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Abstract

The aim of this thesis is to investigate the role of the wholesale funding in the

modern credit intermediation process and to estimate the possible impact of

proposed regulation of the wholesale funding on lending activity of a bank or

its risk profile. Throughout the analysis we used data set of 132-1167 banks

from the European Union (number of banks depends on the hypotheses tested)

during the period 2006-2012. We found that the banks that are more exposed

to the wholesale funding are able to increase their lending relatively more in

comparison to the less exposed banks; this advantage is wiped out during the

times of liquidity or collateral crunch. Results of defined simultaneous equation

model suggest that stricter eligibility criteria, higher margins and introduction

of 100% threshold for the Net Stable Funding Ratio will significantly decrease

the wholesale funding ratio and thus limit the supply of loans. We consider

those results alarming since the majority of European enterprises is financed by

the financial intermediaries, not on the capital market and therefore additional

limitation of the wholesale funding activities could negatively influence the

overall economic activity within the European Union. We discovered that the

commercial banks tent to transfer the costs of the wholesale funding which are

usually higher than the costs of deposits to their customers through the loan

rate; the opposite is true for the cooperative banks. Additionally, we showed

that higher share of the wholesale funding increases the default risk of a bank

measured by adjusted z-score. This positive correlation supports the regulatory

efforts to decrease/limit the wholesale activities in order to reduce the systemic

risk inherent within the financial system.
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Abstrakt

Ćılem této práce je zhodnotit roli velkoobchodńıho financováńı v prostřed́ı mod-

erńıho finančńıho zprostředkováváńı a odhadnout možný dopad navrhované

regulace velkoobchodńıch aktivit na objem bankou nab́ızených p̊ujček, př́ıpadně

na rizikovost konkrétńı finančńı instituce. V rámci celé analýzy jsme pracovali s

panelovými daty, které obsahuj́ı informace o 132-1167 bankách (konečný počet

se odv́ıj́ı od testované hypotézy) a pokrývaj́ı obdob́ı 2006-2012. V rámci vypra-

cováńı teze jsme zjistili, že banky, které jsou v́ıce vystavené velkoobchodńımu

financováńı, efektivně využ́ıvaj́ı dodatečných zdroj̊u a jsou schopny zvýšit ob-

jem poskytnutých úvěr̊u relativně v́ıce než banky, které se financuj́ı ve větš́ım

poměru depozity. Tato výhoda je v obdob́ı krize rychle transformována na

nevýhodu, kdy banky, které jsou podstatně v́ıce vystavené velkoobchodńımu fi-

nancováńı, maj́ı tendenci snižovat nab́ıdku úvěr̊u relativně v́ıce. Výsledky SEM

dále poukazuj́ı na skutečnost, že (i) př́ısněǰśı kritéria pro cenné paṕıry, které

jsou vhodné jako kolaterál, (ii) zvýšeńı velkoobchodńı marže a (iii) definováńı

100% hranice pro NSFR povedou ke sńıžeńı objemu velkoobchodńıho finan-

cováńı a v konečném d̊usledku také celkovému omezeńı nab́ıdky úvěr̊u. Tyto

výsledky jsou velmi znepokojuj́ıćı, neboť evropské společnosti jsou v oblasti

vlastńıho financováńı tradičně velmi závislé na finančńım zprostředkováváńı

a omezeńı objemu poskytnutých úvěr̊u, by tedy v konečném d̊usledku mohlo

mı́t negativńı vliv na ekonomickou aktivitu v rámci celé Evropské Unie. Dále

jsme zjistili, že komerčńı banky maj́ı tendenci přenášet zvyšuj́ıćı se velkoob-

chodńı náklady, které jsou obvykle vyšš́ı než náklady na depozita, na své

zákazńıky prostřednictv́ım úvěrové úrokové mı́ry. Výsledná kladná korelace

mezi velkoobchodńım financováńım a rizikovost́ı dané banky kvantitativně pod-

poruje snahu regulátor̊u o omezeńı velkoobchodńıch aktivit k dosažeńı větš́ı

stability finančńıho systému.
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The Modern Money Creation Process: The Case of Collateral Crunch

Topic characteristics Interesting topic has arisen from the work presented

by Manmohan Singh, member of the International Monetary Fund. Mr. Singh

questions the ability of world monetary authorities to fully understand the

modern money creation process. He claims that the traditional monetary trans-

mission mechanism is no longer valid. Samuelson, Nordhaus (2004) gives an

example of what we call traditional: Central bank (CB) influences reserves

that commercial banks hold by open market operation (OMO), where it buys

or sells securities on the market, influencing the money supply and interest

rates. Consequently, this leaves an impact on investments, real output and in

long term also inflation. Moreover, this is how CBs are supposed to control the

money and credit creation (system of commercial banks creates credit based on

available reserves, traditionally reserves held in CB). Furthermore, banks fund

themselves more and more often by nonbank companies using so called pledged

collateral. These nonbanks (also called shadow banks) are mostly hedge funds,

mutual funds, pension funds, insurers and others. They are the biggest suppli-

ers of this collateral and large banks receive fund’s securities (pledging another

loan of fund’s client) as collateral against margin loans, securities borrowing,

reverse repo transactions and OTC derivatives creating new credit in the pro-

cess. It seems that lending activity of banks (at least of the big ones) does not

depend only on reserves controlled by CB.

The Collateral-chains work for example as follows: Hedge Fund accepts

loan from Deutsche Bank pledged by the security e.g. U.S. Treasury Bond (of

course, it will need to pledge more than $1 of a loan, based on a defined hair-

cut), then Deutsche bank can re-use received collateral (in the sense that it can
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re-pledge this U.S. Treasury Bond as a security for its own obligation to some

third party, sell it or even lend it. There is a legal distinction between the term

“rehypotheation” and “re-use” of collateral) and get additional credit. In case

that CB does not want to forbid this private way of funding, but at the same

time does not want to lose the ability to measure the total amount of money in

the economy, it needs watch closely volumes of these trades. But the problem

with tracking the asset portfolio of nonbanks is that they usually operate out-

side the state supervision. If we assume that the velocity of collateral has the

same effect as money multiplier, its drop could lead into an increase in cost of

bank’s funding, thus rise in bank’s interest rates.

Since the financial intermediation shifted over the years from the deposit-

lending based to the market-credit one, the understanding of the money market

and particularly the repo market is a top priority these days. A definition of

the shadow banking system provided for example by Poszas, Adrian, Ashcraft

and Boesky (2010) is following. Shadow banks are financial intermediaries that

conduct maturity, credit, and liquidity transformation without access to cen-

tral bank liquidity or public sector credit guarantees. The recent report by the

Banking Supervision Committee shows that securitization grew significantly in

Europe over recent years, but adds, that the growth was slower than in the

U.S. financial system. A study published by the ECB: Bakk (2013) shows that

the overall issuance has continued to grow in the euro area despite the financial

crisis but at lower levels. The shadow banks are generally viewed as inherently

fragile and thus a source of systemic risk for the financial system. There has

been a strong regulatory pressure during the recent years to put the shadow

system under the supervisory control. These attempts of macro-prudential

regulation omit the importance of liquidity that shadow banks provide to the

financial system and push the collateral management into the challenging en-

vironment. (Carver, 2013), (Havser, 2012), (Brown, 2013), (Aggarwal, 2013)

There is a high volume of literature about the shadow banking in the United

States, but not many studies focusing on this particular topic have been written

in the Europe. This thesis aims to contribute to the area by investigating the

connection between money and credit creation in the Europe and test the

dependency of European financial system on the collateral inventories with

respect to the regulatory changes and banks’ risk profile.
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Hypotheses

1. There has been a significant shift of the financial institutions’ funding

operations from classical sources (retail deposits) to other financial inter-

mediaries’ products (ABCP, interbank loans, repos etc.): This wholesale

funding is positively correlated with bank’s lending activity in normal

times but its effect is reverse and stronger during the crisis such as liq-

uidity crunch.

2. Broader eligibility criteria of securities results, through its positive impact

on volume of wholesale funding, in a lower price of credit.

3. Higher margin requirements result, through its negative impact on volume

of wholesale funding, in a higher price of credit.

4. Broader eligibility criteria of securities results, through its positive impact

on volume of wholesale funding, in a higher default risk for a bank.

5. Higher margin requirements result, through its negative impact on volume

of wholesale funding, in a lower default risk for a bank.

Methodology This thesis will study the development of banks’ funding and

the modern process of money creation. The main focus will be on collateral

funding and its development in reaction to macro—prudential regulation. The

following suggestion was put forward: increasing demand for perceived safe

assets will lead to the future shortage of eligible collateral and will eventually

stress the real economy due to limited supply of loans. We will study how

the presence and changes in these collateral constraints affect the price of a

credit. For this purpose we will build a model that will allow us to study rele-

vant financial and real variables. In order to identify the impact of previously

defined collateral characteristics on the volume of provided loans and on the

price of credit, respectively, I apply following methodology. I assume that bank

simultaneously decide about the share of wholesale funding on its balance sheet

and the loan rate. In this specific case the share of wholesale funding (WF)

is assumed to be endogenous, thus two-stage least-square regression is consid-

ered to be better estimation methodology. Volume of loans depends on supply

side and demand side factors. I regress the loan volume only on demand side

variables (loan rate, inflation and gdp), because the supply side factors (the

marginal cost of lending for bank) are already used in equation for loan rate.



Master Thesis Proposal xvi

The most challenging part of the analysis will be the data collection concern-

ing the share of shadow banking operations in the European financial system.

General statistics about the financial intermediation can be found on the web-

site of ECB/Eurosystem – monetary statistics (MFIs, OPIs, and ICPFs) and

Eurostat. Main source of information is BankScope database.

Outline

1. Introduction

2. Modern money creation process

3. Practical application

(a) FE panel regression

(b) Two-stage least-square regression

4. Conclusions
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Chapter 1

Introduction

Liquidity shortage of the European banks that followed closely after the fall

of Lehman Brothers pointed out to this moment neglected risk of bank’s de-

pendence on wholesale funding market. As a consequence several changes are

about to be implemented into the financial system that will implicitly shape

the wholesale funding and the collateral environment: (i) new regulatory rules

(e.g. stricter rules for counter-party credit risk management and global liquid-

ity standards) and (ii) collateral custodians which are striving to connect with

the central security depositories (CSDs). (Singh 2013a), (FSB 2013)

The aim of this thesis is to investigate the role of the wholesale funding in

the modern credit intermediation process and to estimate possible impact of

proposed regulation of wholesale funding on lending activity of a bank or its risk

profile. In order to achieve our goal we established five hypothesises covering

three distinct areas of our research that together provide a complex picture of

the area of interest. First, we attempt to show that the banks that are more

exposed to the wholesale funding market are able to increase their lending more

relative to the non-exposed banks. Furthermore, the relationship between the

wholesale funding and growth of loans is reverse during the economic distress

such as liquidity or collateral crunch. For this hypotheses we employ and adjust

the model presented in Gozzi & Goetz (2010).

Second, we attempt to quantify to what extent banks transfer their funding

costs to the customers by increasing/decreasing the loan rate. We are further

interested in the estimation of demand elasticity for loans since this elasticity

determines final volume of demanded loans. To analyze this hypotheses, we

employ Simultaneous Equations Model (SEM) that consists of two equations:
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the wholesale funding and loan rate equation. Regarding this methodology,

we were inspired by a prior work analyzing the impact of higher capital re-

quirements on loan rate Chami & Cosimano (2010). We want to show that (i)

broader eligibility criteria of securities results, through its positive impact on

volume of the wholesale funding, in a lower price of credit and (ii) higher mar-

gin requirements and NSFR result, through their negative impact on volume of

the wholesale funding, in a higher price of credit.

Third, we quantify the effect of an increase in the wholesale funding activity

on risk profile of a bank.

The value added by this thesis, in our opinion, can be found in the data

set used and the methodology applied in order to investigate our hypotheses.

First, we decided to use only the banks located within the European Union

and by this we significantly enriched the area of similar research that focuses

mainly on the U.S. or international banks. Second, we did not focus only on

one type of a bank which is common approach in the existing literature, but

we estimated our models both on merged data set of all banks’ specializations

(commercial, cooperative, savings, etc.) and also on the individual subsamples.

This approach allowed us to further comment on our hypotheses with respect to

different specializations. Third, we decode to investigate the impact of whole-

sale funding from a complex point of view. For our hypotheses 1-4 we used a

methodology of SEM which is widely used by researchers for investigating the

impact of higher capital requirement on loan rate and volume of loans. To the

best of our knowledge, there is currently no similar study to ours that directly

connects the share of wholesale funding on bank’s balance sheet to the loan

rate using SEM.

This thesis is organized as follows: Chapter 2 describes the modern money

creation and summarizes the main structural changes that were or are about to

be implemented into the financial system where we put emphasis on the finan-

cial intermediaries. Empirical analysis can be found in Chapter 3. This chapter

is further divided into two parts (i) relationship between wholesale funding, loan

rate and volume of loans and (ii) correlation between the wholesale funding and

risk profile of a bank nexus. Chapter 4 summarizes our findings.



Chapter 2

Modern money creation process

2.1 Money in the context of shadow banking

As pointed out in Pozsar et al. (2010) the internal shadow banking is the

phenomena of last 30 years. The main driver was transformation of large

banks from low return on equity (RoE) entities that provide loans, hold and

fund them until maturity with deposits, to high RoE entities that originate

loans in order to warehouse and securitize them, later they either distribute or

retain the securitized loans through off-balance sheet vehicles. As a consequence

the banking intermediation has changed from credit-risk intensive, deposit-

funded, spread-based process, to a less credit-risk intensive, but more market-

risk intensive, wholesale-funded and fee-based process.

2.1.1 Shadow banking system

We define a traditional banking intermediation as a process in which banks

collect savings in form of deposits and use these deposits as a source of funding

for provided loans. Usually only three agents are involved in the process: savers

(ultimate lenders), borrowers and traditional banks. This process is also called

credit intermediation and involves credit, liquidity and maturity transforma-

tion. In this simple model all the steps of credit intermediation are processed

within one institution with access to the official enhancement. However, with

respect to financial innovation and not insignificant size of shadow banking,

this simple framework is no longer a good representantative of a real world.

The shadow banking, same as the traditional one, conduct credit interme-

diation, but this process is no longer kept within one banking institution. It

is rather vertically sliced-up and performed through the chain of non-banking
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financial intermediaries. In case of shadow banking system we can define seven

steps of credit intermediation: (1) loan origination, (2) loan warehousing, (3)

Asset-Backed Security (ABS) issuance, (4) ABS warehousing, (5) Asset-Backed

Security Collateralized Debt Obligations (ABS CDO) issuance, (6) ABS inter-

mediation and (7) wholesale funding. These steps are performed in a strict

order, but not all the steps must be always included. This diversification of

credit, liquidity and maturity transformation between different financial inter-

mediaries allows them to gain from specialization. However, it is often the case

that the non-bank financial intermediaries operate without the direct access to

public sources of liquidity and insurance, in consequence, they are inherently

more fragile. (This definition of traditional and shadow banking closely follows

the one provided in Pozsar et al. (2010).) For more detailed information about

development and classification of shadow banks see Adrian & Ashcraft (2012)

and Bakk-Simon et al. (2012).

Traditionally, the main sources of funding for bank are deposits collected

form savers. This assumption does not hold in framework where shadow banks

exist as they rely to the large extent on the wholesale funding market. The

wholesale funding market represents two main classes of interaction: First, the

interbank market where banks lend to and borrow from each other. Second and

more important, also the bank to non-bank lending interaction that includes

for instance money market investors such as the Money Market Mutual Fund

(MMMF), institutional investors or governments.

Market where securities with maturity up to 13 months are traded is re-

ferred as a money market, securities with longer maturity are placed on a

capital market. Wholesale market instruments can be described as short-term

(money market) uninsured securities that can be both secured: Asset-Backed

Commercial Paper (ABCP), ABS, ABS CDO1; or unsecured: eurodollar deposits,

Commercial Paper (CP). In Europe, ABS and ABCP are the most important

forms of securitization and in addition, ABS are largely held assets that serve

as a collateral in repo transactions. Furthermore, before the crisis, the issuance

of securitized securities was smaller in volume in the euro area than in the

US, i.e. e462 billion compared with $1.7 trillion in the U.S., and remains less

developed. (Bakk-Simon et al. 2012)

As usual, also wholesale funding market has two sides, we distinguish be-

1These types of instruments are widely referred as wholesale funding market instruments,
see Adrian & Ashcraft (2012), Pozsar et al. (2010) or ?.
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tween borrowers and savers: Borrowers are both non-financial institutions such

as corporations or governments and financial intermediaries e.g. commer-

cial banks2, broker-dealers or shadow banks; Providers of wholesale funding

(”savers”) can be intermediaries (invest on behalf of their individual customers,

institutions, etc.) mainly MMMF or direct investors (act on behalf of their own

account) such as institutional investors or government investment pools.

There are two main reasons why modern banks fund themselves in addition

to deposits also on wholesale market. First, as proposed in Dinger & Craig

(2013), in contrary to retail deposits, wholesale liabilities can be adjusted al-

most immediately with a very low costs. Second, the introduction of capital

requirements in Basel framework made the balance sheet of a bank more ex-

pensive and the use of wholesale market funding allows bank to fully exploit

its investment opportunities. Note that this advantages of wholesale funding

do not hold in times when financial system is in distress. Furthermore, the

modern securitization techniques allow banks to move the assets into the off-

balance sheet (ABS conduits) and avoid capital requirements. Description of

updated financial intermediation framework provided in the next paragraphs

will help us exploit the main caveat associated with large exposition of banks

to the wholesale funding.

The modern financial intermediation as presented in Pozsar & Singh (2011)

can happen through the banking system, non-bank financial institutions and

capital markets (see Figure 2.1).

In this moment, it is important to highlight the role of asset managers

such as mutual funds, pension funds, hedge funds and others in the process

of credit intermediation as their supply and demand determine the shadow

banking system, in particular volume of the wholesale funding. Based on Pozsar

& Singh (2011) asset managers are currently important suppliers of collateral.

They changed their investment strategies and in addition to standard long-term

investing activities, they demand also safe, short-term, liquid instruments, or

non-deposit money claims. This demand for money-like instruments is reflected

mainly on the process when borrowers post cash as a collateral for securities

lent 3. This transformation of long-term savings into the short-term savings is

2In this context, commercial bank is a bank that collects deposits and provides loans, no
securitization is involved.

3Other possible explanations described in Pozsar & Singh (2011) are that asset managers
hold a certain portion of their funds in short-term instruments as a result of tactical and
technical decisions or thanks to derivatives-based investment strategies of particular fund.
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Figure 2.1: Financial intermediation framework
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referred as a reverse maturity transformation. As a result of this transformation

the asset managers serve currently as an ultimate source of collateral for a very

collateral-intense system of shadow banking. They provide additional liquidity

and thus lubricate the financial system.

The process of collateral extraction from the balance sheet of an asset man-

ager is also called a collateral-minig. This process consist of two steps: first the

dealer has to find a source of collateral and then extract it. There are various

means how to obtain desired collateral such as repo (provision of cash against

the collateral), customer margin loans, securities borrowing directly from cus-

todians or other derivative transactions. The estimated volume of collateral

mined from an ultimate sources is $3.3 trillion in 2007 and $2.45 trillion in

20104. An important feature of a collateral that is extracted from its ultimate

source is the possibility of a dealer (miner) to repledge5 it for its own purposes.

