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Overview
The Journal of Banking and Financial Economics (JBFE) is an open access journal. The
submission of manuscripts in free of fee payment. This journal follows a double-blind reviewing
procedure.

Aims and Scope
JBFE publishes high quality empirical and theoretical papers spanning all the major research
fields in banking and financial economics. The aim of the journal is to provide an outlet for the
increasing flow of scholarly research concerning banking, financial institutions and the money and
capital markets within which they function. The journal also focuses on interrelations of financial
variables, such as prices, interest rates and shares and concentrates on influences of real economic
variables on financial ones and vice versa. Macro-financial policy issues, including comparative
financial systems, the globalization of financial services, and the impact of these phenomena on
economic growth and financial stability, are also within the JBFE’s scope of interest. The Journal
seeks to promote research that enriches the profession’s understanding of the above mentioned as
well as to promote the formulation of sound public policies.
Main subjects covered include, e.g.: [1] Valuation of assets: Accounting and financial
reporting; Asset pricing; Stochastic models for asset and instrument prices; [2] Financial
markets and instruments: Alternative investments; Commodity and energy markets; Derivatives,
stocks and bonds markets; Money markets and instruments; Currency markets; [3] Financial
institutions, services and regulation: Banking efficiency; Banking regulation; Bank solvency
and capital structure; Credit rating and scoring; Regulation of financial markets and institutions;
Systemic risk; [4] Corporate finance and governance: Behavioral finance; Empirical finance;
Financial applications of decision theory or game theory; Financial applications of simulation
or numerical methods; Financial forecasting; Financial risk management and analysis; Portfolio
optimization and trading.

Special Issues
JBFE welcomes publication of Special Issues, whose aim is to bring together and integrate work
on a specific theme; open up a previously under-researched area; or bridge the gap between
formerly rather separate research communities, who have been focusing on similar or related
topics. Thematic issues are strongly preferred to a group of loosely connected papers.
Proposals of Special Issues should be submitted to at jbfe@wz.uw.edu.pl. All proposals are
being reviewed by the Editorial Team on the basis of certain criteria that include e.g.: the novelty,
importance and topicality of the theme; whether the papers will form an integrated whole; and the
overall ‘added value’ of a Special Issue.
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ABSTRACT
The macroprudential regulatory framework of Basel III imposes the same minimum capital and
liquidity requirements on all banks around the world to ensure global competitiveness of banks.
Using an agent-based model of the financial system, we find that this is not a robust framework to
achieve (inter)national financial stability, because efficient regulation has to embrace the economic
structure and behaviour of financial market participants, which differ from country to country.
Market-based financial systems do not profit from capital and liquidity regulations, but from a ban
on proprietary trading (Volcker rule). In homogeneous or bank-based financial systems, the most
effective regulatory policy to ensure financial stability depends on the stability measure used.
Irrespective of financial system architecture, direct restrictions of banks’ investment portfolios
are more effective than indirect restrictions through capital, leverage and liquidity regulations.
Applying the model to the Swiss financial system, we find that increasing regulatory complexity
excessively has destabilizing effects. These results highlight for the first time a necessary change
in the regulatory paradigm to ensure the effectiveness and efficiency of financial regulations with
regards to fostering the resilience of the financial system.
JEL classification: C63, G01, G11, G21, G28
Keywords: financial stability, systemic risk, financial system, banking regulation, agent-based
model
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1. INTRODUCTION
One important lesson of the global financial crisis is that microprudential banking
regulation aimed at preventing the costly failure of individual financial institutions does not
suffice to ensure financial stability. The Basel II microprudential capital requirements even had
destabilizing effects by increasing pro-cyclical lending and regulatory arbitrage. Therefore, the
‘field of vision’ is a system-wide or macroprudential oversight, which aims at limiting systemic
financial risk, controlling ‘the social costs associated with excessive balance-sheet shrinkage
on the part of multiple financial institutions hit with a common shock’ (Hanson et al., 2011,
p. 5). As a complement to microprudential regulation, macroprudential regulation takes into
account general equilibrium effects and interactions with other types of public policy that have an
impact on systemic financial stability (IMF, 2011; for a literature review see Galati and Moessner,
2012). The Basel III regulatory framework (BCBS, 2010)2 combines micro- and macro-prudential
policies by more stringent and counter-cyclical capital requirements and the introduction of
a leverage ratio, liquidity requirements and a too-big-to-fail (TBTF) surcharge on systemically
important financial institutions.
To ensure global competitiveness of banks the Basel III regulatory framework imposes
the same minimum standards for all internationally active banks around the world. It will be
implemented in Europe by a ‘single rule book’ regulation, which imposes the same rules on all
banks in the EU. However, more stringent regulations at the national level might be necessary to
adapt to national circumstances. Regulatory policies beyond Basel III have been implemented or
are being discussed in individual countries, such as a ban on proprietary trading by banks in the
U.S. (Volcker rule), higher capital requirements in the U.K. (ICB, 2011) or credit-concentration
limits for banks in Switzerland (SIF, 2010). The question whether the one-size-fits-all approach
of Basel III is appropriate to achieve (inter-)national financial stability has not been tackled in
the scientific literature yet. We expect that the effects of regulatory policies on financial stability
and the real economy will depend on the role of banks and the behaviour of financial market
participants in the economy, which differ from country to country. Bank-based financial systems
like those of Germany and Japan are likely to have other stability properties and therefore may
need regulations other than market-based financial systems such as the United States and the
United Kingdom.3 The literature on financial-system architecture has compared bank-based and
market-based financial systems with regard to the performance of their main functions of capital
allocation and risk sharing (Allen and Gale, 1995, 1999, 2000; Boot and Thakor, 1997; Beck and
Levine, 2002; Levine, 2002; Deidda and Fattouh, 2008), but not with regard to systemic risk.
The most promising approach to examine systemic financial risk and policies to deal with
it are agent-based models (ABMs), which use a bottom-up approach of learning adaptive
heterogeneous agents (Bezemer, 2011; Bouchaud, 2008; Economist, 2010; Farmer and Foley,
2009; Lux and Westerhoff, 2009; Thurner, 2011). While general equilibrium models can only
explain minor fluctuations around a predetermined state of equilibrium, ABMs do not require
a steady-state and can explain the fact that externalities arising from synchronised behaviour or
interbank contagion may catapult minor fluctuations into widespread market failure (Thurner,
2011). By running repeated simulations, ABM allow agents to change their behaviour based on
their interactions with other agents. The influence of financial market behaviour and regulations
on the collective outcome of the system can be examined by changing the decision rules or
implementing regulatory constraints. Because of nonlinear feedback effects, individual risk
regulation may create extreme or systemic risks (Thurner, 2011; Thurner et al., 2012). The main

2

It was adopted by the Basel Committee on Banking Supervision and G20 in December 2010 and was approved by the EU in June 2013 in
conjunction with the Capital Requirements Directive.
3

For a cross-country comparison of financial systems see Beck and Demirgüc-Kunt (2009).
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advantage of ABMs is that they can help to understand the system when the data does not exist or
is inadequate (Thurner, 2011).
Agent-based models have been applied to analyze the influence of either the behaviour of
financial market investors (Harras and Somette, 2011; Kaizoji, 2003, 2004; Kluger and McBride,
2011; LeBaron, 2012; Takahashi and Terano, 2003; Thurner, 2011; Thurner et al., 2012) or banking
market structure and regulation (Geanakoplos et al., 2012; Georg, 2011; Webber and Willison,
2011; Westerhoff, 2008) on systemic risk. Thus far, no comparison of bank-based and marketbased financial systems with respect to systemic risk and the effectiveness of banking regulations
in a single model has been conducted in the literature. This paper closes this gap by analyzing
for the first time the influence of both financial system architecture and the behaviour of financial
market participants on financial stability and the effectiveness of macro-prudential policies
(capital requirements, leverage ratio, TBTF surcharge, liquidity requirements, credit concentration
limits, Volcker rule) within an ABM. It goes beyond previous studies on financial stability by
examining for the first time the influence of regulatory policies on structural, functional and
worst-case stability, measured by a variety of indicators. It finds that the one-size-fits-all approach
along the lines of the Basel framework cannot accommodate the complexity of the financial
system and is therefore not a robust framework for financial stability. By explicitly modelling
different financial system architectures (various degrees of bank- and market-based financing)
and investment patterns, our analyses show that these factors crucially impact the effectiveness
and efficiency of financial regulations. Neglecting these distinguishing characteristics may result
in regulatory failure. Calibrating the model with data of the Swiss financial system, we find
that the optimal regulation varies with the corresponding dimension of stability, and that simple
regulatory standards seem to dominate the optimal regulatory regime.
The paper is organized as follows. Section 2 reviews the theoretical literature which yields
hypotheses about the influence of financial system architecture, behaviour of financial market
participants and banking regulations on financial stability. Section 3 describes the model, and
Section 4 explains the parameterization and measurements used. After a presentation and
discussion of the general results in Section 5, the model is applied to the Swiss financial system in
Section 6. Section 7 draws conclusions.
2. HYPOTHESES
A vast literature on comparative financial systems studies the question whether bank-based
or market-based financial systems are better for promoting welfare or economic growth (Allen
and Gale, 1995, 1999, 2000; Boot and Thakor, 1997; Beck and Levine, 2002; Levine, 2002;
Deidda and Fattouh, 2008). While bank-based systems seem to have a comparative advantage
in mobilizing capital, acquiring information, monitoring firms, and managing inter-temporal
and liquidity risk, market-based systems seem to have a comparative advantage in allocating
capital, aggregating diffuse information signals, and providing cross-sectional risk-sharing (for
reviews see Levine, 2002; Beck and Levine, 2002). This literature compares financial systems
with respect to the performance of their main functions, but not with respect to financial stability.
Microeconomic theories of financial intermediation show that the provision of liquidity services
by banks involves the risk of bank runs and contagious bank failures or panics (Diamond and
Dybvig, 1983; Donaldson, 1992; Aghion et al., 2000). Therefore, unregulated bank-based financial
systems are inherently unstable. Recent research on systemic risk has identified three main causes
for systemic crises: (1) contagion among banks contagion arising from the interconnectedness
of banks through the interbank loan market, (2) widespread financial imbalances that build up
over time and then unravel abruptly, with adverse effects on both intermediaries and markets,
(3) negative common shocks that affect intermediaries and markets at the same time due to
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common asset holdings (Bandt et al., 2010). While systemic risk through interbank contagion
is caused by a counterparty externality, systemic risk through common shocks arises from
a correlation externality (Georg, 2011). Counterparty externality depends on the topology of the
interbank network (Nier et al., 2007; Iori et al., 2006; Thurner et al., 2003) and increases with the
size of the banking sector in the economy4. Therefore, we expect that unregulated market-based
financial systems are more stable than unregulated bank-based financial systems (hypothesis H1).
Financial systems may not only differ with respect to the role of banks versus markets, but
also with respect to the behaviour of banks and other investors in the economy. The literature on
financial markets with heterogeneous agents usually differentiates between three types of traders
that can be observed in practice: fundamentalists who expect that the asset price will return to
its fundamental value, chartists who base their decisions on an analysis of past price-trends,
and noise traders who decide on the basis of noisy information (Kaizoji, 2003). If fundamental
analysts prevail, the market prices of securities fully reflect all available information and passively
follow real shocks of the economy. In this case financial markets are information efficient (Fama,
1970) and the real bills doctrine holds (Glasner, 1992; Selgin, 1989). If, however, chart or noise
traders prevail, financial markets may develop an own dynamic, driven by financial or monetary
innovations or inefficient portfolio selection. Within agent-based models for stock markets it has
been shown that speculative bubbles are caused by random positive news and the heterogeneity of
traders’ strategies and are amplified by adaptive behaviour, where fundamentalists are driven out
of the market by chart or noise traders (Harras and Somette, 2011; Kaizoji, 2003). Therefore, we
expect that unregulated financial systems dominated by fundamental analysts are more stable than
unregulated financial systems with other behavioural configurations (hypothesis H2).
So far we have considered financial systems without state interventions. Our first hypothesis
that systemic risk increases with the role of banks in the economy implies that macroprudential
financial regulation should focus on banks. Theories of financial intermediation explain two main
justifications for regulating banks, the inability of depositors to monitor banks and the risk of
a systemic crisis stemming from contagious bank runs (for a review see Santos, 2001). Banks
may be insulated from runs by deposit insurance (Diamond and Dybvig, 1983). However, deposit
insurance as well as agency conflicts between shareholders and managers create incentives for
banks to increase the risk of their assets or their leverage. These risk-shifting incentives can be
reduced by regulating bank capital (Kashyap et al., 2009; Santos, 2001). Moreover, bank capital
has a loss-absorbing function. When losses have occurred, binding regulatory capital requirements
reduce the probability and size of de-leveraging by asset sales, preventing systemic repercussions
on asset prices and other institutions (Admati et al., 2011). Using a network model that considers
contagion effects through network and asset fire-sale externalities, Gauthier et al. (2012) show
that macro-prudential capital requirements reduce the default probabilities of individual banks as
well as the probability of a systemic crisis. Therefore, we expect that higher capital regulations
increase financial stability in all financial systems (hypothesis H3).
As a response to the global financial crisis, the Basel III regulatory framework imposes more
stringent (risk-based) capital requirements in all countries. In addition, it introduces a TBTF capital
surcharge on systemically important financial institutions, a (risk-independent) leverage ratio,
and minimum liquidity requirements. The leverage ratio is to act as a ‘backstop’, mitigating the
regulatory uncertainties from risk-based approaches and helping to offset banks’ potential capital
savings of understating their risks (Blum, 2008). Two minimum liquidity ratios aim to reduce the
risk of bank runs resulting from banks’ liquidity transformation.5 These macro-prudential policies
are expected to be complementary to each other and to the micro-prudential capital regulations
of Basel II. Therefore, we expect that a combination of capital requirements, a too-big-to-fail
4 For empirical evidence on the effects of contagion through interbank linkages see e.g. Elsinger et al. (2006), Upper and Worms (2004), Degryse
and Nguyen (2007), Furfine (2003).
5

For a review of the Basel III/CRD IV measures and the related literature see Rissi et al. (2011).
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surcharge, a leverage ratio and minimum liquidity requirements increases financial stability in all
financial systems (hypothesis H4).
The Basel III capital, leverage and liquidity requirements may have only an indirect influence
on banks’ risk taking behaviour by regulating asset-liability ratios. Direct restrictions of banks’
investment portfolios by concentration limits or restriction of proprietary trading may be
more effective than these indirect measures. Concentration limits aim to reduce bank failure
probability by mitigating the bulk risk in a bank’s investment portfolio.6 Therefore, we expect
that concentration limits of banks’ counterparty risks increase financial stability in all financial
systems (hypothesis H5).
A ban on or partial restriction of proprietary trading by banks (Volcker rule7) limits directly
socially inefficient risk taking. Therefore, we expect that Volcker rules (restrictions of proprietary
trading by banks) increase financial stability in all financial systems (hypothesis H6).
The Basel III regulatory framework rests on the implicit assumption that it fits to all financial
systems. Therefore our last hypothesis is that the optimal mix of regulations does not depend on
financial system architecture (hypothesis H7).
3. THE MODEL
Interpreting the financial system as complex, social, adaptive and interacting system (see
Outkin et al., 2008), we apply an agent-based model to provide for emergent phenomena resulting
from interactions of micro-rules executed by heterogeneous BDI-agents (see Rao and Georgeff,
1991 for a detailed explanation of the Belief-Desire-Intention-pattern of behaviour). Following
the principle of parsimonious modelling, the behavioural rules are set as simple as possible, based
on broadly supported theories. The agents in our model are commercial banks, non-financial firms
and private investors.
3.1. Banks and regulatory measures
In what follows, we focus on commercial banks which are grouped by size according to their
total assets and market share. In particular, we focus on three categories: big, medium and small,
which are subdivided into banks granting fixed-rate and -term loans to companies of the real
sector, with proprietary trading activities in stocks and bonds. Banks are risk averse and modelled
as leveraged investment portfolios (see Baltensperger, 1980), trying to maximise the expected
end of period utility (myopic portfolio optimisation) of their profit (E{U(π)}) (see Kent and
Thompson, 2008, p. 101):
E " U ^r h, = E ^r h -

1 2
bv
2 r

(1)

where π is the profit function, v 2r the variance of the end-of-period profit and β (0 ≤ β ≤ 10) the
risk- aversion coefficient of the bank, with:
E ^r h =

6

/ E^r ih $ V j and v 2r = V T $ R $ V

(2)

i=1

6 While there are various concentration and large-exposure limitations in national regulatory regimes, an explicit rule is missing in the current
Basel framework, However large exposures are taken into account under Pillar 2, and further possibilities, including a Pillar 1 capital charge on
large exposures are currently under review.
7

The U.S. Dodd-Frank Act prohibits commercial banks from proprietary securities trading and restricts their ability to own hedge funds and
private equity firms that engage in such trading. This is commonly known as the Volcker rule.
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E(ri resp. j) represents the expected return on asset i and liability j, respectively. Vi resp. j stands for
the current market value of position i and j. Σ is the variance-covariance-matrix of the returns
of the assets and liabilities. At the beginning of every period, the bank estimates the expected
return, the variance and the covariance of every balance sheet position according to the following
behavioural equations.
The bank will form its expectations in line with one of the two following adaptive price
building schemes (see Kaizoji, 2004):
Fundamental analysis: p tf+ 1 = p t + y $ _ p * - p t i,
p ct + 1 = p ct + n $ ^ p t - p ct h
Technical analysis:
with: pt+1 expected price for period t+1, n and m are the error correction coefficients defined
per asset class, p* the fundamental/intrinsic value, pc the chart-technical price obtained from
history, and pt the observable market price as of time t. The bank will switch between these two
behavioural patterns depending on the performance of these strategies evaluated in a back-testing
of the two updating schemes for the past periods.
Estimates of variances (ht), covariances (h12,t ) and correlations (r12,t ) of returns for time period
t are updated according to an exponentially weighted moving average with decay factor l:
h t = m $ h t - 1 + ^1 - mh $ r 2t - 1

