomly a bank for setting up lending

and saving transactions.
10
See Chapter 3, Stress Scenario section, which explains how the stress events and shocks have

been specified.
11
For further details on the NPLS mechanism and how banks’ losses are estimated due to firms

and households inability to serve their loans, see Chapter 3, Section 3.3.6
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Firmij ! Bankij

8
>>>>>><

>>>>>>:

cash&equivalentijT = cash&equivalentijT�1
+ loaninstallment, if cashij > cij

cash&equivalentijT = cash&equivalentijT�1
+ loaninstallment, if cashij = cij

cash&equivalentijT = cash&equivalentijT�1
+ 0, if cashij < cij

(4.8)

Householdij ! Bankij

8
>>>>>><

>>>>>>:

cash&equivalentijT = cash&equivalentijT�1
+ loaninstallment, if wij > csij

cash&equivalentijT = cash&equivalentijT�1
+ loaninstallment, if wij = csij

cash&equivalentijT = cash&equivalentijT�1
+ 0, if wij < csij

(4.9)

In parallel with the loan supply process, banks accept firms’ and households’

savings through deposits account, which comprise the key source of funding for

banks. Firms and households constrained by the level of labour costs (cij) and

consumption (csij) respectively, place their savings through deposits and receive a

return equals to deposit rate (rdeposit). Firms’ and households’ level of expenditure

in labour and consumption respectively, not only bind banks liquid assets account

but also the amount of inflows banks receive through deposits. Equations 4.10 and

4.11, explain firms’ and households’ decisions for saving or not, where banks’ should

be able to react accordingly and maintain the LCRij above the critical value of 70%.

Firmij ! Bankij

8
>>>>>><

>>>>>>:

df ijT = df ijinflows ⇤ (1� rdeposit), if cashij > cij

df ijT = df ijT�1
� df ijoutflows, if cashij = cij

df ijT ! 0, if cashij < cij

(4.10)
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Householdij ! Bankij

8
>>>>>><

>>>>>>:

dhijT = dhijinflows ⇤ (1� rdeposit), if wij > csij

dhijT = dhijT�1
� dhijoutflows, if wij = csij

dhijT ! 0, if wij < csij

(4.11)

In the next section (4.3.2.1) we will discuss banks’ response to firms and house-

holds decisions as well as to the adverse economic conditions which restrict the

agents activity and in turn shrink banks’ funding position.

4.3.2.1 Banks Feedback Actions through Adjusted Liquidity Channels

At each time step banks aim to maximise the expected return arising from the trans-

actions with other agents subject to E(LCRij) constraint. The LCR for banks is

calculated at each period T in order to capture the dynamic evolution of banks’

funding position and the ability of adjusted channels to recover liquidity and the

decisions developed, binding by firms and households decisions and actions when ad-

verse economic conditions are applied. When shocks are applied, banks activate the

adjusted liquidity channels, through multiple feedback processes which are iterated

simultaneously.

In response to macroeconomic fluctuations and agents’ decisions to serve their

loan obligations and provide their funds through deposit inflows, banks develop two

main adjusted channels in order to meet their liquid needs. The purpose of these

two channels, is to provide multiple feedback processes and assess whether these

recovery plans, lead banks to meet their initial funding state.12

Compared to Chapter 3 model process, we now develop a novel mechanism which

through the development of parallel feedback processes, investigates whether banks’

recovery responses assist banks to sustain the expected return of the LCRij close to

12
In order to develop the stress scenario, we assume the largest percentage change of the macro

prudential components and apply a Monte Carlo simulation to these for producing the parameters

which describe the volume of the shocks. For further details on the Monte Carlo simulation and

the volume of shocks, see Chapter 3, Section 3.3.6.1
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70% threshold as required by regulatory authorities. This mechanism reveals banks’

ability to absorb outflows through liquidity bu↵ers and to recover the liquid assets

through the increase of high liquid assets and the restriction of lending supply. Also,

this analysis provides a great insight on banks’ business model.

For this scope we initially classify banks into liquid and illiquid. Banks are classi-

fied as liquid when they are able to back the amount of inflows they receive through

the deposits funds and cover outflows arising from firms and households deposits

withdrawals. Banks’ flows (4.12) are calculated as the di↵erence of the deposits

inflows between current and previous period T � 1, arising from the transactions

with N firms and households.

Bankijnetflows =
NX

N=1

(df ijT + dhijT )�
NX

N=1

(df ijT�1
+ dhijT�1

) (4.12)

Once the amount of net-flows is calculated, banks are then classified into liquid

and illiquid based on the total amount of cash they hold and the amount of flows

they receive at each time step (4.13). Banks constrained by the insurance they

should provide to firms and households deposits (Anginer et al. 2012), are in turn

forced to maintain an adequate amount of cash and funds for covering potential

outflows, when facing bank runs. For this scope banks create bu↵ers for covering

potential outflows.

Bankij

8
>><

>>:

Liquid, if cash&equivalentijT + inflowsijT>0

Illiquid, otherwise

(4.13)

Liquid Banks Feedback Actions

For liquid banks, we then assess the amount of inflows or outflows they face, at each

time step T (4.14). When netflowsijT > 0, banks subtract an amount of these flows

for creating liquidity bu↵ers in order to cover potential bank runs. Banks hold a

proportion of the total flows they hold based on the deposit coverage rate (Demirgüç-
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Kunt et al. 2014).13 When net-flows become negative (netflowsijT < 0), banks add

these liquidity bu↵er to cover further outflows arising from the transactions with

firms and households.

LiquidBankijT

8
>><

>>:

cash&equivalentijT � dcoverage ⇤ bufferijT , if netflowsijT>0

cash&equivalentijT + dcoverage ⇤ bufferijT , if netflowsijT<0

(4.14)

In parallel, liquid banks constrained by the regulation which requires LCR to be

above a 70% threshold, decide to invest in safe and high liquid assets to increase

LCR return. For this scope, banks invest in government securities (GSij) which

comprise high quality liquid assets (HQLA). When banks debit their assets with

government debt securities a cost is arising which equals to the risk free rate (rf).

Based on the amount of flows banks receive at each time step (netflowsijT ), in order

to meet the LCR threshold, they decide the amount of government securities they

need to add to their HQLA account (4.15).