4Singh (2011)
5”Although the terms ”re-hypothecation” and ”pledged collateral that can be re-used” are

often used interchangeably, each has a specific meaning and connotes something slightly differ-
ent. ”Re-hypothecation” means the use of financial collateral by a collateral taker as security
for his own obligations to some third party (i.e. onward pledging). Re-use is broader in
scope, encompassing not only re-pledging but also any use of the collateral compatible with
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Furthermore, this source collateral can be re-used several times and create so

called collateral-chain. (Singh 2011)

The concept of collateral-chain, also called dynamic chain, is captured in

Figure 2.2 (this example closely follows the one provided in Pozsar & Singh

(2011)): Hedge Fund wants to invest in ABS. In order to get the funding it

enters the repo agreement with Dealer 1. Hedge Fund receives cash against the

U.S. Treasury collateral (it will need to pledge more than $1 of a loan, based on

defined haircut). In this case, the U.S. Treasury security is a source collateral

and Dealer 1 has a right to repledge it for its own purposes. Dealer 1 can post

this collateral to Dealer 2 on an out-of-money interest rate swap. Furthermore

Dealer 2 can also repledge this collateral and settle its contract with an Asset

Manager. Finally the Asset Manager can post this security to another dealer,

who has an in-the-money FX swap position with the asset manager. Previous

example shows how can single security serve as a collateral in various transac-

tions: (i) provision of cash to uninsured cash investors, (ii) management of the

market risks or (iii) settlement of trades. Total aggregate number of pledged

collateral thus reflect both, the volume of source collateral and also the velocity

of collateral. We will discuss the implications of collateral churning in the next

subsection.

Figure 2.2: Dynamic chain
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Source: Based on an example provided in (Pozsar & Singh 2011)

ownership of the property (such as selling or lending it to a third party). Rights of re-use
are thus inherent in title transfer financial collateral arrangements (because ownership of the
property actually changes) whereas under a pledge, the collateral taker will only enjoy rights
of rehypothecation if the parties have expressly agreed to this in their written pledge agree-
ment.” Relevant legal framework in Europe is flexible enough to satisfy the most risk-averse
clients and counterparties. (Singh 2011)
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Major dealers active in the collateral market presented in Singh (2011)

include Morgan Stanley, Goldman Sachs, JP Morgan and Citigroup in the US.

In Europe the important dealers are for example BNP Paribas, Deutsche Bank,

UBS, Barclays and HSBC.

You can find this specific information about collateral pledging of those

complex banks stated usually in the following way (case of Deutsche Bank): ”As

of December 31,2012 and December 31,2011, the Group has received collateral

with a fair value of e311 billion and e304 billion, respectively, arising from

securities purchased under reverse repurchase agreements, securities borrowed,

derivatives transactions, customer margin loans and other transactions.. . . As

of December 31,2012 and December 31,2011, the Group has resold or repledged

e261 billion and e262 billion, respectively.”6 A fair value of received collateral

as of December, 2010 and December, 2009 was e269 billion and e265 billion,

respectively. The Group has resold or repledged e249 billion and e200 billion.7

In case of Deutsche Bank, absolute volume of repledged collateral increased

during the 2009-2011 period and slightly decreased in 2012, but the relative

share of repledged collateral to received collateral oscillated ( 2009: 88.89%,

2010: 92.57%, 2011: 86.18%, 2012: 83.92%). This finding corresponds with the

statement provided in Singh & Aitken (2010) that overall collateral chains vary

with respect to the risk appetite and trust between the institutions engaged in

financial intermediation as described above.

Furthermore, although we are discussing the idea behind the modern fi-

nancial intermediation including the shadow banking system, collateral-mining

and re-hypothecation in a broader context, one should be aware of differences

between the U.S. and the Europe. First, Based on Singh (2011), the existence

of collateral-chain is rather the non-US phenomena. In the United States there

are limits to the degree of re-use of collateral set by the Regulation T and

SEC’s rule 15c38. No such quantitative cap on the re-use of collateral pledged

to dealer protecting the customer’s asset exists in the United Kingdom or the

continental Europe9. Second, total volume of the Money Market Fund (MMF)

6(DB 2012, p. 415)
7(DB 2010, p. 265)
8”Rule 15c3-3 (the ”Customer Protection Rule”) requires a broker-dealer to maintain

physical possession and control of fully-paid and excess margin securities, only with a value
in excess of 140 percent of the customer’s debit balance (i.e., also called ”Excess Margin”
requirement). SEC Rule 15c3-3 also prohibits prime brokers from re-hypothecating more
than 140% of a client’s debit balance or more than 100% of overall client debits.”(Singh
2011, p. 6)

9Nevertheless, authors in Singh & Aitken (2010) argue that in case of large European
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balance sheets in euro area derived from monetary statistics was around e1.1

trillion in 2011 and remained relatively stable across time with a slight de-

crease from 2008. In contrary the US MMFs observed a sharp decrease in their

assets that fell from its peak in 2008 ( e2.9 trillion) to e1.9 trillion in 2011.

Nevertheless, even after this squeeze, the total volume of the balance sheet of

the US MMFs remains far above the European level. Furthermore, we could

defend that the European MMFs do not play a significant role in financing the

Monetary Financial Institution (MFI)s10 - on an aggregated level they represent

only 4% share in balance sheet of the MFI, the rest of funds are provided by

other financial institutions. However, the share of the MMF in balance sheet of

the MFI differs significantly among European countries: 27% in Luxembourg

or 24% in Ireland. Besides, there is an evidence that the European banks are

exposed to the US MMF. (Bakk-Simon et al. 2012)

2.1.2 Implications of collateral-mining and re-use of collat-

eral for the financial system

There are two main problems in tracking the bank to non-bank nexus. First

it is often the case that the shadow intermediaries operate outside the state

supervision and secondly, there is no consensus about the size of shadow bank-

ing system itself. In Adrian & Shin (2009), the authors suggest to measure

the shadow banking system as a sum of prime dealers repo, financial sector

CP and ABCP. Singh & Aitken (2010) build upon this definition and addi-

tionally include the volume of repledged collateral that is usually stated only

in notes of balance sheets. This upgraded measure suggests that the collapse

of banks’ funding was even more significant than expected after the fall of

Lehman Brothers. Based on statistics computed in Singh & Aitken (2010) the

U.S. shadow banking system decreased about 52.3% from its peak in Novem-

ber, 2007: $10,500 billion to $5,000 billion at the end of 2009 (in case that

authors include the re-hypothecation). The collapse was ”only” 41.7% (from

$6,000 billion to $3,500 billion) if re-pledged collateral is excluded. Observed

squeeze of shadow banking is partially explained by the drop of the velocity

banks which handle the collateral under the English law, hedge funds are currently voluntarily
using this 140% threshold while negotiating their prime brokerage contracts with those large
banks.

10European central bank definition: (MFIs) comprise resident credit institutions as defined
in Community Law and other resident financial institutions the business of which is to receive
deposits and/or close substitutes for deposits from entities other than MFIs and, for their own
account (at least in economic terms), to grant credits and/or make investments in securities.
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(or churning) of collateral11. If we put together information about collateral

used by the U.S. banks and those European banks which have large relations

with hedge funds such as Deutsche Bank, UBS and others, we could compute

the total value of velocity index in a following way:

Velocity of collateral2007 =
Total collateral received

Primary sources of collateral
=

$10 trillion

$3.3 trillion
≈ 3

The value of index was 2.5 at the end of 201112. There was a significant

decrease in the velocity (shortening the collateral-chain) between years 2007

and 2010, although we could observe a slight increase in 2011. This cutback

was caused mostly by decreasing number of a primary collateral but also by

declining trust on the interbank market (see Table 2.1). There are three differ-

ent ways how the collateral-chain can be negatively influenced by the authority

as suggested in Singh & Aitken (2010): (i) uniformly increase the haircuts re-

quired in financial transactions, (ii) reduce the supply of asset that can be used

for pledging and (iii) reduce the re-pledging of collateral.

Table 2.1: Sources of pledged collateral, velocity and overall collateral

Year Hedge Funds Others Total Source Volume of secured Velocity
transactions

(in trill $) (in trill $) (in trill $) (in trill $)
2007 1.7 1.7 3.4 10 3
2010 1.3 1.1 2.4 5.8 2.4
2011 1.3 1.05 2.35 6.2 2.5
2012 1.8 1.0 2.8 6.0 2.2

Source: Singh (2013b) See also Singh (2011)

Large number of academic work focus on relationship between collateral

price and debt capacity of a bank or financial system, alternatively. In this the-

ses we will focus rather on relationship between previously defined velocity of

collateral and the debt capacity of a bank. Similar analysis was made by Man-

11”On-balance sheet data do not ”churn”, where churning means the re-use of an asset. If
an item is listed as an asset or liability at one bank, then it cannot be listed as an asset or
liability of another bank by definition; this is not true for pledged collateral. Since on-balance
sheet items are the snapshot of a firmâ€™s assets and liabilities on a given day, these cannot
be the assets or liabilities of another firm on that day. However, off-balance sheet item(s)
like pledged-collateral that is permitted to be re-used, are shown in footnotes simultaneously
by several entities.”(Singh & Aitken 2010, p 9)

12Statistics about velocity of collateral can be found in Singh (2011) and Singh (2012)



2. Modern money creation process 11

mohan Singh in Singh (2011) where author uses the model developed in Adrian

& Shin (2009) that allows him to distinguish between two factors explaining the

decline in the debt capacity of the financial system after the Lehman Brothers:

(i) haircuts on collateral assets due to a fall in asset/collateral prices and (ii)

leverage of financial system that it defined by the length of collateral chain.

Author suggests that the importance of marginal spiral term (change in length

of collateral chain times price of collateral) can be larger than collateral squeeze

term (change in price of collateral times length of collateral chain). Note that

such a decrease of velocity was documented (see Table 2.1). Research of Mr.

Singh further suggests that this decline of velocity results in a higher credit cost

for the real economy. ”In fact, relative to 2006, the primary indices that mea-

sure aggregate borrowing cost are well over 2.5 times in the U.S. and 4 times

in the Eurozone. This is after adjusting for the central bank rate cuts which

have lowered the total cost of borrowing for similar corporates (e.g., in the U.S.,

from about 6% in 2006 to about 4% at present).”13 This financial/non-financial

nexus is more important in Europe than in the U.S., because in Europe about

70% of corporates rely on banks as a source of their external financing. In the

United States corporates rely to the large extent on the capital market (80%

of external financing).14

Furthermore, as suggested in Singh (2011), the collateral use has become on

par with monetary aggregates like M2. Then the velocity of collateral should

have a similar function like the velocity of money in the economy: shortage

of acceptable collateral will result in decrease of lending (similar to decrease

in money supply in reaction to reduction in monetary base). If we adjust the

M2 statistics of the FED and the ECB for pledged collateral we can explain

the significant decrease in the global financial lubrication from a different per-

spective. Based on Singh (2011) M2 (both ECB and FED) remained relatively

stable during the period 2007-2010. In case of the FED, the M2 increased from

$7.5 trillion to $9 and M2 reported by ECB (including the UK) decreased from

$13.5 trillion to $12. If we sum both M2 and volume of pledged collateral (ad-

justed M2) we can observe a significant drop that occurred in 2008. Adjusted

M2 decreased from $31 trillion in 2007 to $26 in 2007 and then slowly increased

to the value of $27.5 trillion at the end of 2010. Several objections were raised

that central banks should adjust their monetary policy tools to capture this

13(Singh 2012, p. 4)
14Trichet (2009)
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volume of privately created money-like instruments (for further information

about money and collateral multiplier see Singh & Stella (2012)).

Despite the higher capital efficiency of lending arising from closer coop-

eration of commercial banks, hedge funds, dealers, etc., the Financial crisis

2007-2009 revealed that this efficiency is highly dependent on liquid wholesale

funding market. Then the providers of wholesale funding such as MMMF are

the weakest link of this dynamic chain. The withdrawal of MMMFs’ sources15

(also called ”modern bank run”) at the end of this chain eventually affects

the ultimate borrower, through the funding problems of institutions up in the

chain.

There is a consensus among the literature dealing with shadow banking

intermediation: Shadow banking system will always exists in the advanced

financial system thanks to the regulatory arbitrage and gains form specializa-

tion and innovation. We need to be aware of all consequences arising from this

symbiosis among all financial institutions, because the process of lending and

credit flow to the real economy is no longer reliant only on banks and their

deposits, but rather on the whole chain of banks, non-banks, asset managers

and the MMMF. Furthermore, every decline in the volume of shadow credit

intermediation can be seen as positive from the financial stability point of view,

but there is a trade-off. In this case, decrease in volume of re-pledged collateral

means lower lubrication in the global financial system and decrease of credit

available for the real economy.

2.2 The changing collateral environment

In the aftermath of the Financial crisis, several changes are about to be im-

plemented into the financial system that will implicitly shape the new collat-

eral environment. We further present three selected issues which are closely

connected to the topic of this theses: (i) As an immediate response to the

liquidity shortage in the financial system central banks worldwide announced

their quantitative easing programs, (ii) new regulatory rules were presented to

15This is the case of BNP Paribas that on August 7, 2007 suspended the withdrawals
from its fund and frozen its asset, because it was not able to compute the value of its mort-
gage investments ie. its exposure to asset-backed commercial papers. This led to further
unwillingness of other wholesale fund providers to roll over the ABS-liabilities with its con-
duits, the Special Purpose Vehicle (SPV), etc., which eventually forced them to deleverage.
(Kacperczyk & Schnabl 2010) and (Pozsar et al. 2010)
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mitigate the pro-cyclical incentives of securitized lending that could accelerate

the funding strains of banks when market is in distress and (iii) formation of

new initiatives of collateral custodians which are striving to connect with the

central security depositories (CSDs). (Singh 2013a), (FSB 2013)

2.2.1 Unconventional monetary policy

As suggested in the previous subsection, monetary authorities are forced to

adjust its monetary tools to better capture the financial innovation i.e. higher

dependency of financial system on a collateral (C) in addition to the traditional

bank reserves (D). Regarding the liquidity issue authors in Singh & Stella (2012)

recommend the following policy modification. We adjust the total liquidity

leverage measured as a total liabilities divided by bank deposits at the central

bank in a way that we add collateral (C) into the denominator. Furthermore,

we divide C into two groups: C1 and C2 collateral. C1 is viewed as a safe and

represents claims to the central government. C2 collateral is fully determined

by the market and is composed of other assets that are acceptable as a collateral

under normal market conditions but lose value when market is in distress. In

case of market panic C1 can be still converted into money with no haircut,

i.e. its value is still at or above par; this is not true for C2 collateral that

becomes illiquid. If central bank aims to ease the liquidity shortage in the

financial market it needs to provide financing in exchange to collateral C2 not

C1 (purchasing high liquid C1 for D do not provide additional liquidity as the

sum of D+C1 remains the same).

Author in Singh (2013a) argues that despite the European Central Bank’s

efforts to keep the volume of a good collateral in the economy relatively high by

accepting also lower rated securities as collateral (C2) for its liquidity provision

operations, actions of other central banks are diluting this objective. This

withdrawal of a good (very liquid) collateral that reflects rather prudent asset-

liability management of a bank contribute to the shortening of collateral chain

since these securities cannot be reuse. Securities that are held on the central

bank balance sheet are called silo-ed and by the definition such securities have

a zero velocity. Taking into account that quantitative easing is not likely to

be relaxed, further expansion of the CBs balance sheet will have implication

for the velocity of collateral and influence of the demand/supply for eligible

securities.

This withdrawal of safe securities, could be partially offset by a new debt is-
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suance (AAA/AA). Manmohan Singh in Singh (2013a) estimates that AAA/AA

countries have supplied on average about $1 trillion of new debt (sovereign and

corporate) every year and on average about 30%-40% of this collateral inven-

tory reaches markets via custodians for re-use. Assuming that Debt/GDP ratio

remains constant and counterparty risk does not increase, this new debt may

provide up to $300-$400 billion per year to the market. Furthermore, hedge

funds may increase these inventories by another 5%-10%. If we assume velocity

of collateral equal to 2.5, this new AAA/AA issuance might provide about $825

billion to $1.1 trillion of the collateral inventories per year.

2.2.2 Regulatory demands

Basel III regulatory framework16 that is currently being implemented into the

financial system represent the most important set of rules that aims to ensure

the stability of the financial system. It covers mainly following areas:

(i) New definition of capital: ”Tier 1 capital must be common shares and

retained earnings. The remainder of the Tier 1 capital base must be com-

prised of instruments that are subordinated, have fully discretionary non-

cumulative dividends or coupons and have neither a maturity date nor an

incentive to redeem. Innovative hybrid capital instruments with an incen-

tive to redeem through features such as step-up clauses, currently limited

to 15% of the Tier 1 capital base, will be phased out.”17 Furthermore, Tier

1 capital and minimum common equity as a percentage of RWA increases

from 4% to 6% and from 2% to 4.5% respectively.

(ii) Stricter rules for counter-party credit risk management: ”Calculation of

the capital requirements for counter-party credit risk (CCR) based on

stressed inputs; introduction of a capital charge for potential mark-to-

market losses (i.e., credit valuation risk); strengthening standards for col-

lateral management and initial margining; higher capital requirements for

OTC derivatives exposures; raising CCR management standards.”18

(iii) Effort to reduce procyclicality and promotion of a countercyclical buffer:

the introduction of the conservation buffer that forces bank to hold in a
16In 2010 Basel Committee on Banking Supervision published two Basel III documents: (i)

Basel III: A global regulatory framework for more resilient banks and banking systems(revised
in 2011) and (ii) Basel III: International framework for liquidity risk measurement, standards
and monitoring. (revised in 2013)

17(BIS 2011, p. 10)
18(Accenture 2012, p. 8)
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good times additional 2.5% of common equity as a percentage of RWA.

Bank can use this buffer when financial stress occurs. Furthermore, ”coun-

tercyclical buffer is imposed within a range of 0%-2.5% comprising com-

mon equity, when authorities judge credit growth is resulting in an unac-

ceptable build up of systematic risk.”19

(iv) Global liquidity standards: First, introduction of Liquidity Coverage Ra-

tio that should improve short-term (30-day interval) resilience of liquidity

risk profile of a banks by ensuring that they have enough high-liquid as-

sets to survive a stress scenarios within these 30 days. Examples of stress

scenarios are a loss of unsecured wholesale funding; a significant increase

in secured funding haircuts; or increases in derivative collateral calls and

substantial calls on contractual and noncontractual off-balance sheet ex-

posures, including committed credit and liquidity facilities. Second, def-

inition of Net Stable Funding Ratio (longer-term ratio) that represents

a minimum amount of stable sources of funding at the bank relative to

liquidity profile of its assets. (BIS 2013), (BIS 2011)

Based on Singh (2013a) regulatory changes steaming from Basel III, Dodd

Frank etc. that entail building collateral cushions are expected to silo between

$2 and $4 trillion of collateral and drain collateral from the financial markets.

Financial Stability Board (FSB) published in November 2012, revised in Au-

gust 2013, own recommendations for strengthening oversight and regulation of

the shadow banking focusing on securities lending and repos. These recommen-

dations are fully consistent with Basel III and contain following instructions

described in FSB (2013):

(i) Cash collateral reinvestment: Introduction of minimum standards for cash

collateral reinvestment where securities are lent at call or at short maturi-

ties against cash collateral - limitation of liquidity risk. These standards

should primarily apply to pension funds, mutual funds, and insurance

companies. Classical financial intermediaries are not subject to minimum

standards since they are already regulated by supervisory body (Basel

III). However, such minimum standards (considerations addressing liq-

uidity risk, maturity transformation, concentration and credit risks; stress

testing; disclosure requirements; and others) may limit the activity of the

19(Accenture 2012, p. 58)
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relevant institutions listed above. Remember that hedge funds, dealers

and mutual funds lubricate the financial system and serve as an important

provider of the collateral to the market. The lower activity may result

in decrease in collateral inventories and could have a negative impact on

collateral velocity.