(3)

h 12, t = m $ h 12, t - 1 + ^1 - mh $ r 1, t - 1 $ r 2, t - 1

(4)

t 12, t =

h 12, t
h 1, t $ h 2, t

(5)

with subscripts 1 and 2 indicating asset/liability 1 and 2, and rt–1 being the realised return for
period t–1.
The simplified balance sheet of a bank consists of the following assets and liabilities,
respectively:
(i)
Non-interest-bearing minimum reserve account held at the central bank defined as
a percentage of the deposits.
(ii) Money market investments which serve as a financial cushion. These positions can be
liquidated at their market price at any time. The size of these positions will be determined
by regulatory minimum requirements for liquidity which enter the optimisation procedure
as a constraint.
(iii) Interbank loans granted to other financial institutions in the interbank market: the riskadjusted pricing of these loans takes into account the funding costs of the granting bank
as well as the expected and unexpected loss derived from the rating of the counterparty in
accordance to guidelines of the Basel framework. Loans are potentially only granted to
banks for which there is an existing business relationship (network structure). The extent to
which loans are granted or withdrawn is the result of the beginning-of-period optimisation
procedure: the constrained maximisation of equation (1) will lead to target weights for each
balance sheet position. A comparison to the current exposures leads to the strategy pursued
during the respective period, e.g. loan enquiries will only be approved if the position
increase coincides with the strategy for the respective rating category.
(iv) Loans to commercial companies: the risk-adjusted pricing as well as the position taking
adhere to the same principles as listed above for the interbank loans.
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(v)

Bonds and stocks (trading book position): banks can invest in corporate bonds and stocks
within their proprietary trading activities. These positions have to be backed by equity
capital according to the Basel requirements. The changes in the positions are determined
by the result of the optimisation procedure: buy and/or sell (market) orders are submitted to
market makers.
(vi) Deposits: private households/investors deposit and withdraw money from their accounts
consistent with their preferences. The interest rate on deposits is determined by supply and
demand in a fully competitive market for deposits. Thus, the size of this position can only
be influenced by the individual bank with regards to the amount of deposits desired as part
of the aggregate demand for deposits. The actual amount as well as the interest rate to be
paid cannot be actively controlled by the individual bank.
(vii) Interbank loans received from other financial institutions in the interbank market: the riskadjusted pricing as well as the position taking adhere to the same principles as listed above
for the interbank loans granted.
(viii) Bonds and stocks as funding sources: each bank can issue and repurchase its own bonds
and stocks at current market prices to optimise the capital structure. Once more, the target
positions are the result of the overall constrained portfolio optimisation.
The maximisation of (1) has to comply with the following regulatory restrictions (the degree of
enforcement of the respective constraint depends on the specific hypothesis tested, see section 2):
(i)
Minimum equity capital requirements: in accordance to the Basel framework, the riskweighted assets are calculated and need to be underpinned by equity capital.8 Depending
on the hypothesis tested, the bank needs to hold additional equity capital (TBTF-capital
surcharge) due to (a) the size of its total assets, and/or (b) its market share.
(ii) Leverage restriction (Leverage Ratio): defines the minimum amount of equity capital to be
held as a percentage of the non-risk-weighted total assets.
(iii) Restrictions on proprietary trading (generalised Volcker Rule): maximum of risk-weighted
assets in the trading book in relation to available equity capital. The percentage can
range from 0% (strict enforcement of the Volcker Rule) to 200% (merely a limitation of
proprietary trading as opposed to a strict abandonment).
(iv) Minimum reserve requirement: percentage of deposits and interbank loans used for funding
purposes to be held at the central bank.
(v) Minimum liquidity requirement: liquid assets (minimum reserve account and money
market investments) as a percentage of deposits held.
(vi) Concentration limits to mitigate bulk risk in the bank’s investment portfolio: the regulatory
enforced diversification is specified as (a) a maximum percentage for an individual position
with regards to the available equity capital, and (b) a maximum percentage of all bulk risk
positions in relation to the equity capital.
Other constraints are the budget restriction for the balance sheet and a maximum growth rate
of total assets per period (20%) to ensure realistic balance sheet growth.
In case of a default – due to illiquidity (insufficient cash to settle pending payments) or
insolvency (value of assets drops below the amount of debt to be repaid) – a bank is liquidated at
the end of the corresponding period and the money paid out in sequence to: depositors, creditors
in the interbank market, bond holders.

8

We do not distinguish between tier 1, 2 and 3, as empirical evidence shows that the “quality of equity” is irrelevant from the perspective of
fostering financial stability. See Rissi et al. (2011).
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3.2. Interbank and deposit market
The interbank as well as the deposit market is characterised by pure competition. Therefore,
an individual bank is a price-taker and is deciding only with respect to the transaction volume.
Demand and supply will lead to an equilibrium interest rate which forms the base funding rate
in this market, incremented by counterparty-specific expected and unexpected loss components
resulting in the final rate charge by one bank to another. The dynamics of the interest rate are
given by the following adaptive interest-rate building process9
rt + 1 - rt = i $ x t

(6)

with rt+1 – rt the change in the equilibrium rate from period t to t+1, θ the error correction factor
and xt the excess demand (positive) or excess supply (negative) of interbank money.
The general mechanics for the deposit market are similar, with one difference being the
adaptive interest rate process:
r t + 1 - r t = i $ n $ 8^1 - |h $ x ct + | $ x nt B

(7)

where rt+1 – rt the change in the market deposit rate from period t to t+1, q the error correction
factor, n the total number of market participants, χ the percentage of noise traders in the population
of participating agents and xt denoting the excess demand (positive) or excess supply (negative)
for deposits. The superscripts c and n refer to the two investor types: chartists and noise traders.
The lower bound for the deposit rate is set to zero. The rationale for this difference in the ratebuilding process is that there are three types of private investors (see section 3.4) which are
bundled into two for the deposit market (the fundamentalists are added to the group of chartists
in order to avoid having to model forecasts for the deposit rate based on fundamental economic
data).
3.3. Capital markets
The capital market consists of a set of independent market makers whose sole function is to
set the market clearing price and to match transactions between market participants. They do not
pursue any other objective; in particular they do not trade on their own account. There is a separate
market maker for every stock and bond, i.e. the market makers are similar to specialists at the
New York Stock Exchange. These market makers accept only market orders, and all financial
assets are assumed to be perfectly divisible. In case of an excess demand or supply, a shortside-rule is applied which will lead to partial fills of the submitted orders. The market maker
has perfect knowledge of the composition of the orders submitted with regards to the trader type
(fundamentalist, chartist, noise trader) and will adjust the market price at the end of every period
according to the following adaptive price building process (see Kaizoji, 2004):
p t + 1 - p t = i $ n $ 8^1 - l - |h $ x tf + l $ x tc + | $ x nt B

(8)

with pt+1 – pt the change in the market price, θ the error correction factor, n the total number
of market participants, κ and χ the percentage of chartists and noise traders in the population
of participating agents respectively and xt denoting the excess demand (positive) or excess supply
(negative) for the respective financial instrument. The superscripts f, c and n refer to the three
9 Our interest rate building processes on interbank and deposit markets are modelled in analogy to the price- building process on capital markets
assumed by Kaizoji (2004), see equation (8) below.
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investor types: fundamentalists, chartists and noise traders. The lower bound for the price of
a financial asset is set to zero.
Additionally issued bonds and stocks (bond and stock repurchases) are treated like sell (buy)
orders, with the only difference that the number of outstanding financial instruments changes
accordingly.
3.4. Private investors
Private investors – grouped into the three categories: fundamentalists, chartists and noise
traders – maximise their end-of-period wealth (myopic portfolio optimisation) according to
the following logarithmic utility function Y (see Lengwiler, 2004 for the rationale of using
a logarithmic utility function):
W 6y@ = k 0 + k 1 $ ln 6y@

(9)

where y is the total assets at the end of a period and k0 and k1 are constants used to calibrate the
utility function. The consumption aspect is not modelled explicitly, but taken into account in
a rudimentary way by the requirement of a minimum cash balance to be held (assumed to be used
for consumption purposes).
In a way similar to the process described for banks (see section 3.1), every private investor
is solving for the mean-variance-optimal portfolio, maximising above utility function using
estimates of the expected return – the variance and the covariance of every balance sheet position
according to the following behavioural equations:
Fundamental analysis: p tf+ 1 = p t + y $ _ p * - p t i
Technical analysis:

p ct + 1 = p ct + n $ ^ p t - p ct h

Noise traders:

p nt + 1 = p t + g $ f $ p t .

with: pt+1 expected price for period t+1, ν, μ and ζ are the error correction coefficients defined per
asset class, p* the fundamental/intrinsic value, pc the chart-technical price, and pt the observable
market price as of time t. ε is an investor specific standard normal error term drawn at the beginning
of every period. A private investor will stick to the strategy assigned at the start of the simulation.
For the updating scheme of the variances, covariances and correlations, refer to section 3.1.
The balance sheet of private investors is as follows: a minimum cash reserve of 3% needs
to be held at any point in time. Deposits are held at designated banks: the size of this position is
the result of the optimisation process and is mainly determined by the relative attractiveness of
deposits as measured by the interest rate paid, relative to other investment opportunities. Long
and short positions in bonds and stocks of banks as well as non-financial firms are taken only
with designated counterparties. Changes and, therefore, buy and/or sell (market) orders submitted
to market makers are indicated by a comparison of the target and actual position. Loans are
directly granted to non-financial firms (crowd-funding): requests from non-financial companies
for loans are authorised if this is in accordance to the target weights coming from the optimisation
procedure. Potential loans are only granted to designated companies (network structure). Private
investors are fully equity-financed and go bankrupt if this equity capital falls below zero, or due
to an exogenous event with a probability in line with the rating of the investor.
The constrained optimisation procedure takes the following restrictions into account:
(i) a minimum cash balance of 3% of total assets, (ii) a maximum change in total assets of 20%
from one period to the next, and (iii) the budget restriction.
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3.5. Non-financial firms
The objective of non-financial firms is to maximise shareholders’ value by realising real
investments with uncertain cash flows. These investments are generated at the beginning of
every period by an exogenous shock (innovation rate), are tailored to the company-specific
characteristics in terms of size of the project and financing requirements, and are allocated to
the corresponding company. After checking a project for its economic soundness (positive net
present value), the company will seek the cheapest funding source for worthwhile investment
projects. The projects can be financed either via internally available cash, bank loans, issuance of
bonds or stocks, crowd funding or a mix of all of these. A company will create a pecking order
of all potential funding sources according to the relative interest costs and try to fund the project
according to this list of priorities. If it cannot get enough funds from these sources, the investment
is abandoned. Existing projects change in value from period to period due to an exogenous shock,
which can be interpreted as changed market conditions impacting the profitability and, therefore,
economic viability. The asset dynamics of existing projects follow a geometric Brownian motion,
with a company-specific trend and standard deviation calibrated to the rating of the company. The
new value of the real assets added to the other balance sheet positions results in the total market
value of assets. If the latter falls below the face value of the debt, the company is insolvent and
enters the liquidation procedure (see Merton, 1974). In case of survival, the new intrinsic value
of debt and equity is determined in accordance to Black and Scholes’ interpretation of equity as
a call option on the assets of a company. These are the intrinsic values on which fundamental
investors base their investment decisions. To summarise, the financial system is exposed to two
exogenous shocks: (a) the new projects allocated to non-financial companies according to the
innovation rate, and (b) changes in market values of existing projects. All other dynamics are
determined endogenously. The pecking order in case of liquidation of a non-financial company is
as follows: bank loans, loans from other firms, bonds, loans from private investors.
The generic balance sheet structure for non-financial firms is modelled as follows: cash
and money market investments are used to manage temporary excess liquidity. Direct loans to
other designated firms are provided outside the banking system. The present value of existing
real investments is exposed to changes in value. Loans from designated banks are used to fund
investment projects. Interest rates are risk-adjusted to the rating of the non-financial ones. Direct
loans from designated firms and loans from private investors (crowd-funding) happen outside the
banking system in direct negotiations between the respective counterparties. Bonds and stocks are
issued on the capital market. These positions are held by banks and private investors.
4. PARAMETERISATION AND MEASUREMENTS
In this section we describe the parameterisation of the model and the measures of financial
stability used.
4.1. Parameterisation
To ensure robustness of the results as well as realistic realisations of the evolution of
endogenous variables (e.g. volatility of stock prices and interest rates), pre-tests were run to
determine adequate parameterisation. These tests included sets of different numbers of periods
per simulation path, numbers of simulations, parameters for the price anticipation functions, and
risk-aversion coefficients. As a result of these pre-tests, the parameterisation presented in Table 1
has been chosen.
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Table 1
Parameters used
Parameter set:

Details:

Capital market:

Market makers for
bonds of non-financials

Error correction coefficient: 0.0002; start-volatility: 7%

Market makers for
stocks of non-financials

Error correction coefficient: 0.0007; start-volatility: 20%

Market makers for
bonds of banks

Error correction coefficient: 0.0002; start-volatility: 5%

Market makers for
stocks of banks

Error correction coefficient: 0.0007; start-volatility: 30%

Interbank-, crowdfunding, corporate loan
and deposit market

Error correction coefficient: 0.00054; start-interest-rate: 5%; start-volatility: 1%

Intra-firm loan market

Error correction coefficient: 0.0019; start-interest-rate: 5%; start-volatility: 1%

Investorsa)

Fundamentalists

Error correction coefficient: 0.5

Chartists

Error correction coefficient: 0.5

Noise-traders

Error correction coefficient: 0.5

Investors (max.
number of designated
relationships)

Deposits: 5
Bonds of banks: 10
Stocks of banks: 10
Bonds of non-financials: 10
Stocks of non-financials: 10
Crowd-funding: 5

Non-financials (max.
number of designated
relationships)

Bank loans: 10b)
Intra-non-financial-loans: 5

Banks (max. number
of designated
relationships)

Interbank loans: 14
Bonds of non-financials: 20
Stocks of non-financials: 20

Network structure

Real investments of
non-financials

Innovation rate: 40%
Expected present value of project as percentage of total assets: 5%
Standard deviation of present value of projects: 3%
Expected initial investment as percentage of the project’s present value: 50%
Standard deviation of initial investment requirement: 20%

Risk weights for capital
requirementsc)

Positions in the trading book: 1.0
Banking book positions (non-financials): AAA: 0.2; AA: 0.2; A: 0.5; BBB: 1; BB:
1; B: 1.5; worse than B: 1.5
Banking book positions (banks): AAA: 0.2; AA: 0.2; A: 0.5; BBB: 0.5; BB: 1; B:
1; worse than B: 1.5

Other parameters

Risk free interest rate: 3%
Loss given default (ex ante): 70%
Decay-factor for volatility and correlation updates: 0.97
Max. change in total assets per period: 20%

Legend:
a) The same error correction coefficients for investors are used by Kaizoji (2003, 2004).
b) Empirical evidence shows that the average number of bank relationships of non-financial firms varies between 1.4 and 16.4 across countries.
In a cross section of 20 European countries the average firm uses between five and six banks (Ongena and Smith, 2000).
c) In accordance to the Basel framework.
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4.2. Measures of financial stability
There are many different definitions of financial stability (see Cihak, 2006 for an overview).
For our analyses we use the following: stability of a financial system is characterised by its ability
to fulfill requirements which can be assigned to one of the subsequent three target complexes:
(i) structural stability: resilience of the financial system with respect to structural key indicators
(e.g. number of banks, variability of balance sheet positions and key financial ratios, default rate);
(ii) functional stability: resilience with respect to the ability of the financial system to perform its
key function of capital allocation; (iii) worst-case-stability: the ability of the system to perpetuate
its capital allocation function and capability of system components and protagonists to survive
in situations of financial crises (categorisation adapted from Brinkmann, 2007). In order to test
the hypotheses in section 2 we implement(ed) the quantitative measures presented in Table 2 to
capture the dimensions of stability we have discussed in a comparative static analysis.
Table 2
Stability measures used
Target Complex / Subdimension

Measure(s):

Structural stability

Stability of market
structure

Herfindahl-/Gini-coefficients of balance sheet positions

Stability of capital
structure

Market capitalisation of banks and non-financial firms, debt-equity
ratio, regulatory capital ratioa), liquidityb)

Operational stability

Profit-and-loss-distribution of banks and non-financial firms,
systemic lossc) distribution

Risk profile

Default rate of banks, non-financial firms and private households
by category

Transaction stability

Loan and trading volume and their volatilities, rates, credit
intermediation ratiod), market intermediation ratioe)

Efficiency of capital
allocation

Ratio of realised projects to all projects, ratio of unrealised
projects due to financing gap to all projects, intermediation gapf),
non-performing loans

Functional Stability

Worst-case-stability

95%-expected-shortfall of systemic loss, 95%-default-rateg),
95%-value-at-risk

Legend:
a) Regulatory capital ratio = required equity capital / available equity capital.
b) Liquidity = (minimum reserve requirements + money market positions) / (deposits + interbank loans).
c) Systemic loss = losses on non-performing loans + losses on stocks and bonds + losses from crowd-funding.
d) Credit intermediation ratio = loans granted by banks / total financing volume of non-financial firms.
e) Market intermediation ratio = (stocks + bonds) / total financing volume of non-financial firms.
f) Intermediation gap = (present value of all positive NPV-projects – present value of all realised positive NPV-projects) / present value of all
positive NPV-projects.
g) Default rate with a 95% confidence level.

In addition, we have implemented indicators of the real sector to be able to assess the impact
of the proposed regulations on macroeconomic development/growth. This allows us to link the
agent-based model to downstream theories of economic cycles in a consistent and coherent way.
Since the present paper focuses on financial stability these results are not presented in what
follows.
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5. RESULTS AND DISCUSSION
The hypotheses in section 2 are evaluated using a two-sided standard normal test statistic
for the differences of means of the samples and two-sided F-tests for the differences of sample
variances, respectively.10
Table 3 summarizes the results concerning H1. It shows that the stability of different financial
systems depends on the behaviour of banks and private investors. In the case of homogeneous
behaviour (100% fundamentalists or 100% chartists) market-based financial systems are
significantly more stable than bank-based financial systems in all dimensions except structural
stability measured by banking market concentration. In the case of other behavioural patterns
(banks: 100% chartists, private investors: 100% noise traders; banks: 50% fundamentalists, 50%
chartists, private investors: 33% fundamentalists, 33% chartists, 33% noise traders) the market
structure of the banking system is not significantly more stable or, even, less stable in a bankbased system than in a market-based system. Irrespective of investment behaviour, market-based
systems show higher functional stability (measured by the intermediation gap and the ratio of
realized projects) and higher worst-case stability than bank-based systems.11 Thus, H1 cannot be
rejected.
Table 3
Results for hypothesis H1: Unregulated market-based financial systems (M) are more stable than unregulated bankbased financial systems (B).
S1a)

S2b)

S3c)

S4d)

Concentration of banking sector

B<M

B<M

B=M

B>M

Systemic loss

B>M

B>M

B>M

B>M

Default rate of banks

B>M

B>M

B>M

B>M

Intermediation gap

B>M

B>M

B>M

B>M

Credit intermediation ratio

B=M

B>M

B<M

B<M

NPL

B>M

B>M

B>M

B>M

95% ES

B>M

B>M

B>M

B>M

95% default rate of banks

B>M

B>M

B<M

B>M

Target Complex / Measure
Structural stability

Functional Stability

Worst-case-stability

Legend:
a) S1: banking sector: 100% fundamentalists; private investors: 100% fundamentalists.
b) S2: banking sector: 100% chartists; private investors: 100% chartists.
c) S3: banking sector: 100% chartists; private investors: 100% noise traders.
d) S4: banking sector: 50% fundamentalists, 50% chartists; private investors: 33% fundamentalists, 33% chartists and 33% noise traders.
A measure x of an unregulated bank-based financial system (B) is statistically significantly bigger (>) or smaller (<) compared to the measure
x of an unregulated market-based financial system (M) with a confidence level of at least 90%. An equals sign (=) represents a statistically not
significantly different measure x.