GSijT = GSijT�1
+ | netflowsijT�1

| (4.15)

Illiquid Banks Feedback Actions

When banks are classified as illiquid, they proceed to other strategies, in order to

avoid further deterioration of their funding position. The first strategy consists on

the restriction in lending policy by increasing the credit spread in the transactions

with firms and households. Banks apply a higher interest rate (rloannew >rloan) to

firms and households loans while in parallel a slight increase on the deposit rate is

also set, rdepositnew >rdeposit.14

Simultaneously to the credit spreads increase, in order banks to ensure that the

amount of available funding is able to cover substantial outflows, they proceed to

13
The proportion of flows, banks hold is specified by dcoverage as this developed in Demirgüç-

Kunt et al. (2014) study.
14
The transactions with firms and households follow the same process as discussed above
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asset sales. Banks sell-o↵ the more liquid assets they hold, such as the government

securities. When proceeding to these asset sales, the price impact is also calculated

based on the value of the assets sold. In particular, the value banks receive from

selling-o↵ government securities (GSij), is the market value of these securities when

a haircut is applied. Banks receive through their cash&equivalent account, the

amount arising from the asset sales process. For evaluating the amount banks receive

from asset sales action, we also incorporate the respective Government credit profile

for applying a more realistic haircut and price impact. The estimation of each

government credit profile arises from each country’s GDP i performance at each

time step.

cash&equivalentijT

8
>><

>>:

cash&equivalentijT�1
+ (GSij ⇤ alpha ⇤ (1� PDLow)), if GDP i

T>GDP i
T�1

cash&equivalentijT�1
+ (GSij ⇤ alpha ⇤ (1� PDHigh)), if GDP i

T<GDP i
T�1

(4.16)

The above equation (4.16) illustrates banks available funds change when pro-

ceeding to assets monetisation. Through this adjusted liquidity channel, banks cash

& equivalent account increases, in order to face and cover substantial outflows. The

price impact from these asset sales, is a function of the government securities initial

value when subtracting the amount of haircut (1 � alpha). In parallel, in order

to incorporate the economy’s conditions (see for example Du�e et al. 2007) a risk

premium is also considered. the risk premium is based on the respective govern-

ment performance. Once the GDPij of the respective Government increases, the

risk premium decreases as a low probability of default is applied.

In the following section, we discuss the findings of the above process by providing

an analysis on the LCR expected value under the baseline and stressed conditions,

when the multiple feedback processes are applied. A comparative analysis between

the findings of this model operation and this developed in Chapter 3. The LCR

evolution during the di↵erent economic states. Also, banks’ responses to firms and

households decisions as well as a comparison between large and small banks business
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models when acting under adverse economic conditions.

4.4 Results

In this section we present the results of the model process described above. The agent

based process develops multiple feedback mechanisms and investigates whether ad-

justed liquidity channels assist banks to recover their funding position. In particular

we examine the ability of adjusted liquidity channels to mitigate the liquidity short-

ages arising from systemic liquidity risk. Also, our findings indicate whether banks

are able to sustain the expected value of the LCR close to the 70% threshold even

under adverse economic conditions. Our unified stress test comprises a useful tool

for macroprudential surveillance and supervisory engagement, as it includes banks’

responses through multiple feedback processes for capturing second round e↵ects

arising in the funding position of these banks.

This framework sheds light on the interrelation between the macro and the micro

side of the economy and the importance to incorporate second round e↵ects anal-

ysis when counting for system wide stress tests. Specifically, our findings provide

evidence on banks’ reactions under stress conditions with the LCR evolution over

the time as well as banks’ business models when trying to recover from substantial

liquidity shortages they face at each time step.

Complementary to the above findings we compare our results with these of Chap-

ter 3 in order to investigate the LCR expected value and its evolution under the

baseline and the stressed scenarios. This comparative analysis uncovers significant

evidence for the current stress test regime, as it investigates the system dynamics’

changes, when multiple feedback processes are applied. Furthermore, we observe

how real sector agents’ interrelations reveal the key macro-financial linkages which

lead funding liquidity risk to transform from systemic to pro-cyclical risk. In par-

ticular, we investigate whether banks through the adjusted liquidity channels, are

able to improve their funding position and meet the LCR 70% threshold even under

adverse economic conditions .
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Whilst banks in parallel with the loans supply restrictions, try to act prudently

and increase their liquid assets by investing in low risk securities, their actions and

business models continue uncovering excessive risk taking. Specifically, an analysis

we provide below between the large and the small banks included in our sample,

highlights that small banks tend to accept funds through deposit inflows. These

banks are unable to cover these inflows when turning into outflows and their funding

position further deteriorates in the distress period.

We also estimate real sector agents contribution to liquidity risk pro-cyclicality.

We quantify the volume of loan payments arising from the transactions with house-

holds and firms. Additionally, the volume of inflows and outflows through the de-

posits transactions, is also estimated at each time step.

The existence of systemic liquidity risk leads to funding risk pro-cyclicality, while

the size of banks, contributes to prevent from further liquidity deterioration. In

parallel, by developing the adjusted liquidity channels and restrict the loan supply,

banks a↵ect real sector agents’ behaviour. Households and firms under adverse

conditions are unable to serve their loan obligations and provide loan payments to

banks due to the increase on credit spreads.

Our model is calibrated with banks’ balance sheet data and macroeconomic

indicators, while the analysis is applied on 30 systemically important banks located

in Cyprus, Greece, Italy, Portugal and Spain.15

4.4.1 LCR under baseline and stressed scenarios when feed-

back processes are activated

Table 4.1 provides the expected value of the LCR, on country level, under the

baseline and the stressed scenario. Similarly to Chapter 3 our process operates for

a finite number of steps (T = 1, ..., 10) and the stress scenario is implemented from

T = 2 and onwards, where the shocks are applied and evolve for the next periods

15
The dataset used for the model calibration is this also used and discussed in Chapter 3. The

economy and the agents initially operate under the baseline scenario, while at T = 2, a series of

shocks arise endogenously and evolve through a stochastic process. From T = 2 and onwards our

system operates under stress
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Table 4.1: Expected Value of the LCR under baseline and stressed scenarios

Country Banks Baseline Stressed

Cyprus 2 79.00 59.00

Greece 6 86.10 65.60

Italy 13 102.50 68.00

Portugal 3 57.00 56.00

Spain 6 128.40 85.30

Table 4.1 provides the expected value of the LCR under the baseline and the stressed scenarios.

The LCR is shown in percentage points and is displayed on a country level - calculated as the

mean of the values for all banks in each country. The medians were also calculated, not shown,

and follow a similar pattern.

(T = 2, ...10).16

From Table 4.1, we initially observe that under the baseline state, all banks in

our sample have su�cient liquid assets to cover potential outflows.17 Similarly, to

our findings in Chapter 3, an exemption to this, is Portugal. Even under the base-

line state, Portuguese banks indicate LCR below the critical value of 70%. Portugal

has been facing several occurrences of a banking crisis, leading to “boom-bust” and

“capital-flow bonanza” cycles (Borio and Zhu, 2012; Reinhart and Rogo↵, 2009).

Beyond this banking crisis, the activation of the multiple feedback processes also in-

dicates that Portuguese banks do not act prudently. Particularly, Portuguese banks

continue accepting funding through households and firms deposits, without being

able to back the volume of these inflows. These banks, where their behaviour and

actions are discussed in details in Section 4.4.3, are not able to create liquidity

bu↵ers for covering potential outflows. Thus, even under the baseline state Por-

tuguese banking system indicates LCR expected value equal to 57%, in other words

13% below the required threshold.