(ii) Requirements on re-hypothecation: Regulation should ensure that finan-

cial intermediaries adequately inform clients about re-hypothecation of

their assets so that clients fully understand all the risks they are exposed

to the event of a failure of the intermediary. Furthermore, client assets

may be re-hypothecated for the purpose of financing his long positions

and covering short positions, client assets should not be re-hypothecated

for the purpose of financing the intermediary activities. The FSB also rec-

ommends to limit the intermediaries that are allowed to re-hypothecate.

Possible limitation of re-hypothecation would from its definition decrease

the velocity of collateral (collateral inventories would be unaffected).

Furthermore, not only structural changes (regulation) increase demand for

collateral but also the shift in risk aversion contributes to the possible collateral

shortage. Based on Houben & Slingenberg (2013) there is a clear shift from

unsecured to secured interbank funding. Unsecured interbank lending fell by

half in the past decade, where secured lending doubled.

2.2.3 Central depositories

According to Singh (2013a), Eurozone had in 2011 about e14 trillion in eli-

gible collateral but these collateral inventories struggle to benefit from their

full potential. They are either locked in ”depositories” with no possibility

for cross border use; or heterogeneous depositories within Eurozone do not

allow to meet collateral demand and supply between the peripheral and the

core countries. However, on July 16, 2013 ”the International Capital Market

Association (ICMA) European Repo Council signed a Memorandum of Under-

standing with Clearstream, Euroclear and Eurex Clearing, which engages the

three post-trade infrastructure providers in a joint project enabling their sys-

tems to work together to increase the efficiency of the repo market.”20 This will

improve the movement of collateral within the European countries and reduce

the fragmentation of collateral pool. Additionally, ongoing effort of Euroclear

20Allan (2013)
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Table 2.2: The changing collateral environment: summary

Measure Collateral inventories Possible effect
available for re-use on Velocity

Broader eligibility criteria of securities
in the liquidity provision operations
(C2 collateral): case of ECB

Decrease Positive

Prudent policies of several central
banks (FED, SCB etc.) that move C1
collateral on their balance sheet

Decrease Negative

New issuance of AAA/AA securities
(government and corporate debt)

Increase Positive

Basel III regulation: building of collat-
eral cushions (i)-(iv)

Decrease Negative

FSB recommendation for regulation of
shadow banking:
(i) Cash collateral reinvestment Decrease Negative
(ii) Requirements on rehypothecation No effect Negative

Better interconnection of collateral cus-
todians with the CSD

No effect Positive

Source: Authors’ summary

and Clearstream to connect with the local CSDs (or national/central security

depositories) will further alleviate collateral constraints.

Better interconnectedness of collateral custodians with the central security

depositories could release collateral from silos and positively influence the ve-

locity of collateral and lubrication of the financial system.

The purpose of this theses is to contribute to the neglected topic of collat-

eral velocity and to quantify the possible effect of decrease in the velocity on

the real economy. Based on the article Arun (2013) published in The Banker

further regulatory initiatives that aim to improve global systemic stability put

more pressure on the collateral management. Author says that ”driven by

the move to central clearing of OTC derivatives, new requirements for initial

margin, tighter collateral requirements for exchange-traded funds and other Un-

dertakings for Collective Investment in Transferable Securities Funds, Basel III

liquidity requirements and an increase in collateralised lending, experts believe

that the regulatory responses to the 2008 crisis could push up collateral require-
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ments by as much as $4,000 bn to $5,000 bn.”2122 Possible collateral shortage

further negatively influences bank’s activity on wholesale funding market and

its ability to provide loans. Since we are not able to directly connect the ve-

locity of collateral and the volume of loans provided by a particular bank, we

proceed as follows. As described earlier, Manmohan Singh listed three charac-

teristics that have some effect on the velocity of collateral (eligibility criteria,

initial margins and trust in interbank market), we use those three variables

and incorporate them directly into the model. During our analysis we will an-

swer the following questions: (i) Are banks which are significantly exposed to

the wholesale funding market more fragile (tend to deleverage more than non-

exposed banks during the crisis); (ii) Does this high exposure to the wholesale

funding introduce an advantage of lower funding cost that could be transferred

to the consumers; and (iii) how is the total volume of the wholesale funding of

a bank influenced by changes in eligibility criteria, initial margin and trust in

interbank market?

21(Arun 2013, p. 112)
22Based on Clearstream and Accenture estimation from Arun (2013) e10,200 bn of secu-

rities were used as collateral in 2010.



Chapter 3

Empirical analysis

In the previous chapter 2 we introduced the modern money creation process

and described the main motivation for our empirical analysis. This analysis

will be further divided into the two main parts.

The first section 3.1 will be devoted strictly to the relationship between the

use of collateral, wholesale funding, and lending activity of investigated banks.

We will answer all questions (i)-(iii) defined in the previous chapter.

Hypothesis 1. There has been a significant shift of the financial institutions’

funding operations from classical sources (retail deposits) to other financial

intermediaries’ products (ABCP, interbank loans, repos etc.): This wholesale

funding is positively correlated with bank’s lending activity in normal times

but its effect is reverse and stronger during the crisis such as liquidity crunch.

Hypothesis 2. Broader eligibility criteria of securities results, through its posi-

tive impact on volume of the wholesale funding, in a lower price of credit.

Hypothesis 3. Higher margin requirements result, through its negative impact

on volume of the wholesale funding, in a higher price of credit.

The purpose of a second part (section 3.2) is to enrich our analysis with the

wholesale funding-risk nexus. This argument is widely used by the regulators

to justify proposed limitation of the shadow banking and wholesale market ac-

tivities, thus we find it convenient to include this nexus into our analysis. We

propose following hypothesis:
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Hypothesis 4. Broader eligibility criteria of securities results, through its posi-

tive impact on volume of the wholesale funding, in a higher default risk for a

bank.

Hypothesis 5. Higher margin requirements result, through its negative impact

on volume of the wholesale funding, in a lower default risk for a bank.

We confirm or reject those hypothesis together with additional comments

at the end of each subsection of empirical analysis.

3.1 Wholesale funding, loan rate and volume of

loans

3.1.1 Methodology: A literature overview

In the aftermath of the financial crisis in 2008, literature assessing the vulner-

ability of banks’ balance sheet, especially short-term wholesale funding, came

to the light. Liquidity shortage of the European banks that followed closely

after the fall of Lehman Brothers pointed out to this moment neglected risk

of bank’s dependence on wholesale funding market. This subsection provides

an overview of main empirical studies dealing with the wholesale funding, loan

rates or volume of provided loans. Majority of these studies is devoted to the

U.S. banks, thus our analysis that is focused only on banks with headquarter

situated within the European Union, contributes to the large extent to the on-

going discussion about the wholesale funding. Furthermore, to the best of our

knowledge, there is currently no similar study to ours that directly connects

the share of wholesale funding on bank’s balance sheet to the loan rate using

SEM.

Empirical research prior to the crisis supports the negative view on relation-

ship between bank’s liabilities and changes in the supply of loans, later output

in case that economy faces some external shock. In Bernanke (1983) author

examines the effects of the financial crisis of the 1930s on the path of aggregate

output with emphasis on impact of the bank failures and credit related aspects

of the financial sector. They argue that the financial disruptions of 1930-33 re-

duced the efficiency of the credit allocation process; and that the resulting higher
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cost and reduced availability of credit acted to depress aggregate demand.1 From

data set covering the period of 1919-1941 arise that institutions which perform

well in normal times may face some problems during the period of exogenous

shocks. Furthermore, these problems are amplified when bank is considered to

be malfunctioning.

To the similar conclusions came authors in Eichengreen & Rose (1998).

Data set of emerging countries covering the period 1975-1992 revealed that,

besides other factors such as FX regime or trade balance, structure of bank’s

liabilities has a significant effect on the volume of the provided loans during

the times of an external shocks to the economy.

Our first hypothesis builds on Gozzi & Goetz (2010) where authors inves-

tigate the effect of different liability structure of small U.S. commercial banks

on lending activity of a bank and economic activity in general. Authors prove

that during period 2007-09 banks that relied more heavily on wholesale liabilities

reduced lending relatively more during the crisis than banks funding themselves

with retail deposits.2

Period around the latest financial crisis is covered also in Ivashina & Scharf-

stein (2010). Main findings of this paper are consistent with previous research.

In particular, they show that banks cut lending less if they had better access

to deposit financing and thus,they were not as reliant on short-term debt. Re-

search is focused on a large syndicated loans of the U.S. banks from 2006-2009.

Cornett et al. (2011) extends Ivashina & Scharfstein (2010) in several ways.

Authors show that liquidity risk in a form of a large exposure to wholesale

funding is not only negatively correlated with the loan volume but also posi-

tively correlated with the growth of liquid assets. They work with larger data

set of the U.S. commercial banks covering the period 2006-2009. Due to this

large data set authors were able to draw the macroeconomic implications of

the results: the pressure on bank balance sheets from take downs on preexisting

loan commitments and funding problems from wholesale markets account for

most of the decline in new credit production.3

1(Bernanke 1983, p. 1)
2(Gozzi & Goetz 2010, p. 1)
3(Cornett et al. 2011, p. 297) in the U.S.



3. Empirical analysis 22

Dinger & Craig (2013) provides an unique insight into the bank’s depen-

dence on wholesale liabilities. They prove that bank’s uncertainty about the

demand for its assets plays role in bank’s choice between alternative bank lia-

bilities. They prove that an environment with a very volatile loan demand will

generate incentives for a bank to fund its assets by wholesale liabilities which

typically have short-term maturities and are flexible to adjust, rather than by

retail deposits which represent a very inflexible source of funding. Their anal-

ysis, therefore, shows how bank uncertainty stemming from ”real” economic

fluctuations is transmitted into the bank’s liabilities, which in turn affects real

outcomes by affecting non-financial firms’ access to funding. The authors use

information about the U.S. commercial banks in period 1997-2009.

Our hypothesis about interaction of wholesale funding and loan rate is based

mainly on the following papers. First authors in Agur (2013) by extension of

simple Stiglitz & Weiss (1981) model of credit rationing prove that unsecured

wholesale funding amplify deleveraging effects of higher capital requirements

(more than retail deposits) and thus negatively influences available loan volume

for borrowers. The reason for this is two-way interaction of wholesale funding

(wholesale funding rate) and loan rate.When financiers are uninsured and care

about bank risk, any change in bank loan rates, which alters the riskiness of the

bank’s borrowers, is reflected in bank funding rates. 4

In de Haan & van den End (2013) authors provide an empirical evidence

of bank’s response to liquidity shocks. They prove that banks tend to pass

increased funding costs on their customers, thus the demand for loans can de-

crease according to traditional interest rate channel of monetary policy.Credit

supply effects are assumed to originate from changes in the available volume

of financial market related wholesale funding, i.e. repo and securities fund-

ing. When banks are rationed on the funding market, they have less means to

support their asset side activities. As a consequence, they may curtail lending

according to the liquidity channel of financial transmission.5. The authors used

panel-VAR framework on seventeen of the largest Dutch banks over the period

01/2004 to 04/2010.

4(Agur 2013, p. 41)
5(de Haan & van den End 2013, p. 160)
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Table 3.1: Literature overview: relationship between wholesale fund-
ing, loan rate and loan volume

Authors Data and methodology Results

Bernanke (1983)

Data describing the U.S. econ-
omy during the period January
1919 - December 1941 with aspect
on the Great Depression, OLS
methodology

Banks tend to be counterproductive
during crisis periods and the malfunc-
tioning of financial institutions ampli-
fies this observation.

Eichengreen &
Rose (1998)

Observations from emerging
countries (105 countries) from
the period 1975-1992, PROBIT
regression

Bank’s liabilities has a significant effect
on volume of provided loans during the
times of an external shocks to the econ-
omy.

Gozzi & Goetz
(2010)

The U.S. commercial banks from
the period 2007-09, panel regres-
sion with several fixed effects

Banks that relied more heavily on
wholesale liabilities reduced lending
relatively more during the crisis, but
increased its lending more in regular
times than banks that were not signifi-
cantly exposed to non-core liabilities.

Ivashina &
Scharfstein
(2010)

The U.S. commercial and invest-
ments banks from the period
2000-09, simple panel regression

Bank’s cut lending less if they had
better access to deposit financing and
thus,they were not as reliant on short-
term debt (wholesale funding).

Cornett et al.
(2011)

The U.S. commercial banks from
the period 2006-09, panel regres-
sion with several fixed effects

Liquidity risk in form of large expo-
sure to wholesale funding is not only
negatively correlated with loan volume
but also positively correlated with the
growth of liquid assets.

Dinger & Craig
(2013)

The U.S. commercial banks from
the period 1997-2009, panel re-
gression with several fixed effects
and VECM estimation

Bank uncertainty stemming from
”real” economic fluctuations is trans-
mitted into the structure of bank
liabilities, which in turn affects real
outcomes by affecting banks’ suscep-
tibility to financial shocks and thus
non-financial firms’ access to funding.

Agur (2013)
Theoretical model based on
Stiglitz & Weiss (1981)

There is two-way interaction of whole-
sale funding (wholesale funding rate)
and loan rate.

de Haan &
van den End
(2013)

period of January 2004 to April
2010, Vector Autoregressive (p-
VAR) framework, Dutch banks

Banks tend to pass increased funding
costs on their customers, thus the de-
mand for loans can decrease according
to traditional interest rate channel of
monetary policy.

Source: Author’s summary
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3.1.2 Relationship between liability structure and volume of

provided loans

This subsection analyses the effect of differences in the structure of bank’s li-

abilities on its ability to grant new loans. Using crisis dummy variable we

investigate whether this relationship between liability structure, mainly whole-

sale funding, and the growth of loans, is the same in normal and in stressed

economic conditions.

Data description and variable specification

All bank-level variables were obtained from Bankscope6 database. This database

includes financial information such as balance sheet, income statement, off-

balance sheet activities, as well as data about listings, rating etc.for each in-

dividual bank. Unfortunately, and this can partially explain why majority

of an empirical research is made using Call Reports7 of the U.S. banks, all

information needed for our analysis is gathered only on annual basis and is

lacking some reporting uniformity. During our analysis we faced some issues

regarding unavailability of the particular information for sufficient amount of

individual banks. We decided to start with as a large sample as possible, bal-

ancing the possible loss of the sample homogeneity. Final data set consists of

3678 living banks with headquarter within the European Union with annual

information covering period 20088 - 2012. Due to the large number of missing

observations we were left with total number of 726 observations in case of cor-

porate and commercial loans as our dependent variable and 3665 observations

for net/gross loans.

The composition of our sample with respect to the country of origin is de-

scribed in table 3.2. Regarding net or gross loans we work with large data set

of banks with half of them (54%) being reported as Italian. There may be some

doubt about the results of our analysis due to the large share of Italian banks,

but remark that in the case of the corporate and commercial loans (later only

the C&C loans) no Italian bank enters the estimation. Based on this fact, as

6Commercial database developed by Bureau van Dijk
7Report of Condition and Income data (”Call Reports”). All banking institutions reg-

ulated by the Federal Deposit Insurance Corporation, the Federal Reserve, or the Office of
the Comptroller of the Currency must file these reports on a regular basis. (Gozzi & Goetz
2010)

8Our complete data set contains financial information covering period from 2000 to 2012,
but due to defined dependent variable and lagged value used, we actually work with period
2008-2012.
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showed later in the result section, we will be able to show that Italian banks do

not drive our results. The second largest cluster is around Germany, followed

closely by France. Since we are aware of some level of a heterogeneity that

we brought into our sample when we decided to work with banks from differ-

ent countries we decided to employ, in addition to original model presented in

Gozzi & Goetz (2010), two region-based explanatory variables: GDP growth

and inflation (both variables will be explained in detail later). We further as-

sume that European Union is sufficiently strong regulatory body that is able to

some extent homogenize financial institution within its competence (account-

ing reporting, etc.). Country diversities are not the core matter of this analysis

and we will not provide any additional estimations with respect to the different

regions.

Table 3.2: 1st hypothesis: observations divided by the country of ori-
gin

Country
Net/Gross
Loans

Corporate
Loans

Country
Net/Gross
Loans

Corporate
Loans

Belgium 28 5 Lithuania 24 12
Bulgaria 43 29 Luxembourg 14 0
Czech Republic 46 17 Hungary 29 22
Denmark 85 36 Malta 7 0
Germany 316 233 Netherlands 53 21
Estonia 13 8 Austria 33 7
Ireland 40 13 Poland 39 29
Greece 35 28 Portugal 41 24
Spain 66 6 Romania 36 28
France 111 15 Slovenia 40 19
Croatia 42 23 Slovakia 26 17
Italy 2012 0 Finland 15 5
Cyprus 19 7 Sweden 195 12
Latvia 43 31 United Kingdom 214 79

Source: Author’s calculations based on Bankscope

We instead focus on deeper investigation of our hypotheses with respect

to the different bank’s specialization. Table 3.3 shows such a composition

of our data set. We can see that two biggest groups are commercial (30%)

and cooperative (25%) banks in case of net/gross loans, followed by savings

banks with 9.5 % share. The composition is similar also for the C&C loans.

Different type of bank’s activity may affect the validity of our hypothesis and

from this reason we estimate our models several times with respect to the

following subsamples: (i) the commercial banks; (ii) the cooperative banks;

(iii) the investment banks; (iv) the real estate & mortgage banks; and (v) the

savings banks. Due to the low number of observations, Islamic and private
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banking & asset mgt companies are further excluded from our specialization

based analysis.

Table 3.3: 1st hypothesis: observations divided by specialization

Specialization Net/Gross Loans Corporate Loans

Commercial Bank 1136 412
Cooperative Bank 1923 195
Investment Bank 74 21
Islamic Bank 1 0
Private Banking & Asset Mgt Companies 68 11
Real Estate & Mortgage Bank 112 25
Savings Bank 351 62

Source: Author’s calculations based on Bankscope

The description of the dependent and explanatory variables can be found

below.

1. Change of gross/net/corporate and commercial loans as our dependent

variable. The first measure used is the change in the logarithm of the

stock of gross loans that represents the total change of provided loans as

enlisted on the balance sheet. However, we believe that this number does

not necessarily represent the true picture of viable loans since the stock is

not robust to possible losses on nonperforming loans. We include second

measure of the dependent variable as change in the logarithm of the stock

of net loans (gross loans less reserves for impaired loans: NPLs) in order to

eliminate the effect of loan decrease caused by the loan write-offs. As the

third measure we use the C&C loans for the following reason: C&C loans

include loans to business enterprises and allows us to diversify between

the entrepreneurial and retail loans, so we can avoid possible disruption

effect of the decrease in real estate loans that were directly affected by

the crisis. Regardless of loan measure the dependent variable is defined

as:

ln(loans)t − ln(loans)t−1

We expect that the different measures of dependent variable will not affect

our results and consequently will let to the more robust estimates.

2. Wholesale funding to total assets is the main variable of our interest and

is defined in a following way. By wholesale funding we understand the

funding liabilities such as deposits from banks, money market and other

short-term funding, derivatives, repos, etc. We expect, as described in our
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hypothesis, that this ratio has a positive relationship with the growth of

loans in normal times - the more is bank exposed to the wholesale funding

market at the expense of retail deposit, the more is active in granting new

loans. This relationship is reversed in times of distress (more details about

distress modeling are described in crisis dummy item).

3. Bank capitalization as bank-level control variable represented by the ratio

of Tier 1 capital to total assets. We expect that the more of healthy core

capital bank holds, the more it lends.

4. Quality of a bank’s portfolio is another bank-level variable measured as

a nonperforming loans to total loans. We expect that this variable is

negatively correlated with the dependent variable, since the more ”bad”

loans bank holds, the bigger has losses and the lower is the growth of

newly granted loans.