Table 4 presents the results concerning different behavioural patterns within the same financial
architecture. It shows that in a homogeneous financial system (33% bank finance, 33% market
finance, 33% crowd funding) structural and functional stability are lower if the investment
behaviour is dominated by fundamentalists compared to other behavioural patterns. Thus, the
fact that fundamentalists immediately react to a divergence of the market price from its intrinsic
value has a destabilizing effect in normal times. Only worst-case stability, measured by expected
shortfall of the systemic loss is higher, if fundamentalists dominate, than if there are 100%
10

The simulation results and test statistics are available upon request.

11

Moreover, we found that unregulated market-based financial systems have a higher growth trend, lower economic fluctuations through
monetary impulses and lower depreciation rates (not reported in Table 3).
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chartists or heterogeneous behavioural patterns. Thus, parallel behaviour of financial market
participants is destabilizing in normal times, but stabilizing in stress situations. The most stable
behavioural configuration along all stability measures is reached if banks behave as pure chartists
and private investors behave as invariably as noise traders.
For other financial architectures we find the following results (not presented). In a financial
system with 50% bank and 50% market finance worst-case stability is always lower if
fundamentalists prevail than if there are other behavioural configurations. The results for structural
and functional stability are mixed. Bank-based financial systems dominated by fundamentalists
are in almost all cases structurally and functionally less stable but, in worst-case situations, more
stable than if other behavioural patterns prevail. Market-based financial systems dominated by
fundamentalists are less stable in all dimensions of stability other than market-based financial
systems with other behavioural patterns.
Table 4
Results for hypothesis H2: Unregulated financial systems dominated by fundamental analysts (F) are more stable
than unregulated financial systems with other behavioural configurations (A)
Target Complex / Measure

S1a)

S2b)

S3c)

Structural stability

Concentration of banking sector

F>A

F>A

F>A

Systemic loss

F>A

F>A

F>A

Default rate of banks

F>A

F>A

F>A

Intermediation gap

F>A

F>A

F>A

Credit intermediation ratio

F<A

F<A

F<A

NPL

F>A

F>A

F>A

95% ES

F<A

F>A

F<A

95% default rate of banks

F>A

F>A

F>A

Functional Stability

Worst-case-stability

Legend:
a) S1: F: 100% fundamentalists; A: banking sector: 100% chartists; private investors: 100% chartists.
b) S2: F: 100% fundamentalists; A: banking sector: 100% chartists; private investors: 100% noise traders.
c) S3: F: 100% fundamentalists; A: banking sector: 50% fundamentalists, 50% chartists; private investors: 33% fundamentalists, 33% chartists,
33% noise traders.
A measure x of a homogeneous financial system dominated by fundamentalists (F) is statistically significantly bigger (>) or smaller (<) compared
to the measure x of a homogeneous financial system with the corresponding alternative behavioural pattern (A) with a confidence level of at least
90%. An equals sign (=) represents a measure x which is not significantly different.

Therefore, H2 has to be rejected. The immediate reaction of fundamental analysts to
a divergence of the market price from its intrinsic value is desirable from the viewpoint of
information efficiency, but has destabilizing effects by immediately transmitting real shocks to
financial markets and banks. Chart-technical strategies and noise traders are smoothing out these
shocks over time and thus have a shock-absorbing function. However, noise traders cause market
prices to deviate from their fundamental value. Therefore, there is a conflict between the stability
of the financial system and the efficient market hypothesis.
Table 5 summarizes the results concerning H3. It shows that in a market-based financial
system the introduction of an 8% minimum capital ratio has no effect on structural stability and
even has destabilizing effects on functional stability (measured by non-performing loans) and
worst-case stability. In a homogeneous financial system the capital regulation reduces structural
stability (increasing systemic loss) and worst-case stability (increasing expected shortfall of
systemic loss). Only non-performing loans are reduced, implying higher functional stability.
Thus, in normal times, capital requirements reduce credit losses through a more conservative
lending by banks. In a bank-based financial system, the capital regulation reduces systemic loss,
non-performing loans and the expected shortfall of systemic loss. These stabilizing effects can
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be explained by the loss-absorbing function of equity capital in times of crisis. However, the
propagation of a crisis in the banking sector cannot be prevented by this regulatory measure.
An increase of the minimum capital ratio from 8% to 13%12 has the following effects (not
presented): in homogeneous and market-based financial systems worst-case stability declines
and functional stability, measured by non-performing loans, rises. In a market-based financial
system structural stability in the banking sector rises, while in a homogeneous financial system
the effects on structural stability are ambiguous. In a bank-based financial system worst-case
stability (measured both by expected shortfall of systemic loss and default rate of banks) and
structural stability (measured by systemic loss) rise. Only functional stability declines through
a rise in non-performing loans in normal times.
Table 5
Results for hypothesis H3: Higher capital regulations increase financial stability in all financial systems
S1a)

S2b)

S3c)

Concentration of banking sector

8% = U

8% = U

8% = U

Systemic loss

8% > U

8% < U

8% = U

Default rate of banks

8% = U

8% = U

8% = U

Intermediation gap

8% = U

8% = U

8% = U

Credit intermediation ratio

8% = U

8% = U

8% = U

NPL

8% < U

8% < U

8% > U

95% ES

8% > U

8% < U

8% > U

95% default rate of banks

8% = U

8% > U

8% > U

Target Complex / Measure
Structural stability

Functional Stability

Worst-case-stability

Legend:
a) S1: homogeneous financial system: 33% bank finance, 33% market finance, 33% crowd funding.
b) S2: bank-based financial system: 80% bank finance, 20% market finance.
c) S3: market-based financial system: 20% bank finance, 80% market finance.
A measure x of a financial system with 8% capital regulation (8%) is bigger (>) or smaller to a statistically significant degree, compared to an
otherwise identical but unregulated financial system (U) with a confidence level of at least 90%. An equals sign (=) represents a measure x which
is not significantly different statistically.

The marginal benefits of increasing capital requirements from 13% to 19%13 depend, moreover,
on the financial system architecture. In a homogeneous financial system the additional capital
requirements reduce the systemic loss and default rate of banks significantly. Also functional
stability (lower non-performing loans) and worst-case stability rise. In a bank-based financial
system the additional capital requirements reduce operational stability through higher systemic
loss. The effects on functional and worst-case stability are ambiguous: the intermediation gap
and the expected shortfall of systemic loss are reduced, but non-performing loans and the default
rate of banks in times of stress rise. In a market-based financial system the additional capital
requirements reduce both the systemic loss and the default rate of banks. Functional stability,
measured by non-performing loans, and worst-case stability also rise.
Thus, we do not find a systematic relationship between capital requirements and financial
stability. The effects of capital regulations depend on the dimension of financial stability and
the architecture of the financial systems. H3 has to be rejected. Our findings are consistent with
the mixed results of empirical studies on the effectiveness of bank capital requirements. For the
U.S., Shrieves and Dahl (1992) found a positive influence of bank capital on bank asset risk,
but Jacques and Nigro (1997) found a negative one. For Switzerland, Rime (2001) found no
12

As required by Basel III from big, systematically relevant banks from 2019 onwards (minimum total capital 8% + conservation buffer 2.5%
+ SIFI surcharge 2.5%).

13

As required from the big, systemically relevant banks in Switzerland.
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significant impact of capital regulations on bank portfolio risk, while Bichsel and Blum (2004)
found a positive relationship between changes in capital and asset risk. For cross-sections of 107
countries (Barth et al., 2004) and the EU-27 (Rissi et al., 2011), no robust relationships between
bank capital requirements and financial stability, measured by non-performing loans or bank
fragility, could be found.
Further tightening of regulations in our model (adding consecutively a 3% leverage ratio,
TBTF capital regulations, Volcker’s rule and concentration limits), we cannot confirm a strictly
monotonically increasing positive effect on financial stability as measured by our indicators. On
the contrary, stricter regulatory regimes can lead to regulatory failure: we provide evidence that an
unregulated system is more stable with regards to structural, functional and worst-case-stability
compared to a system with the following banking regulations simultaneously enforced: 8% capital
regulation, minimum liquidity requirements, 3% leverage ratio, TBTF-capital regulation, Volcker
rule and concentration limits.
Moreover, we examined whether the Basel III regulatory measures, i.e. introduction of
a leverage ratio and minimum liquidity requirements in addition to capital requirements (13%
minimum equity ratio and a potential TBTF surcharge) – increase stability. The results are
summarized in Table 6.
Table 6
Results for hypothesis H4: A combination of capital requirements, a too-big-to-fail surcharge, a leverage ratio and
minimum liquidity requirements increases financial stability in all financial systems
S1a)

S2b)

S3c)

Concentration of banking sector

R2 < R1

R2 = R1

R2 > R1

Systemic loss

R2 < R1

R2 = R1

R2 = R1

Default rate of banks

R2 < R1

R2 = R1

R2 = R1

Intermediation gap

R2 = R1

R2 = R1

R2 = R1

Credit intermediation ratio

R2 > R1

R2 = R1

R2 = R1

NPL

R2 < R1

R2 = R1

R2 < R1

95% ES

R2 > R1

R2 < R1

R2 < R1

95% default rate of banks

R2 < R1

R2 = R1

R2 > R1

Target Complex / Measure
Structural stability

Functional Stability

Worst-case-stability

Legend:
a) S1: homogeneous financial system: 33% bank finance, 33% market finance, 33% crowd funding.
b) S2: bank-based financial system: 80% bank finance, 20% market finance.
c) S3: market-based financial system: 20% bank finance, 80% market finance.
A measure x of a financial system with 13% capital regulation, too-big-to-fail surcharge, a 3% leverage ratio and minimum liquidity requirements
(R2) is statistically significantly bigger (>) or smaller (<) compared to an otherwise identical financial system (R1) with 13% capital regulation
and a too-big-to-fail surcharge only – with a confidence level of at least 90%. An equals sign (=) represents a measure x which is not significantly
different statistically.

In a homogeneous financial system the additional leverage ratio and liquidity requirements
significantly improve structural stability. Also financing efficiency rises through a decline in
non-performing loans. However, worst-case stability measured by the expected shortfall of
systemic losses declines. In a bank-based financial system the additional regulatory measures
do not improve financial stability in normal times. However, worst-case stability rises through
a higher loss-absorbing capacity. In a market-based financial system the additional regulatory
measures reduce structural stability measured by banking market concentration and worst-case
stability measured by the 95% default rate of banks. Financing efficiency and worst-case stability
measured by the expected shortfall of systemic losses rise.
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For the addition of single measures to a minimum capital ratio of 13% (not presented)
we found that the introduction of a leverage ratio in a bank-based financial system increases
functional stability, but is ineffective in all other stability dimensions. In market-based financial
systems, structural and functional stability rise. Size-dependent TBTF capital surcharges have
destabilizing effects in a bank-based financial system. In a market-based financial system they
increase structural and functional stability, but reduce worst-case stability. Irrespective of financial
system architecture, liquidity requirements cannot prevent the propagation of a banking crisis,
because they do not restrict investment behavior. Similar to capital requirements, they mainly
have a loss-absorbing function, which can increase worst-case stability in times of stress. The
exact effects depend on financial system architecture and range from stabilizing to destabilizing.
Therefore, one size does not fit all and so H4 has to be rejected.
Table 7 shows that concentration limits of banks’ counterparty risks help to stabilize mainly
bank-based financial systems, whereas they have mostly destabilizing effects in homogeneous and
market-based financial systems. In a bank-based financial system structural stability measured by
concentration and systemic loss, financing efficiency measured by non-performing loans, and
worst-case stability rise. In a homogeneous financial system non-performing loans decline, but
systemic loss and expected shortfall of systemic loss rise. In a market-based financial system only
structural stability measured by the concentration of the banking sector rises, whereas structural
stability measured by systemic loss and the default rate of banks, functional stability measured by
non-performing loans, and worst-case stability decline.
Table 7
Results for hypothesis H5: Concentration limits of banks’ counterparty risks increase financial stability in all
financial systems
S1a)

S2b)

S3c)

Concentration of banking sector

B=U

B<U

B<U

Systemic loss

B>U

B<U

B>U

Default rate of banks

B=U

B=U

B>U

Intermediation gap

B=U

B=U

B=U

Credit intermediation ratio

B=U

B=U

B=U

NPL

B<U

B<U

B>U

95% ES

B>U

B<U

B>U

95% default rate of banks

B=U

B<U

B>U

Target Complex / Measure
Structural stability

Functional Stability

Worst-case-stability

Legend:
a) S1: homogeneous financial system: 33% bank finance, 33% market finance, 33% crowd funding.
b) S2: bank-based financial system: 80% bank finance, 20% market finance.
c) S3: market-based financial system: 20% bank finance, 80% market finance.
A measure x of a financial system with bulk risk regulations (B) is statistically significantly bigger (>) or smaller (<) compared to an otherwise
identical but unregulated financial system (U) with a confidence level of at least 90%. An equals sign (=) represents a measure x which is not
significantly different statistically.

Comparing the efficiency of concentration limits and 13% capital requirements (not presented),
we find that in a homogeneous financial system concentration limits are more effective than
capital requirements in reducing systemic loss and worst-case instability, while the reverse holds
in a bank-based financial system. In a market-based financial system concentration limits tend to
be less efficient than capital requirements because they reduce structural stability in the banking
sector as well as functional and worst-case stability. Hence, H5 has to be rejected.
Table 8 shows the results for hypothesis H6 in the case of a strict enforcement of the Volcker
rule. In both a homogeneous and a market-based unregulated financial system the introduction
of a ban on proprietary trading has significant stabilizing effects with regard to all stability
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dimensions. If the same regulation is introduced into an unregulated bank-based financial system,
stability rises in four dimensions (lower systemic loss, default rate of banks, non-performing
loans, intermediation gap), but declines in two dimensions (higher non-performing loans, 95%
default rate of banks). Therefore, H6 cannot be rejected.
Table 8
Results for hypothesis H6:Volcker rules (restrictions of proprietary trading by banks) increase financial stability in
all financial systems
S1a)

S2b)

S3c)

Concentration of banking sector

V<U

V=U

V<U

Systemic loss

V<U

V<U

V<U

Default rate of banks

V<U

V<U

V<U

Intermediation gap

V=U

V<U

V=U

Credit intermediation ratio

V=U

V=U

V>U

NPL

V<U

V>U

V<U

95% ES

V<U

V<U

V<U

95% default rate of banks

V<U

V>U

V<U

Target Complex / Measure
Structural stability

Functional Stability

Worst-case-stability

Legend:
a) S1: homogeneous financial system: 33% bank finance, 33% market finance, 33% crowd funding.
b) S2: bank-based financial system: 80% bank finance, 20% market finance.
c) S3: market-based financial system: 20% bank finance, 80% market finance.
A measure x of a financial system with the Volcker rule enforced (V) is statistically significantly bigger (>) or smaller (<) compared to an otherwise
identical but unregulated financial system (U) with a confidence level of at least 90%. An equals sign (=) represents a measure x which is not
significantly different statistically.

Comparing the efficiency of a ban on proprietary trading and 13% capital requirements (not
presented), we find that both in a homogeneous and a market-based financial system the ban
on proprietary trading is more efficient than the capital regulation with respect to all stability
dimensions. In a bank-based financial system the effects of the Volcker rule relative to capital
regulation range from stabilizing (structural stability), to ambiguous (functional stability) and on
to destabilizing (worst-case stability). The results are similar for a comparison of the efficiency
of a ban on proprietary trading and a mix of regulatory measures comprising 13% capital
requirements, TBTF surcharges, liquidity requirements and a leverage ratio.
For the marginal benefits of a ban on proprietary trading compared to a restriction of it to
a maximum of 200% of equity capital, we find that in a homogeneous financial system structural
stability rises, while the effects on functional and worst-case stability are ambiguous. In a bankbased financial system, a ban on proprietary trading is less efficient than a restriction of it with
regard to structural and worst-case stability. With regard to functional stability the results are
ambiguous. In a market-based financial system a ban on proprietary trading is more efficient than
a restriction of it with respect to all stability dimensions.
Table 9 shows the most effective (ineffective) regulation in each type of financial system.
In all financial systems, the most effective measures are a ban on or a restriction of proprietary
trading, which prevent or reduce destabilizing feed-back effects between capital markets and
banks. In a market-based financial system the most effective regulation is the ban on proprietary
trading with respect to all stability dimensions, while in homogeneous and bank-based financial
systems either a ban or a restriction of proprietary trading is optimal, depending on the stability
measure used. Therefore, H7 has to be rejected.
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Table 9
Results for hypothesis H7: The optimal mix of regulations does not depend on financial system architecture
S1a)

S2b)

S3c)

Concentration of banking sector

R6 (R8)

R7 (R5)

R6 (R7)

Systemic loss

R6 (R8)

R7 (R5)

R6 (R7)

Default rate of banks

R6 (R8)

R7 (R5)

R6 (R7)

R7 (13%)

R5 (R6)

R6 (R7)

Credit intermediation ratio

R6 (R8)

R7 (R5)

R6 (R7)

NPL

R6 (R8)

R7 (R5)

R6 (R7)

R7 (13%)

19% (R6)

R6 (R7)

R6 (R8)

R7 (R5)

R6 (R7)

Target Complex / Measure
Structural stability

Functional Stability

Worst-case-stability

Intermediation gap

95% ES
95% default rate of banks

Legend:
a) S1: homogeneous financial system: 33% bank finance, 33% market finance, 33% crowd funding.
b) S2: bank-based financial system: 80% bank finance, 20% market finance.
c) S3: market-based financial system: 20% bank finance, 80% market finance.
U: unregulated financial system; 8%: 8% capital regulation only; 13%: 13% capital regulation only; 19%: 19% capital regulation only; R1:
8% capital regulation and minimum liquidity requirements; R2: 8% capital regulation and minimum liquidity requirements and 3% leverage ratio;
R3: R2 and too-big-to-fail surcharge; R4: R3 and (risk-weighted) proprietary trading positions limited to 200% of equity capital; R5: R4 and bulk
risk regulations; R6: Volcker rule only; R7: (risk-weighted) proprietary trading positions limited to 200% of equity capital only; R8: minimum
liquidity requirements only.
X (Y) in the above table indicates the most effective regulation X and the most ineffective regulation Y.