Moving to the stressed state of the economy, the results display that for all

16
In order to define the scenarios for the macroeconomic variables, we use annual historical

observation from 1980-2017 and we apply a Monte Carlo simulation to calculate the volume of

shocks. During the 1980-2017 period we observe that the peaks of the economy are stronger and

more persistent compared to the crisis periods, such as the financial crisis period of 2008-2010.
17
LCR on country level is the average of individual banks’ LCR located in the respective country
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countries LCR expected value during the stress period, is below 70% threshold,

confirming the former analysis performed (see Chapter 3)which indicates a strong

nexus between the macroeconomy and the funding position of banks. As it has been

also highlighted in Chapter 3, the expected value of LCR measure is sensitive and

strongly linked to the macroeconomic fluctuations.

Despite the sensitivity of the LCR to adverse economic events, the activation

of multiple feedback processes with the use of adjusted liquidity channels assist in

maintaining su�cient levels of liquidity. In Chapter 3, Spanish banks under the

stress scenario, indicate that LCR expected value equals 45.35%. By incorporating

the feedback mechanism application, our findings display that LCR expected value

for Spain is 85.3%. Spanish banking system incorporates banks with strong par-

ticipation in the international markets (Trujillo-Ponce, 2013) . This strong market

presence of Spanish banks combined with the adjusted liquidity channels, sustains

LCR expected value above the threshold even under adverse economic conditions.

Thus, the multiple feedback process mitigates the economic fluctuations and allows

banks to sustain su�cient levels of funding liquidity.

Furthermore, Table 4.1 provides evidence on the adjusted liquidity channels abil-

ity to decrease LCR expected value variation between the baseline and the stress

scenario. Particularly, in Chapter 3 key findings, we observe that Cyprus and Greece

display substantial di↵erences in the LCR expected value between the baseline and

stressed conditions. Cypriot banks face shortfall equal to 155.5% when they move

from the baseline to the stress economic state, while Greek banks’ LCR expected

value decrease reaches up to 110%. However, when the multiple feedback process

is applied and the adjusted liquidity channels are activated we observe that LCR

shortfall for Cypriot and Greek banks is 20% and 20.5% respectively.

These findings indicate the need to incorporate multiple feedback processes in

macro prudential liquidity stress tests. The activation of banks responses through

these multiple feedback mechanisms and the use of adjusted liquidity channels, in-

dicate that banks face significant shortfalls in their funding position when adverse

economic conditions are applied. However, the dispersion of the LCR expected value
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between the baseline and the stressed scenario has decreased compared to the results

arising from our stress test model developed in Chapter 3.

The adjusted liquidity channels assist banks to prevent their funding position

from deterioration. Nevertheless, as most banks are not able to meet the LCR 70%

threshold, in the next section we will analyse the evolution of banks’ funding position

to assess whether pro-cyclical behaviour arises. The use of computational agent-

based model underlines the dynamic treatment capability of these models, which

captures the key characteristics of an economy and provides the interconnectedness

of dynamic systems such as this of banking and the economic one. Also, the ability of

ABM to carry out and iterate parallel actions captures the complexity of the financial

system and uncovers valuable information on banks’ characteristics and business

models, necessary for macro prudential surveillance and supervisory engagement.

4.4.2 LCR evolution and Pro-cyclical behaviour

This section analyses the evolution of the LCR on country level at each time period

T and the banks’ decision to activate the adjusted liquidity channels. At T = 1,

the LCR indicates the funding position of banks when acting under the baseline

scenario, while at T = 2, banks react to the macroeconomic shocks implemented in

the economy. The baseline scenario has as input the current values of banks, firms,

households and the government as these specified from our dataset.

Our analysis di↵ers from this of Chapter 3. Apart from firms and household

decisions and transactions, which led by the macroeconomic fluctuations a↵ect the

expected value of the LCR at each time step, we now take into account banks’

responses. In particular, by developing a multiple feedback process we also incorpo-

rate banks’ reactions which also define the ability to serve their liquid needs under

adverse economic conditions.
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Figure 4.1: Liquidity Coverage Ratio procyclical behaviour under adverse economic
scenarios

Figure 4.1 illustrates the LCR evolution and the procyclical behaviour funding

liquidity risk develops in the distress period. This figure provides the LCR evolution

from T = 1 to T = 10. We observe country level LCR for Southern European banks

starting with the baseline state at T = 1, following the macro economic shocks’

implementation at T = 2 and continuing with the stress conditions from T = 3 to

T = 10.

A comparison across banks’ liquidity performance highlights that during the

baseline scenario (T = 1) the LCR varies from 130.0% to 57.0%. Southern Eu-

ropean banks indicate su�cient liquidity levels. In particular, at T = 1 Cyprus,

Greece Italy and Spain meet the liquidity requirements imposed by Basel III reg-

ulatory framework, as the LCR expected value equals to 79%, 86.1%, 102.5% and

128.4% respectively. However, as discussed in section 4.4.1 an exemption to this

is Portugal. Portugal is not binding from the liquidity regulatory requirements as

the LCR expected value is below the critical threshold and equals 57%. As stated

in Chapter 3, this behaviour can be explained by the risk profile Portuguese banks
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indicate in the pre-crisis period. In addition, LCR expected value for Portuguese

banks, consists on the limited size of the banking system which leads to risk con-

centration. As long as the amount of banks located in an economy decreases, risk

concentration increases (Boyd and De Nicolo, 2005; Boyd et al., 2009).

At T = 2 macroeconomic shocks are applied and indicate the immediate reaction

in the expected value of the LCR across all countries. Similarly to Chapter 3 findings,

when the macroeconomic shocks are applied, we observe simultaneous shortfalls of

the LCR expected value, which highlight the strong nexus between the macro and the

funding position of banks as well as the existence of systemic liquidity risk. However,

the current analysis indicate that LCR expected value decrease is greater than this

of the previous Chapter. In particular, in Chapter 3 the LCR shortfall at T = 2

reaches up to 20%. However, the application of multiple feedback processes, flags

larger decrease up to 40%. The di↵erence between Chapter 3 and the current analysis

findings, explains the ability of feedback mechanism to act as early warning process

and Southern European banks to be responsive to the macroeconomic fluctuations.

Banks immediate reaction, uncovers the need to incorporate banks’ responses under

a dynamic stress test framework, in order stress tests to address their scope and act

as early warning models.

Figure 4.1 also displays the evolution of the LCR expected value over the time,

from T = 1 to T = 10. Compared to the respective figure provided in Chapter 3

(Figure 3.1), we now observe that the evolution of the LCR expected value is non

linear. In Chapter 3, a steep decrease of the LCR at T = 4 signals the existence of

systemic liquidity risk as all banks in our system face substantial liquidity shortfalls

at the same time, however the current analysis results di↵erentiates. Despite all

banks face their greatest shortfalls at T = 4, the behaviour of the LCR over the

time indicates a smoother non-linear decrease. This behaviour explains that the

implementation of the feedback processes incorporating banks’ responses, improves

the LCR expected value even during the distressed period.