5. Total loan portfolio defined as fraction of total loans to total assets con-

trols for different banks’ activities as described above, thus this ratio to

some extent serves as a specialization variable.

6. GDP growth is the first state-level variable and we included this variable

for two main reasons: first it accounts for different macroeconomic con-

ditions across the European Union and second it should capture possible

demand side aspects of a loan decrease (or increase).

7. Inflation is the second state-level variable, measured by Harmonised In-

dex of Consumer Prices (HICP). The purpose of inclusion of inflation

between our explanatory variable is the same as for the GDP growth.

Both macroeconomic variables were obtained from Eurostat.

8. Crisis dummy is included in our analysis in order to capture the crisis pe-

riod. Due to the inconvenient time period that we were able to collect, we

abandon the standard approach of dummy variable that equals one after

the fall of Lehman Brothers and zero otherwise. We compute the con-

tinuous variable of OIS-Euribor spreads (annual) within the period 2008

- 2012. Information was obtained from Thomson Reuters on 20.2.2014.

In order to investigate the effect of liquidity crisis we premultiply each

bank-level and country-level explanatory variable by this crisis dummy.
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Table 3.4 provides the summary statistics for our data set. We can see

that there is a significant dispersion in the percentage changes of all three

types of our dependent variables. In case of gross and net loans we observe

maximum decrease of 96.54%. After the closer examination of our data set we

found that these tale values are concentrated around the year 2009 where some

problematic banks such as Mortgage and Land Bank of Latvia asked for state

help or went bankrupt. We further observe sharp decrease in loan portfolios

of investments banks. The statement that these extreme values are rather rare

is further proved by distribution of both gross and net loans, where 80% of

our observations lie within the range of (-6.75%;16.95%) and (5.56%;16.91%)

respectively. High positive values are not unexplainable since we did not limit

our sample by the size of a bank, we can observe the enormous growth of newly

established banks within the industry. Same is true for the C&C loans where

the tale values are even more disperse from the mean. Again we investigate

the distribution and confirm that 80% of observations lie within the range

of (-40.80%;4.11%). If we compare the distributions and means for all three

loan variables we can see that in the case of C&C loans the distribution is

in the comparison to the net or gross loans moved to the right, i.e. to the

negative values. The lowest mean of -0.05% suggests that in the past 5 years

banks tent to decrease the volume of loans to enterprises more than to retail.

Furthermore, there could be some substitution effect within the loan portfolio,

since we observe that total volume of provided loans is increasing but the C&C

loans are rather decreasing (this statement needs to be treated with caution

since we miss a lot of observation regarding the C&C loans).

Table 3.4: 1st hypothesis: summary statistics

Variable Mean
Standard
Deviation

Minimum Maximum

Change of Net Loans 4.63 15.67 -96.54 153.34
Change of Gross Loans 5.03 15.20 -96.54 156.14
Change of C&I Loans -0.05 42.67 -194.59 346.79
Wholesale Funding/ Total Assets 32.82 20.19 0 96.59
Tier 1/ Total Assets 9.73 5.22 1.02 67.95
Impaired Loans/ Gross Loans 6.96 7.57 0 99.28
Gross Loans/ Total Assets 66.350 20.73 0.01 98.2
Ln(Total Assets) 13.53 1.95 3.39 21.67
GDP growth 1.24 3.26 -17.70 11.00
Inflation 2.17 1.30 -1.70 15.30

Source: Author’s calculations based on Bankscope
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Average value of wholesale funding ratio is 32.82% suggesting that banks

from our sample finance their assets on average by one third on wholesale fund-

ing market. The highest values of ratio (around 95%) are attributed to the real

estate & mortgage banks. Average value of Tier 1 to total assets is 9.73%

with the highest capitalization of 67.95% that belongs to Bank of China(the

UK) Ltd. Average ratio of gross loans to total assets is 66.35% implying that

the majority of banks in our sample are not involved to the large extent in

other interest income activities. The size of the biggest bank in our sample

is Deutsche Bank AG with total assets of e2.202 trillion. Average inflation

within the European Union was 2.17% where the highest level of inflation was

observed in Latvia, 2009.

Graph 3.1 shows the development of wholesale funding ratio within the pe-

riod 2008-2012. From the graph is apparent that the highest shares of whole-

sale funding have the real estate & mortgage banks, followed by the investment

banks. More or less constant share of wholesale funding around 38% holds the

commercial banks and the lowest share is contributed to the savings banks (only

15%) with slight increase between years 2011 and 2012. There is a general ten-

dency of banks to decrease the share of wholesale funding, where the sharpest

decrease is observable by the real estate & mortgage banks that decreased this

ratio by 20 percentage points among the years 2009 and 2012. Two exceptions

are investment banks that increased wholesale funding by 8 percentage points

to 53% and savings banks that increased its wholesale activities by 5 percentage

points.

Figure 3.1: Development of wholesale funding ratio

Source: Author’s calculations based on Bankscope
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Model and methodology

Our data set consists of information for each individual bank for period 2008

- 2012. The data have therefore both cross-sectional and time series dimen-

sion. There are three ways how we can treat the data: pooled OLS regression,

random effects or fixed effects estimation (panel regression). If we use the

pooled estimation we may neglect some unobserved heterogeneity presented in

our sample that can result in biased estimates. (Baltagi 2008) Based on the

expected differences between individual banks (country, specification, business

strategy, etc.) and results of later presented statistical tests, we decide to use

fixed effect panel estimation. Our model for the hypothesis 1 has therefore the

following form (this model closely follows the one presented in Gozzi & Goetz

(2010)):

yi,t = α + αyi,t−1 + β1WFi,t−1 + β2WFi,t−1 × Ct+

γXi,t−1 + γXi,t−1 × Ct+

δZi,t−1 + δZi,t−1 × Ct+∑
t

φt +
∑
i

ρi + ai + ui,t (3.1)

Where yi,t is change in the lending activity of bank i during the period

t, yi,t−1 is lagged value of our dependent variable, WFi,t−1 is lagged value of

bank’s exposure to wholesale funding, Xi,t−1 is the set of lagged bank-level

control variables (bank capitalization, quality of bank’s portfolio, total loan

portfolio and size of a bank), Zi,t−1 is the set of region-level control variables

(GDP growth and inflation). Furthermore, all explanatory variables are also

premultiplied by the crisis dummy variable Ct.
∑

t φt and
∑

i ρi are the time

and individual fixed effects. The composite error νi,t = ai + ui,t consist of time

variant error term ui,t and time-invariant cross-sectional term (unobserved het-

erogeneity) at.

The main coefficients of our interest are β1 that is expected to be positive

implying that the share of wholesale funding is positively correlated with the

dependent variable in normal times and result in sharper growth of new loans

and β2 that is expected to be negative, i.e. when the economy face the liquidity

shock, higher exposure to wholesale market is view as negative. Additionally,

if banks are able to easily substitute to other sources of financing or decrease
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holdings of other assets, coefficients will not be as significant. This may be

the case for the European banks, since they were during the crisis able to get

almost unlimited source of cheap funding from the European Central Bank.

We test econometrically whether the OLS, random or fixed effects esti-

mation should be used. We follow methodology defined by Park (2014) that

suggests to perform the F test (Wald test) and the Breusch-Pagan Lagrangian

multiplier test and based on those results decide which model is the most ap-

propriate (see table A.1). Based on the results that are presented in table A.2

we decide to use the fixed effect panel estimation. Based on Wald test we can

reject the null hypothesis that all individual dummy variables are equal to zero

(no unobserved heterogeneity) on 1% level of significance, i.e. we prefer fixed

effects to pooled OLS estimation. This holds for all three dependent variables.

With Breusch-Pagan Lagrangian multiplier test we fail to reject the null hy-

pothesis of no heterogeneity for both net and gross loans, but we can rejected

the nonexistence of fixed effects for the C&C loans on 5% level of significance.

In this case additional Hausman test is performed in order to determine which

of the panel estimation (fixed or random) is more appropriate. Base on this

test we prefer fixed effect (FE) estimation (with p-value=0.0242 we can re-

ject the null hypothesis that random effects are consistent and efficient on 5%

level of significance). As a result fixed effect panel estimation is applied to our

model. Furthermore all explanatory variables are strictly exogenous except for

the lagged value of our dependent variable that could together with unobserved

effect cause some problems with an endogeneity. Remember that we decided to

use the FE estimation that eliminates this weak form of the endogeneity (cor-

relation of explanatory variable with the time-invariant error term). In case of

strong endogeneity (correlation of explanatory variable with time-variant error

term) other treatments needs to be done. (Cameron & K.Trivedi 2009)

We further question other model assumptions. First we check the possible

existence of multicollinearity among our explanatory variables. Base on the

mean variance inflation factor that is equal to 1.22 we can see that there is

no strong collinearity among the variables (for more details see table A.3 in

appendix).

We further test for homoscedasticity using modified Wald test for groupwise

heteroscedasticity following (Greene 2000, p.598) methodology. Under the null

hypothesis we assume homoscedasticity to be present in our model (σ2(i) = σ2

for i=1;N, where N is the number of cross-sectional units). Results of this test
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are summarized in table A.4 in appendix. We observe that based on low p-

values, we can reject the null hypothesis for all three types of dependent variable

on 1% level of significance, i.e. we have heteroscedasticity in the residuals of a

fixed effect regression model.

Additionally, we compute Wooldridge test for autocorrelation in panel data

that tests for serial correlation in the idiosyncratic errors of a linear panel-data

model discussed by Wooldridge (2002). Under the null hypothesis we test that

there is no first-order autocorrelation in our model. Based on p-values presented

in table A.5, we can reject the null hypothesis for net loans and gross loans

on 1% level of significance and for the C&I Loans on 10% level of significance.

In order to make our errors robust to both heteroscedasticity and first-order

autocorrelation we follow Drukker (2003) recommendation and use clustering

at panel data level (individual banks) that should produce consistent estimates

of standard errors as discussed in Baltagi (2008) and Wooldridge (2002).

We decided to include into our model also time dummy that should help

with possible presence of cross-sectional dependence. Based on Hoechle (2007)

researches often presume that the cross-sectional correlations are the same for

every pair of a cross-sectional units such that the introduction of time dummies

purges the spatial dependence. We remind that we work with a very short panel

data set (only 5 years), thus the method of Driscoll and Kraay (1998) standard

errors is not suitable for our estimation since it assumes large T dimension.

Results

Table 3.5 presents the results of regression of changes in lending activity on

bank-level and country-level characteristics including all banks from our sam-

ple. Columns (1), (2) and (3) are devoted to the three types of our dependent

variable. Results suggest that banks that are more exposed to the wholesale

funding profit from this fact and are able to increase its lending relatively more

in comparison to the less exposed banks. Furthermore, as expected, the rela-

tionship between wholesale funding to total assets ratio and change of loans

is reversed while interacting with crisis dummy suggesting that more exposed

banks are more vulnerable to the external liquidity shocks and decrease its lend-

ing significantly more. If we have a look only at the C&C loans we can see that

both coefficients β1 and β2 are significant at 5% level of significance. Additional

increase of 1 percentage point in the exposure to the wholesale funding results

in 1.14 percentage points increase in lending activity in normal times and 0.82
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percentage point decrease during the crisis in general. If we look directly at the

percentiles: banks at the bottom 20% in terms of wholesale exposure increase

its lending by 0.15% whereas banks at the top 20% increase its lending activ-

ity by 0.53% per year. We observe that during the crisis non-exposed banks

(bottom 20%) decrease its lending by only 0.10% and the top 20% by 0.38%.

One may be concern about possible reduction in a loan demand that could

affect our estimates. For this reason we decided, as announced earlier, to in-

clude two state-level demand side variables: GDP growth and inflation that

should mitigate those concerns. Even though both control variables are in-

significant on 10% level we keep them within the regression for the reasons as

explained above. Both variables representing economic activity are normally

positively correlated with our dependent variable that is consistent with the

economic theory. Additionally we included the ratio of gross loans to total

assets that should control for differences in lending portfolio (specialization

dummy), based on the results we can see that larger portfolio further lowers

possible loan activity.

Another caveat in our estimation could be the different lending strategies

of the fast growing banks during the good times. It is possible that banks

with higher share of the wholesale funding on its balance sheet granted loans

of lower quality that potentially, during the crisis, resulted into the significant

write-offs that could drive our results. For this reason, impaired loans to total

loans ratio that measure the quality of bank’s portfolio was introduced into the

model (we do not face this issue in case of net loans).

Regression results regarding gross and net loans are not such conclusive as

in case of the C&C loans, since both coefficients of interest are not significant

at 10% level. Furthermore, both coefficients are lower in absolute values in

comparison to the C&C loans. Regarding the C&C loans bank’s fund its lend-

ing activities on wholesale market, thus there is some significant relationship

between bank’s exposure to wholesale funding and growth of the C&C loans.

In the case of larger portfolio consisting of both C&C loans and retail loans no

such a relationship is observed. These results suggest that potential growth of

retail loans is correlated rather with Tier 1 to total assets ratio which is sig-

nificant for both gross and net loans on 1% level than with wholesale funding

ratio. Note that Tier 1 to total assets is not significant in case of the C&C

regression. This could imply that banks use different strategies when deciding

about its funding strategies based on the composition of its loan portfolio in

sense that banks finance their retail loans rather with capital and deposits and
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the C&C loans with wholesale sources. Unfortunately we have no available

data to confirm this hypothesis. Despite low significance of both coefficients

β1 and β2 we can see that our expectations were again fulfilled. In the case of

net loans, those banks that are in the bottom 20% increased their lending by

0.01% whereas banks within upper 20% were able to increase its loan supply by

0.03%. Reverse relationship is observed during the crisis: banks less exposed to

the wholesale market decreased its loan supply by 0.009% and exposed banks

by 0.03%.

Table 3.5: Results for wholesale funding equation 3.1

Percentage change of
Net Loans Gross Loans C&C Loans

( 1 ) ( 2 ) ( 3 )

Wholesale Funding/Total Assets .07718 .13809 1.1441**
[.14827] [.14631] [.59170]

Wholesale Funding/Total Assets*crisis -.06622 -.06181 -.82377**
[.08159] [.08009] [.39725]

Tier 1/Total Assets 1.9656*** 2.0701*** 1.2137
[.43909] [.41629] [1.6309]

Tier 1/Total Assets*crisis -.84893*** -.87061*** -2.8165
[.32332] [.30682] [2.2429]

Impaired Loans/Gross Loans -.30369* -.29311* .19175
[.18411] [.16250] [.76540]

Impaired Loans/Gross Loans*crisis .05445 .03035 -.94092
[.21005] [.18185] [1.1397]

Gross Loans/Total Assets -.18543* -.18223* -.35939
[.11132] [.10889] [.37425]

Gross Loans/Total Assets*crisis -.19799 -.18689 -.12072
[.13220] [.13049] [.36459]

GDP growth 1.6121*** 1.3319** 2.5124
[.57108] [.53747] [1.5742]

GDP growth*crisis -1.6570** -1.5454** -1.7414
[.78687] [.72008] [2.1897]

Inflation 4.3277*** 4.2319*** 5.2262*
[.98100] [.94224] [2.9142]

Inflation*crisis -.43713*** -4.0275*** -6.5014**
[1.0509] [.96936] [2.8112]

Source: Author’s calculations based on Bankscope

Robust standard errors are reported in brackets.***,**,*indicate statistical significance at

1%, 5%, and 10%,respectively.
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Table 3.6 summarizes results of the fixed effect regression with respect to

the previously defined subsamples based on bank’s specialization. Unfortu-

nately, due to the insufficient number of banks reporting, in addition to the

net and gross loans, also the C&C loans we were able to estimate our model

only using net loans as dependent variable and thus we have to count with

reported insignificance of both β1 and β2 coefficients as presented earlier. How-

ever, according to results of regression made on the whole sample, we know that

regardless of the type of dependent variable both coefficients had the same ex-

pected sign β1 > 0 and β2 < 0, but different in terms of absolute values, thus

we can expect that the same holds for estimates resulting from regression per-

formed on a smaller sample, i.e. it is expected that if we estimate the regression

on smaller sample using the C&C loans rather than net loans, the resulting es-

timates would be the same in sense of the expected sign, similar in sense of

absolute value and significant on 5% level. The results from table 3.6 show that

our hypothesis is valid only for three out of the five banks’ specializations. We

proved our hypothesis for commercial, investment and real estate & mortgage

banks. Different results across our subsamples can be explained by different

business models among banks. First, based on the graph 3.1 we can see that

cooperative and savings banks are among the less exposed banks regarding the

wholesale funding market with ratio around 20-25%. Furthermore, cooperative

banks are rather locally limited banks that grants and collect deposits from its

members. Such loans are big in terms of volume but small in terms of absolute

amount granted. Use of wholesale funding market as a source for financing

its assets will be very limited. Same holds for savings banks that are oriented

mainly on the collection of longer term deposits, thus they dispose sufficient

volume of internal sources of the funding for its activities.

Potential effect of sharp decrease in loan supply caused by intended limita-

tion of shadow banking and wholesale market activities cannot be neglected.

Note that wholesale funding to total assets ratio is positively correlated with

lending activity for four out of the five bank types. Those four banks together

represent 86.46% of all assets hold by banks from our sample. Furthermore,

80.39% of all assets are held by the commercial banks. Based on the graph 3.1

we can see that commercial banks hold around 35% of wholesale funding to to-

tal assets. This together with the results from table 3.6 imply that commercial

banks are able to increase their lending activity by 0.059% in normal times,
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Table 3.6: Results for wholesale funding equation 3.1 with respect to
specialization

Percentage change of Net Loans

Specialization
Wholesale Funding/ Wholesale Funding/

Total Assets Total Assets*crisis

Commercial Banks .17546 -.13801
[.18928] [.14963]

Cooperative Banks -.16369* .07469
[.09897] [.08025]

Investment Banks .55872 -.05753
[.94072] [.35360]

Real Estate & Mortgage Banks .26662 -.02076
[.32484] [.16180]

Savings Banks .95117 .05458
[.676] [.22913]

Source: Author’s calculations based on Bankscope

Robust standard errors are reported in brackets.***,**,*indicate statistical significance at

1%, 5%, and 10%,respectively.

i.e. if we limit this wholesale funding ratio by additional 5 percentage points to

30%, we restrict the ability of commercial banks to grant new loans by 13.5%

to 0.051%. This potential decrease in volume of granted loans could further

slow down the economy within the European Union. This decrease is especially

important for the C&C loans whose drop is expected to be even more severe (in

table 3.5 we observe that coefficients β1 and β2 are larger in absolute terms for

the C&C loans) since the majority of enterprises within the European Union

is financed by banks, not on capital markets as in case of the U.S.. Based on

our results we recommend to reconsider intended stricter regulation of bank’s

activities in the situation when credit easing is needed. In the next section we

investigate into more detail possible impact of a new NSFR or higher margins

on loan rate and volume of loans respectively.
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3.1.3 Summary of results

Based on the results obtained during this analysis we are not able to reject

the first hypothesis that the wholesale funding is positively correlated with

bank’s lending activity in normal times but its effect is reverse and stronger

during the crisis such as liquidity crunch. We found that additional increase

of 1 percentage point in the exposure to wholesale funding results in 1.14 per-

centage points increase in the C&C lending activity in normal times and 0.82

percentage point decrease during the crisis. The results are slightly different

if we assume broader definition of loans (net loans): 1 percentage point in the

wholesale funding results in .08 percentage points increase in lending activity in

normal times and 0.07 percentage point decrease during the crisis. We further

estimated our model using smaller data sets divided by bank’s specializations,

based on this analysis we were not able to reject our hypothesis for commer-

cial, investment and real estate & mortgage banks. We explain different results

across our sub samples for cooperative and savings banks by diverse business

models. Our results are fully consistent with the prior research Eichengreen

& Rose (1998), Ivashina & Scharfstein (2010) and Cornett et al. (2011) as

presented in table 3.1.