6. APPLICATION TO THE SWISS FINANCIAL SYSTEM
The model in section 3 has been calibrated to the Swiss financial system to evaluate the impact
of the various regulations on the resilience of the Swiss banking system. Table 10 lists the key
macro-economic data used for the calibration.
Table 10
Structure of the Swiss financial system
Macroeconomic variable

Amounts in billion CHF

%

1,347.7

100

692.7

51.4

Loans to non-financials

405.4

58.5

Financing via capital market (stocks)

264.1

38.1

Financing via capital market (bonds)

23.1

3.3

595.5

44.2

Stock market

555.1

93.0

Bond market

40.3

7.0

59.4

4.4

Private investors

42.6

71.6

Firms

16.8

28.4

Total financing volume of non-financials
thereof:
Banking system (total)
thereof:

Capital market (total)
thereof:

Crowd-funding (total)
thereof:

Legend: Own calculations based on SECO (2011), Beck and Demirgüc-Kunt (2009) and SNB (2010a). Note that the private mortgage sector has
been excluded.
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The banking sector is modelled by representing the actual balance sheets of the major 27
universal banks (including United Bank of Switzerland, Credit Suisse Group, Raiffeisen Group
and the 24 cantonal banks): refer to Table A.1 in the appendix for a detailed description of the
balance sheet structure. Companies of the real sector are grouped by their relative size into big,
medium and small firms. The simplified balance sheets of non-financials consist primarily of
liquid assets and the present value of their real investments on the asset side, and the major
funding sources – such as bank loans, bonds and stocks issued – on the liability side of the balance
sheet: see Table A.2 in the appendix for more details. Private households are uniformly segregated
into the investor categories fundamentalists, chartists and noise traders and are also described by
their balance sheet positions: refer to Table A.3 in the appendix for a detailed description of the
balance sheet structure.
Applying the calibrated model, we find the following results for the Swiss financial system:
Table 11 summarises the major findings:
Table 11
Results for the Swiss financial system
S1a)

S2b)

S3c)

S4d)

Concentration of banking sector

8% = U

8% = 13%

R = 8%

13%

Systemic loss

8% < U

8% > 13%

R > 8%

R2

Default rate of banks

8% = U

8% = 13%

R = 8%

R2

Intermediation gap

8% = U

8% = 13%

R = 8%

13%

Credit intermediation ratio

8% = U

8% = 13%

R = 8%

R1

NPL

8% = U

8% = 13%

R < 8%

R1

95% ES

8% < U

8% > 13%

R > 8%

8%

95% default rate of banks

8% = U

8% < 13%

R < 8%

R1,R2

Target Complex / Measure
Structural
stability

Functional
Stability

Worst-casestability

Legend:
a) S1: 8% capital regulation (8%) versus unregulated (U)
b) S2: 13% capital regulation (13%) versus 8% capital regulation (8%)
c) S3: 8% capital regulation + minimum liquidity requirements (R) versus 8% capital regulation (8%)
d) S4: optimal, i.e. most effective regulation for respective dimension, where: R1 = 8% capital regulation + minimum liquidity requirements + 3%
leverage ratio; R2 = R1 + TBTF-capital regulation.
A measure x of a regulated financial system (e.g. 8% capital regulation) is statistically significantly bigger (>) or smaller (<) compared to the
measure x of an alternatively regulated financial system (e.g. unregulated) with a confidence level of at least 90%. An equals sign (=) represents
a measure x which is not significantly different statistically.

Introducing an 8% capital regulation in the previously (and hypothetically) unregulated Swiss
banking sector does not have a statistically significant impact on functional stability whereas the
structural (as measured by systemic loss) and worst-case-stability (as measured by 95% expected
shortfall) increase statistically significantly, at least at the 90% confidence level.
A further increase of the capital requirements from 8% to 13% has destabilising effects on
structural as well as worst-case-stability. Although the 95% default rate is decreasing, the 95%
expected shortfall increases significantly and over-compensates the reduction in bank defaults.
Combining the 8% capital regulation with minimum liquidity requirements will destabilise the
system with regards to structural and worst-case-stability. This is due to the fact that the additional
regulatory requirement leads to a synchronisation of bank behaviour: in stress situations the banks
have to liquidate assets to be compliant with the liquidity rules, increasing the systemic loss in
a crisis. Therefore, the minimum liquidity requirements tested are an inefficient means to mitigate
contagion in a financial crisis, although we observe a statistically significant reduction in the 95%
default rate in the banking sector. The only stability-increasing effect is an improvement in the
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efficiency of indirect lending during normal market conditions by reducing the losses coming
from non-performing loans.
Further tightening of regulations in our model (adding consecutively a 3% leverage ratio,
TBTF capital regulations, Volcker’s rule and concentration limits), we cannot confirm a strictly
monotonically increasing positive effect on financial stability as measured by our indicators. On
the contrary, stricter regulatory regimes can lead to regulatory failure.
Our model indicates the most effective regulations for every stability dimension as a byproduct (see Table 11). We observe two important facts: (a) the most effective and, in that respect,
optimal regulation varies with the corresponding dimension of stability, and (b) simple regulatory
standards seem to dominate the optimal regulatory regime. For none of the stability dimension and
policy mixes analysed do we find that excessively increasing regulatory complexity is associated
with higher financial stability.
7. CONCLUSIONS
This paper uses an agent-based model of a financial system to examine the influence of
financial-system architecture and behaviour on financial stability and the effectiveness of different
macroprudential banking regulations that aim to reduce systemic risk.
The main findings are: (a) financial stability is not strictly monotonically increasing with
respect to the level of equity capital in the system; (b) liquidity requirements do not reduce the
probability of contagion effects, but merely increase the loss-absorbing amount of capital in the
system; (c) unregulated financial systems show market failure; (d) too restrictive regulations
result in regulatory failure; (e) effective regulations are simple and target the asset side of a bank’s
balance sheet, therefore efficiently restricting the decision-making process for the investment
portfolio. Our analyses also reveal two important trade-offs being inherent in the Basel framework:
(a) market efficiency versus stability of the financial system: fundamentalists ensure a certain
degree of market efficiency, whereas noise traders and chartists provide – from the perspective
of financial stability – a shock-absorption function by trading on old/stale information; (b) level
playing field / one-size-fits-all versus stability of the financial system: uniform, homogeneous
(international) regulations to achieve a level playing field – a prerequisite for equality of
competition – jeopardize financial stability as differences in the financial architecture are not taken
into account. It has been shown that the latter is crucial to foster financial resilience. A one-sizefits-all approach, along the lines of the Basel framework, cannot accommodate the complexity
of the financial system and is therefore not a robust framework for financial stability. From 1988
until the beginning of the financial crisis 2007/08, fostering resilience has clearly been neglected
in favour of the level playing field. Since 2008, the focal point of regulatory attention has shifted
to financial stability. International banking regulators are at a crossroads.
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APPENDIX
Table A.1
Structure of the banking sector
Parameter
Number
Market share
Balance sheet structure (in % of total assets)
Assets:
Cash (incl. minimum reserve requirements)
Money market positions and other liquid assets
Loans to other banks
Loans to non-financials
Trading book positions
Liabilities:
Deposits
Loans from banks
Bonds
Equity

Big banks
2
87%

Medium-size banks
1
2%

Small banks
24
11%

5%
10%
25%
36%
24%

6%
0%
27%
32%
35%

5%
3%
21%
36%
35%

48%
27%
20%
5%

68%
8%
18%
6%

67%
11%
17%
5%

Legend: Own calculations based on SNB (2010b). Note that the private mortgage sector has been excluded.

Table A.2
Structure of the non-financial sector
Parameter
Market share of big companies
Market share of medium companies
Market share of small companies
Balance sheet structure:
Cash and money market positions
Other liquid assets
Loans to non-financials
Real investments
Loans from banks
Loans from firms
Loans from private investors
Bonds held by banks
Bonds held by private investors
Stocks held by banks
Stocks held by private investors

70%
25%
5%
23%
23%
1%
53%
30%
1%
3%
2%
3%
20%
41%

Legend: Own calculations based on SECO (2009).

Table A.3
Balance sheet structure of private investors
Parameter
Market share of fundamentalists
Market share of chartists
Market share of noise traders
Balance sheet structure:
Liquid assets
Deposits
Bonds of non-financials
Stocks of non-financials
Bonds of banks
Stocks of banks
Loans to non-financials

33%
33%
33%
27%
27%
2%
27%
11%
3%
3%

Legend: Own calculations based on SNB (2010c).
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ABSTRACT
From a sample of 75,854 Slovenian firms in the period 1995–2011, we examine the effects of
a firm’s access to bank credit on its growth. The results suggest that as the external financing
constraint relaxes and firm gets access to credit, the reliance on internal funds to finance growth
decreases. By exploring the role of available collateral in gaining access to bank credit, we find
that collateral only helps larger firms to obtain credit more easily. On the other hand, collateral
does not reduce micro firms’ dependence on internal funds to finance growth, which suggests that
even if they have collateral, banks are still unprepared to finance them, possibly due to the level of
risk. It could also be that in approving credit to micro firms, other factors such as liquidity or cash
flow are more highly considered by banks than the value of collateral.
JEL classification: G30, G21, C23
Keywords: financial constraints, access to credit, firm growth, collateral, dynamic panel

1. INTRODUCTION
According to the neoclassical financial theory (Modigliani and Miller, 1958), investment
decisions of firms are not affected by their financing decisions. If all firms have equal access
to external financing, their chosen mix between equity and debt is irrelevant in financing firm’s
growth because external financing provides a perfect substitute for internal funds. In reality,
however, firms do not have equal access to external financing sources due to the existing
imperfections, which introduce a wedge between the costs of internal and external funds. In
a survey among 1,050 CFOs from U.S., Europe and Asia, Campello et al. (2010) find that
during the global financial crises in 2008, financially-constrained firms planned deeper cuts in
investment and were forced to burn a significantly larger portion of their cash savings relative to
unconstrained firms.
1
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In this paper we explore the effects of a firm’s access to bank credit on its potential for growth,
taking a large sample of Slovenian firms. The results suggest that all firms, including micro firms,
reduce their reliance on internal funds to finance growth once the external financing constraint
relaxes and firm is able to obtain credit or increase its level of indebtedness. On the other hand,
collateral seems to alleviate the financial constraint problem only for larger firms, but not for
micro firms. There are two possible explanations for this finding. First, banks consider micro
firms as too risky and are thus unprepared to finance them even if they have enough collateral.
Second, in approving credit to micro firms banks could be more focused on other factors, such as
the liquidity, cash flow or indebtedness position and not that much on collateral, as they are for
larger firms.
This paper contributes to the existing literature related to financial constraints. An extensive
literature is available to test the presence and importance of financial constraints with the
sensitivity of investment to cash flow. In a classic study, Fazzari et al. (1988) find that those firms
that have the lowest dividend-to-income ratio are the most financially constrained and show
the highest investment cash flow sensitivity. This means that their investment decisions largely
depend on the availability of internal funds. Even though this approach is widely used, it also has
some limitations and is subject to some criticisms. Contrary to Fazzari’s et al. (1998) conclusions,
Erickson and Whited (2000) find no evidence that cash flow belongs in the investment q
regression, whether or not firms are financially constrained. Moreover, their estimated cash flow
sensitivities are lower for financially constrained firms and in some cases also negative. Agca
and Mozumdar (2008) and in a recent study Chen and Chen (2012) show that there has been
a steady decrease in investment cash flow sensitivity over time and it has completely disappeared
in recent years. Chen and Chen (2012) point out that if one believes that financial constraints
have not disappeared, then investment cash flow sensitivity cannot be a good measure of financial
constraints. For this reason, researchers started looking for alternative ways to explain why some
firms face more obstacles in obtaining external financing sources. Sufi (2009) provides evidence
that access to lines of credit as a measure of financial constraints adds valuable information to
investment cash flow sensitivity. A similar measure is used by Rahaman (2011) who shows that,
as the external financing constraint is alleviated, a firm relies less on internal funds and switches
to external financing as the primary source for financing growth.
Our paper extends the findings of Rahaman (2011) by adding the role of collateral in alleviating
the problem of external financing constraint. We find, for larger firms, that as their collateral
increases, the incremental effect of internal funds on the firm’s growth decreases, which suggests
that with higher amounts of collateral, they are able to obtain external funds more easily and thus
reduce their dependence on internal funds. On the other hand, collateral seems useless for micro
firms and does not help them to reduce their reliance on internal funds.
The rest of the paper is structured as follows. The next section describes the data, descriptive
statistics, variable definitions and empirical strategy. Section 3 presents the results with different
measures of a firm’s access to bank credit and robustness checks. Section 4 concludes the paper.
2. METHODOLOGY
2.1. Data, descriptive statistics and variable definition
We have drawn a sample of firms from the database of the Republic of Slovenia’s Agency for
Public Legal Records and Related Services (AJPES). It contains financial data compiled from
balance sheets and income statements of Slovenian legal entities. Sole traders are not included.
We use annual data for the period 1995–2011, which is sufficient to observe the growth of firms
over the business cycle. Without imposing any restrictions on the data, our sample contains
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729,858 observations for 92,733 different firms, of which 17.4% are represented in all 17 years.
Firms with negative equity are excluded from the sample, because these firms do not usually
have any potential for growth. Additionally we also exclude firms which reported zero assets or
zero turnover, since these are our primary variables of interest. After these restrictions, we are left
with 547,945 observations for 75,854 different firms.
We focus on micro firms because many papers found small firms to be more financially
constrained. Banks are not willing to finance them because they represent a high credit risk. In
accordance with the theory of financial accelerator (Bernanke et al., 1996) small firms experience
substantially more pro-cyclical variation in sales because their access to credit is significantly
constrained when the recession hits. Similarly, Gertler and Gilchrist (1993) and Campello and
Chen (2010) argue small firms are less diversified, more opaque and experience lower access to
external financing in adverse macro-economic shocks. In addition to the view that smaller firms
hardly ever get credit, Han et al. (2009) and Brown et al. (2011) find that small firms are also less
likely to apply for credit due to high interest rates and collateral requirements.
Consistent with this view, we divide our sample into micro and other firms using our own
system of classification. Micro firms are those that fulfill two out of the following three criteria:
(1) Total assets under EUR 50,000, (2) Total turnover under EUR 50,000, (3) Average number
of employees during the business year does not exceed 6. Using these criteria, 24,882 firms are
classified as micro firms and represent 20% of all observations in our sample.
Table 1 reports summary statistics for firms’ growth, financing sources and other characteristics
of the firms. The main dependent variable which interests us is the growth of the firm. We use
a firm’s i total turnover growth as a measure for its growth which is constructed as Δlog(Total
turnover)it = log(Total turnover)it – log(Total turnover)it–1. However, for robustness checks, we
use total assets growth as an alternative definition. The dynamics of a firm’s growth is notably
influenced by the firm’s size and age. Micro firms are on average younger and less experienced
and their resources are more constrained relative to others. Micro firms are, therefore, more
vulnerable in a turbulent environment, especially in macroeconomic downturns or with payment
indiscipline.
As empirical literature indicates, the access to external financing sources significantly affects
a firm’s growth. Due to limited access to external sources, micro firms have to accumulate more
internal funds in order to finance their growth (Rahaman, 2011). As can be seen in Table 1, internal
funds are a much more important source of financing for micro firms, compared to larger firms.
The capital-to-assets ratio is equal to 60% for micro firms, whereas it is 42% for other firms.
To measure a firm’s access to external financing, we follow findings of Sufi (2009) who argues,
that the degree of access to bank credit facilities is a better measure of a firm’s external financing
constraints than the traditional investment cash flow sensitivity measure. For this reason, we use
different measures to indicate a firm’s ability to obtain bank credit.
Firstly, Firm has credit is equal to 1 if the firm i is indebted to at least one bank and
is 0 otherwise. Only 15% of micro firms have loans, which suggests that in general they are
significantly more financially-constrained than larger firms, of which 57% have loans. Smaller
firms represent a higher credit risk and thus have more problems in obtaining bank loans.
Moreover, as Han et al. (2009) and Brown et al. (2011) find, smaller firms are also discouraged
from applying for credit due to asymmetric information, which makes them more risky and
increases the costs of borrowing.
Secondly, Firm has long-term loan is equal to 1 if the firm i has a long-term loan and 0 if it
only has short-term loans. This measure is calculated only for firms which are indebted to at least
one bank. The motivation for using it is that firms’ investment projects are usually financed with
long-term credit, so we can expect those firms with more long-term loans among their liabilities
to grow faster. Micro firms are more financially constrained also from this perspective since only
27% have access to long-term bank credit. We use this measure as a robustness check.
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Table1
Summary statistics
All firms

Micro firms

Other firms

Mean

N

Mean

N

Mean

N

Δlog(Total turnover)it

0.098

459,335

0.065

79,892

0.105

379,443

Δlog(Total assets)it

0.127

459,335

0.062

79,892

0.141

379,443

44.0

547,945

60.4

108,963

41.5

438,982

Firm has credit (%)

48.9

547,945

15.4

108,963

57.3

438,982

Firm fas long-term credit (%)

53.5

268,104

26.9

16,787

55.7

251,317

Credit to assets (%)

25.3

268,104

30.0

16,787

25.0

251,317

Available collateral (%)

30.8

547,945

25.6

108,963

32.1

438,982

Total turnover (EUR 1000)

1465.7

547,945

26.8

108,963

1822.9

438,982

Total assets (EUR 1000)

1901.7

547,945

53.9

108,963

2360.4

438,982

Age (years)

8.4

547,945

6.4

108,963

8.9

438,982

Leverage (%)

9.0

547,945

3.4

108,963

10.3

438,982

Firm growth

Internal funds
Capital to assets (%)
Access to external financing

Firm characteristics

Notes: “Firm has loan” is equal 1 if a firm has credit and zero otherwise, “Firm has long-term loan” is equal 1 if a firm has long-term loans credit
and zero if it has short-term loans only, “Available collateral” is defined as tangible assets (including investment property)/total assets, “leverage”
is defined as long-term debt/total assets.
Source: AJPES, own calculations.