Specifically, our results show that at T = 4, all banks in our system go below

the 70% threshold. However, in the current process at T = 4, banks withstand
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to macroeconomic shocks and the expected value of LCR is close to 60%, 10p.p.

below the threshold. For instance, in Chapter 3, at T = 4, Portugal LCR expected

value is 29% indicating a liquidity shortfall equal to 36.79%, in the current analysis

Portuguese banks’ LCR expected value is 56%. This di↵erence is explained by the

application of the adjustment liquidity channels, banks activate in order to tackle

the systemic aspects of liquidity risk. Similar albeit applies to the rest of countries

included in our analysis.

Whilst at T = 4, Chapter 3 key findings indicate that all banks are unable to

meet their liquid needs due to systemic liquidity risk, the current process captures

the e↵ect of systemic liquidity risk but also indicates the ability of the adjusted

liquidity channels to face these systemic shortages. Our model results, indicate that

when T = 4, Spain faces its greatest liquidity reduction equal to 40%. During this

stress period the LCR expected value for Spanish banks just meets the threshold of

70%. The reason why the LCR expected value for Spain is close to 70%, is the acti-

vation of the adjusted liquidity channels. Banks responses with the use of adjusted

liquidity channels combined with a banking system with strong participation in the

international markets (Trujillo-Ponce, 2013), indicate the ability of these banks to

leverage funding and monitor their activities in order to meet the liquidity require-

ments. In parallel the application of the feedback processes and banks’ classification

between liquid and illiquid can reveal which banks are able to continue financing

their activities without facing liquidity constrains. However, the significant decrease

of the LCR is evident in the nexus between funding liquidity risk and macroeconomic

environment.

Moving to the next periods (from T = 5 to T = 10) we observe that all banks’

LCR expected value continues to decrease. This behaviour explains that the exis-

tence of systemic liquidity risk leads to funding risk procyclicality. The adjusted

liquidity channels assist banks to sustain their funding position but the stochastic

evolution of the macroeconomic fluctuations combined with the existence of systemic

liquidity risk, uncovers funding liquidity risk procyclical behaviour. LCR expected

value displays a continuous decreasing behaviour which does not allow banks to
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recover and meet the liquidity requirements. Thus, banks’ simultaneous liquidity

shortages combined with the continuous decrease of the LCR, highlights that funding

risk is procyclical to macroeconomic fluctuations and under these adverse economic

conditions, banks are unable to meet the regulatory liquidity threshold.

The LCR pro-cyclical behaviour can be further explained from the findings in

Chapter 3. Specifically, Figure 3.1 in Chapter 3 indicates a persistent behaviour

of the LCR during the distressed period (T = 5 to T = 10). Once banks faced

the largest liquidity shortfalls, the expected value of the LCR remains at the same

level, which flags that funding liquidity risk evolution over the business cycle and the

macroeconomic fluctuations should be further examined. Therefore, the application

of banks’ responses through the multiple feedback processes, explains this LCR

persistence and reveals the pro-cyclical behaviour funding liquidity risk develops in

the distress period.

Whilst, banks try to sustain their funding position and in turn the expected

return of the LCR with the activation of the adjusted liquidity channels, the ex-

istence of systemic liquidity risk e↵ect reveals funding risk pro-cyclicality. Banks’

simultaneous liquidity shortages combined with the continuous decrease of the LCR,

highlights that funding risk is pro cyclical to macroeconomic fluctuations and un-

der these adverse economic conditions, banks are unable to recover their positions.

However, LCR evolution explains banks’ e↵orts to maintain their funding position

above or close to the regulatory liquidity requirements, for longer than one period of

stress. To this point, the adjusted liquidity channels and the application of the mul-

tiple feedback processes, assist banks to improve their liquid assets position either

by increasing the amount of cash they hold or by adapting to the ”fly to quality”

behaviour (Caballero and Krishnamurthy, 2008) and invest in high liquid assets,

such as the government securities.

To this point Figure 4.2, provides further evidence to the above analysis, as we

present banks actions to sustain their liquid assets and be able to meet potential

outflows. Figure 4.2 displays banks liquid assets’ allocation and their evolution over

the time including the distress period (from T = 2 to T = 10). We initially observe
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that Southern European banks hold a substantial amount of government securities

compared to the amount of cash&equivalent. On the one side the assets allocation

explain that banks act prudently and invest in safe assets which can be quickly

monetised when fire sales process is activated. Thus, we see that banks invest in

government securities which are considered to be safe assets which can be easily

liquidate at the minimum price impact (Gorton and Ordonez, 2013).

On the other side, the low volume of cash&equivalent, explains firms and house-

holds inability to serve the loan payments. Real sector agents, binding from their

constraints to maximise their net value and income respectively, do not serve their

loan obligations. As also highlighted in Chapter 3, firms and households inability to

repay their loans lead to substantial liquidity shortfalls in banks’ funding position.18

Figure 4.2: Banks’ cash & equivalent and government securities evolution under
baseline and stress scenario measured across all banks included in our sample

The evolution of banks assets indicate a slight decrease during the first periods

of stress, from T = 2 to T = 4, flagging the existence of systemic liquidity risk and

18
Section 4.4.4, discusses in details the e↵ects on banks’ liquid assets arising from the transaction

with firms and households
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explaining the increased volume of LCR shortfalls. In the distress period, from T = 5

to T = 10, there is a small rise for both government securities and cash&equivalent,

though. Particularly, cash&equivalent governments securities banks hold, increase

by 2.52% and 28.2% respectively. This increase uncovers that despite the adverse

economic conditions and the e↵ects of systemic liquidity risk, the adjusted liquidity

channels activation even slightly assist banks to increase their liquid assets. However,

as banks funding position does not recover and continuous decreases, it is evident

that funding liquidity risk is pro-cyclical to the macroeconomic fluctuations. Thus,

funding liquidity risk pro-cyclical behaviour does not allow banks to reach in their

initial state even they develop strong responses towards economic stress.

These findings highlight the importance of implementing feedback processes and

investigating banks’ reaction as they reveal valuable information on financial risks’

behaviour. in particular, by developing a dynamic model where banks interact

with firms and households and activate adjusted liquidity channels as responses to

macroeconomic stress, we contribute to the scenario analysis stress tests. We develop

an analytical top down framework which counts for dynamic wide stress test. Our

model captures the dynamic of the model process developed in Chapter 3, but it

also uncovers more dynamics as the multiple feedback processes provide evidence

beyond the existence of systemic liquidity risk. The LCR continues decrease at a

non-linear pace explains LCR pro cyclical behaviour.

4.4.3 Large and Small banks LCR expected value and Liq-

uid Assets holdings under the baseline and stressed

scenarios

This section provides a comparative analysis between the largest and smallest banks19

for Cyprus, Greece, Italy, Portugal and Spain. This analysis sheds light on banks’

behaviour and ability to continue meeting the LCR requirement even under adverse

19
The size of banks is specified by the total assets holding during the baseline periodas well as

their liquidity profile
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macroeconomic events. Additionally, a scrutiny on banks’ responses through the

adjusted liquidity channels and their business models specification is also discussed.