In direct comparison with the original study Gozzi & Goetz (2010) we can

see that the relationship between wholesale funding and growth of loans is

weaker in case of the European banks (see table 3.7). If we look directly

at the percentiles: banks at the bottom 10% in terms of wholesale exposure

(WF=6.52%) increase their lending by 0.07% whereas banks at the top 10%

(WF=56.38%) increase their lending activity by 0.64% per year. We observe

that during the crisis non-exposed banks (bottom 10%) decrease their lending

by only 0.05% and the top 20% by 0.46%.9 Using results from Gozzi & Goetz

(2010) 10 we can see that banks at the bottom 10% in terms of wholesale

exposure (WF=9.40%) increase their lending by 0.76% whereas banks at the

top 10% (WF=37.50%) increase their lending activity by 3.03% per year. We

observe that during the crisis non-exposed banks (bottom 10%) decrease their

lending by only 0.37% and the top 10% by 1.46%. Despite the lower average

exposure of the U.S. banks to the wholesale market (mean wholesale funding

to total assets is 22.6% for the U.S. and 32.82% for the Europe) their lending

activity is significantly more sensitive to wholesale funding.

9These results are valid for the C&C loans estimated on whole sample of banks
10Only the commercial banks and the C&I loans
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Table 3.7: Comparison of our results with existing studies

Authors Studied ratio Region
1 percentage point change in
studied ratio

Gozzi &
Goetz (2010)

Total non-deposit funding United States Growth of C&I loans: 8.085

Total non-deposit funding *Crisis
dummy

Growth of C&I loans: -3.901

This study Total non-deposit funding European Union Growth of C&C loans: 1.144
Total non-deposit funding *Crisis
dummy

Growth of C&C loans: -.824

Source: Author’s summary

Decrease in loan supply caused by intended limitation of shadow banking

and wholesale market activities are not even significant but also economically

relevant. Wholesale funding to total assets ratio is positively correlated with

lending activity for four out of the five bank types as presented in table 3.6.

Those four banks together represent 86.46% of all assets hold by banks from

our sample (e133 trillion). The biggest share is hold by the commercial banks

(80.39%) which on average finance their assets from 35% on wholesale market.

Our results show that if we limit this WF ratio to 30% we limit the lending

activity of the commercial banks by 13.5% to only 0.051% growth in terms of net

loans. This potential decrease in volume of provided loans could further slow

down the economy within the European Union. Furthermore, the limitation

of lending activity is especially important for theC&C loans which drop is

expected to be even sharper (table 3.5 shows that coefficient β1 and β2 are

larger in absolute terms for the C&C loans than for net loans) and which

are essential since the majority of enterprises within the European Union is

financed by banks, not on capital markets as in case of the United states.
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3.1.4 Relationship between wholesale funding, loan rate and

demand for loans

In our model, banks simultaneously decide about the level of wholesale funding

they hold and loan rate they require, for this reason we apply 2SLS to estimate

the whole system. Additionally, we know that resulting loan rate influences the

volume of loans and as the loan volume is to the large extent given exogenously

- influenced mainly by the elasticity of demand for loans, we estimate the

relationship between loan rate and volume of the loans separately using fixed

effect panel estimation in the last stage of our estimation.

Data description and variable specification

Throughout this subsection we use the same data set obtained from Bankscope

as for the first hypothesis, but due to the different and larger set of explanatory

variables that we need for the analysis of wholesale funding - loan rate nexus

total number of observations has significantly lowered to 711. We first com-

ment on data used for the 2SLS estimation, later we provide some information

about data set used for panel FE estimation (loan rate - loan volume nexus).

Composition of our sample with respect to the country of origin is described in

table 3.8. Again we can observe that the two most frequent countries are Italy

(25% share) and Germany (17% share) but their share is not as apart from the

rest of the countries as in the case of Italy during the first hypothesis. Further-

more, more than a half of banks are referred as commercial (61%), followed by

the cooperative banks (23%) as you can see in table 3.9.

There is only limited number of studies regarding the determinants of whole-

sale funding. During the process of derivation of the wholesale funding equation

3.2, we drew the inspiration mainly from Demirgüç-Kunt & Huizinga (2010),

Houben & coll. (2013) and some papers written by Mohaman Singh that were

presented in the chapter 2. We decided to include following variables.

• Wholesale funding to total assets is the dependent variable and is defined

in a same way as in the previous case. By wholesale funding we under-

stand the funding liabilities such as deposits from banks, money market

and other short-term funding, derivatives, repos, etc.

• Share of available collateral is the first explanatory variable that approx-

imates the effect of an eligibility criteria. As we stated earlier there has

been shift from unsecured to secured lending in the reaction to the recent
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Table 3.8: 2nd and 3rd hypothesis: observations divided by the coun-
try of origin (wholesale funding - loan rate nexus)

Country No. of observations Country No. of observations

Belgium 10 Lithuania 1
Bulgaria 3 Luxembourg 6
Czech Republic 23 Hungary 26
Denmark 8 Malta 2
Germany 31 Netherlands 14
Estonia 0 Austria 23
Ireland 9 Poland 20
Greece 16 Portugal 27
Spain 59 Romania 10
France 119 Slovenia 27
Croatia 18 Slovakia 21
Italy 178 Finland 7
Cyprus 11 Sweden 11
Latvia 0 United Kingdom 31

Source: Author’s calculations based on Bankscope

Table 3.9: 2nd and 3rd hypothesis: observations divided by special-
ization (wholesale funding - loan rate nexus)

Specialization No. of observations

Commercial Bank 437
Cooperative Bank 170
Investment Bank 7
Islamic Bank 0
Private Banking & Asset Mgt Companies 1
Real Estate & Mortgage Bank 33
Savings Bank 63

Source: Author’s calculations based on Bankscope

financial crisis putting collateral management under more pressure. As

a consequence we observe the pressure to enlarge the pool of securities

which are eligible for the interbank funding contracts. We expect that

indeed the higher share of securities held by the bank on its balance sheet

results in its higher activity on the interbank market - it has relatively

more eligible collateral. Unfortunately, we are lacking detailed informa-

tion about securities holdings from Bankscope, thus we sum the particular

categories of securities: trading securities, available for sale and hold to

maturity and divide them by total assets. This coefficient is expected to

be positive.

• Margin is a proxy variable that we use in order to overcome the shortage

of information about margin requirements requested by the market for

a particular bank. We computed the interest expense on balance sheet



3. Empirical analysis 41

items categorized as wholesale funding and divided them by averaged

wholesale funding. We expect that the higher is the margin, the higher

are the costs and the lower is use of this type of funding. In other words,

intended increase of interbank margins will limit the wholesale funding

activities of bank.

This is the second and last characteristics as defined by Mohaman Singh

which we were able to approximate. Our initial goal was to incorporate all

three variables but we failed with (iii) trust in interbank market. We tried

to estimate the model with the OIS-Euribor spread that would represent

the atmosphere on the market, but from its definition this variable has no

cross-sectional dimension and is rather useless for our panel estimation.

Different proxy is needed and is further left for the future research.

• NSFR is newly defined liquidity ratio according to Basel III that compares

available amount of stable funding with required amount of stable fund-

ing. The computation of the NSFR requires more advanced approach and

individual ratios for correspondent years will be computed based on the

methodology developed by Vazquez & Federico (2012) and adjusted by

Mošnová (2014) where the authors assign special weights to items on bal-

ance sheet. Together with assumption that banks use wholesale funding

in order to overcome the problems with inflexibility and limited supply

of local deposits, we expect that the better is the liquidity position of a

bank, the lower are its wholesale funding activities - introduction of the

NSFR will again decrease the share of wholesale funding.

• Quality of bank’s portfolio is the first bank-level control variable measured

as a nonperforming loans to total loans.

• Growth of assets is the second control variable constructed as growth

rate of real bank assets to allow for the possible existence of different

funding strategies for fast-growing bans as suggested in Demirgüç-Kunt

& Huizinga (2010).

Loan rate equation 3.3 was compiled using two empirical studies: Cosimano

& Hakura (2011) and Chami & Cosimano (2010) where banks are assumed to

have some oligopoly power so that they choose the loan rate, such that the

marginal revenue of loans equals to its marginal costs (interest rate on deposits,

non-interest cost of loans and cost of capital). Further, Feinberg (2003) and

Georgievska et al. (2011) suggest that important determinants of loan rate are
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bank size, market share or quality of bank’s portfolio. We decided to include

into our model following dependent and explanatory variables.

• Loan rate is the dependent variable and is defined as interest income on

loans divided by the average loans.

• Wholesale funding to total assets is assumed to be endogenous variable in

this equation. With respect to our hypotheses we expect that higher share

of wholesale funding implying the higher activity on the interbank market

allows bank to optimize its funding costs and gain from broader financing

opportunities. In our original assumptions we expect that higher WF

ratio lowers the loan rate pointing out another advantage of the wholesale

funding.

• Interest expense ratio is defined as total interest expense divided by the

interest-bearing liabilities.

• Non-interest expense ratio represents the costs connected to administra-

tion of loans such as monitoring and administrative costs.

• Cost of capital approximated by the Return on Average Equity (RoE) as

suggested in Zimmer & McCauley (1991) and Capitalization measured as

equity to total assets together represents costs resulting from high share

of capital. The cost of capital is the last out of three variables defined

together as the marginal costs. From this reason we assume that all:

interest expense ratio, non-interest expense ratio and cost of capital are

positively correlated with the loans rate, i.e. higher costs are transferred

to a customer through increase in loan rate.

• Quality of bank’s portfolio is another bank-level variable measured as

a non-performing loans to total loans. We expect that it is negatively

correlated with loan rate in sense that lower loan rate attract borrowers

of lower quality that further increase the ratio of the non-performing loans

to the total assets.

• Logarithm of assets is included in order to control for different bank size

in our data set.

• GDP growth and Inflation measured by the HICP represent the overall

economic activity in the region and serve as controls since marginal rev-
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enue of loans is influences by the economic conditions. Furthermore they

should capture the country differences among our observations.

Before we move to descriptive statistics we shortly present the data set and

variables used for last step of this analysis: relationship between loan rate and

volume of loans. This set is significantly larger than in the previous case since

we included only five variables. We estimate the coefficients using 16,801 obser-

vations in case of gross loans as our dependent variable and 8,540 observations

in case of the C&C loans. Distribution of both country and specialization cat-

egories are similar to the previous case. From table 3.10 is observable that the

most frequent country is for change Germany with 54% share, followed by Italy

(here again notice that in case of the C&C estimation Italy is very insignifi-

cant). Regarding the bank’s specialization, the highest share is subscribed to

the cooperative banks - exactly half, followed by the savings (20.7 %) and the

commercial (14.7%) banks. Since the purpose of this last step is to estimate

the effect of loan rate on demand for loans rather than supply of loans as in

the previous subsection, we will not provide additional estimation with respect

to different specializations.

Table 3.10: 2nd and 3rd hypothesis: observations divided by the
country of origin (loan rate - loan volume nexus)

Country Gross Loans
Corporate
Loans

Country
Net/Gross
Loans

Corporate
Loans

Belgium 60 9 Lithuania 44 26
Bulgaria 90 89 Luxembourg 214 123
Czech Republic 111 25 Hungary 61 41
Denmark 380 173 Malta 41 0
Germany 9163 6495 Netherlands 132 45
Estonia 32 15 Austria 157 47
Ireland 85 23 Poland 144 107
Greece 54 47 Portugal 104 43
Spain 215 47 Romania 109 72
France 1028 462 Slovenia 92 53
Croatia 155 115 Slovakia 57 34
Italy 3023 2 Finland 65 17
Cyprus 32 9 Sweden 444 30
Latvia 96 75 United Kingdom 626 325

Source: Author’s calculations based on Bankscope
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Table 3.11: 2nd and 3rd hypothesis: observations divided by special-
ization (loan rate - loan volume nexus)

Specialization Gross Loans Corporate Loans

Commercial Bank 3477 1549
Cooperative Bank 8443 4147
Investment Bank 320 84
Islamic Bank 3 0
Private Banking & Asset Mgt Companies 324 65
Real Estate & Mortgage Bank 763 293
Savings Bank 3493 2381

Source: Author’s calculations based on Bankscope

Loan volume equation 3.4 is determined by the following variables.

• Logarithm of loans is the dependent variable for which we use two types

of loans. First, we estimate the model with gross loans representing the

total volume of loans that were provided by banks and secondly we use

the C&C loans in order to investigate separately the demand elasticity

for corporate loans. In comparison to the first hypothesis, we decided

to exclude net loans from our estimation. Since this equation represents

the demand for loans, we consider useless to adjust the loan measure for

impairment loses that are charged on bank (supply) side.

• Logarithm of loan rate is the main variable of interest. We decided to use

the logarithm of previously defined ratio of the interest income on loans

to average loans, because then the coefficient can be interpreted like the

demand elasticity for loans. Based on economic theory we expect that

higher the loan rate, the lower the demand for loans.

• Logarithm of assets is included in order to control for different bank size

in our data set.

• GDP growth and Inflation measured by HICP again represent the overall

economic activity in the region and should capture the country differences

among our observations. We expect the GDP growth to be positively

correlated with the loan volume, but the impact of inflation is rather

questionable - it increases the nominal loan rate and decreases the loans

but it has also positive relationship with the GDP growth.
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Descriptive statistics for our data set are presented in table 3.12. The

average size bank’s loan portfolio is e404.33 million when speaking about gross

loans and 30.03emillion in case of the C&C loans. Regarding the gross loans

statistics, the smallest volume of loans holds one branch of Citibank registered

as a private bank: e151,480 and the maximum of e1.22 billion belongs to

Deutscher Sparkassen. The biggest portfolio of the C&C loans holds also the

German Sparkasse. Average share of eligible securities with respect to total

assets is 17.55% with minimum restricted to zero. Maximum share of eligible

securities to total assets is 48.75% (almost half of bank’s assets) that belongs

to Banca Profilo from Italy (commercial bank). The highest margin 71.45%

was paid by French bank - Banque Federale Mutualiste in 2010 and the mean

margin within our data set for period 2007-2012 was 4.08%.

Table 3.12: 2nd and 3rd hypothesis: summary statistics

Variable Mean
Standard
Deviation

Minimum Maximum

Ln(Gross Loans) 12.91 2.06 5.02 20.92
Ln(C&C Loans) 10.31 2.83 5.01 19.67
Wholesale Funding/ Total Assets 39.20 18.59 0.98 96.59
Eligible Securities/ Total Assets 17.55 9.98 0.00 48.75
Interest Expense on WF/ WF 4.08 5.19 0.09 71.45
Net Stable Funding Ratio 92.04 18.53 25.94 148.97
Non-performing Loans/ Total Assets 3.88 3.93 3.93 30.78
Growth of Real Assets 7.39 14.70 -43.74 95.31
Loan Rate 5.24 1.90 0.02 14.33
Non-interest Expense/ Total Assets 2.34 1.21 0.12 9.00
Interest Expense/ Interest-bearing L. 2.84 1.57 0.33 12.84
Ln(Total Assets) 13.56 1.95 5.77 21.67
Cost of Capital 5.92 11.65 -79.30 40.88
Equity/ Total Assets 7.47 3.94 0.02 34.17
GDP growth .639 3.12 -17.70 10.50
Inflation 2.22 1.29 -1.70 15.30

Source: Author’s calculations based on Bankscope

Interesting conclusions can be drawn from NSFR statistics. On an average

bank do not hold sufficient amount of stable funding - the ratio is on average

only 92.04%. Based on Basel III after the implementation of liquidity ratios

is finished in 2016, minimum threshold for NSFR will be 100%. Only 25.94%

of stable funding relative to required amount was available for financing the

assets of Banque Espirito Santo et de la Venetie (investments bank) in 2007,

but NSFR equal to 148.97% was observed within the same bank and after its

transformation to the commercial bank in 2011. The highest loan rate 14.33%
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was charged by PPF bank in 2011 and the lowest one (0.02%) by French coop-

erative bank. During the period from 2007 to 2011 banks’ real assets grew on

average by 7.39%. Average cost of capital was 5.92% but several banks faced

severe difficulties during investigated period, the lowest value of RoE (-79.30%)

was observed in 2011 on the Balance sheet of Greece bank - Alpha Bank. Even

though banks in our sample are well capitalized - on average 7.47% we observe

banks with 0.02% share of equity (Societe Generale de Banque aux Antilles).

Non-interest costs of bank’s activities are around 2.34%.

Model and methodology

Our data set consists of information for each individual bank for period 2007

- 2012. The data have again both cross-sectional and time series dimension

and based on the statistical test presented later, we decided to use fixed effect

panel estimation in addition to 2SLS methodology needed in order to deal with

observed endogeneity. Hypotheses 2 and 3 are tested using following system

consisting of two simultaneous equations:

Wholesale funding equation:

WFi,t = α0 + α1Si,t + α2Mi,t + α3Li,t + α4C
L
i,t + α5agi,t+∑

t

φt +
∑
i

ρi + ai + ui,t (3.2)

Where WFi,t is the wholesale funding ratio, Si,t is share of available col-

lateral, Mi,t is proxy variable for margin, Li,t represents the NSFR. CL
i,t and

agi,t are two control variables: the quality of loan portfolio and the growth of

real assets, respectively.
∑

t φt and
∑

i ρi are time and individual fixed effects.

The composite error νi,t = ai + ui,t consist of time variant error term ui,t and

time-invariant cross-sectional term (unobserved heterogeneity) ai.

The main coefficients of interest are α1 that is expected to be positive

since there has been a change in risk appetite observed on the wholesale mar-

ket (both short term and long term) that resulted in shift from unsecured to

secured funding and furthermore, new regulation induce banks to use rather

secured instruments. Then, higher inventories of eligible securities should have

a positive relationship with volume of used wholesale funding. α2 is expected to
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be negatively correlated with wholesale funding ratio - the higher the margin,

the lower the wholesale activity due to increased costs of the wholesale funding

and finally α3 < 0 is assumed to lower the wholesale funding activity.

Interest rate on provided loans equation:

rLi,t = β0 + β1WFi,t + β2r
D
i,t + β3C

D
i,t + β4C

L
i,t + β5r

K
i,t + β6ln(a)i,t+

β7ei,t + β8gi,t + β9πi,t +
∑
t

φt +
∑
i

ρi + ai + ui,t (3.3)

Where rLi,t is loan rate, WFi,t is wholesale funding ratio that is assumed to

be endogenous, rDi,t is interest expense ratio that together with CL
i,t (non-interest

expense ratio) and rKi,t that represents cost of capital form the marginal costs

of lending. CD
i,t is quality of loan portfolio, ln(a)i,t is a logarithm of assets and

ei,t is bank’s capitalizations. We further include two country-based variables:

πi,t that is inflation and gi,t.
∑

t φt and
∑

i ρi are the time and individual fixed

effects. νi,t = ai + ui,t is the composite error.

The main coefficient of interest is β1 that is expected to be negative, i.e.

high volume of the wholesale funding lowers the interest rate.

We start with the same procedure as in the case of the first hypothesis.

Based on tests summarized in table A.6 we decided to use fixed effect estima-

tion. This information is crucial for the next step when we test for endogeneity.

With FE approach we are able to provide consistent estimates in situation of

limited form of endogeneity - correlation between explanatory variable and

unobserved heterogeneity: ai but in our simultaneous equation model we im-

plicitly assume a strong form of the endogeneity - correlation of explanatory

variable with time-varying error term ui,t. We support our assumptions about

the endogeneity of the wholesale funding ratio in the loan rate equation by re-

sults of two independent tests (see table A.7). First, we estimate the Hausman

test that assumes no endogeneity under the null hypothesis (OLS is consistent

and efficient) as suggested by Wooldridge (2002). Based on low p-value we can

reject the hull hypothesis on 1% level of significance. Second test is Davidson.