Thirdly, Credit to assets, which is defined as the sum of short-term and long-term credit over
total assets. Like Firm has long-term credit, it is calculated only for firms which have credit.
Results in Table 1 suggest, that if micro firms have access to credit, they borrow to a higher
degree of indebtedness than larger firms. A similar measure of financial constraints is also used
by Rahaman (2011) who finds that once the external financing constraint is alleviated, the firm
relies less on internal funds and switches to external financing as its primary source for financing
growth.
Fourthly, Available collateral, which is defined as tangible assets (including investment
property) in firm’s total assets. Higher values of collateral may help firms to overcome the
problem of asymmetric information and obtain credit more easily (Chava and Purnanadam, 2011).
In addition to being worse risks, Table 1 indicates micro firms also have lower proportion of
available collateral (7pp lower than larger firms), which could put them in a challenging position
in obtaining credit.
2.2. Empirical strategy
The empirical model that we estimate has the following specification:
Y it = aY it - 1 + bX it + h i + f it

(1)

where Yit is the growth of firm i between period t and t–1 which is approximated by total turnover
growth, Xit is the vector of firm specific variables measuring size, age, leverage, available
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collateral, different sources of financing and interaction effects between internal funds and firm’s
ability to obtain external financing, ηi is unobserved firm-specific effect and εit is the error term.
Estimating dynamic panel data model leads to several econometric problems. As summarized
by Bond (2002) the OLS estimator is inconsistent due to the correlation between Yit–1 and individual
specific effect ηi and this correlation does not disappear as the number of observations in the
sample gets larger. A similar point also holds for the random effects estimator which, like OLS,
does not eliminate ηi. The within estimator eliminates this source of endogeneity by subtracting
the individual means for each firm i. Since ηi is time invariant it is removed from the transformed
equation. However, the endogeneity problem still remains, since within transformed lagged
dependent variable (Y it - 1 - Yr i, - 1 ) is correlated with within transformed error term ( f it - 1 - fr i ).
First differencing transformation also eliminates the individual effects ηi from the model
DY it = aDY it - 1 + bDX it + Df it

(2)

but cause the correlation between lagged dependent variable (Yit–1 – Yit–2) and (εit – εit–1). Since
first differencing does not introduce all realizations of the errors into Δεit, this problem can be
solved using instrumental variables that are correlated with ΔYit–1 and orthogonal to Δεit. Arellano
and Bond (1991) derive a consistent GMM estimator using lagged levels (Yi1,Yi2,…,YiT–2) as
instruments. Blundell and Bond (1998) find that lagged level instruments may become weak as
the autoregressive process becomes too persistent or the ratio of the variance of firm-level effects
ηi to the variance of the error εit becomes too large. They develop an approach outlined in Arellano
and Bover (1995) where in addition to the moment conditions of lagged levels as instruments for
the differenced equation they also use moment conditions in which lagged differences are used
as instruments for the level equation. This so-called system-GMM model can be estimated if
instrumental variables are uncorrelated with individual specific effects ηi.
We believe that the Blundell-Bond approach is more suitable for our model since it also
enables us to include time invariant regressors like sector dummies which capture different growth
potentials across sectors. Moreover, system GMM estimator is more robust for unbalanced panels
since lagged observations enter the equation as instruments instead of explicitly as regressors.
However, we also estimate the Arellano-Bond model for a robustness check.
As recommended by Roodman (2006), time dummies are included in the models. This helps
to fulfill the assumption of no correlation in idiosyncratic disturbances. In the two-step GMM
estimator, standard errors tend to be too small, for this reason we use variance correction proposed
by Windmeijer (2005). We report two diagnostic tests: First, the Sargan test of over-identifying
restrictions which tests for the validity of instruments. A rejection of the null hypothesis implies
the instruments do not satisfy orthogonality conditions. Second, the Arellano and Bond (1991)
test for autocorrelation in residuals. First-order serial correlation in differences is always present
since (εit – εit–1) is related to (εit–1 – εit–2). To check for first-order serial correlation in levels we
look for second-order serial correlation AR(2) in differences. A rejection of the null hypothesis
indicates autocorrelation in residuals.
3. RESULTS
This section reports estimated impacts of various firm characteristics and financing sources
on firms’ growth. Results are divided into three parts. First, a binary variable Firm has credit is
used as an indicator for firm’s access to credit. Second, we focus only on firms that have credit
and check how level of indebtedness to banks, which is measured with Credit to assets, influences
their growth. Third, we make several robustness checks with alternative estimator, alternative
definitions of variables and estimation on a subsample of firms. Similar as Rahaman (2011), we
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include interaction effects between internal funds and access to external financing sources to
check if the importance of internal funds for firm growth decreases once the external financing
constraint is alleviated. Since smaller firms are more financially constraint and rely more on
internal funds, we estimate these effects separately for micro and other firms. In interpreting the
results we focus on the role of different financing sources for firms’ growth.
3.1. Access to credit and growth of the firm
In Table 2 we present the results separately for all firms, micro firms and other firms. Internal
funds growth, which is defined as log(Owner’s equity)it – log(Owner’s equity)it–1, has positive
and highly statistically significant effect on firm growth for all three subsamples of firms. This
interpretation holds irrespective of the values of Available collateral and Firm has credit which
are interacted with Δlog(Internal fund)it. Internal sources can be directly used to finance new
projects, so higher accumulation of internal funds allows firms to obtain higher growth rates. In
addition, Almeida and Campello (2010) and Sufi (2009) find that higher level of internal funds
also increases firm’s access to external financing sources, which can have an additional positive
effect on growth.
The importance of internal funds for firm growth is more pronounced for micro firms. Smaller
firms may have difficulties in obtaining bank credit because they are less diversified and represent
higher credit risk to lenders. This external financing constraint problem further increases in
recession, when banks switch to better quality borrowers (Bernanke et al., 1996). For this reason,
smaller firms have to rely more on internal funds to finance new projects. Since outside sources of
financing are less available for smaller firms, they are also more careful with allocating funds and
invest more to highly efficient segments (Hovakimian, 2011).
Collateral that firms possess can help them to alleviate the financial constraint problem and
obtain external funds more easily. In empirical specifications (1), (3) and (5) we include interaction
terms between Internal funds growth and Available collateral. The effect is negative, meaning
that higher values of collateral reduce the effect of internal funds on firm growth. This suggests
that with higher values of collateral firms can obtain credit more easily and thus reduce their
dependence on internal funds to finance growth. While this effect is highly statistically significant
for all firm and other firms it is not significant for micro firms. This means that collateral doesn’t
help micro firms to reduce their dependence on internal funds. A possible reason for this is that
even if they have collateral, banks are still unprepared to finance them due to the level of risk
they pose. In the case of a default, bank would need to seize these assets and sell them at current
market prices, which is costly and exposes the bank to market risk, so they prefer to give credit
to firms with a lower probability of default. The reason could also be that in approving credit to
micro firms, banks are more focused on other factors, such as liquidity, cash flow or indebtedness
position and not that much on the collateral.
In specifications (2), (4) and (6) we include interaction effects between internal funds growth
and binary variable which is equal to 1 if firm has credit. The effect is negative and highly
statistically significant for all sub-samples of firms and suggests that as the external financing
constraint is alleviated, the effect of internal financing on firm growth decreases. Once firms get
access to bank credit they rely less on internal funds to finance new investment projects. This
result is consistent with Rahaman (2011) who uses Short-term bank loans and overdrafts/Total
liabilities as a measure of firm’s access to bank credit facility. We use a similar measure in the
following section.
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Table2
Access to credit and firm growth
All firms

Total turnover growthit–1
log(Total assets)it–1
log(Age)it–1
Leverageit–1
Available collateralit–1
Δlog(Internal fund)it
Firm has creditit–1
Δlog(Int. f.)it*Av. coll.it–1

No. of observations
No. of firms

Other firms

(1)

(2)

(3)

(4)

(5)

(6)

-0.047***

-0.047***

-0.090***

-0.090***

-0.038***

-0.038***

(0.004)

(0.004)

(0.008)

(0.008)

(0.005)

(0.005)

-0.312***

-0.309***

-0.342***

-0.341***

-0.309***

-0.307***

(0.007)

(0.007)

(0.018)

(0.018)

(0.008)

(0.008)

-0.086***

-0.087***

-0.089***

-0.089***

-0.085***

-0.086***

(0.011)

(0.011)

(0.024)

(0.024)

(0.013)

(0.013)

0.241***

0.236***

0.232***

0.230***

0.243***

0.236***

(0.019)

(0.019)

(0.067)

(0.067)

(0.020)

(0.020)

0.260***

0.227***

0.182***

0.178***

0.270***

0.233***

(0.016)

(0.016)

(0.031)

(0.031)

(0.018)

(0.018)

0.268***

0.296***

0.292***

0.300***

0.263***

0.292***

(0.008)

(0.008)

(0.016)

(0.012)

(0.009)

(0.010)

0.039***

0.057***

-0.020

-0.018

0.047***

0.067***

(0.005)

(0.005)

(0.015)

(0.015)

(0.006)

(0.006)

-0.155***

-0.029

-0.169***

(0.019)

(0.039)

(0.021)

Δlog(Int. f.)it*Firm has cr.it–1
Constant

Micro firms

-0.129***

-0.074***

-0.128***

(0.009)

(0.024)

(0.011)

4.000**

4.036**

5.186

5.118

3.620*

3.654*

(1.581)

(1.570)

(6.585)

(6.497)

(2.105)

(2.109)

398154

398154

63222

63222

334932

334932

54105

54105

12520

12520

41585

41585

Sargan test (p-value)

0.272

0.334

0.215

0.216

0.193

0.245

AR(2) test (p-value)

0.274

0.266

0.937

0.918

0.292

0.306

*

p < 0.10, ** p < 0.05, *** p < 0.01; Windmeijer (2005) bias-corrected robust standard errors in parentheses.
Notes: All the models are estimated with the Blundell-Bond (1998) system-GMM estimator for the period 1995–2011. The dependent variable in
the regressions is the firm’s i total turnover growth, calculated as Δlog(Total turnover)it. “Total assets” is the book value of the firms’ assets from
the balance sheet, “Age” is the age of the firm in years, “Leverage” is defined as Long-term debt/Total assets, “Available collateral” is defined as
Tangible assets (including investment property)/Total assets, “Internal fund” is defined as Owner’s equity, “Firm has credit” is equal 1 if firm has
credit and zero otherwise. We control for time and sector effects.
Source: AJPES, own calculations.

These results build on the findings of Rahaman (2011) by showing the role of collateral to
overcome the financial constraint problem. All the firms, including micro firms, reduce their
reliance on internal financing sources to finance growth once they are able to obtain credit. On the
other hand, collateral which serves to alleviate the financial constraint problem, seems useful only
for larger firms, but not for micro firms. Even if they have collateral, it does not reduce the effect
of internal funds on firm growth. This suggests that banks are probably prepared to finance micro
firms only if they have persuasive investment projects with sufficient future cash flows, enough
liquidity and low probability of default.
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3.2. Access to credit and firm growth: The level of indebtedness to banks
In Table 3 we present estimated models in which instead of binary variable Firm has credit
to measure firm’s access to bank credit, we now use the level of indebtedness to banks – Credit
to assets. All these models are estimated only for firms that are indebted to at least one bank, for
this reason, the number of observations is considerably lower comparing to results in Table 2. We
exclude control variable Leverage since it is highly correlated with Credit to assets.
The proportion of credit in firm’s assets has positive and highly statistically significant effect
on firm growth. Higher financial leverage allows firms to invest more and thus grow faster. If
firms are not able to obtain enough credit, they have to rely more on internal funds to finance
new projects, which may represent a growth constraint when they are unable to provide enough
internal funds to finance new investment projects. The effect of Credit to assets on growth is
significantly larger for micro firms. Since it is much more difficult for micro firms to obtain credit,
they use it as efficiently as possible once they get it and invest in high profitable projects.
Table3
Access to credit and firm growth: The level of indebtedness to banks
All firms
Total turnover growthit–1
log(Total assets)it–1
log(Age)it–1
Available collateralit–1
Credit to assetsit–1
Δlog(Internal fund)it
Δlog(Int. f.)it*Av. coll.it–1

-0.036***

-0.036***

-0.114***

-0.115***

-0.031***

-0.031***

(0.007)

(0.007)

(0.022)

(0.022)

(0.007)

(0.007)

-0.208***

-0.207***

-0.280***

-0.278***

-0.206***

-0.206***

(0.011)

(0.011)

(0.050)

(0.050)

(0.011)

(0.011)

-0.135***

-0.135***

-0.260***

-0.258***

-0.129***

-0.130***

(0.018)

(0.018)

(0.085)

(0.085)

(0.019)

(0.019)

0.220***

0.202***

0.076

0.084

0.223***

0.203***

(0.023)

(0.023)

(0.078)

(0.077)

(0.024)

(0.024)

0.279***

0.291***

0.506***

0.535***

0.268***

0.280***

(0.022)

(0.022)

(0.091)

(0.093)

(0.022)

(0.023)

0.193***

0.179***

0.187***

0.268***

0.193***

0.175***

(0.011)

(0.009)

(0.046)

(0.043)

(0.011)

(0.009)

-0.094***

Δlog(Int. f.)it*Cr. to as.it–1

No. of observations
No. of firms

Other firms
(5)
(6)

(2)

-0.102***

0.062

(0.021)

Constant

Micro firms
(3)
(4)

(1)

(0.088)

(0.021)

-0.070***

-0.162*

(0.026)

(0.097)

3.453**

3.463**

0.818

(1.687)

(1.687)

188588
35403

-0.067**
(0.027)

0.775

3.381**

3.395**

(4.212)

(4.215)

(1.419)

(1.427)

188588

10793

10793

177795

177795

35403

4109

4109

31294

31294

Sargan test (p-value)

0.753

0.772

0.601

0.600

0.496

0.522

AR(2) test (p-value)

0.748

0.722

0.159

0.167

0.678

0.657

*

p < 0.10, ** p < 0.05, *** p < 0.01; Windmeijer (2005) bias-corrected robust standard errors in parentheses.
Notes: All the models are estimated with the Blundell-Bond (1998) system-GMM estimator for the period 1995–2011. The dependent variable in
the regressions is the firm’s i total turnover growth, calculated as Δlog(Total turnover)it. “Total assets” is the book value of the firms’ assets from
the balance sheet, “Age” is the age of the firm in years, “Available collateral” is defined as Tangible assets (including investment property)/Total
assets, “Credit to assets” is defined as All liabilities to banks/Total assets, “Internal fund” is defined as Owner’s equity. In all the estimates we
control for time and sector effects.
Source: AJPES, own calculations.
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The interaction term between Internal funds growth and Credit to assets is negative and consistent
with Rahaman (2011). This result shows that as the external financing constraint relaxes and a firm
is able to obtain more credit, the incremental effect of internal financing on firm growth decreases.
Although significant only at 10% level, this effect is substantially more important for micro firms.
These firms are more likely to be more financially constrained, so once they are able to increase
indebtedness to banks, they reduce reliance on internal funds to a much greater extent than larger firms.
Empirical specification (3) confirms again that collateral does not help micro firms to achieve
higher growth rates. The coefficient of Available collateral and its interaction with Internal funds
growth are both statistically insignificant. As in the previous section, this suggests that even if
they have collateral, they cannot reduce their reliance on internal funds to finance growth.
3.3. Robustness checks
In this section we show that our results are robust to different model specifications. We
perform four robustness checks:
First, instead of the Blundell-Bond (1998) estimator we apply the Arellano-Bond (1991)
estimator. This model is estimated only in differences, so sector dummies, which are time
invariant are now dropped from the estimation. Another consequence of differences is that we
lose approximately 50.000 observations. We use the same model specification as before, with
one lag of the dependent variable and the same number of instruments. The signs of all the
coefficients are the same as with the Blundell-Bond estimator. Also the magnitude of coefficients
is very similar. All the models also fulfill the Sargan and Arellano-Bond tests for autocorrelation
in residuals. Thus, our results are robust to alternative estimator.
Second, we restrict our dependent variable between 1st and 99th percentile of the distribution.
Our results could be driven by outliers with large negative or large positive growth rate, so we
drop all the observations at the 1st and 100th percentile of the distribution of total turnover growth.
By doing this we lose approximately 5,000 observations. The signs of coefficients do not change
and magnitudes are also similar to before. The only change is that with the same specifications as
presented in the text, some models do not pass the autocorrelation test. Since our original models
pass all the tests and give actually the same results as models with excluded outliers, we conclude
that our findings are not driven by outliers.
Third, we use an indicator if Firm has long-term credit instead of Firm has credit. The
motivation for this is that long-term credit represents more stable source of financing and firms
usually finance investment projects with long-term debt. For this reason, we construct a binary
variable, which is equal 1 if firm has long-term credit and is zero if firm only has short-term
credit. All these models are estimated only for the firms that are indebted to at least one bank.
Using Firm has long-term credit instead of Firm has credit does not change our conclusions. As
in the previous results, we find that collateral can help to alleviate the financial constraint problem
of larger firms, but not for micro firms.
Fourth, we use Total assets growth as a measure of firm growth. Instead of log(Total assets)it as
a measure for firm size, we now use log(Total turnover)it. The magnitudes of the coefficients are
now changed due to the different definition of the dependent variable, but the signs of coefficients
are still the same, which suggests that our results are robust to different specification of dependent
variable.
4. CONCLUSIONS
In this paper we focus on the question: How a firm’s access to bank credit affects its growth?
We explore how the availability of bank credit influences firms’ dependence on internal funds
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to finance their growth. The literature reports that the dependence of investment on cash flow
has vanished (Chen and Chen, 2012) and that the access to bank credit facility is more powerful
measure of financial constraint (Sufi, 2009). Therefore, we use a variety of variables, which
indicate the firm’s ability to obtain credit. Among them, we particularly focus on available
collateral, which is used by banks to hedge themselves in case of a debtor’s default. It also deepens
the understanding of different firms’ investment behaviour. By adding the role of collateral, this
paper extends the findings of Rahaman (2011).
On a sample of 75,854 Slovenian firms over the last 17 years, we find, as do others, that
greater availability of external sources of funding reduces firms’ dependence on internal resources.
Firms, which can overcome the financial constraint problem and can access bank credit, are less
dependent on internal funds and are able to achieve higher growth rates. Collateral, which serves
to alleviate the financial constraint problem, seems useful only for larger firms. Once they have
a sufficient amount of collateral they can obtain more credit and thus reduce dependence on
internal funds. On the other hand, collateral does not help micro firms to reduce their dependence
on internal funds, which suggests that collateral does not help them in obtaining credit. This could
be due to the high probability of their default, which makes them too risky for banks to be willing
to advance credit even if they have enough collateral to pledge, or due to the banks giving more
consideration to other factors in granting credit to micro firms, factors such as liquidity or cashflow position.
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ABSTRACT
This paper investigates the relevance of banking-sector-specific and macroeconomic determinants
of profitability of 21 banking sectors over the years 1995–2009. In the analysis we apply the
Arellano and Bond GMM-estimator to aggregated data collected in a harmonized way by the
OECD, to find out whether banking-sector-specific and macroeconomic determinants which
significantly affect the efficiency of individual banks, are also of great importance to the
profitability (proxied by ROA and ROE ratios) of banking sectors. Our results suggest that
banking-sector-specific determinants affect the efficiency of banks in the anticipated way.
Macroeconomic variables have a statistically-significant impact on both ROA and ROE. The
sensitivity of efficiency to both groups of determinants depends on institutional and political
criteria.
JEL classification: C23; G21; G34
Keywords: banking sector, efficiency, business cycle, risk