Banks with substantial amounts of liquid assets resist economic recessions as they

are able to continue meeting the LCR requirement even they face reductions in their

funding position, while banks with weak liquidity profile cannot serve their liquid

needs and continue acting below the threshold.

Table 4.2 displays individual banks’ LCR under both the baseline and the stressed

scenario. Banks funding position is led by the macroeconomic shocks and indicate a

strong inter linkage between the economy and the liquidity risk. These results dis-

play that LCR has a decreasing trend since the macroeconomic shocks are applied.

The percentage change of the LCR ranges from 0.14% to 40% , while Italian banks

face the largest shortfall during the stress scenario (from 189.5% to 118.2% for Iccrea

Bank and from 58.2% to 34.4% for Banca Carige). The drop of Italian banks funding

position, reveals the sensitivity to macroeconomic fluctuations (Klusak et al. 2017

and Balassone et al. 2018). However, the size of the bank combined with the size

of the system of banks in Italy (13 banks in total), assists large banks to keep the

LCR above the threshold, as the liquidity risk concentration reduces (Cerrone et al.,

2017) .

Additionally, from the LCR results we observe that small banks face greater

liquidity shortages comparing to the large ones. Large banks which hold a greater

amount of liquid assets are able to sustain the LCR requirement even after the

implementation of macroeconomic shocks. Large banks liquidity adjusted channels,

support their ability to serve their liquid needs while these banks based on the

substantial amount of assets they hold, they handle the inflows and outflows facing

at each time step.

Small banks in contrast, are below the 70% LCR threshold and even when ad-

justed responses are activated, these banks are unable to recover or maintain their

funding position. In Greece and Portugal, where the banking system has been

shrinking (Greenwood et al. 2015), Attica bank and Caixa level of LCR does not

meet the regulatory requirements even during the baseline scenario. To this point,
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the limited economic activity, these countries face , is shrinking dramatically the

corporate performance (Braguinsky et al., 2011), which leads the small size banks

to under perform (Mercieca et al., 2007).

The LCR findings for large and small banks, highlight that liquidity adjusted

channels contribute to large banks responses for meeting the regulatory liquidity

requirements, as even under stress macroeconomic conditions, LCR of large banks

is above the 70% threshold. In parallel, the LCR behaviour for small banks, highlight

that by continuing accepting flows, these banks increase the probability to become

unable for covering flows when these are on demand.

In response to the above findings, Tables 4.3 and 4.4, provide further evidence

on LCR behaviour, through banks’ actions for recovering cash & equivalent as well

as investing in HQLA such as the government securities. In addition, these findings

assist on drawing remarks for banks’ size and how a↵ects their decisions and in turn

their business models for sustaining or recovering their funding position.

From Table 4.3, we observe the percentage change of cash & equivalent for the

large and small banks, for each country included in our sample. Cash & equivalent

evolution, highlight the ability of large banks to make use of the adjusted liquidity

channels and be able to slightly increase the amount of cash even under adverse

economic situations. To this point small banks continue facing substantial reductions

in their cash position, which they are unable to recover.

Despite, the ability of large banks to increase their cash & equivalent, National

bank of Greece (NBG) comprises an exception to this. NBG even holds a satisfying

amount of liquid assets and meets the regulatory requirements, displays a decrease on

the amount of cash as long as the economic recession continues. The inability of NBG

to increase the amount of cash is an outcome of the bailout programmes imposed

and the failure to apply the required structural reforms which led to suboptimal

banks behaviour (Christodoulakis 2016 and Ardagna and Caselli 2014).

As oppose to NBG, Attica bank during T = 2 seems that recovers a small amount

of cash and combined with the government securities continuous decrease, this bank
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proceeds to fire sales (Table 4.4), which means that it is classified as insolvent20.

However, this rise of cash & equivalent at a reduced rate, also displays the country’s

indigent performance (Meghir et al., 2017).

Santader on the contrary, is an example of how a bank with a strong market

presence can handle substantial drops arising in the cash & equivalent account,

while the increase in government securities, illustrates the prudent behaviour an

international bank should have in order to enhance its liquid position (Cardone-

Riportella et al. 2010) by adding substantial amounts of HQLA. During T = 3,

whilst Santader’s cash & equivalent presents a substantial decrease, at the same

time this bank rises by 5.55%, the amount of government securities (Table 4.4) and

continues to meet the liquidity requirements.

Table 4.4, supplements the evolution of banks cash & equivalent and provides

further analysis, regarding banks’ profile and the decisions for their business model

in order to satisfy the liquidity regulatory constrain. The main findings arising from

the government securities behaviour underline that both large and small banks are

binding by the regulatory constraints and increase their investment in HQLA. To

this point, small banks display greater government securities percentage changes

compared to the large ones, namely 7% and 2% respectively.

Despite, the periods both large and small banks indicate decrease in government

securities and are classified as insolvent, these findings show the need to imple-

ment second round e↵ects and investigate banks responses when acting under stress.

Banks are binding by the regulatory constraints and combined with the adjusted

liquidity channels, their ability to react and adapt a prudent behaviour comprise

an added value for regulators and policy makers. Counting for second round e↵ects

and banks responses when designing wide stress test, assists on banks’ contingency

planning and the structure of their business model, evaluation.

20
See section 4.3.2 for the solvent and insolvent banks definition
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4.4.4 Firm and Household transactions

This section discusses the evolution of liquid assets and netflows banks receive from

the transactions with firms and households, under the baseline and the stress peri-

ods. We analyse the amount of liquid assets arise from the transactions with the

households and firms as well as the proportion of inflows and outflows arising from

these agents’ decisions for saving or withdrawing deposits. This analysis draws re-

marks regarding the agents’ behaviour and actions when they are constrained by

consumption and the cost of production as well as the restriction in loan supply

under the di↵erent states of the economy.

Figure 4.3 indicates the evolution of liquid assets provided from households and

firms to banks through loan instalments. The dotted line of figure 4.3 corresponds to

the average amount of loan instalments coming from households acting in the system

under examination while the black one is the amount of instalments provided from

firms. The evolution of the firms’ and households’ liquid assets display that during

the baseline period (T = 1), the volume of loan instalments banks receive from

households equals e 1.5 bn while the amount coming from the firms’ transactions is

almost double (e 3.5 bn).

During the economic recession, firms and households decrease the amount of

payments provided to the banks. In particular, at T = 2 there is a simultaneous

decrease of the liquid assets from both firms and households. Firms’ loan payments

decrease by 12.38%. For payments coming from transactions with households, banks

face a reduction by 14.16%. The inability of firms and households to serve their loan

obligations is a consequence of the adverse economic events as well as the banks’

decision to restrict the loan supply by increasing the lending rates.
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Figure 4.3: Banks’ liquid assets on average from the transactions with firms and
households

As a results of the economy’s recession, firms’ and households’ ability to serve

their loans obligations, changes. Firms and households are forced to reallocate their

net value and disposal income, respectively. Being constrained by their preferences,

firms and households prioritise their expenses given the new state of their revenues

(cash and wages respectively)they get, at each time step T . The reaction of agents

and the decrease in banks’ liquid assets specifies how the economy’s fluctuations

prompt banks’ funding position, which becomes procyclical to these vulnerabilities.