& MacKinnon (1993) test that assumes same consistency of the OLS estima-

tors under the null hypothesis. We can reject the null hypothesis on 5% level

of significance and conclude that we face strong form of the endogeneity in our
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model. In case of SEM we have to additionally test the identification conditions.

Based on order condition for identification (necessary condition) and rank con-

dition for identification (sufficient condition) that are computed in appendix

A.2.4 we consider our system as over-identified.

In table A.8 are described variance inflation factors which are far below

problematic threshold (10).

In case of homoscedasticity we use Pagan & Hall (1983) test of heteroscedas-

ticity for instrumental variables (IV) estimation. Based on low p-values, we can

reject the null hypothesis of homoscedasticity on 1% level of significance, we

have heteroscedasticity in the residuals (see table A.9). With registered form of

the first-order autocorrelation described in table A.10 we use clustered-robust

standard errors. Time dummies are also included in our 2SLS estimation to

control for cross-sectional dependence.

In order to fully capture the effect of investigated variable (the wholesale

funding) on real economy, we further explore the relationship between previ-

ously estimated loan rate rLi,t and total volume of loans. Following equation

captures mainly the demand (consumer’s decision) side factors. Supply side

factors such marginal costs of loans and capital were already included in equa-

tion 3.3 thus we will not repeat them. GDP growth (gi,t), inflation (πi,t) and

logarithm of assets (ln(a)i,t) are included as control variables.
∑

t φt and
∑

i ρi

are the time and individual fixed effects. νi,t = ai + ui,t is the composite error.

Loan volume equation:

li,t = γ0 + γ1r
L
i,t + γ2πi,t + γ3gi,t + γ3ln(a)i,t +

∑
t

φt +
∑
i

ρi + ai + ui,t (3.4)

We have following expectation: γ1 < 0, i.e. higher interest rate decreases

the demand for loans and leads to decrease in volume of loans. Since we inten-

tionally included both li,t and rLi,t in logarithmic form, then coefficient γ1 can

be interpreted as demand elasticity for loans.

Econometric setting for the loan volume equation is exactly the same as for

the first hypothesis. Due to the results of Breusch-Pagan LM test and Hausman

test we are able to determine whether RE or FE panel estimation is the most

suitable for our model. Based on reported p-values we can reject the hypothesis
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that there is no unobserved heterogeneity on 1% level of significance (appendix

A.6), i.e. FE panel estimation is preferred for our equation. Table A.8 shows

that there is no multicollinearity and based on modified Wald test for groupwise

heteroscedasticity summarized in table A.9 we can again reject the homoscedas-

ticity on 1% level of significance for both our dependent variables (gross loans,

the C&C loans). Moreover, there is autocorrelation presented in our residuals

(table A.10). In order to make our errors robust to both heteroscedasticity and

first-order autocorrelation we follow Drukker (2003) and use clustering at panel

level. There are time dummies included in our estimation.

Results

Table 3.13 presents the results of 2SLS regression. First stage results reveal

that all explanatory variables except for the control variables are significant

and that their correlations with the wholesale funding ratio have expected

signs. Volume of eligible securities divided by total assets is positively corre-

lated with the wholesale funding α1 = .17203, significant on 1% level and imply

that 1 percentage point increase in relevant securities serving as collateral in-

crease the wholesale funding ratio about 17 basis points. Negative relationship

between the margin and the wholesale funding ratio is further supported by

α2 = −.35599 significant on 10% level. The results suggest that 1 percentage

point increase in margin (24.5 percent increase of margin from reported mean

value 4.08%) causes the wholesale funding to decrease by 36 basis points. Addi-

tional decrease in the wholesale funding ratio is further caused by higher NSFR:

1 percentage point increase in the NSFR results in 29 basis points decrease in

the wholesale funding ratio. In table 3.12 we reported that the mean value of

the NSFR within our data set is 92.04%, i.e. in order to meet the threshold set

by the Basel III (100%) banks will have to on average increase the liquidity

ratio by 7.96 percentage points and this increase will result in 231 basis points

decrease in the wholesale funding ratio. Having in mind results from the first

hypothesis where we showed that banks relying more on the wholesale fund-

ing market are able to increase their lending more, we can state that both,

increase of margin and introduction of the NSFR will significantly limit bank’s

ability to supply new loans. Moreover, the positive coefficient α5 supports the

theory that the fast growing banks tent to rely more on the wholesale market

when funding their asses and by this they are able to overcome the problem of

insufficient volume of local deposits.
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Table 3.13: Results for wholesale funding and loan rate equation 3.2,
3.3

First stage regression: Wholesale Funding

Eligible Securities/ Total Assets .17203***
[.05768]

Interest Expense on WF/ Wholesale Funding -.35599*
[.20258]

Net Stable Funding Ratio -.29015***
[.03656]

Non-performing Loans/ Total Assets .03011
[.15156]

Growth of Real Assets .01833
[.01650]

2SLS estimation: Loan rate

Wholesale Funding/ Total Assets .00544
[.02120]

Interest Expense/ Interest-bearing Liabilities .26842**
[.14117]

Non-performing Loans/ Total Assets -.02919
[.02127]

Non-interest Expense/ Total Assets .04956
[.10684]

Cost of Capital .00427
[.00318]

Ln(Total Assets) .85428
[.70172]

Equity/ Total Assets .01857
[.04903]

GDP growth -.07252***
[.01938]

Inflation -.07228*
[.04831]

Source: Author’s calculations based on Bankscope

Robust standard errors are reported in brackets.***,**,*indicate statistical significance at

1%, 5%, and 10%,respectively.

Unfortunately, results of the second stage estimation of loan rate do not

reveal a significant relationship between the wholesale funding ratio and the

loan rate suggesting that there exist more important determinants of interest

income on loans other than bank’s activity on the wholesale market. Further-

more, the coefficient β1 is positive implying that 1 percentage point increase

in the wholesale funding ratio increases the loan rate by .54 basis points, i.e.

exactly the opposite correlation than we expected. In a broader picture of the

whole 2SLS regression we can say that 1 percentage point increase in pledgeable
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securities results, through its positive impact on the wholesale funding ratio, in

.09 basis points increase in the loan rate. 1 percentage point increase in margin

and the NSFR results, through its negative impact on the wholesale funding, in

.19 bps and .16 bps decrease in price of credit. Based on those results we had to

reject the second and the third hypothesis. Positive relationship between the

wholesale funding and the loan rate can be explained by the differences in costs

connected with different sources of financing. In ECB (2012) authors declare

that spread of deposits held at banks over money market rates are around -50

basis points with the peak in 2007-2008 where the spread reached -300 basis

points. This spread difference is larger for the shorter maturity of deposits.

Banks usually transfer higher cost of financing to the borrowers.

Other coefficients included into the loan rate equation have expected signs.

If we collect the interest expense to interest-bearing liabilities (β2), non-interest

expense to total assets (β3) and cost of capital (β5) we get the marginal costs

of lending that is as expected positively correlated with the loan rate, i.e. bank

transfer higher cost to the customers. Moreover, banks usually hold only small

fraction of its liabilities in capital form which causes that effect of β5 is much

smaller than β2 or β3: β2, β3 > β5. 1 percentage point increase in the capi-

talization results in 1.9 basis points increase in the loan rate explained by the

higher cost of equity relative to other sources of funding. Higher ratio of non-

performing loans to total assets as expected decrease the price of credit.

Statistics described in ECB (2012) can also be used to explain the results

of 2SLS regression with respect to the specialization. Due to the insufficient

number of observation we were able to test our hypotheses only for commercial

and cooperative banks. The results are presented in the table 3.14. We can see

that the estimated coefficients for the commercial banks have the same signs

as in case of larger data set presented above but they are slightly different in

absolute terms. What is interesting are the coefficients estimated using only

the cooperative banks. These coefficients support our hypotheses about posi-

tive effect of higher share of the wholesale financing on the price of credit. This

difference arise from different business models of both commercial and cooper-

ative banks where the cooperative banks are rather small, local banks relying

to the large extent on customer deposits with rather longer-term maturity. Ex-

actly this long-term relationship between the bank and its depositor causes the

higher funding cost for the bank. Based on ECB (2012) spread of deposits

held at banks over money market rates is positive (about 150 basis points) in
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case of longer-term maturities, i.e. long-term deposits are more expensive that

longer-term money market financing. 1 percentage point increase in the share

of the wholesale funding on the balance sheet of the cooperative bank results

in 5.5 basis points decrease in the loan rate. From the first hypothesis we

know that the wholesale funding ratio does not influence the volume or speed

by which the cooperative banks provide loans but based on this analysis we

can further see that it significantly decreases the price of credit for cooperative

bank’s borrowers.

Table 3.14: Results for wholesale funding and loan rate equation 3.2,
3.3 with respect to specialization

First stage regression: Wholesale Funding

Specialization
Eligible Securities/ Interest Expense on WF/ Net Stable
Total Assets Wholesale Funding Funding Ratio

Commercial Banks .15563*** -.04129 -.29480***
[.05678] [.10363] [.04293]

Cooperative Banks .04655* -.64007* -.36351***
[.10521] [.42377] [.07571]

Investment Banks N/A N/A N/A

Mortgage Banks N/A N/A N/A

Savings Banks N/A N/A N/A

2SLS estimation: Loan Rate

Specialization
Wholesale Funding/
Total Assets

Commercial Banks .01715
[.02406]

Cooperative Banks -.05573**
[.02435]

Investment Banks N/A

Mortgage Banks N/A

Savings Banks N/A

Source: Author’s calculations based on Bankscope

Robust standard errors are reported in brackets.***,**,*indicate statistical significance at

1%, 5%, and 10%,respectively.

Impact of the higher interest rate on volume of loans is summarized in table

3.15. As expected, increase in the interest rate by 1% results in -.09% volume

decrease in case of gross loans and -.23% decrease in case of the C&C loans

from its current level. Here we intentionally speak about percentages not per-

centage points as we used logarithm of the interest rate as our explanatory

variable. Estimated coefficient γ1 can be then interpreted as the elasticity of
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demand for loans. Based on our results where the coefficient is lower than one

for both, gross and the C&C loans we can see than demand for loans in Europe

is rather inelastic (percentage change in the loan rate results in less than per-

centage change in the demand for loans). Furthermore, demand elasticity for

the C&C loans is higher than for the whole portfolio of gross loans. Inflation

has positive relationship with the loan volume but GDP growth surprisingly

decreases the volume of loans, this can be explained by the recent economic

instability caused by the European sovereign debt crisis and the financial crisis

2008.

Table 3.15: Results for loan volume equation 3.3

Gross Loans C&C Loans

( 1 ) ( 2 )

Loan Rate -.08808*** -.23954***
[.02326] [.09523]

GDP growth -.004849*** -.00739**
[.00158] [.00356]

Inflation .00823** .01715***
[.00364] [.00621]

ln(Total Assets) 90364*** .88475***
[.03317] [.06709]

Source: Author’s calculations based on Bankscope

Robust standard errors are reported in brackets.***,**,*indicate statistical significance at

1%, 5%, and 10%,respectively.

Under assumption that the banks used during our estimation are good

representatives of the European banks we can make following statements. Using

estimated relationships between equations 3.1, 3.3 and 3.4 we can quantify the

effect of broader eligibility criteria, higher margins and introduction of the NSFR

on volume of demanded loans. We will consider estimates for both commercial

and cooperative banks presented in table 3.14 and elasticity for the C&C loans

from table 3.15.

We define following scenario: (i) broader eligibility criteria causes 5 percent-

age point increase in eligible collateral to total assets ratio, (ii) 1 percentage

point increase in margin (24.5% increase from its current level) and (iii) in-

troduction of 100% threshold for the NSFR. This scenario results in 0.005

percentage increase in loan demand when we consider the commercial banks

and 0.035 percentage decrease in demand for loans intermediated by the co-

operative banks (see table 3.16). These results are less significant than we
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expected and we explain such a low fluctuations mainly by the inelasticity of

demand for loans within the European Union and rather modest relationship

between the wholesale funding and the loan rate.

Table 3.16: The impact of defined scenario: (i) 5 percentage point
increase in eligible collateral to total assets ratio, (ii) 1
percentage point increase in margin and (iii) introduction
of 100% threshold for the NSFR on loan volume

Commercial Bank Cooperative Bank

# of banks 299 851
Loan volume (mill e) 2,119,377 233,567
Impact on loan rate (bps) -2.76 18.4
% impact on loan rate .005 .035
Impact on loan volume (bps) .13 -84
Impact on loan volume (mill e) 26.747 -19.642

Source: Author’s calculations based on Bankscope

3.1.5 Summary of results

Regarding the hypothesis verification, based on the results presented in this

subsection we are forced to reject both of our hypotheses in the basic form.

First stage results of defined simultaneous equation model are nevertheless

consistent with our hypothesis expectations. 1 percentage point increase in rel-

evant securities serving as collateral increases the wholesale funding ratio about

17 basis points. The margin is negatively correlated with the wholesale funding

ratio: 1 percentage point increase in margin causes the wholesale funding to

decrease by 36 basis points. And finally, 1 percentage point increase in the

NSFR results in 29 basis points decrease in the wholesale funding ratio. Never-

theless, having in mind results from the first hypothesis where we showed that

banks relying more on the wholesale funding market are able to increase their

lending more, we can state that both, increase of margin and introduction of

100% threshold for the NSFR will also limit bank’s ability to supply new loans.

In the second stage estimation we failed to show the negative relationship

between the wholesale funding and the loan rate when using whole data set of

banks. The coefficient is positive showing that 1 percentage point increase in

the wholesale funding ratio increases the loan rate by .54 basis points. Together

with results from the first stage regression we can say that (i) 1 percentage

point increase in the pledgeable securities results, through its positive impact
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on the wholesale funding ratio, in .09 basis points increase in loan rate; (ii) 1

percentage point increase in margin and the NSFR results, through its negative

impact on wholesale funding, in .19 bps and .16 bps decrease in price of credit.

Additionally, we estimated our model with respect to bank’s specialization:

commercial and cooperative banks. Results for the commercial banks are not

very different from the previous estimation: 1 percentage point increase in the

wholesale funding ratio results in 1.7 bps growth of loan rate. Based on the

coefficients estimated using data for the cooperative banks we did not reject our

hypotheses: 1 percentage point increase in the share of the wholesale funding

on the balance sheet of the cooperative bank results in 5.5 bps decrease in the

loan rate. We explain these diverge by different business models and different

cost structure (for detailed explanation see results 3.1.4).

We further regressed the interest rate on the volume of loans. We found

that increase in the interest rate by 1% results in -.09% volume decrease in case

of gross loans and -.23% decrease in case of the C&C loans from its current

level. Since we used logarithm of the loan rate as our explanatory variable

we interpret the coefficient as the elasticity of demand for loans. Based on

the results we can see that this elasticity within the European Union is rather

inelastic. Using estimated relationships between equations 3.1, 3.3 and 3.4 we

can quantify the impact of following scenario on the volume of demanded loans:

(i) broader eligibility criteria causes 5 percentage point increase in eligible col-

lateral to total assets ratio, (ii) 1 percentage point increase in the margin and

(iii) the introduction of 100% threshold for the NSFR. This scenario results in

e26.747 million increase in loan demand when we consider only the commercial

banks and e19.642 million decrease in demand for loans intermediated by the

cooperative banks. These results are less significant than we expected and we

explain such a low fluctuations by the inelasticity of demand for loans within

the European Union and rather modest relationship between the wholesale

funding and the loan rate.

Due to our innovative approach regarding the wholesale funding-loan rate

nexus there is no similar study to which we could compare our 2SLS results to,

but our conclusions regarding the transmission of the higher funding cost on

borrowers through the loan rate and consequent decrease in loan demand as a

result of this loan increase is fully consistent with the prior research by Agur

(2013) and de Haan & van den End (2013).
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3.2 Wholesale funding and risk profile of a bank

We apply the same assumption of simultaneity of bank’s decision about the

volume of wholesale funding and implied risk profile. We estimate the coeffi-

cients using the same 2SLS methodology as in the previous section 3.1 with

one change in the system, instead of the loan rate equation we introduce the

risk equation.

3.2.1 Methodology: A literature overview

To complete the picture about the wholesale funding as an important source of

the bank financing we decided to incorporate into our analysis also the whole-

sale funding-risk nexus that is widely used by regulators to justify their efforts

to limit bank’s wholesale activities. Large extent of literature about relation-

ship between the wholesale funding and the risk can be found.

In Calomiris & Kahn (1991) authors find that demandable debt on bank’s

balance sheet has an important advantage as a part of an incentive scheme for

monitoring the bank if such debt is excluded from the deposit insurance, i.e.

the wholesale funding can reduce bank fragility by better monitoring.

Differences between deposits and non-deposits (the wholesale funding) with

respect to liquidity risk are examined in Huang & Ratnovski (2010) that build

on Calomiris & Kahn (1991). The authors define two sources of financing: (i)

retail deposits that are sluggish, safe and stable and (ii) wholesale funds that

are relatively sophisticated (their providers can asses the quality of a project),

but those sources are provided on a rollover basis with the high risk of early

liquidation. They find that noisy public signals of bank assets quality can force

sophisticated creditors to withdraw their funding causing insolvency of a stable

bank. The authors admit that this risk of withdrawal is possible only under

some specific parameters within the defined setting, otherwise is the wholesale

funding considered as beneficial from the social welfare point of view.

The authors in Demirgüç-Kunt & Huizinga (2010) focus on the develop-

ment of non-traditional activities and non-deposit funding while using a large

sample of the international banks from the 1995-2007 period. Their data set

is limited only to banks with the stock exchange listings. They assess how dif-
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ferent activity mix and funding structure influence the risk profile and return

of a bank. They use two measures of risk: (i) z-score and (ii) stock return

volatility. Their basic regression suggests that the high share of non-deposit

funding defined as total deposits and short-term funding after excluding retail

deposits is positively correlated with the risk.

The aim of López-Espinosa et al. (2012) is to find the determinants of the

systemic risk. The authors find that the short-term wholesale funding is a key

trigger in the systemic risk episodes that were observed in recent years. They

investigate the balance sheet data of 54 international banks from 18 countries

during the period 05/2001-12/2009 using generalized form of so-called CoVar

methodology in order to derive systemic risk variable defined as returns from a

portfolio formed by the market-valued total assets.11 Results of the consequent

panel regression using, both quarterly and yearly data show that the wholesale

funding is positively correlated with the systemic risk in all forecasting horizons.

The impacts of different funding structures on bank stability is analysed

in Oura et al. (2013). The authors examine the data set of the international

banks from the 1990 to 2012 period by estimating the probit regression of bank-

and macro-specific variables on probability of bank being in distress. The bank

distress is defined as (i) z-score, (ii) bank’s equity price distress or (iii) analyst’s

rating. They found that 1 standard deviation shock away the mean of the

short-term debt raises bank’s distress probability by 1 to 5 percent in case of

emerging market banks and systematically important banks. Furthermore, the

higher equity ratio lowers the distress probabilities across all measures by up

to 5.5%.

11(López-Espinosa et al. 2012, p. 3153)
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Table 3.17: Literature overview: relationship between wholesale
funding and default risk of a bank

Authors Data and methodology Results

Calomiris &
Kahn (1991)

Theoretical model - incen-
tive compatibility constraint,
demandable debt, financial
intermediation

The demandable debt has an impor-
tant advantage as a part of an incen-
tive scheme for monitoring the bank if
such debt is excluded from deposit in-
surance.