1. INTRODUCTION
Using data from aggregated bank balance sheet and income statements from 21 countries,
this paper examines internal and external determinants of profitability of banking sectors.
We focus on two measures of bank efficiency, i.e. return on assets and return on equity. We
investigate whether the profitability of banks operating in the OECD countries is affected by
bank-specific determinants, market-structure measures and the business cycle. We also aim to find
out whether diversity in sensitivity of bank efficiency to respective measures may be explained by
investor protection, banking regulations and supervision as well as financial-sector structure and
development.
Research on the determinants of bank profitability has usually focused on both internal
factors (i.e. banks’ specific characteristics) and external factors (i.e. financial market structure and
1 Corresponding author: Małgorzata Olszak, University of Warsaw, Department of Management, Szturmowa Str. 1/3, 02-678 Warsaw, Poland;
email: molszak@wz.uw.edu.pl; phone: +48 (22) 55 34 150, fax: +48 (22) 55 34 001.
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macroeconomic conditions) and has analyzed to what extent bank return on assets (ROA) and
bank return of equity (ROE) is affected by those factors in a single country (Athanasoglou et al.,
2008; Dietrich and Wanzenried, 2011), in country groups, e.g. the EU (Abreu and Mendez, 2001;
Altunbas et al., 2001; Staikouras and Wood, 2003; Goddard et al., 2004; Pasiouras and Kosmidou,
2007), as well as studies which cross national boundaries (Mirzaei et al., 2013). Some papers
focus on the influence of regulatory and institutional variables as explanatory for bank efficiency
(e.g. Barth et al., 2006 and Barth et al., 2013). In previous papers authors have typically applied
individual bank data (see the studies just mentioned). But some authors use also aggregated panel
data (Albertazzi and Gambacorta, 2009) to study the link between different profitability measures
and the business cycle. Whereas the use of individual bank information gives insight on how
individual banks’ profitability is affected by different determinants, the analysis of aggregated
financial statement data, such as that collected in a harmonized way by OECD, allows meaningful
comparisons across countries.
This paper builds on the work by Albertazzi and Gambacorta (2009) in its application of
aggregated yearly dataset for OECD countries. However, unlike Albertazzi and Gambacorta,
we include more countries in our sample (21 OECD countries) and use updated financial items
covering the period of 1995–2009. What is more, this research studies the link between bankingsector specific, macroeconomic and matarket-structure factors in the full sample of countries
as well as in sub-samples singled out with the application of institutional, regulatory, financial
sector factors as well as political regional criteria. Such a research strategy allows us to look at
how the profitability of banking sectors operating in comparable external environments (be it e.g.
regulatory or political) respond to changes in the determinants included in our study.
Our results confirm findings from earlier studies on bank profitability. Overall, we observe
some significant differences between the estimation results of the different country samples,
both with respect to the significance and the size of the coefficients. The risk proxies influence
both ROA and ROE, but their impact is mixed. As for our income sources and cost-efficiency
factors, our findings show that banking sectors with a higher share of interest income relative to
total income as well as banking sectors with higher share of non-interest income relative to total
assets are significantly more profitable. The impact of indicators of macroeconomic conditions
on ROA is significant in almost all sub-samples. We find that GDPG exerts positive impact on
ROA. However, the results for the influence of macroeconomic conditions on ROE are mixed.
The real growth of GDP has a significantly negative impact on ROE in all sub-samples except for
countries with strong investor protection and with more restrictive capital regulations.
The paper is structured as follows. Section 2 surveys the relevant literature on banking
efficiency. Section 3 outlines our model specification and describes dependent and independent
variables used in our analyses. Section 4 presents the data sample and estimation method applied.
Section 5 presents the results of our investigation. Section 6 concludes.
2. LITERATURE REVIEW
In the literature, bank profitability is usually expressed as a function of bank-specific (internal),
macroeconomic and country-specific (external) determinants (see Dietrich and Wanzenried, 2011
as well as Athanasoglou et al., 2008 for reference). A number of recent studies have attempted
to identify some of the major determinants of bank efficiency (see e.g. Dietrich and Wanzenried,
2011; Athanasoglou et al., 2008, Albertazzi and Gambacorta, 2009). The empirical results of these
studies vary, since both datasets and environments differ. There exist, however, some common
elements that allow a further categorization of the determinants.
Bank efficiency is measured in many different ways. Some authors consider return on
average assets, whereas others focus on several dimensions of efficiency, such as net interest
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income, non-interest income, overhead costs, provisions as well as gross profit (Foos et al., 2010;
Albertazzi and Gambacorta, 2009; Barth et al., 2006).
Studies dealing with internal determinants employ variables including size, capital, risk
management and operational efficiency as bank-specific determinants of profitability. Size is
usually introduced to account for existing economies and diseconomies of scale. Some authors
find a positive and significant relationship between size and bank profitability (Pasiouras and
Kosmidou, 2007). Other authors, however, provide evidence for slight impact (Berger et al.,
1995) or of no impact of size on bank profitability (Micco et al., 2007).
Previous studies by Bourke (1989), Demirguc-Kunt and Huizinga (1999), Abreu and Mendes
(2002), Pasioras and Kosmidou (2007) indicate that the best performing banks are those which
maintain a sufficiently high level of capital relative to their assets. Such a relation may be
explained by the observation that well capitalized banks tend to face lower costs of funding due
to lower prospective insolvency costs (see also Athanasoglou et al., 2008).
Another determinant of bank efficiency is risk. This risk should be considered in its two
basic dimensions in banking, liquidity and solvency risk. Both risk might be, but don’t have to
be interrelated. These two risks may also be driven by the level of credit risk resulting from bank
lending activity. The research results for risk as determinant of profitability are mixed. Some
papers show significantly negative relationship between the level of liquidity and profitability
(Molyneux and Thornton, 1992). Abreu and Mendes (2002) who proxy risk by loan to assets
ratio find positive relationship between risk and profitability. The external determinants of bank
profitability are usually divided into control variables, such as interest rates and GDP growth as
well as variables that represent industry specific characteristics. The latter usually refer to market
concentration, industry size and ownership structure (see e.g. Dietrich and Wanzenried, 2011).
Some authors examine the connections between the efficiency of individual banks and national
regulatory strategies (see Barth et al., 2006: 224–235).
To the best of our knowledge, no previous study has investigated the determinants of diversity
in relationship between banking sector efficiency and business cycle in a cross country study.
A recent paper by Albertazzi and Gambacorta (2009) analyzing the role of macroeconomic
variables for aggregated profitability of 10 industrialized countries is only very loosely related to
our study. First, it does not analyze the relationship between bank profitability and business cycle
together with balance sheet items. Second, it does not address the problem of factors which are
behind the phenomenon of diversified cyclicality of efficiency of European banks.
3. DETERMINANTS OF BANK PROFITABILITY
This section describes the explanatory variables which we use to analyze banking sectors
efficiency in its two dimensions, i.e. net interest income and net provisions for loan losses. They
include banking-sector-specific, macroeconomic and country-specific institutional variables.
Table 1 lists the variables used in this study. Following on from the literature on banking, the
profitability measures are net returns on average assets (ROA) and net returns on average bank
equity (ROE)2, which indicate how effectively banks’ assets and equity are being managed to
generate revenues. ROA is a key measure of assessment of bank profitability (Golin, 2001) and
therefore it has been widely applied in earlier research into factors influencing bank profitability
(Athanasoglou et al., 2008; Pasiouras and Kosmidou, 2007; Dietrich and Wanzenried, 2011;
Micco et al., 2007). Its drawback is the fact that it does not take into account the impact of
off-balance sheet activities (i.e. the denominator of the ROA includes only on-balance-sheet
assets).
2

We employ averages in order to capture any differences that appear in assets and equity during the fiscal year.
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Table 1
Definitions, notation and the expected effect of the explanatory variables on bank profitability
Variable

Measure

Notation

Dependent:

Return on Assets,

ROA,

Efficiency

Return on Equity

ROE

– Bank capital/total assets
– (Loans – deposits)/loans
– Net loan loss provisions/average loans
– Net interest income/total generated
revenues

Expected impact on:
ROA

ROE

CAP
LIQGAP
LLP/Loans

+
+
–

+
+
–

IINC/TINC

+/–

+/–

– Non-interest income ratio – Non-interest income/ total average assets
NON/A
– Cost-income ratio
– Total expenses/total generated revenues
C/I
– Funding costs ratio
– Deposit related interest costs/ total average FUNCOST
deposits

+/–
–
–

+/–
–
–

Determinants:
Banking sector specific:
– Solvency risk
– Liquidity risk
– Credit risk
– Interest income ratio

– Bank size

– Natural logarithm of assets

SIZE

?

?

Market structure
and macroeconomic:
– 3-firm concentration ratio
– Business cycle
– Short term interest rate
– Long term interest rate

–
–
–
–

3B
GDPG
MMIR
LTIR

+
+
–
?

+
+
–
?

Three biggest banks market share
Real GDP growth rate
Money market rate
10-year government bonds yield

ROE is related to ROA through bank financial leverage, which is often referred to as the
equity multiplier. These ratios usually increase with increases of bank leverage. The use of ROE
as a measure of profitability may be troublesome, because on the one hand it disregards the risks
associated with high leverage and on the other hand its levels are strongly affected by capital
standards (i.e. Basel Committee capital accord). Therefore ROA emerges as a key measure for the
evaluation of bank profitability (Athanasoglou et al., 2008).
3.1. Banking sector specific variables
As banking-sector-specific determinants of bank efficiency we use risk measures (i.e. solvency,
liquidity and credit risk), operating efficiency measures (net interest income, non-interest income,
cost-to-income ratio, funding-costs ratio) and a bank-size measure.
We use capital-to-assets ratio as a measure of solvency risk. Anticipating the effect of changes
in this variable is complex. Extreme values of capital ratio (both too high as well as too low)
are not desirable in terms of bank operating efficiency. Banks which are sufficiently capitalized
are safer and remain profitable even in times of economic difficulties. Such banks benefit from
both reduced funding costs and reduced need for external financing, which may have a positive
effect on their profitability. From this point of view, the capital ratio should positively affect bank
efficiency.
Liquidity gap is our measure of liquidity risk. We measure this risk as customer lending less
customer borrowing, normalized by customer lending. Negative values for this ratio suggest low
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liquidity risk. The higher the positive value of liquidity gap the higher is the liquidity risk. It is,
however, expected that, on the one hand, an excessively negative value of liquidity gap may be
a proof of bank’s inability to convert deposits into income-earning assets, and reflect a bank’s
operating inefficiency. On the other hand, extremely large positive values of this measure indicate
excessive dependence of banks on retail money markets, which may bring about a vulnerability
of banks to financial crises (as was observed during the recent crisis). Under the assumption that
values of liquidity gap are not extreme, we expect that bank profitability will be positively related
to this measure.
Credit risk is proxied by loan-loss provision to loans ratio (LLP/LOANS). Theory and
empirical evidence suggest that increased exposure to credit risk is normally associated with
decreased firm efficiency, and therefore, we expect a negative relationship between ROA (ROE)
and LLP/LOANS (Athanasoglou et al., 2008; Dietrich and Wanzenried, 2011).
Net interest income to total interest income (IINC/TINC) related to profitability shows to
what extent banking sectors’ profitability is affected by traditional banking activities (i.e. interest
operations). Generally this ratio should exert positive influence on bank profitability.
Non-interest income (NON/A) divided by average assets measures the relative importance
of fee and commission income as well as trading operations’ income. Because margins in fee
and commission income and trading operations are usually higher than margins in interest
operations as well as (due to banking sector liberalization and deregulation) becoming a more and
more significant part of bank operating income, we expect a positive relationship between bank
profitability and NON/A.
The cost to income ratio (C/I) is used to measure the impact of efficiency in expenses
management on banks performance. This ratio shows the costs of running the bank, the major part
of which is staff salaries and benefits, excluding losses due to bad and non-performing loans. This
measure is expected to have a negative impact on a bank’s profitability (Pasiouras and Kosmidou,
2007).
Funding costs are defined as interest expenses over average total deposits. They may be
affected by a bank’s external credit rating, competition on the funding market, market interest
rates, and by the composition of the sources of funds as well as the relative importance of those
sources (Dietrich and Wanzenried, 2011). Overall, we expect better profitability ratios from
banking sectors that are able to raise funds more cost effectively.
Banking sector assets are our measure of banking sector size. We expect that this variable
will be positively related to bank profitability (see Dietrich and Wanzenried, 2011:312; Mirzaei
et al., 2013). This is because larger banking sectors with larger banks are likely to have a higher
degree of product- (e.g. loans or assets) and, therefore, risk-diversification than smaller banking
sectors (Smirlock, 1985). They should also benefit from economies of scale. However, banks that
have become extremely large might show a negative relationship between size and profitability.
This is due to agency costs, the overheads of bureaucratic processes, and the other costs related
to managing extremely large banks (Pasiouras and Kosmidou, 2007; Athanasoglou et al., 2008;
Dietrich and Wanzenried, 2011; Mirzaei et al., 2013). Hence, the size-profitability relationship
may be expected to be non-linear.
3.2. Market structure and macroeconomic variables
In addition to the banking-sector-specific variables described above, in our analysis we include
one market structure determinant and a set of macroeconomic variables, which we expect to have
an effect on profitability. Our market structure measure is the largest-banks- concentration ratio,
which is an estimate of the extent to which the largest banks contribute to activity in the banking
industry. Following Beck et al. (2009) we measure bank market-concentration as the fraction of
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bank assets held by the three largest banks in a country3. The degree of concentration of a market
is expected to have a negative influence on competition in the market, hence it is likely to raise
banks’ profits.
We focus on three macroeconomic determinants: real GDP growth, money-market and longterm interest rates, which have also been included in previous studies mentioned above. GDP
growth may impact on net interest income (by lending activity) and loan-loss provisions (by
credit quality). The improvement in macroeconomic conditions increases demand for credit by
enterprises and households, and therefore has a positive effect on banks’ profitability (Albertazzi
and Gambacorta, 2009). In contrast, poor macroeconomic conditions can worsen the quality of
the bank’s loan portfolio and consequently generate credit losses and increase loan-loss provisions
charged to the income statement of banks. These losses will result in decreasing efficiency of the
banking sector. According to Athanasoglou et al. (2008), GDP growth has a positive effect on
banks’ profitability, possibly due to an increase in lending rates with declining probability of
default. However, the level of economic activity also affects the supply of funds such as deposits,
and if supply of this funds decreases due to a rise in consumption in line with GDP growth, the
sign of the sensitivity parameter may become negative (Mirzaei et al., 2013).
Low interest rates in an economy prevailing in economic booms usually result in higher degree
of competition among banks. This may possibly cut the opportunity for banks to get appropriate
prices for lending and deposits activity. It puts downward pressure on banks’ interest margin and
consequently negatively influences profitability of banks’. On the other hand, high interest rates
could result in debt-repayment difficulty among borrowers. Consequently, increasing interest-rate
payments may lead to a higher number and volume of non-performing loans. Among the studies
which focus on the relationship between interest rates and bank efficiency are Demirguç-Kunt and
Huizinga (1999), García-Herrero et al. (2009) and Staikouras and Wood (2003). As those studies
show, the direction of relationship between bank profitability and interest rates may be non-linear
(i.e. both, positive and negative).
3.3. Country variables
Relative differences between institutional conditions prevailing in European countries will
be captured by three determinants: investor protection, bank regulation and supervision as
well as structure and development of financial sector. Strong institutional environments would
result in more stable bank income (Fonseca and Gonzalez, 2008) and may be exhibited by
higher profitability. Fonseca and Gonzalez (2008) found that income-smoothing (and earnings
management) is weaker in countries with stronger institutions. As some authors argue (Albertazzi
and Gambacorta, 2009:407), earnings management by provisions reduces pro-cyclicality of
provisions. We therefore expect that the sensitivity of profitability measures to the business cycle
is reduced in countries whose institutional conditions are better.
To measure investor protection we use two variables, the first self-dealing index (ANTI),
drawn from Djankov et al. (2008)) and the other – creditor rights protection index (CREDITOR),
taken from Djankov et al. (2007)). Higher values of both indices suggest better investor protection.
The characteristics of bank regulation in each country are incorporated through a measure of
the scope of activities permitted to banks (REGRESTR) and the capital-regulatory (CR) index
constructed by Barth et al. (2006). Higher values of both indices indicate higher restrictiveness.
As the supervisory effectiveness variable we incorporate official supervisory power (OFFSUP)
and private-sector monitoring (PRIVMON) developed by Barth et al. (2006 and 2013). Higher
values for both indices suggest greater supervisory powers.
3

In many previous studies, the researchers used the fraction of assets held by four or five largest banks in a country. Since in our sample, several
countries (e.g. Estonia, the Czech Republic and Slovakia) have a relatively small number of banks, we employ a three-firm concentration ratio.
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As a measure of financial-sector development (FINDEV) and of financial-sector structure
(FINSTR) we apply the aggregated variable constructed by Beck and Levine (2002), for the
comparative activity and size of securities markets and banks, with higher values of these two
variables indicating a more market-oriented financial system. The variables necessary to calculate
this index will be taken from the Beck et al. (2009) database, updated for current data. Following
the Beck and Levine (2002) technique, we calculate the first principal component of the variables
constituting both FINDEV and FINSTR.
4. DATA SOURCES, DESCRIPTIVE STATISTICS AND ESTIMATION TECHNIQUE
Although the data available in the OECD database cover the period of 1979–2009, in our
study we apply data spanning the period of 1995–2009. Our decision is motivated by the limited
availability of institutional variables. This lack of country-specific variables arises from the fact
that the indices which are of interest to our study were constructed in the late 1990s
As banking sector specific determinants of bank efficiency we employ ratios calculated from
income statement and balance sheet items collected by the OECD in a standardized way which
minimizes the effects of differences in accounting and statistical definitions and, therefore, allows
us to carry out an in-depth analysis of differences across countries.
Macroeconomic variables, comprising real growth in GDP and inflation rate, are taken from
the IMF. Data on money market rate and long term government interest rate is collected Thomson
Reuters database.
Country-specific variables are taken from Djankov et al (2007, 2008), Barth et al. (2006,
2013) and Beck et al. (2009).
The concentration sector variable, i.e. the three largest banks share in the banking market, is
taken from the Beck et al. (2009) database.
Table 2 reports descriptive statistics for the variables used in our analyses and Table 3
demonstrates the degree of correlation amongst dependent and independent variables.
Table 2
Descriptive statistics
Variable

Obs

Mean

Std. Dev.