In parallel to the above lending transactions, banks receive flows from firms

and households through deposits. Banks adjust their funding position and respond

to the net flows arising from the deposits. Constrained by the deposit insurance

should be provided to firms and households (Anginer et al. 2012), banks develop

bu↵ers for covering any potential deposit outflow stems from firms and households

withdrawals. In parallel, the net flows behaviour is bound by a set of structural

changes in the Financial and Fiscal policy which led Cyprus and Greece to allow

only for a threshold amount of deposits withdrawals (Hardouvelis et al. 2016 and
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Monokroussos et al. 2015).

Figure 4.4, shows the evolution of retail and corporate deposit flows on average,

for all banks in our sample, under the baseline and stressed time events. The dotted

line presents the deposit flows from households, while the blue line the deposit

flows from firms. Whilst, households indicate a substantial amount of outflows

starting from the baseline period, firms acting in our system, display an increase

in the amount of inflows provided to banks. Starting from e 6 bn, the amount of

corporate inflows slightly increases over the time and reaches e 11 bn during T = 9.

Responsive to banks’ credit spread increase, an increase in lending rate and a slight

rise of deposit rate, firms’ preferences 21 lead to inflows increase and to labour costs

reduction, which force households to make use of their savings.

As opposed to firms, households’ actions specify a substantial amount of outflows

as an outcome of banks’ credit spread increase and firms’ decision to reduce wages

(labour costs). Households face a substantial decrease in their income due to wages

reduction, combined with the restriction in banks’ loan supply and the increase in

lending rate, which leads to significant deposits withdrawals. During the first periods

of stress the amount of households’ withdrawals reaches e 2.2bn while from period

T = 4 and on, the amount of outflows starts decreasing. This outflows evolution ex-

plains households rationality to benefit from deposit rate increase. Once households

face changes to wages which is the main source of the households’ income, they turn

their preferences into saving and and take the advantage of the higher deposit return.

21
Firms’ objective is to maximise the net value according to equation 4.2 in section 4.3.1
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Figure 4.4: Banks’ deposits inflows and outflows from the transactions with firms
and households

Banks’ increase in inflows with the parallel evolution of significant amount of

outflows, our system face, assists in highlighting the focus on banks management and

contingency planning required to enhance their e�ciency after significant liquidity

shortages. As banks need to cope with liquidity risk fast in periods of crisis where

their capital base is already at a critical stage, the increase in liquidity bu↵ers volume

for backing outflows under stressed macroeconomic events scenario is a prerequisite

for banks to withstand shocks and reveal their weaknesses through a stress test

assessment.

4.5 Concluding remarks

In this paper, we examine the role of funding liquidity risk and its pro-cyclical

behaviour with the use of the Basel III measure (LCR), under unified macro pru-

dential stress test framework. Through this analysis, we assess the changes and the

evolution of the LCR over the time, when applying adverse economic conditions.
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By developing a mechanism capturing for second round e↵ects we assess the

LCR changes and pro-cyclical behaviour, banks’ responses to systemic risk and the

reaction of firms’ and households’ when banks apply restrictions in loans supply. We

assess the changes of the banks’ liquid assets, through cash & equivalent account,

investment on HQLA, assets fire sales and lending rates increase. In addition, we

count for banks’ liquidity bu↵ers when facing inflows and outflows arising from the

transactions with households and firms, under both the baseline and the stressed

scenarios.

At each time step, we derive the LCR expected shortfall for all banks acting under

the same economy. Our analysis reveals that all banks LCR faces simultaneously

substantial shortfalls during the first period after the shock implementation, while

for the next periods of stress all banks’ LCR decreases. Our results indicate that

banks’ responses and the mechanism for capturing second round, uncover funding

liquidity risk pro-cyclical behaviour. Whilst the system highlights that by applying

the adjusted liquidity channels large banks, in terms of assets, can continue to

meet the LCR 70% threshold, their funding position deteriorates over the time and

indicates the LCR pro-cyclicality to adverse economic events. This evidence is of

great significance and highlights the need to incorporate second round e↵ects when

applying system wide stress tests.

Furthermore, we find evidence about banks’ responses to systemic risk when

proceed to loans supply restrictions combined with the adverse economic condi-

tions. The cash inflows and the outflows of banks coming from households and

firms respectively, imply that banks’ funding planning and model should be contin-

uously monitored, during periods of economic stress. The development of an ABM

model which captures the complexity of the financial system and counts for second

round e↵ects, reveals the need of a unified analytical stress test framework instead

of the traditional econometric and statistical approaches when dealing with scenario

analysis.

A key result of our study is highlighting the need that macro prudential stress

tests should develop unified processes counting for multiple feedback processes. In
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addition, besides the focus on credit risk, macro prudential stress tests should also

address funding liquidity risk. The examination of liquidity risk arising from the

funding position of banks with the use of the Basel III LCR, provides further in-

sight on the financial stability framework. Furthermore, this study contributes to

prudential regulation framework from the micro aspect of this regime as it reveals

information regarding individual banks’ responses to systemic risk and structural

changes on their business model during baseline and stress scenarios. When banks

apply the adjusted liquidity channels combined with the reaction of firms and house-

holds, underline the need banks to adapt a more prudent business model.

The sensitivity of the LCR over the marginal fluctuations of the macroeconomic

environment combined with the cyclical patterns illustrate the strong linkage be-

tween the macro side of the economy with the funding position of banks. This

analysis shows the importance of considering multiple feedback process for provid-

ing evidence on financial risks behaviour. In particular, the application of multiple

feedback processes reveals the procyclical behaviour of funding liquidity risk and

underline the need to design and implement more informative stress tests acting as

early warning systems.

Given that most of the stress test analysis which count for second round e↵ects

are lacking a unified process, the agent based model can act as a guide for standalone

stress test tools and give significant insight for banks’ funding plans regarding the

volume of liquidity bu↵ers, banks should hold in order to cope with unexpected

liquidity shortages.

Our framework provide valuable information for future system-wide stress test-

ing. However, further work requires the implementation of the interbank in order to

examine contagion e↵ects and banks interconnectdness as well as the introduction

of more market participants (beyond firms and households) such as the non-bank

financial sector.