Huang & Rat-
novski (2010)

Theoretical model based on
Calomiris & Kahn (1991)

Noisy public signals of bank assets
quality can force sophisticated credi-
tors to withdraw their funding caus-
ing insolvency of a stable bank. The
authors admit that this risk of with-
drawal is possible only under some spe-
cific parameters within the defined set-
ting, otherwise is the wholesale funding
considered as beneficial.

Demirgüç-Kunt
& Huizinga
(2010)

Publicly traded international
banks from the 1995-2007 period,
panel regression with country
and year fixed effects

High share of non-deposit funding de-
fined as total deposits and short-term
funding after excluding retail deposits
is positively correlated with the risk.

López-Espinosa
et al. (2012)

54 large international banks from
the period of 2001-09, CoVar and
panel regression

The short-term wholesale funding is a
key trigger in systemic risk episodes
that were observed in recent years.

Oura et al.
(2013)

Set of international banks from
the 1990 to 2012 period, probit
regression

1 standard deviation shock away the
mean of short-term debt raises bank’s
distress probability by 1 to 5 percent
in case of emerging market banks and
systematically important banks.

Source: Author’s summary

Data description and variable specification

The introduction of the risk equation with several specific variables further

decreased our original data set to only 546 observations. Annual data cover

the period from 2008-2012. The structure of our observations with respect to

the country of origin is summarized in table 3.18. The most frequent countries

are Italy (24%), France (18%) and Spain (6%). Moreover, strong majority of

banks is either the commercial bank (66%) or the cooperative bank (21%) as

you can see from table 3.19.



3. Empirical analysis 59

Table 3.18: 4th and 5th hypothesis: observations divided by the coun-
try of origin

Country Adjusted z-score Country Adjusted z-score

Belgium 9 Lithuania 0
Bulgaria 1 Luxembourg 5
Czech Republic 19 Hungary 22
Denmark 7 Malta 1
Germany 23 Netherlands 11
Estonia 0 Austria 15
Ireland 7 Poland 15
Greece 14 Portugal 23
Spain 35 Romania 9
France 98 Slovenia 18
Croatia 12 Slovakia 15
Italy 133 Finland 5
Cyprus 9 Sweden 10
Latvia 0 United Kingdom 30

Source: Author’s calculations based on Bankscope

Table 3.19: 4th and 5th hypothesis: observations divided by special-
ization

Specialization Adjusted z-score

Commercial Bank 358
Cooperative Bank 116
Investment Bank 6
Islamic Bank 0
Private Banking & Asset Mgt Companies 0
Real Estate & Mortgage Bank 24
Savings Bank 42

Source: Author’s calculations based on Bankscope

Based on studies presented in the literature overview and two additional

working papers: Baele et al. (2007) and Salkeld (2011) we decided to include

the following variables into our risk equation. For detailed description of the

wholesale funding equation see subsection 3.1.4.

• Risk is the dependent variable that measures the risk of a particular bank.

We define risk as adjusted z-score (do not connect to Altman (1968) z-

score) that represents the distance to default measured as the number

of standard deviations that bank’s return has to fall for bank to become

insolvent. (Demirgüç-Kunt & Huizinga 2010), (Strobel 2013) We follow

approach described in Roy (1952) and compute the z-score as the sum

of the mean rate of return on assets and the mean equity-to-assets ratio

divided by the standard deviation of the return on assets. The higher the
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ratio, the safer is the bank.

z − score =
car + µroa

σroa

• Wholesale funding to total assets is assumed to be endogenous variable

in this equation. We expect that the wholesale funding broadly perceived

as risky source of funding causes decrease of the z-score.

• Quality of bank’s portfolio is another bank-level variable measured as a

non-performing loans to total loans and captures the quality of loan port-

folio within the balance sheet of a bank. We expect that it is negatively

correlated with the z-score, i.e. higher share of ”bad loans” increases the

risk of investigated bank.

• Capitalization is defined as equity to total assets and since the bank

capital serves as a buffer for the unexpected losses, we expect that better

capitalization contributes to the better safety of the bank.

• Logarithm of assets is included in order to control for different bank size

in our data set.

• Non-interest income shows the amount of fees, trading and asset sale

income as a share of total revenues that includes also interest income.

It measures the share of non-traditional activities of the bank such as

securities trading. Based on Bankscope this ratio is far above 50% for the

investment banks and less than 50% for more traditional banks (savings,

cooperative) that focus primarily on a loan provision. In general, we

assume that banks which are more involved in non-traditional activities

are more risky, thus we expect negative coefficient.

• Loan loss provision computed as reported loan loss provision to total

assets represents the financial health of a bank. We assume that higher

loan loss provision increases default risk of a bank.

Descriptive statistics for our data set are summarized in the table 3.20. The

descriptive statistics of variables included in the wholesale funding equation

are not significantly different from the statistics presented in the table 3.12 in

the previous section and from this reason we will comment only on the new

variables. Average value of adjusted z-score is 32.02 st.dev. with zero being

the default threshold. From the median value 21.22 is apparent that we work
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with the small number of truly safe banks which drive the average up, but the

majority of our banks have z-score between 10-100 standard deviations. The

lowest z-score in our data set is 0.77 that belonged to General Bank of Greece

in 2010, and the safest bank in sense of the highest z-score was Banca di credito

popolare SCRL from Italy (2008). On average the loan loss provision relative

to total assets is 0.69% where the highest losses wrote-off previously mentioned

General Bank of Greece. The banks from our sample further generate one third

of their income by the non-traditional activities. Minimum value of -96.05%

further suggests that it is not always income, but also high losses are generated

from the trading activities. The highest share of non-interest income relative

to gross revenues reported Dexia Credit Local: 97.98% in 2011.

Table 3.20: 4th and 5th hypothesis: summary statistics

Variable Mean
Standard
Deviation

Minimum Maximum

Wholesale Funding/ Total Assets 40.05 18.67 2.68 98.46
Eligible Securities/ Total Assets 17.42 9.67 0.00 48.75
Interest Expense on WF/ WF 3.76 3.83 0.12 38.27
Net Stable Funding Ratio 90.42 18.09 30.04 148.97
Adjusted Z-Score 32.02 36.88 0.77 399.82
Non-performing Loans/ Total Assets 4.49 4.46 0.01 34.54
Equity/ Total Assets 7.25 3.99 0.00 34.17
Ln(Total Assets) 13.56 1.95 5.77 21.67
Loan Loss Provision/ Total assets 0.69 0.86 0 9.63
Non-interest Income/ Gross Revenue 35.36 20.45 -196.05 97.98

Source: Author’s calculations based on Bankscope

The graph 3.2 shows the development of the z-score with respect to the

bank’s specialization during the 2008-2012 period. From the graph is apparent

that there was a sudden decrease in z-score for all types of banks between the

end of years 2008 and 2009, followed by further convergence of z-score to lower

levels: 15-45 standard deviations. Despite the sharp decrease in the absolute

values of z-score which reflect the current instability of the European bank-

ing sector we can see that ordering of bank types with respect to default risk

remained unchanged within the observed period. The safest banks are cooper-

ative banks, followed by savings banks and commercial banks which managed

to keep their z-score level relatively stable within the whole period 2008-2012.

The most risky banks are as expected the investment banks with the average

z-score around 10 standard deviations.
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Figure 3.2: Development of z-score

Source: Author’s calculations based on Bankscope

Model and methodology

Our data set has again both cross-sectional and time series dimension and

based on statistical tests presented later, we decide to use the fixed effect panel

estimation in addition to the 2SLS methodology needed in order to deal with

observed endogeneity. The hypotheses 4 and 5 are tested using following sys-

tem of two simultaneous equations:

Wholesale funding equation:

WFi,t = α0 + α1Si,t + α2Mi,t + α3Li,t + α4C
L
i,t + α5agi,t+∑

t

φt +
∑
i

ρi + ai + ui,t (3.5)

Where WFi,t is the wholesale funding ratio, Si,t is the share of available

collateral, Mi,t is proxy variable for margin, Li,t represents the NSFR. CL
i,t and

agi,t are two control variables: the quality of loan portfolio and the growth of

real assets, respectively.
∑

t φt and
∑

i ρi are time and individual fixed effects.

The composite error νi,t = ai + ui,t consist of time variant error term ui,t and

time-invariant cross-sectional term (unobserved heterogeneity) ai.

We have exactly the same expectations about the coefficients of interest:

α1 is expected to be positive implying that the higher volume of eligible se-

curities results in higher share of the wholesale funding. α2 is expected to be

negatively correlated with the wholesale funding ratio - the higher the margin,
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the lower the wholesale activity due to increased costs of the wholesale funding

and finally α3 < 0 is assumed to further lower the wholesale funds.

Risk equation:

Ri,t = δ0 + δ1WFi,t + δ2Ri,t−1 + δ3Ei,t + δ4C
L
i,t + δ5ln(a)i,t+

δ6Ii,t + δ7LLPi,t +
∑
t

φt +
∑
i

ρi + ai + ui,t (3.6)

Where Ri,t is the z-score, WFi,t is the wholesale funding ratio, Ri,t−1 is

lagged value of our dependent variable included in order to control for the

persistency in the risk. Ei,t is the capitalization, CL
i,t is the quality of bank’s

portfolio and ln(a)i,t controls for the size of a bank. Ii,t is the non-interest

income and finally LLPi,t is the loan loss provision.
∑

t φt and
∑

i ρi are time

and individual fixed effects.

We expect that higher share of the wholesale funding lowers the safety

of a bank. This statement is compatible with the general view on this non-

traditional activities regarding banks’ funding strategies. In case of z-score its

value decreases with increasing risk, thus we expect δ1 < 0. Furthermore, our

model setting of the SEM allows us to capture the connection between the de-

terminants of the wholesale funding, in particular previously defined collateral

characteristics, and risk of a bank. Assuming that all expectations from the

wholesale funding equation are valid, results will support the efforts of regu-

latory bodies to limit the shadow banking activities, i.e. every measure that

decreases the volume of the wholesale funding decreases overall bank’s risk.

We start with the same procedure as in the case of the hypotheses 2 and

3. Based on the tests summarized in the table A.11 we decide to use the fixed

effect estimation. This information is crucial for the next step when we test

for the strong form of the endogeneity as described in section the 3.1.4. We

support the assumptions of the endogeneity of the wholesale funding ratio in

the risk equation by the results of two independent test (see table A.12). First,

based on the results of Hausman test that assumes no endogeneity under the

null hypothesis (OLS is consistent and efficient) as suggested by Wooldridge

(2002) we can reject the hull hypothesis on 1% level of significance. Second,
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based on Davidson. & MacKinnon (1993) test that assumes same consistency

of the OLS estimators under the null hypothesis we can reject the null on 1%

level of significance. We conclude that we face strong form of the endogeneity

in our model. We have to additionally test the identification conditions of our

SEM. Based on order condition for identification (necessary condition) and rank

condition for identification (sufficient condition) that are computed in appendix

A.3.4 we consider our system as over-identified.

In table A.13 are described variance inflation factors which are far below

problematic 10 threshold.

In order to test the homoscedasticity we use Pagan & Hall (1983) test of

heteroscedasticity for instrumental variables (IV) estimation. Based on low p-

values, we can reject the null hypothesis on 1% level of significance, i.e. we have

heteroscedastic residuals in our model (see table A.14). Due to the detected

form of the first-order autocorrelation (see table A.15 and heteroscedasticity

we use the clustered-robust standard errors. Time dummies are also included

in our 2SLS estimation to control for cross-sectional dependence.

Results

Table 3.21 presents the results of our 2SLS estimation. Coefficients α1, α2 and

α1 from the first stage regression are similar to those estimated in the previ-

ous section (for details see table 3.13). The differences in absolute values are

caused by smaller data set with slightly different descriptive statistics used for

this estimation. Volume of eligible securities divided by total assets is positively

correlated with the wholesale funding α1 = .15543, significant on 5% level and

implies that 1 percentage point increase in relevant securities serving as collat-

eral increases the wholesale funding ratio about 15.5 basis points. The margin

is negatively correlated with the wholesale funding ratio: α2 = −.21072 and

significant on 5% level. The results suggest that 1 percentage point increase

in margin (26.6% increase of margin from reported mean value 3.76%) causes

decrease of the wholesale funding by 21 basis points. Additional decrease in

the wholesale funding ratio is further caused by higher NSFR: 1 percentage

point increase in the NSFR results in 28.9 bps decrease in the wholesale funding

ratio. If we assume that the NSFR has to increase to 100% threshold (9.58

percentage points increase from the average value reported in the table 3.20)

we can say that this required increase will result in 277 basis points decrease
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in the wholesale funding ratio.

Table 3.21: Results for wholesale funding and risk equation 3.5,3.6

First stage regression: Wholesale Funding

Eligible Securities/ Total Assets .15543**
[.07089]

Interest Expense on WF/ Wholesale Funding -.21072**
[.10147]

Net Stable Funding Ratio -.28958***
[.04111]

Non-performing Loans/ Total Assets -.14645
[.16523]

Growth of Real Assets -.00322
[.01740]

2SLS estimation: Adjusted z-score

Wholesale Funding/ Total Assets -1.0688**
[.50551]

Non-performing Loans/ Total Assets .13624
[.55518]

Equity/ Total Assets) 1.1763
[1.5782]

Ln(Total Assets) 6.6776
[8.2656]

Non-interest Income/ Gross Revenue .04413
[.04483]

Loan Loss Provision/ Total assets -3.0858***
[1.8704]

Source: Author’s calculations based on Bankscope

Robust standard errors are reported in brackets.***,**,*indicate statistical significance at

1%, 5%, and 10%,respectively.

Regarding the wholesale funding and risk profile nexus, negative sign of es-

timated coefficient δ1 does not allows us to reject the hypothesis that a higher

level of the wholesale funding increases the default risk of a bank. This result

corresponds with findings in the existing literature Demirgüç-Kunt & Huizinga

(2010), López-Espinosa et al. (2012) or Oura et al. (2013). Decrease in the

level of risk caused by decrease in the wholesale funding can be explained in

two ways: (i) as we explained earlier, banks tend to use the wholesale sources

to finance riskier assets (bad loans), i.e. limitation of the wholesale funding

can cause the decrease of risky assets within the bank’s portfolio or (ii) by lim-

iting the wholesale activities we also limit the exposure of a bank to liquidity

and counterparty risks which banks face on the wholesale market. Coefficient
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δ1 = 1.0688 (significant on 5% level) suggests that 1 percentage point increase

in the wholesale funding ratio results in decrease in z-score about 1.07 stan-

dard deviations. Using results from the first stage regression we can track the

effect of an increase in the pledgeable securities: 1 percentage point increase in

the pledgeable securities results, through its positive impact on the wholesale

funding ratio, in -.91 st.dev decrease in z-score (increase of risk). Moreover, 1

percentage point increase in margin and the NSFR results, through its negative

impact on the wholesale funding ratio, in .23 st.dev. and 31 st.dev. increase

of z-score. Those results fully support the regulatory efforts to decrease the

wholesale activities of banks by introducing NSFR and possible thresholds for

margin.

Almost all other explanatory variables included in the risk equation do not

have any significant impact on the z-score. Loan loss provision to total assets

is nevertheless significant on 1% level and its negative coefficient implies that

1 percentage point increase of LLP decreases the z-score by 3.09 standard de-

viations. Furthermore, better capitalization increases the solvency of a bank

by 1.18 standard deviations in case of 1 percentage point increase of equity to

total assets. Positive coefficient of logarithm of asset suggests that the size of

a bank may decrease the risk of insolvency. This can be explained by ”to big

or to interconnected to fail” argument. Surprisingly, both, quality of bank’s

portfolio and non-interest income are positively correlated with the z-score.

The results of our analysis with respect to the bank specialization (commer-

cial and cooperative banks12) are shown in the table 3.22. Based on estimated

coefficients we cannot reject out hypotheses 4 and 5 for commercial banks but

unfortunately, in case of the cooperative banks, we have to reject the fifth hy-

pothesis due to the reversed relationship between the margin and the wholesale

funding: 1 percentage point increase in margin results, through its positive im-

pact on the wholesale funding, in 0.03 st.dev decrease in z-score. Nevertheless,

the wholesale funding ratio in the risk equation for the cooperative banks is

rather insignificant most likely due to the low share of the wholesale funding

among the cooperative banks in general (see graph 3.1). Furthermore, as de-

scribed earlier in the section 3.1.4 cooperative banks can to some extent gain

from the wholesale funding despite the moderate increase in the margins.

12Number of observations for investment, savings and mortgage banks was insufficient.
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Table 3.22: Results for wholesale funding and risk equation 3.5,3.6
with respect to specialization

First stage regression: Wholesale Funding

Specialization
Eligible Securities/ Interest Expense on WF/ Net Stable
Total Assets Wholesale Funding Funding Ratio

Commercial Banks .13545** -.19243* -.29897***
[.06817] [.10831] [.04885]

Cooperative Banks .06533 .31867 -.40453***
[.15488] [.46558] [.08564]

Investment Banks N/A N/A N/A

Mortgage Banks N/A N/A N/A

Savings Banks N/A N/A N/A

2SLS estimation: Adjusted z-score

Specialization
Wholesale Funding/
Total Assets

Commercial Banks -.90127*
[.49863]

Cooperative Banks -.11696
[.95266]

Investment Banks N/A

Mortgage Banks N/A

Savings Banks N/A

Source: Author’s calculations based on Bankscope

Robust standard errors are reported in brackets.***,**,*indicate statistical significance at

1%, 5%, and 10%,respectively.

3.2.2 Summary of results

Based on general results of our analysis we are not able to reject the hypothesis

4 and hypothesis 5. We showed that higher level of the wholesale funding is

connected with higher risk of a bank measured by z-score (distance to default).

Estimated coefficient δ1 = 1.0688 (significant on 5% level) suggests that 1

percentage point increase in the wholesale funding ratio results in 1.07 standard

deviations decrease in z-score (decrease in risk). We compare our results to

the existing literature ( see table 3.23): results of the wholesale funding-risk

nexus in Demirgüç-Kunt & Huizinga (2010) are fairly similar - the coefficient

is negative but higher in the absolute values: 1 percentage point increase in

short-term non-deposit funding (we use total non-deposit funding) results in

2.846 st.dev decrease in z-score. Findings of other studies López-Espinosa et al.

(2012) and Oura et al. (2013) again point out the positive relationship between

the wholesale funding and the default risk of a bank.
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Additionally, if we use the results from the first stage regression, we can

track the effect of an increase in the pledgeable securities on the z-score: 1

percentage point increase in the pledgeable securities results, through its pos-

itive impact on the wholesale funding ratio, in -.91 st.dev decrease in z-score

(increase of a risk). Furthermore, 1 percentage point increase in margin and

the NSFR results, through its negative impact on the wholesale funding, in .23

st.dev. and 31 st.dev. increase in z-score. Those results fully support the

regulatory efforts which aim at limiting the wholesale activities of banks by

introducing the NSFR and possible thresholds for the margin.

We were not able to reject our hypotheses 4 and 5 for the commercial banks,

but we rejected the fifth hypothesis in case of the cooperative banks due to

the reversed relationship between the margin and the wholesale funding: 1

percentage point increase in the margin results, through its positive impact on

the wholesale funding, in 0.03 st.dev decrease in z-score (see section 3.2.1).