Min

Max

ROA

361

0.007

0.007

-0.040

0.032

ROE

365

0.096

0.097

-0.790

0.313

NON/A

361

0.014

0.018

-0.021

0.231

CAP

365

0.064

0.022

0.023

0.162

LIQGAP

365

0.006

0.318

-1.397

0.620

LLP/LOANS

365

0.007

0.010

-0.040

0.073

C/I

316

0.827

0.083

0.586

1.226

IINC/TINC

341

0.792

0.104

0.205

1.257

FUNCOST

354

0.057

0.029

0.013

0.203

SIZE

370

14.112

2.280

6.900

21.209

3B

314

70.659

19.181

19.578

99.973

GDPG

389

2.943

3.154

-14.072

11.736

MMIR

370

5.125

4.058

0.329

27.690

LTIR

319

5.172

1.546

2.096

12.206
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Table 3
Correlation matrix
ROA

ROE

NON/A CAP

ROA

1.000

ROE

0.869 1.000

NON/A

0.649 0.496

1.000

CAP

0.500 0.112

0.493

LIQGAP

LIQGAP

C/I

IINC/ FUN
TINC COST

SIZE

3B

GDPG MMIR LTIR

1.000

-0.280 -0.227 -0.342 -0.128

LLP/LOANS -0.539 -0.607 -0.097

LLP/
LOANS

1.000

0.099

0.320

1.000

C/I

-0.509 -0.319 -0.348 -0.657 -0.233

-0.217

IINC/TINC

-0.609 -0.498 -0.803 -0.466

0.120

0.188

0.556 1.000

FUNCOST

-0.307 -0.175 -0.170 -0.393

0.156

0.140

0.539 0.499 1.000

SIZE

-0.350 -0.228 -0.274 -0.359

0.338

0.110

0.191 0.142 0.268 1.000

3B

0.043 0.031 -0.047 -0.018

0.070

-0.217

GDPG

0.611 0.554

0.340

0.099 -0.229

MMIR

0.232 0.082

0.478

0.287 -0.283

0.083

0.112 0.006 0.407 -0.264 0.009 0.318 1.000

LTIR

0.205 0.026

0.521

0.376 -0.251

0.090

0.024 -0.106 0.228 -0.255 0.074 0.180 0.792 1.000

1.000

0.014 -0.027 -0.163 -0.032 1.000

-0.418 -0.042 -0.152 0.038 -0.369 0.018 1.000

4.1. Institutional indices sub-sample
As has been stated in previous section we take into account eight determinants as institutional
variables. We consider indices measuring the quality of investor protection, restrictiveness of
bank regulation and supervision as well as the structure and development of the financial sector.
We divide our full sample of countries into sub-samples, with the median values of those indices
employed as cut-off points. Countries whose values in the indices are higher than the median
value constitute our sub-samples for which separate regressions are run. The basic model we
estimate in the full sample of countries is given by Equation (1) below:
y i, t = / k = 1 a k y j, t - k + / k = 0 b k x j, t - k + / k = 0 c k z j, t - k + i t T t + n j + f j, t ,
2

2

2

Eq. (1)

where:
yi,t is the income statement component examined (return on assets (ROAj,t), return on equity
(ROEj,t));
xj,t is a vector of explanatory variables, i.e.:
xi,j = [NON/Aj,t,SIZEj,t,LIQGAPi,j,CAPi,j,FUNCOSTi,j,LLP/LOANSi,j,C/Ii,j,INNC/TINCi,j,3Bi,j]
where: NON/Aj,t is the value of non-interest income to the total assets; SIZEj,t is the logarithm of
the value of the banking sector assets, LIQGAPi,j is the liquidity gap, CAPi,j is the capital to assets
ratio, FUNCOSTi,j is the total amount of interest expenses divided by total deposits, LLP/LOANSi,j
is the total value of net provisions divided by the average loans, C/Ii,j is the total cost without net
provisions to the total income; INNC/TINCi,j is the value of the total interest income to the interest
income, 3Bi,j is the value of assets of the third biggest banks to the total assets;
zj,t is a vector of explanatory variables, i.e.:

ISSN 2353-6845. © Faculty of Management University of Warsaw. All rights reserved.
DOI: 10.7172/2353-6845.jbfe.2014.1.3

47

Małgorzata Olszak, Patrycja Chodnicka • Journal of Banking and Financial Economics 1(1)2014, 40–58

zj,t = [GDPGi,j,MMIRi,j,LTIRi,j],
where:
GDPGi,j is the GDP growth, MMIRi,j is the money market rate, LTIRi,j is the long-term government
bond interest rate.
We rerun this model in sub-samples singled out with the median cut off point technique.
We have distinguished eight such sub-samples: ANTI, CREDITOR, REGRESTR, OFFSUP,
PRIVMON, CR, FINSTR, FINDEV. ANTI is the dummy variable that takes a value of “1” for
the anti-self-dealing index value greater than the median. CREDITOR is the dummy variable
that takes a value of “1” for the creditor-rights-protection index value greater than the median.
REGRESTR is the dummy variable that takes a value of “1” for the value of the index of the
scope of activities permitted to banks greater than the median. OFFSUP is the dummy variable
that takes a value of “1” for an official-supervisory-power index value greater than the median.
PRIVMON is the dummy variable that takes a value of “1” for the private-sector-monitoring index
value greater than the median. CR is the dummy variable that takes a value of “1” for countries in
which the capital regulations are more restrictive, i.e. take a value higher than the median. FINSTR
is the dummy variable that takes a value of “1” for is measure of financial-sector-structure higher
than the median. FINDEV is the dummy variable that takes a value of “1” for the financial-sectordevelopment index value greater than the median.
Tt is a vector of year-dummies;
μj is an unobservable time-invariant country effect.
4.2. Political criterion sub-samples
In this step we conduct our analysis in six sub-samples. In the first we consider the full sample
of countries. In the second we examine all European countries. Next are included countries which
belong to the European Union. The fourth sub-sample was made up of the Eurozone countries.
The two last sub-samples contain particulars on Central and Eastern Europe and the countries that
are outside Europe. The final version of the model is given by Equation (2) below:
y i, t = / k = 1 a k y j, t - k + / k = 0 b k x j, t - k + / k = 0 c k z j, t - k + i t T t + n j + f j, t ,
2

2

2

Eq. (2)

where:
yi,t is the income statement component examined (return on assets (ROAj,t), return on equity
(ROEj,t)) for: all countries, European countries, countries belong to the European Union,
Eurozone countries, countries classified as belonging to Central and Eastern Europe and countries
that are not part of Europe;
xj,t is a vector of explanatory variables, i.e.:
xi,j = [NON/Aj,t,SIZEj,t,LIQGAPi,j,CAPi,j,FUNCOSTi,j,LLP/LOANSi,j,C/Ii,j,INNC/TINCi,j,3Bi,j],
zj,t is a vector of explanatory variables, i.e. :
zj,t = [GDPGi,j,MMIRi,j,LTIRi,j],
where:
GDPGi,j is the GDP growth, MMIRi,j is the money market rate, LTIRi,j is the long-term government
bond interest rate.
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X

X

3 Canada

X

X

4 Chile

X

X

5 Czech
Republic

X

X

X

6 Denmark

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

7 Estonia

X

X

FINDEV

X

FINSTR

X

CR

2 Belgium

X

PRIVMON

X

OFFSUP

X

REGRESTR

EURO area

X

CREDITOR

EU

X

ANTI

Europe

1 Austria

Country

CEE

Full sample

Rest of countires

Table 4
Country groups singled out according to median values of institutional, regulatory, financial development
and financial structure determinants as well as following political division criterion

X

X

X

X

X

X

X

X

X

X

8 Finland

X

X

X

X

9 France

X

X

X

X

10 Germany

X

X

X

X

11 Ireland

X

X

X

X

X

13 Italy

X

X

X

X

X

X

X

14 Korea

X

X

X

X

15 Luxembourg

X

X

X

X
X

X

X
X

X
X

X

X

12 Israel

X
X

X

X

16 Mexico

X

17 Netherlands

X

X

X

X

19 Norway

X

X

20 Poland

X

X

X

21 Slovakia

X

X

X

X

X

22 Slovenia

X

X

X

X

X

23 Spain

X

X

X

X

24 Sweden

X

X

X

25 Switzerland

X

X

X
X

X

X

X

X

X

X

X

X

X

18 New Zealand
X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X
X
X

X

X

X

X
X
X

X

X

X

26 United States

4.3. Estimation technique
To examine the link between banking profitability change in European countries as well as
the direction of the relationship we employ panel data models. We use the one-step Arella-Bond
(1991) GMM-difference estimator for panel data with a lagged dependent variable, and if the
specification tests render it necessary, we apply the two-step estimation technique based on the
Windmeijer test.
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Due to the fact that the consistency of GMM estimator depends on the validity of instruments
applied in the model (1), we consider two specification tests suggested by Arellano and Bond
(1991). Only for homoscedastic error term does the Sargan test have an asymptotic chi-squared
distribution. In fact, Arellano and Bond (1991) show that the one-step Sargan test over-rejects
in the presence of heteroscedasticity. Rejection of the null hypothesis suggests that the overidentifying restrictions are valid and implies that we need to reconsider our model or our
instruments, unless we attribute the rejection to heteroscedasticicty in the data-generating process.
The alternative is the two-step estimator.4
The Arellano-Bond test measures first and second-order autocorrelation in the first-differenced
errors. When the idiosyncratic errors are independently and identically distributed, the firstdifferenced errors are first-order serially correlated.
Arellano and Bond recommend against using the two-step non-robust results for inference
on the coefficients because the standard errors tend to be biased downward. To overcome this
problem we also apply the Windmeijer test.
5. ESTIMATION RESULTS
Tables 5 and 6 report the empirical estimation of Eq. (1) for banking sectors’ ROA and
ROE, respectively. In both tables, the first column presents the results when all countries are
simultaneously considered. Columns 2 to 9 present the results when we split the banks according
to the institutional, regulatory and financial factors.
Our estimation results point out to stable coefficients. The equations indicate that a negative
first-order autocorrelation is present. However, this does not imply that our estimates are
inconsistent. Inconsistency would be implied if second-order autocorrelation was present
(Arellano and Bond, 1991). But we reject this case, because second-order autocorrelation is not
present, as is implied by MA test values.
Our lagged dependent variable measures the degree of persistence of our profitability
measures. In our study coefficients on this variable are not that high and not in all cases statistically
significant, suggesting that the profit persistence of OECD banking sectors is weak. Our results
are therefore comparable to those obtained by Goddard et al. (2004) for European banks.
Overall, we observe some significant differences between the estimation results of the
different country samples, both with respect to the significance and the size of the coefficients.
The solvency risk proxied by CAP, does not have a significant impact on bank ROA in the full
sample of countries. However, it has a positive and significant impact on bank profitability in
countries with strong investor protection (ANTI and CREDITOR), with better private monitoring
of banks (PRIVMON), with more restrictive capital regulations (CR) as well as in countries
whose financial sector is better developed (FINDEV). These results imply that bank profitability,
proxied by ROA, declines with rising solvency risk. As for the ROE, the influence of CAP is
significantly negative in the full sample, and in almost all sub-samples except for countries with
more stringent capital regulations (CR), with better private monitoring (PRIVMON) and with
stronger investor protection proxied by anti-self-dealing index (ANTI). Such findings imply that
the higher the solvency risk the higher the profitability (the ROE).

4

The Sargan statistic cannot be calculated after requesting a robust VCE, but robust test for serial correlation are available.
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***

technique

twostep

21

192

0.0002*
-0.0003***

0.0002***
-0.0003**

onestep

8

80

vce(robust)

0.1025

onestep

12

110

vce(robust)

0.1711

0.0604

0.0001*

0.0001*

0.1864

0.0000**

0.0000**

0.0000

onestep

11

88

vce(robust)

0.1832

0.1777

-0.0007**

0.0002

0.0001*

0.0004

-0.0069

-0.0001

0.0001

-0.0201

-0.0509*

0.7512*

0.0444*

-0.3422*

-0.0036**

0.0293

0.0974*

0.0711

4

onestep

11

79

vce(robust)

0.1027

0.3498

-0.0006***

0.0003

0.0002*

-0.0001**

-0.0008

0.0161

-0.0509*

0.4403**

0.0209

-0.3191*

-0.0037**

0.0075

0.0928*

0.0241

5

OFFSUP

onestep

8

77

vce(robust)

0.0977

0.2099

-0.0006**

-0.0001

0.0001*

0.0000*

onestep

11

106

vce(robust)

0.1176

0.8883

-0.0006***

0.0002

0.0002*

0.0000***

-0.0004

0.0017*

onestep

10

91

vce(robust)

0.2317

0.2396

-0.0007*

0.0002

0.0001*

0.0000**

0.0000

-0.0150

0.0274**
-0.0086

0.8884*

0.0525

-0.4221*

0.0000*

0.0224

0.1328*

-0.1110**

8

FINSTR

-0.0477*

0.4652*

0.0155**

-0.3090*

-0.0036***

0.0451**

0.1552**

-0.0070

7

CR

-0.0453*

-0.0439*

0.8677*

0.0531*

-0.3934*

-0.0086*

0.0327**

0.1329*

0.1226*

6

PRIVMON

onestep

11

119

vce(robust)

0.0837

0.0405

-0.0007*

0.0003***

0.0000***

0.0000

-0.0001

0.0128

-0.0420*

0.5205*

0.0212**

-0.3147*

-0.0032

0.0438*

0.1088*

0.0844***

9

FINDEV

and
denote significance at 1%, 5% and 10% respectively. Depvar(-1) and depvar(-2) denote first and second lag of return on assets. Coefficients have been estimated for 1995–2009 using the one-step Arellano and Bond
(1991) GMM difference estimator for panel data with lagged dependent variable (onestep). In the case of the full sample model the null hypothesis for Sargan test and the Arellano–Bond test had to be rejected, consequently the
two-step estimator with Windmeijer biased – corrected robust VCE (twostep) had to be applied.

*, **

no. of countries

no. of observations

vce(robust)

0.1903

MA2

Sargan test

0.9570

-0.0003

LTIR

MA1

0.0002

MMIR

Specification tests

0.0001

SIZE

GDPG

0.0003

FUNCOST

Macroeconomic measures

0.0055

C/I

0.0000

-0.0420*

-0.0451*

NON/A

3B

0.7464*

0.5991*

0.6103

IINC/TINC

-0.0038

0.0355*

0.0364*

0.0308

LLP/LOANS

-0.0388*

-0.3693*

-0.4587*

-0.4006*

0.0008

-0.0023**

-0.0035

LIQGAP

0.0305*

0.0116

CAP

0.0548*

0.1816

depvar(-2)

0.1341*

0.0354

depvar(-1)
0.0889**

3

CREDITOR REGRESTR

-0.0495

2

1

-0.0657***

ANTI

Full sample

Market structure measures

Banking sector specific
measures

Explanatory variables

Dependent variable
ROA

Table 5
Regression results for ROA as a dependent variable – institutional, regulatory and financial factors considered
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-0.1119*
-10.4818*
0.6069**
11.0200*
-1.0277*
0.0087
-0.0008***

-0.0066
-7.1467*
0.4568**
11.5885*
-0.9567*
0.4467
-0.0222
-0.0005***

LIQGAP

LLP/LOANS

IINC/TINC

NON/A

C/I

FUNCOST

SIZE
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onestep

21

194

vce(robust)

onestep

8

80

vce(robust)

0.0725

onestep

12

111

vce(robust)

0.1220

0.0113

-0.0039

0.0013

-0.0039*

-0.0006**

-0.0047

0.0847

-0.9130*

16.9534*

0.6232*

onestep

12

90

0.1283

0.0675

0.0019

-0.0068

0.0017

-0.0047*

-0.0008**

onestep

11

81

vce(robust)

0.2740

0.0168

-0.0051

0.0020

-0.0025**

-0.0005

-0.0234***

-0.0242***

onestep

8

78

vce(robust)

0.9556

0.1712

-0.0093

0.0033

0.0014

-0.0003*

0.0479*

-1.6493**

1.1010*

0.2860

20.8419*

1.1148*

-8.1610*

-0.1235*

-0.2118

-0.4584*

8.3961*

0.0059

-5.8817*

-0.0398

-1.9733*

0.2263*

-0.0520

6

PRIVMON

-0.9572*

-0.8870*

13.7429*

0.4819*

-6.3519*

-0.0056

-1.8375*

0.1239*

0.0159

5

OFFSUP

onestep

11

108

vce(robust)

0.1107

0.0255

-0.0055

0.0042

-0.0010

-0.0009***

0.0041

0.8134**

-0.9206*

9.9876*

0.1224

-6.5043*

-0.0009

-0.8268

-0.0864

0.0177

7

CR

onestep

10

92

vce(robust)

0.3410

0.0867

-0.0209*

-0.0016

-0.0025***

-0.0007

-0.0037

0.8340**

-0.9870*

22.6659*

1.0103*

-8.3984*

-0.0137

-1.4149*

0.2143*

-0.1147**

8

FINSTR

onestep

11

120

vce(robust)

0.3281

0.0245

-0.0088**

0.0082*

-0.0018**

-0.0004***

0.0069

-0.4118

-0.6974*

12.5004*

0.4278*

-5.6166*

-0.0408

-0.9259**

-0.0285

0.0488

9

FINDEV

and *** denote significance at 1%, 5% and 10% respectively. Depvar(-1) and depvar(-2) denote first and second lag of return on assets. Coefficients have been estimated for 1995–2009 using the one-step Arellano and Bond
(1991) GMM difference estimator for panel data with lagged dependent variable (onestep). In the case of the full sample model the null hypothesis for Sargan test and the Arellano–Bond test had to be rejected, consequently the
two-step estimator with Windmeijer biased – corrected robust VCE (twostep) had to be applied.