Overall, our results present significant implications to regulators and policy mak-

ers alike, as we provide evidence that contributes substantially in designing robust

and forward looking unified stress test frameworks for promoting and maintaining
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financial stability and prudential policies.
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Chapter 5

Conclusion

5.1 Concluding Remarks

This thesis investigates the role of funding liquidity risk when macro prudential

stress test models are applied. Specifically, through the dissertation chapters we

reveal the importance of incorporating liquidity risk in macro prudential stress test

models. A key question this thesis addresses, is which are the main liquidity risk

drivers. By extending the traditional multivariate copula estimation in a stress

test framework, we quantify the impact of the main macroeconomic indicators on

banks’ funding position. Also, the analysis uncovers whether the macroeconomic

environment is linked to the funding position of commercial banks. Specifically,

the macroeconomic environment when operating under stress, triggers simultaneous

liquidity shortages on banks’ balance sheets, which in turn signals the existence of

systemic liquidity risk. Additionally, the pro-cyclical behaviour of liquidity risk is

examined. Banks’ funding risk demonstrates a pro cyclical behaviour to the macro

economic fluctuations, as despite banks’ responses to restore their liquidity profile,

banks’ liquidity position indicates a continuous decrease.

Chapter 2 is the development of a novel multivariate copula extension quanti-

fies the main funding liquidity risk drivers. Specifically, this chapter examines the

marginal e↵ects of the main macroeconomic indicators over the Basel III liquidity

measure, NSFR, under three scenarios, the good, the stressed and the baseline sce-

nario. In parallel, this analysis provides an extension to Gaussian copula estimation

149



through a novel assessment, this of marginal e↵ects. The results reveal the strong

and direct inter-linkages between the macroeconomy and funding liquidity risk. The

sensitivity of the NSFR over the marginal fluctuations of the macroeconomic and

interbank indicators illustrate that funding liquidity risk arise in periods of economic

recession. The GDP, Unemployment, Account Balance, Foreign Direct Investment

and the interbank interest rate are notified as the main liquidity risk drivers which

lead the NSFR to substantial reduction reaching 50%. Additional, findings provide

further insight on banks’ business models as we also count for the volume of deposits

and non-performing loans banks face when stress economic conditions are applied.

The results of this chapter provide significant evidence on the role of funding

liquidity risk in a macro prudential stress testing. The direct links between the

NSFR and the macroeconomic indicators comprise important findings that NSFR

is a significant indicator which should be included when counting for liquidity stress

tests.

In Chapter 3, the main findings highlight the strong e↵ect of the macroeconomic

fluctuations on banks funding position represented by the Basel III liquidity mea-

sure, namely the LCR. Economy’s performance leads banks to face simultaneous

liquidity shortages in their balance sheets. Specifically, the LCR for all banks, drops

substantially and goes below the 70% threshold, as this threshold defined by the reg-

ulatory authorities. Another significant finding which also contributes to the need to

incorporate funding risk in macro prudential stress tests is the time needed for SLR

to appear. Whilst the regulatory guidelines, indicate the LCR assessment to cover a

stress period of 30 days, this analysis findings indicate that LCR assessment period

should be extended. Once the shocks are applied, banks’ LCR drops, however the

greatest shortage all banks face is after the 60-days stressed period.

To this point, this analysis highlights also outcomes regarding the size of the

banking system (the amount of banks located in a respective economy). For systems

having a large amount of banks operating, the risk concentration decreases and

even banks’ funding position deteriorates, the shortages indicated are smaller than

these appear in shrinking banking systems. Additionally, significant outcomes for
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banks’ business models can be drawn by the firms’ and households’ indebtedness.

Specifically, households’ transactions contribute more to the LCR decrease as they

indicate greater amount of outflows compared to firms. Furthermore, due to the

macroeconomic conditions, households inability to serve their loans is greater than

this of firms. Finally, households payments to banks are almost three times less than

the payments banks receive from firms, leading to substantial decrease on banks’

asset side.

The outcomes of Chapter 3 reinforce the need to incorporate the funding risk in

macro prudential stress tests. Additionally, the development of ABM as a scenario

analysis stress test, assists on overcoming traditional econometric approaches. The

ABM is able to quantify the systemic liquidity risk and detect the time needed for

SLR to appear. In addition, by developing computational methods for stress test

applications, we can also capture the dynamics of the financial system transactions,

such as the transactions with other agents acting under the same economy.

Moving on to the final chapter of this thesis, we draw a better understanding

about funding risk pro cyclical behaviour when banks operate under economic stress

conditions. By assessing banks’ funding position with the use of the LCR, this

analysis provides banks’ funding risk evolution. The findings of the analysis indicate

that once SLR is detected, banks develop strategies for withstanding the substantial

liquidity shortages on their balance sheets. Even these responses are designed for

improving banks liquidity position, the economic recession does not allow for banks’

funding position recovery and the LCR display a continuous decrease. Additional

findings underline whether banks size, in terms of assets, contributes to the LCR

behaviour.

Large banks even face decrease on their funding position, by developing the

adjusted responses to macroeconomic fluctuations, they can maintain the LCR above

or close to the critical value of 70%. However because of the economic recession,

large banks are unable to recover their funding position and reach the pre stress

LCR levels. With regards to small banks, these banks are notified by the system

specification as illiquid while the fire sales and loan supply restriction channels, do
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not assist on small banks recovery. Findings also provide a great insight on banks’

business model. To this point, the results indicate that small banks tend to accept

substantial amounts of funds even these banks are unable to back the flows received,

especially when these funds turn into claims, through households and firms deposit

outflows.

The results of the final chapter, underline that banks’ responses incorporated

in a stress test analysis are of up most significance. They also highlight the need

to have a unified process when counting for scenario analysis stress tests. To this

end, currently the regulatory guidelines developed so far, for the LCR assessment

do not count for banks’ reaction. Combined with the limited literature on stress

tests’ second round e↵ects mechanism, results suggest the importance of findings

regarding funding risk pro-cyclical behaviour and evolution of banks.

5.1.1 Policy Implications

Overall, this thesis provides substantial evidence about the role of funding liquidity

risk and the need to be incorporated in macro prudential wide stress tests. Funding

risk indicates strong linkages with the macroeconomic environment. Macroeconomic

indicators are substantial liquidity risk drivers with a direct e↵ect on funding liquid-

ity risk, as they can trigger and reveal funding liquidity risk systemic aspects and

its pro-cyclical behaviour.

The results of this thesis provide substantial evidence for regulators and policy

makers. Firstly, the development of macro financial linkages between the macroeco-

nomic shocks and the funding liquidity risk, highlights the importance of liquidity

risk and the need for it to be addressed in wide stress tests carried out by policy

authorities. Complementary to asset quality review, the implementation of funding

liquidity risk can reveal the ability of banks to meet their liquid needs under stress

economic conditions.

In addition the sensitivity of the Basel III LCR and NSFR ratios over the

marginal fluctuations of the macroeconomic environment establish a clear link be-
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tween the goals of prudential regulation and liquidity risk. Furthermore, the exis-

tence of systemic liquidity risk when the system operates under economic recession,

provides a substantial contribution to prudential regime and combined with the

funding risk pro cyclical behaviour, o↵ers a deep insight for both macro and micro

prudential reforms under Basel III.