Table 3.23: Comparison of our results with existing studies

Authors Studied ratio Region

1 percentage point
change in studied ratio/1
standard deviation away
from mean

Demirgüç-Kunt
& Huizinga
(2010)

Short-term non-deposit funding International banks Z-score: -2.846 st.dev

López-Espinosa
et al. (2012)

Short-term wholesale funding International banks Systemic risk: -43 bps

Oura et al.
(2013)

Short-term debt International banks
Probability of distress:
increase from 1 to 4%

This study Total non-deposit funding European Union Z-score: -1.069 st.dev

Source: Author’s summary



Chapter 4

Conclusion

The aim of this analysis was to quantify the effect of high exposure to the

wholesale funding on the volume of loans available for the real economy in the

context of the modern intermediation process where shadow banking, collateral

and investment funds play a significant role. We were not able to reject three

out of five hypotheses, where the remaining two were rejected only partially.

We used data set of 132-1167 banks from the European Union (number of banks

depends on the hypotheses tested) during the period 2006-2012.

First, we showed that the banks which are more exposed to the whole-

sale funding profit form this exposure and are able to increase their lending

relatively more in comparison to the less exposed banks. As expected, the rela-

tionship between the wholesale funding to total assets ratio and change of loans

is reversed while interacting with crisis dummy suggesting that more exposed

banks are more vulnerable to the external liquidity shocks and decrease their

lending significantly more during the crisis. Regarding the commercial and

corporate loans, banks located at the bottom 10% in the sense of the wholesale

funding exposure (WF=6.52%) increase their lending by 0.07% whereas banks

at the top 10% (WF=56.38%) increase their lending activity by 0.64% per

year. During the crisis non-exposed banks (bottom 10%) decrease their lend-

ing only by 0.05% and the top 10% by 0.46%. In direct comparison with the

original study Gozzi & Goetz (2010) we can see that the relationship between

the wholesale funding and growth of loans is weaker in case of the European

banks: the U.S. banks at the bottom 10% in terms of the wholesale exposure

(WF=9.40%) increase their lending by 0.76% whereas banks at the top 10%

(WF=37.50%) increase their lending activity by 3.03% per year. During the
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crisis non-exposed banks (bottom 10%) decrease their lending by only 0.37%

and the top 10% by 1.46%. This hypothesis was further separately tested for

five individual bank specializations. We did not reject the hypotheses for the

commercial, investment and real estate & mortgage banks, but we rejected

them in the case of the cooperative and savings banks. The wholesale fund-

ing ratio is positively correlated with lending activity for four out of the five

bank types and those four types together represent 86.46% of all assets held

by banks from our sample. Estimated decrease in supply of the C&C loans

is especially important since the majority of enterprises within the European

Union is financed by financial intermediaries, not on capital markets as in the

case of the U.S. banks. In regard of our results we recommend to reconsider

the intended stricter regulation of bank’s activities in the situation when credit

easing is needed.

Second, we were able to identify new determinants of the wholesale funding

variable: (i) share of the eligible securities, (ii) the margin and (iii) NSFR.

Furthermore, those estimated coefficients variables uphold the first part of the

second and third hypothesis. We discovered that (i) 1 percentage point increase

in relevant securities serving as collateral increases the wholesale funding ratio

by 17 basis points, (ii) 1 percentage point increase in margin (24.5% increase of

margin from reported mean value 4.08%) causes wholesale funding to decrease

by 36 basis points and (iii) 1 percentage point increase in the NSFR results in

29 basis points decrease in the wholesale funding ratio. In addition, we showed

that banks within our data set do not on average meet the threshold of 100%

set by Basel III for the NSFR, therefore banks will have to on average increase

the liquidity ratio by 7.96 percentage points and this increase will result in

231 basis points decrease in the wholesale funding ratio. Having in mind the

results from the first hypothesis where we showed that banks relying more on

the wholesale funding market are able to increase their lending more, we can

state that both increase of the margin and introduction of the NSFR will limit

bank’s ability to supply new loans.

The relationship between the wholesale funding ratio and the loan rate is

ambiguous. We showed the positive relationship between the share of wholesale

funding and the loan rate for the cooperative banks, but we failed in identifying

this positive nexus for the commercial banks. Furthermore, in almost all esti-

mated models (except for the cooperative banks) the wholesale funding ratio is

not significant on 10% level suggesting that there exist more important deter-
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minants of interest income on loans other than bank’s activity on the wholesale

market.

Using estimated correlation between the equations 3.1, 3.3 and 3.4 we were

able to quantify the effect of the following scenario: (i) broader eligibility crite-

ria causes 5 percentage point increase in eligible collateral to total assets ratio,

(ii) 1 percentage point increase in the margin and (iii) introduction of thresh-

old of 100% for the NSFR on the volume of demanded loans. Absolute impact

on the loan volume is -26.747 million euro (-0.035%) for the cooperative banks

and 26.747 million euro (0.005%) in case of the commercial banks. This impact

is rather modest and is caused by (i) very inelastic demand for loans within

the European Union (-0.24%) and (ii) weak relationship between the wholesale

funding and the loan rate in general.

Third, we showed that higher level of the wholesale funding is connected

with higher risk of a bank measured by z-score (distance to default). We

showed that 1 percentage point increase in the wholesale funding ratio results

in 1.07 standard deviation decrease in z-score. Our results are similar to prior

research: based on Demirgüç-Kunt & Huizinga (2010) 1 percentage point in-

crease in short-term non-deposit funding (we use total non-deposit funding)

results in 2.85 standard deviation decrease in z-score. The results of other

studies López-Espinosa et al. (2012) and Oura et al. (2013) also point out the

positive relationship between the wholesale funding and the default risk of a

bank. Additionally, we showed that 1 percentage point increase in the pledge-

able securities results, through its positive impact on the wholesale funding

ratio, in -0.91 standard deviation decrease in z-score and that 1 percentage

point increase in the margin and the NSFR results, through their negative im-

pact on the wholesale funding, in 0.23 standard deviation and 31 standard

deviation increase in z-score. Those results fully support the regulatory efforts

which aim at limiting the wholesale activities of banks by introducing the NSFR

and possible thresholds for margin in order to secure the financial system.
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Appendix

A.1 Relationship between liability structure and

volume of provided loans

A.1.1 Suitability of panel data estimation

Table A.1: Determination of model

Fixed effect Random effect Model
(F Test) (Breusch-Pagan LM test)

H0 is not rejected H0 is not rejected Pooled OLS
(No fixed effect) (No fixed effect)

H0 is rejected H0 is not rejected Fixed effect model
(No fixed effect) (No fixed effect)

H0 is not rejected H0 is rejected Random effect model
(No fixed effect) (No fixed effect)

H0 is rejected H0 is rejected Choose one of FE/RE depending
(No fixed effect) (No fixed effect) on the result of Hausman test

Source: Park (2014)



A. Appendix II

Table A.2: 1st hypothesis: OLS, Fixed or Random effects

Variable F test
Breusch-Pagan LM
test

Hausman test
Appropriate
model

[p-value] [p-value] [p-value]

Net Loans F(1181,2483)=1.73 χ2(1) = 0.05 N/A Fixed effect
[0.0000] [0.8277]

Gross Loans F(1181,2483)=1.71 χ2(1) = 0.02 N/A Fixed effect
[0.0000] [0.8760]

C&I Loans F(390,335)=1.51 χ2(1) = 5.08 χ2(15) = 127.63 Fixed effect
[0.0001] [0.0242] [0.0242]

Source: Author’s calculations based on Bankscope

A.1.2 Assumptions

Multicollinearity

Variance Inflation Factors: V IF = 1
1−R2 where R2 is the R-squared value for

that x’s regression on the other x variables. Values higher than 10 may indicate

a collinearity problem.

Table A.3: 1st hypothesis: Variance Inflation Factors

Variable VIF

Ln(Total Assets) 1.68
Wholesale Funding/ Total Assets 1.39
Tier 1/ Total assets 1.32
GDP growth 1.13
Inflation 1.04
Impaired Loans/ Gross Loans 1.10
Gross Loans/ Total Assets 1.05

Mean VIF 1.22

Source: Author’s calculations based on Bankscope

Homoscedasticity

Modified Wald test for groupwise heteroscedasticity

H0: σ2
i = σ2 for all i

H1: σ2
i 6= σ2 for all i
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Table A.4: 1st hypothesis: Modified Wald test for groupwise het-
eroscedasticity

Variable Test statistics p-value

Net Loans χ2(1167) = 1.6e+ 32 [0.0000]
Gross Loans χ2(1167) = 9.8e+ 31 [0.0000]
C&I Loans χ2(376) = 8.1e+ 07 [0.0000]

Source: Author’s calculations based on Bankscope

Based on low p-values, we can reject the null for all types of dependent

variables, we have heteroscedasticity in the residuals of a fixed effect regression

model.

Autocorrelation

Wooldridge test for autocorrelation in panel data

H0: No first-order autocorrelation

H1: First-order autocorrelation is present

Table A.5: 1st hypothesis: Wooldridge test for autocorrelation

Variable Test statistics p-value

Net Loans F (1, 729) = 42.300 [0.0000]
Gross Loans F (1, 729) = 40.432 [0.0000]
C&I Loans F (1, 98) = 3.018 [0.0855]

Source: Author’s calculations based on Bankscope

Based on p-values, we can reject the null hypothesis for Net Loans and

Gross loans on 1% level of significance and on 10% level of significance for C&I

Loans.
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A.2 Relationship between wholesale funding, loan

rate and demand for loans

A.2.1 Suitability of panel data estimation

Table A.6: 2nd and 3rd hypothesis: OLS, Fixed or Random effects

Variable F test
Breusch-Pagan LM
test

Hausman test
Appropriate
model

[p-value] [p-value] [p-value]

Loan rate N/A χ2(1) = 2114.94 χ2(1) = 169.45 Fixed effect
[0.0000] [0.0000]

Gross Loans N/A χ2(1) = 21700.91 χ2(4) = 150.41 Fixed effect
[0.0000] [0.0000]

C&I Loans N/A χ2(1) = 12145.91 χ2(4) = 154.37 Fixed effect
[0.0000] [0.0000]

Source: Author’s calculations based on Bankscope

A.2.2 Tests for endogenity of wholesale funding in loan rate

equations

In order to test the endogeneity of wholesale funding variable in our loan rate

equation we use two test: Hausman test as suggested by Wooldridge (2002)

and Davidson. & MacKinnon (1993) test.

H0: OLS is consistent and efficient (no endogeneity in given variables)

H1: OLS is inconsistent (endogeneity present)

Table A.7: 2nd and 3rd hypothesis: Tests of endogeneity

Test Test statistics p-value Endogenity

Hausman test χ2(9) = 213.13 [0.0000] Yes
Davidson-MacKinnon test F (1, 480) = 5.011866 [0.0256] Yes

Source: Author’s calculations based on Bankscope

The magnitude of p-values indicate endogeneity of our variable on 5% level

of significance.
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A.2.3 Assumptions

Multicollinearity

Variance Inflation Factors: V IF = 1
1−R2 where R2 is the R-squared value for

that x’s regression on the other x variables. Values higher than 10 may indicate

a problem.

Table A.8: 2nd and 3rd hypothesis: Variance Inflation Factors

Variable VIF Variable VIF

Eligible Securities/ Total Assets 1.20 Loan rate 1.05
Interest Expense on WF/ Wholesale Funding 1.40 GDP Growth 1.13
Net Stable Funding Ratio 1.31 Inflation 1.14
GDP growth 1.29 Ln(Total Assets) 1.04
Inflation 1.31
Non-performing Loans/ Total Assets 2.12
Growth of Real Assets 1.19
Interest Expense/ Interest-bearing Liabilities 1.45
Non-interest Expense/ Total Assets 2.09
Cost of Capital 1.51
Ln(Total Assets) 1.67
Equity/ Total Assets 1.57

Mean VIF 1.51 1.09

Source: Author’s calculations based on Bankscope

Homoscedasticity

Modified Wald test for groupwise heteroscedasticity

H0: σ2
i = σ2 for all i

H1: σ2
i 6= σ2 for all i

In case of loan rate equation we use Pagan & Hall (1983) test of het-

eroscedasticity for instrumental variables (IV) estimation.

Table A.9: 2nd and 3rd hypothesis: Test for heteroscedasticity

Variable Test statistics p-value

Loan rate χ2(12) = 88.730 [0.0000]
Gross Loans χ2(3152) = 5.6e+ 32 [0.0000]
C&I Loans χ2(1919) = 3.1e+ 33 [0.0000]

Source: Author’s calculations based on Bankscope
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Based on low p-values, we can reject the null for all types of dependent vari-

ables, we have heteroscedasticity in the residuals of a fixed effect IV regression.

Autocorrelation

Wooldridge test for autocorrelation in panel data

H0: No first-order autocorrelation

H1: First-order autocorrelation is present

Table A.10: 2nd and 3rd hypothesis: Wooldridge test for autocorre-
lation

Variable Test statistics p-value

Loan rate F (1, 1029) = 63.550 [0.0000]
Gross Loans F (1, 2867) = 94.928 [0.0000]
C&I Loans F (1, 1643) = 262.829 [0.0000]

Source: Author’s calculations based on Bankscope

Based on low p-values, we can reject the null hypothesis for both loan rate

and loan volume (Gross loans, C&I loans) on 1% level of significance.

A.2.4 Identification of equations

Order condition for identification (necessary condition)

Total number of endogenous variables in the system: M=1

Total number of exogenous variables in the system: K=13 (including intercept)

WF = α0 + α1S + α2M + α3L+ α4C
L + α5ag + ε (A.1)

RHS exogenous variables in the equation A.1: k=6

RHS endogenous variables in the equation A.1: g=0

Condition: (K-k)-g=(13-6)-0=7 > 0⇒ over-identified

rL = β0 +β1WF +β2r
D +β3C

D +β4C
L +β5r

K +β6ln(a) +β7e+β8g+β9π+ ε

(A.2)

RHS exogenous variables in the equation A.2: k=9
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RHS endogenous variables in the equation A.2: g=1

Condition: (K-k)-g=(13-9)-1=3 > 0⇒ over-identified

Rank condition for identification (sufficient condition)

We rewrite all variables in both equations into the more appropriate order:

WF − 0−α0−α1S−α2M −α3L− 0− 0−α4C
L−α5ag− 0− 0− 0− 0− 0 = ε

−β1WF+rL−β0−0−0−0−β2rD−β3CD−β4CL−0−β5rK−β6ln(a)−β7e−β8g−β9π = ε

(
1 0 −α0 −α1 −α2 −α3 0 0 −α4 −α5 0 0 0 0 0

−β1 1 −β0 0 0 0 −β2 −β3 −β4 0 −β5 −β6 −β7 −β8 −β8

)

φT =

(
0 1 0 0 0 0 1 1 0 0 1 1 1 1 1

0 0 0 1 1 1 0 0 0 1 0 0 0 0 0

)

Aφ =

(
0 −α1 − α2 − α3 − α5

1− β2 − β3 − β5 − β6 − β7 − β8 − β9 0

)

Rank(Aφ)=2 ≥ G-1=1-1=0

Unless the α1, α2, α3, α5 = 0 and 1− β2 − β3 − β5 − β6 − β7 − β8 − β9 = 0

system can be identified.
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A.3 Relationship between wholesale funding and

risk profile of a bank

A.3.1 Suitability of panel data estimation

Table A.11: 4th and 5th hypothesis: OLS, Fixed or Random effects

Variable F test
Breusch-Pagan LM
test

Hausman test
Appropriate
model

[p-value] [p-value] [p-value]

Adjusted Z-score N/A χ2(1) = 6.76 χ2(7) = 44.82 Fixed effect
[0.0000] [0.0000]

Source: Author’s calculations based on Bankscope

A.3.2 Tests for endogeneity of wholesale funding in bank’s

risk equations

In order to test the endogeneity of wholesale funding variable in our bank’s risk

equation we use two test: Hausman test as suggested by Wooldridge (2002) and

Davidson. & MacKinnon (1993) test.

H0: OLS is consistent (no endogeneity in given variables)

H1: OLS is inconsistent (endogeneity present)

Table A.12: 4th and 5th hypothesis: Test of endogenity

Test Test statistics p-value Endogenity

Adjusted Z-Score

Hausman test χ2(9) = 1469.09 [0.0000] Yes
Davidson-MacKinnon test F (1, 480) = .0943 [0.0000] Yes

Source: Author’s calculations based on Bankscope

Based on both tests we can reject the exogeneity on 1% level of significance.
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A.3.3 Assumptions

Multicollinearity

Variance Inflation Factors: V IF = 1
1−R2 where R2 is the R-squared value for

that x’s regression on the other x variables. Values higher than 10 may indicate

a problem.

Table A.13: 4th and 5th hypothesis: Variance Inflation Factors

Variable VIF

Eligible Securities/ Total Assets 1.26
Interest Expense on WF/ Wholesale Funding 1.04
Net Stable Funding Ratio 1.36
Non-performing Loans/ Total Assets 3.12
Growth of Real Assets 1.07
Equity/ Total Assets 1.47
Risklag 1.14
Ln(Total Assets) 1.67
Non-interest Income/ Gross Revenue 1.05
Loan Loss Provision/ Total assets 2.79

Mean VIF 1.60

Source: Author’s calculations based on Bankscope

Homoscedasticity

Pagan & Hall (1983) test of heteroscedasticity for instrumental variables (IV)

estimation

H0: σ2
i = σ2 for all i

H1: σ2
i 6= σ2 for all i

Table A.14: 4th and 5th hypothesis: Test for heteroscedasticity

Variable Test statistics p-value

Adjusted Z-score χ2(10) = 189.175 [0.0000]

Source: Author’s calculations based on Bankscope

Based on low p-value, we can reject the null on 1% level of significance, we

have heteroscedasticity in residuals of a fixed effect IV regression model.
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Autocorrelation

Wooldridge test for autocorrelation in panel data

H0: No first-order autoccorelation

H1: First-order autoccorelation is present

Table A.15: 4th and 5th hypothesis: Wooldridge test for autocorrela-
tion

Variable Test statistics p-value

Adjusted Z-score χ2(956) = 426.071 [0.0000]

Source: Author’s calculations based on Bankscope

Based on low p-value, we can reject the null hypothesis on 1% level of

significance.

A.3.4 Identification of equations

Order condition for identification (necessary condition)

Total number of endogenous variables in the system: M=1

Total number of exogenous variables in the system: K=11 (including intercept)

WF = α0 + α1S + α2M + α3L+ α4C
L + α5ag + ε (A.3)

RHS exogenous variables in the equation A.3: k=6

RHS endogenous variables in the equation A.3: g=0

Condition: (K-k)-g=(11-6)-0=5 > 0⇒ over-identified

R = δ0 + δ1WF + δ2Rlag + δ3E + δ4C
L + δ5ln(a) + δ6I + δ7LLP + ε (A.4)

RHS exogenous variables in the equation A.4: k=7

RHS endogenous variables in the equation A.4: g=1

Condition: (K-k)-g=(11-7)-1=3 > 0⇒ over-identified
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Rank condition for identification (sufficient condition)

We rewrite variables in both equations into more appropriate order:

WF − 0− α0 − α1S − α2M − α3L− 0− 0− α4C
L − α5ag − 0− 0− 0 = ε

−δ1WF+R−δ0−0−0−0−δ2Rlag−δ3E−δ4CL−0−δ5ln(a)−δ6I−δ7LLP = ε

A =

(
1 0 −α0 −α1 −α2 −α3 0 0 −α4 −α5 0 0 0

−δ1 1 −δ0 0 0 0 −δ2 −δ3 −δ4 0 −δ5 −δ6 −δ7

)

φT =

(
0 1 0 0 0 0 1 1 0 0 1 1 1

0 0 0 1 1 1 0 0 0 1 0 0 0

)

Aφ =

(
0 −α1 − α2 − α3 − α5

1− δ2 − δ3 − δ5 − δ6 − δ7 0

)

Rank(Aφ)=2 ≥ G-1=1-1=0

Unless the α1, α2, α3, α5 = 0 and 1− δ2 − δ3 − δ5 − δ6 − δ7 = 0

system can be identified
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