Lastly, given that most of the stress test analysis are lacking contingency planning

when assessing the financial position of banks, the agent based model reveals the

rising need to apply unified processes when counting for stress tests simulations

which also include feedback mechanisms. The enforcement of the existing stress test

applications is required in robust and forward looking frameworks to be developed

for establishing and maintaining financial stability and prudential policies.
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Gómez-Fernández-Aguado, P., Parrado-Mart́ınez, P., Partal-Ureña, A., 2018. Sus-

tainability 10 (4), 1259.

Goodhart, C., 2011. The Basel Committee on Banking Supervision: a history of the

early years 1974–1997. Cambridge University Press.

Goodhart, C. A., 2006. A framework for assessing financial stability? Journal of

Banking & Finance 30 (12), 3415–3422.

Goodhart, C. A., Tsomocos, D. P., et al., 2012. Financial stability in practice. Books.

Gorton, G. B., Ordonez, G., 2013. The supply and demand for safe assets. Tech.

rep., National Bureau of Economic Research.

Greenlaw, D., Kashyap, A. K., Schoenholtz, K. L., Shin, H. S., 2012. Stressed out:

Macroprudential principles for stress testing.

Greenwood, R., Landier, A., Thesmar, D., 2015. Vulnerable banks. Journal of Fi-

nancial Economics 115 (3), 471–485.

163



Ha laj, G., 2018. System-wide implications of funding risk. Physica A: Statistical

Mechanics and its Applications 503, 1151–1181.

Haldane, A., 2009. Why banks failed the stress test. BIS Review 18, 2009.

Hamerle, A., Rösch, D., 2005. Misspecified copulas in credit risk models: How good

is gaussian? Journal of Risk 8 (1).

Hardouvelis, G., Gkionis, I., et al., 2016. A decade long economic crisis: Cyprus

versus greece. Cyprus Economic Policy Review 10 (2), 3–40.

Henry, J., Kok, C., Amzallag, A., Baudino, P., Cabral, I., Grodzicki, M., Gross, M.,

Halaj, G., Kolb, M., Leber, M., et al., 2013. A macro stress testing framework for

assessing systemic risks in the banking sector. ECB Occasional Paper (152).

Herring, R., Carmassi, J., 2008. The structure of cross-sector financial supervision.

Financial Markets, Institutions & Instruments 17 (1), 51–76.

Hesse, H., Schmieder, C., Puhr, C., Neudorfer, B., Schmitz, S. W., 2012. Next

generation system-wide liquidity stress testing.

Hirtle, B., Schuermann, T., Stiroh, K., 2009. Macroprudential supervision of finan-

cial institutions: lessons from the scap.

Hoggarth, G., Reis, R., Saporta, V., Nov. 2001. Costs of banking system instability:

some empirical evidence. Bank of England working papers 144, Bank of England.

URL https://ideas.repec.org/p/boe/boeewp/144.html

Hommes, C. H., 2006. Heterogeneous agent models in economics and finance. Hand-

book of computational economics 2, 1109–1186.

Houben, A., 2013. Aligning macro-and microprudential supervision. In: Financial

Supervision in the 21st Century. Springer, pp. 201–220.

IMF, 2006. Financial soundness indicators : compilation guide. International Mon-

etary Fund.

164



IMF, 2008. Financial Soundness Indicators: Compilation Guide. International Mon-

etary Fund.

Iori, G., Jafarey, S., Padilla, F. G., 2006. Systemic risk on the interbank market.

Journal of Economic Behavior & Organization 61 (4), 525–542.

Jesus, S., Gabriel, J., 2006. Credit cycles, credit risk, and prudential regulation.

International Journal of Central Banking 2 (2).

Jiang, G., 2007. Research on credit rating method based on bp nn. In: Service

Systems and Service Management, 2007 International Conference on. IEEE, pp.

1–4.

Jobst, A. A., 2014. Journal of Banking & Finance 45, 270–287.

Jobst, A. A., Ong, L. L., Schmieder, C., 2017. Macroprudential liquidity stress

testing in fsaps for systemically important financial systems.

Kalkbrener, M., Overbeck, L., 2017. Stress testing in credit portfolio models. In:

Applied Quantitative Finance. Springer, pp. 153–176.

Kalkbrener, M., Packham, N., 2015. Stress testing of credit portfolios in light-and

heavy-tailed models. Journal of Risk Management in Financial Institutions 8 (1),

34–44.

Kim, H. J., Shin, H. S., Yun, J., 2013. Monetary aggregates and the central banks

financial stability mandate. International Journal of Central Banking 9 (1), 69–

108.

King, M. R., 2013. The basel iii net stable funding ratio and bank net interest

margins. Journal of Banking & Finance 37 (11), 4144–4156.

Klusak, P., Alsakka, R., Ap Gwilym, O., 2017. Does the disclosure of unsolicited

sovereign rating status a↵ect bank ratings? The British Accounting Review 49 (2),

194–210.

165



Koliai, L., 2016. Extreme risk modeling: An evt–pair-copulas approach for financial

stress tests. Journal of Banking & Finance 70, 1–22.

Krause, A., Giansante, S., 2018. Network-based computational techniques to de-

termine the risk drivers of bank failures during a systemic banking crisis. IEEE

Transactions on Emerging Topics in Computational Intelligence 2 (3), 174–184.

Ladley, D., 2013. Contagion and risk-sharing on the inter-bank market. Journal of

Economic Dynamics and Control 37 (7), 1384–1400.

Lallour, A., Mio, H., 2016. Do we need a stable funding ratio? banks’ funding in

the global financial crisis.

Landau, J.-P., 2009. Procyclicality: what it means and what could be done. In: re-

marks at the Bank of Spains conference on Procyclicality and the Role of Financial

Regulation, Madrid, May.

Leduc, S., Liu, Z., 2016. Uncertainty shocks are aggregate demand shocks. Journal

of Monetary Economics 82, 20–35.

Levy-Carciente, S., Kenett, D. Y., Avakian, A., Stanley, H. E., Havlin, S., 2015.

Dynamical macroprudential stress testing using network theory. Journal of

Banking and Finance 59 (C), 164–181.

URL https://EconPapers.repec.org/RePEc:eee:jbfina:v:59:y:2015:i:c:p:164-181

Lim, C., Costa, A., Columba, F., Kongsamut, P., Otani, A., Saiyid, M., Wezel, T.,

Wu, X., 2011. Macro prudential policy: What instruments and how to use them?

lessons from country experiences. International Monetary Fund (11).

Louzis, D. P., Vouldis, A. T., Metaxas, V. L., 2012. Macroeconomic and bank-

specific determinants of non-performing loans in greece: A comparative study of

mortgage, business and consumer loan portfolios. Journal of Banking & Finance

36 (4), 1012–1027.

166



Marcucci, J., Quagliariello, M., 2008. Is bank portfolio riskiness procyclical?: Evi-

dence from italy using a vector autoregression. Journal of International Financial

Markets, Institutions and Money 18 (1), 46–63.

Martin, A., 2007. Liquidity stress testing-scenario modelling in a globally operating

bank. APRA.

Martinez-Jaramillo, S., Alexandrova-Kabadjova, B., Bravo-Benitez, B., Solórzano-
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