*, **

technique

no. of countries

no. of observations

Sargan test

0.1550

MA2

0.6853

LTIR
0.1771

-0.0057

-0.0128**

MMIR

MA1

0.0049

0.0060***

GDPG

Macroeconomic measures

Specification tests

-0.0029***

-0.0022**

3B

0.4813

-0.0102

-0.5833

CAP
-7.3104*

-1.7295*

-0.1129

-1.8285*

0.1151***

0.1001

0.0753

0.2016*

4

0.0168

depvar (-2)

0.0003

3

CREDITOR REGRESTR

-0.0087

2

ANTI

depvar (-1)

1

Full sample

Market structure measures

Banking sector specific
measures

Explanatory
variables

Dependent variable
ROE

Table 6
Regression results for ROE as dependent variable – institutional, regulatory and financial factors considered
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Referring to liquidity, the results are mixed. The liquidity gap (LIQGAP) in the full sample
is statistically insignificant and negative for both ROA and ROE. When we analyze the
sub-samples of countries, the coefficient on LIQGAP is statistically significant and LIQGAP
exerts negative influence on ROA in countries with strong investor protection (ANTI), with more
restrictive bank regulations (REGRESTR), with more restrictive official supervisory powers
(OFFSUP), with better private monitoring of banks (PRIVMON), with more restrictive capital
regulations (CR). Only in those countries whose structure of financial sector is more sophisticated
(FINSTR) is the relationship between ROA and LIQGAP positive. Overall, the negative impact of
LIQGAP (which has been found in our study) on ROA and ROE implies that in countries which
we examine, traditional sources of bank income are not that important as a determinant of bank
profitability.
The loan-loss provisions to loans ratio (LLP/LOANS) exerts negative and statistically
significant influence on banking sectors profitability (ROA and ROE). Its impact on ROA is
stronger in countries with better investor protection (ANTI) and with more elaborated structure
of financial sector (FINSTR). In the rest of the sub-samples LLP/LOANS influence on ROA
is weaker. As for the ROE, the influence of LLP/LOANS is stronger (i.e. more negative) than
in the full sample, for countries with better investor protection (ANTI and CREDITOR), with
stronger private monitoring of firm’s behaviour (PRIVMON) and with more elaborated structure
of financial sector (FINSTR).
Our findings show that banking sectors with a higher share of interest income relative to the
total income (IINC/TINC) as well as banking sectors with higher share of non-interest income
relative to total assets (NON/A) are significantly more profitable (see Table 5 and 6), but the
significance of this result does not hold in the full sample in the case of ROA.
The coefficient on the cost-to-income ratio is negative and highly significant for all
sub-samples in both ROA and ROE. This result is consistent with our expectations and stands
in line with Pasiouras and Kosmidou (2007), Athanasoglou et al. (2008) and Dietrich and
Wanzenried (2011).
Funding costs (FUNCOST) have a significantly positive impact on bank ROA in countries
with strong capital regulation. Such result implies that the role of funding may be not that
important as a factor influencing bank profitability proxied by ROA. The impact of funding
costs on bank ROE is mixed, as it exerts a significantly negative impact on ROE in countries
with strong private monitoring (PRIVMON), but in countries with restrictive official supervisory
authorities (OFFSUP), with restrictive capital regulations (CR) and with more sophisticated
financial structure this influence is positive and statistically significant.
As to banking sector size the impact is positive and statistically insignificant in most subsamples. Only those banking sectors in countries with better private monitoring of banks
(PRIVMON) is this relationship positive. Overall, our result is in line with Athanasoglou et al.
(2008).
The empirical results show that concentration affects bank profitability negatively and this
effect is statistically significant (see table 5 and 6). Hence, our study is consistent with previous
studies that found no support for the structure-conduct-performance (SCP) hypothesis (see e.g.
Staikouras and Wood, 2003; Pasiouras and Kosmidou, 2007; Athanasoglou et al., 2008).
The impact of indicators of macroeconomic conditions on ROA is significant in almost all
sub-samples except for the full sample. The positive impact of GDPG on ROA is consistent
with Pasiouras and Kosmidou (2007), Athanasoglou et al. (2008), Albertazzi and Gambacorta
(2009) and Mirzaei et al. (2013). The positive and statistically significant influence of
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short-term interest rate (MMIR) holds only for countries with better investor protection and
more developed financial sector. Long-term interest rate (LTIR) is negatively related with ROA
and this relationship is statistically significant in almost all sub-samples but not for the full
sample.
In contrast to ROA, the results for the impact of macroeconomic conditions on ROE are
mixed. The real growth of GDP has a significantly negative impact on ROE in all sub-samples
except for PRIVMON and CR countries. The positive effect of short-term interest rate on ROE
is statistically significant in the full sample and in the FINDEV sub-sample and contradicts the
findings of Albertazzi and Gambacorta (2009), who found negative impact of MMIR on ROE.
Referring to the long-term interest rate, it exerts negative effect on ROE. However, this influence
is statistically significant in the full sample and in the FINDEV and FINSTR sub-samples. This
result implies that rising long term interest rates reduce the profitability of banking sector and is
in opposition to findings of Gambacorta and Albertazzi (2009).
Table 7 summarizes the empirical results for our both profitability measures. Again, the results
in column 1 refer to the full sample of countries considered simultaneously. Columns 2 to 6 refer
to country sub-samples singled out according to the political regions criteria.
Referring to the European sub-sample, we find that the impact of credit risk (proxied by
LLP/LOANS) on ROA and ROE is statistically significant and negative. The role of the other
risk measures is statistically insignificant except for solvency risk proxied by CAP, which has
a negative influence on ROE. Interestingly, the impact of LLP/LOANS on ROA is weaker in the
EU sub-sample, and stronger in the EURO area sub-sample. As for the ROE, the effect of LLP/
LOANS is stronger in the EU sub-sample.
Both net interest income and non-interest income affect European banks' profitability (ROA
and ROE) in the anticipated way. The influence of those two variables on ROA and ROE is
slightly stronger in the EU sub-sample.
We find that the impact of cost-to-income (C/I) on ROA and ROE is statistically significant
and negative. This effect is marginally stronger in the EU sub-sample. Funding costs do seem to
reduce ROA in the EU, but do not affect EU’s ROE significantly.
As to banking sector size, the impact is positive and statistically insignificant in most subsamples. In European countries we find significantly negative impact of SIZE on banking sectors
profitability.
Our findings for the influence of concentration ratio on ROA contradict the SCP hypothesis in
European banking sectors as well as in EU and EURO area sub-samples. Concentration does not
affect ROE significantly in the above mentioned sub-samples as well.
Macroeconomic environment influences both ROA and ROE in the European sub-samples.
We find that GDPG exerts positive impact on ROA. This impact is stronger in the EU and the
strongest in the EURO area sub-samples. Such a finding implies that, in particular EURO area
banking sectors ROA is more sensitive to changes in GDPG. As for the ROE, we find negative
relationship between GDPG and ROA, and this relationship is a little bit stronger in the EU
subsample.
Whereas short-term interest rates have a positive and statistically significant impact on both
our profitability measures in Europe, the EU and EURO area, the influence of long term interest
rate is negative. As for the Europe and EU sub-sample the sensitivity of ROE to changes in
MMIR and LTIR is twice the sensitivity of ROA.
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0.0002*
0.0002**
-0.0004**
0.0268
0.3207
vce(robust)
150
16
onestep

0.0001*
0.0004*
-0.0004*
0.0136
0.3973
vce(robust)
174
18
onestep

12
onestep

116

0.0002*
0.0001
-0.0002
0.1819
0.0839
vce(robust)

0.0000**

0.0000
-0.4359*
0.0285*
0.5172*
-0.0423*
0.0006
0.0000

0.0284*

5
onestep

44

0.0001**
-0.0002
X
0.0590
0.5930
vce(robust)

0.0000

-0.0259
-0.0111
-0.0308
-0.0032
-0.4640*
-0.0024
0.0119
-0.1102*
0.1613**
-0.0050*

0.1864*

5

-0.0916**

CEE

4

EURO
area

3
onestep

18

0.0005**
-0.0011**
-0.0013
0.1349
0.2738
0.601

0.0002*

-0.0667
-0.0793
-0.4392***
-0.0160
-0.0647
0.1423*
1.4680*
-0.1259*
0.0784
0.0006

6

Rest of
countries
-0.0054
0.0998
-1.8966*
0.0149
-7.3823*
0.3717***
11.0966*
-0.9211*
0.2407
-0.0286***

2

Europe

-0.0003

0.0300
0.1138
-1.8735*
-0.0009
-7.6694*
0.7052*
15.3756*
-0.9818*
-0.0880
-0.0132

3

EU

0.0018**

3.2142
1.3474**
3.2760
-1.5710**
x
1.0228
x
0.0497

-5.7612**

0.4495***

4

EURO
area

21
onestep

194

18
onestep

175

16
onestep

151

12
twostep

117

-0.0022** -0.0028** -0.0029* -0.0028
0.0060*** 0.0086**
0.0040
0.0623*
-0.0128** -0.0119** -0.0099*** -0.1091**
0.1771
0.2442
0.1700
0.0000
0.1550
0.1628
0.1604
0.2343
vce(robust) vce(robust) vce(robust) vce(robust)

-0.0005*** -0.0003

-0.0087
0.1001
-1.8285*
-0.0066
-7.1467*
0.4568**
11.5885*
-0.9567*
0.4467
-0.0222

1

Full
sample

Dependent variable
ROE

0.0028*

-0.1984***
-0.2013
-7.4836*
-0.1249
-1.1847
1.7503*
18.7224*
-1.6664*
0.9843***
0.0310

6

Rest of
countries

5
onestep

45

3
onestep

19

0.0032*
0.0066**
-0.0004
-0.0111**
X
-0.0136
0.0994
0.1602
0.1199
0.2643
vce(robust) 0.6858

0.0013*

-0.0469
-0.9990
0.0646
-4.6785*
-0.2179
-0.7142
-0.7350*
1.4344
-0.0612**

0.1238**

5

CEE

and *** denote significance at 1%, 5% and 10% respectively. Depvar(-1) and depvar(-2) denote first and second lag of return on assets. Coefficients have been estimated for 1995–2009 using the one-step Arellano and Bond
(1991) GMM difference estimator for panel data with lagged dependent variable (onestep). In the case of the full sample model the null hypothesis for Sargan test and the Arellano–Bond test had to be rejected, consequently the
two-step estimator with Windmeijer biased – corrected robust VCE (twostep) had to be applied.
In the case of the sample of countries which belong to the Central and Eastern Europe we had to remove the LTIR variable from the estimated regression because of insufficient number of data (in model 4 of ROE and ROA the
letter x denotes the variable that has been removed from the dataset when the estimation of the model had been conducted) .

*, **

0.0000*

-0.0359
0.1098*
0.0042
-0.0008
-0.3990*
0.0431*
0.6849*
-0.0485*
-0.0242**
0.0003

3

EU

0.0000*

-0.0530
0.0993*
0.0003
0.0005
-0.4016*
0.0328*
0.5537*
-0.0483*
-0.0188
-0.0004

2

1

0.0354
0.1816
0.0116
-0.0035
-0.4006*
0.0308
0.6103
-0.0451*
0.0055
0.0003

Europe

Full
sample

Market structure
3B
0.0000
measures
Macroeconomic GDPG
0.0001
measures
MMIR
0.0002
LTIR
-0.0003
Specification
MA1
0.9570
tests
MA2
0.1903
Sargan test
vce(robust)
no. of
192
observations
no. of countries
21
technique
twostep

Banking
sector
specific
measures

Explanatory variables

Dependent variable
ROA

Table 7
Regression results for ROA and ROE – country groups singled out following political region criterion
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6. CONCLUSIONS
This paper has examined how bank specific characteristics, market structure and
macroeconomic factors affected the profitability of banking sectors in 21 OECD countries over
the period from 1995 to 2009.
Our results confirm findings from previous studies on bank profitability. Overall, we observe
some significant differences between the estimation results of the different country samples, both
with respect to the significance and the size of the coefficients.
The risk proxies influence both ROA and ROE, but their impact is mixed. On the one hand,
bank ROA declines with rising solvency risk. But on the other hand, the higher the solvency risk
the higher the ROE. Referring to liquidity risk, the results are mixed too. The liquidity gap in
the full sample is statistically insignificant and negative for both ROA and ROE, but in country
sub-samples it turns out to be significant determinant. Credit risk exerts negative and statistically
significant influence on banking sectors profitability. Its impact is stronger, (i.e. more negative)
in countries with better investor protection and with more elaborated structure of financial sector.
Interestingly, the impact of credit risk on ROA is weaker in the EU sub-sample, and stronger
in the EURO area sub-sample. As for the ROE, the effect of credit risk is stronger in the EU
sub-sample.
As for income-sources and cost-efficiency factors, our findings show that banking sectors
with a higher share of interest income relative to the total income as well as banking sectors with
a higher share of non-interest income relative to total assets are significantly more profitable. The
influence of these two variables on ROA and ROE is slightly stronger in the EU sub-sample. The
coefficient on the cost-to-income ratio is negative and highly significant for all sub-samples in
both ROA and ROE. Funding costs have a significantly positive impact on bank ROA in countries
with strong capital regulation. Such a result implies that the role of funding may be not that
important as a factor influencing bank profitability proxied by ROA. The impact of funding costs
on bank ROE is mixed, as it exerts significantly negative impact on ROE in countries with strong
private monitoring of banks. But in countries with restrictive official supervisory authorities, with
restrictive capital regulations and with a more sophisticated financial structure this influence is
significantly positive. The effect of C/I on ROA and ROE is also marginally stronger in the EU
sub-sample.
The empirical results for concentration show, consistently with previous studies, that bank
profitability is affected negatively by market structure and the results do not support the structureconduct-performance (SCP) hypothesis.
The impact of indicators of macroeconomic conditions on ROA is significant in almost all
sub-samples but not for the full sample. We find that GDPG exerts positive impact on ROA. This
impact is stronger in the EU and the strongest in the EURO area sub-samples. The results for the
influence of macroeconomic conditions on ROE are mixed. Real GDP growth has a significantly
negative impact on ROE in all sub-samples except for countries with strong investor protection
and with more restrictive capital regulations.
The positive and statistically significant influence of short-term interest rate holds only for
countries with better investor protection and a more developed financial sector. The long-term
interest rate is negatively related with ROA as well as ROE, and this relationship is statistically
significant in almost all sub-samples, but not for the full sample.
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ABSTRACT
The direction of volatility transmission between stock and foreign exchange markets is important
for hedging strategy, portfolio management and financial market regulation. This paper examines
volatility transmission between stock and foreign exchange markets by applying the multivariate
GARCH model in the BEKK framework to Nigerian stock returns and the Naira/USD exchange
rate data from January 1996 to March 2013. Results of the empirical analysis show evidence
of volatility clustering in both stock and foreign exchange markets. The results also show bidirectional shock transmission between stock and foreign exchange markets, suggesting that
information flow in the foreign exchange market impact the stock market and vice versa. Finally,
the results show evidence of a uni-directional volatility transmission from the foreign exchange
market to the stock market. The implication is for investors vigilantly to monitor and dissect all
information in the two markets as part of their investment strategy.
JEL Classification: G11, C32
Keywords: stock market, foreign exchange market, volatility transmission, BEKK-GARCH model

1. INTRODUCTION
There has been a good number of empirical studies that analyse volatility transmission2
across countries, financial markets and sectors of financial markets (see for example, Hamao,
Masulis and Ng 1990; Karolyi, 1995; Malik and Ewing, 2009; Hoon and Yoon, 2013). Most of
these earlier studies were motivated partly in response to increasing integration of international
financial markets resulting from advancement in information and communication technology
(ICT). Increasing integration of financial markets leads to price co-movement, shocks and
volatility transmission between markets. A shock in one financial market may lead to shocks in
other financial markets as apparently illustrated by the global financial crises which started in
United States and spread to almost all world economies.
The effect of financial market linkages on volatility transmission is an important issue
that investors need to consider before making investment decision, and policy-makers also
1

Corresponding author: Emenike Kalu O., Department of Banking and Finance, Rhema University, Aba, Abia State, Nigeria; e-mail:
emenikekaluonwukwe@yahoo.com.
2

Existence of volatility transmission implies that one large shock increases the volatilities not only in its own asset or market but also in other
assets or markets.
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need to factor it into policy making. This is because volatility is an unattractive feature that
has adverse implications for decisions pertaining to the effective allocation of resources and
investment (Nnachi, 2008). For instance, volatility makes investors more averse to holding stocks
and investors, in turn, demand a higher risk premium in order to insure against the increased
uncertainty (Emenike, 2010). Knowledge of volatility transmission between financial markets is,
therefore, very important for hedging strategies, risk management and financial market regulation.
Malik and Ewing (2009) identify cointegration and time-path of volatility as the two main
lines of research in the context of transmission of shocks among financial time series and analysis
of volatility. While co-integration is adopted to study co-movements between financial markets
over long time periods, time-path of volatility concentrates on volatility behaviour in a market
and how the volatility of one market affects other markets. Despite differences in methodology,
authors generally find evidence of co-movement between financial markets across countries and
inter-dependence within markets and sectors in the same country (see for example, Engel, Ito and
Lin 1990; Malik and Ewing, 2009; Turkyilmaz and Balibey, 2013).
These earlier studies adopted a wide range of methodologies to evaluate volatility transmission
across financial markets. Some of the studies apply uni-variate ARCH family models3 to estimate
volatility transmission in two stages (see Engel et al. 1990; Hamao et al. 1990; Okpara and
Odionye 2012). Studies applying uni-variate models normally introduce the conditional variance
of a variable as an explanatory variable in another conditional variance model. This method
however ignores the possibility of having causality between volatilities in both directions and
does not exploit the co-variance between both series (Felipe and Diranzo, 2012). As a result
of these shortcomings, other studies adopt mult-ivariate GARCH models as a more effective
way of examining interactions among volatilities of different financial markets or sectors of the
same financial market. Some examples of multi-variate GARCH models commonly used in the
literature include vector multi-variate GARCH (VECH) and Diagonal VECH representations
of Bollerslev, Engle and Wooldidge (1988), BEKK representation (an acronym formed form
the authors of the paper), Baba, Engle, Kraft and Kroner (1990) and Engle and Kroner (1995),
constant conditional Correlation (CCC) of Bollerslev (1990), and so on.
While literature on the impact of exchange rate on stock market volatility4 and a separate
literature on volatility spillover in a uni-variate EGARCH framework5 exist, there is, to be best of
the author’s knowledge, no literature on the interactions between volatilities of the two financial
markets in Nigeria. Moreover, as Ghosh (2012) notes, in the presence of a large spillover effect,
a shock in one of the markets could have a destabilizing impact on the other market. This suggests
that the relationship between stock and foreign exchange markets may be used in predicting the
future trends for each other, thereby helping to clarify how information is transmitted across
financial markets in Nigeria.
Again, the linkage between volatility of stock and foreign exchange markets is important
for foreign exchange traders, professional investors and regulators in Nigeria because of the
import-dependent and the mono-production nature of the economy. The majority of the goods and
services consumed in Nigeria are imported and the major export product of Nigeria, crude oil, is
priced in USD. As Kim (2003) observes, the continuing increases in the world trade and capital
movements have made the exchange rates the main determinants of business profitability and
equity prices. The stock market, on the other hand, plays a vital role in stimulating industrial and
3

The ARCH model was introduced by Engle (1982) and generalised by Bollerslev (1986). Nelson (1991) introduced a number of refinements
on the uni-variate GARCH model in using exponential GARCH to detect asymmetric volatility in the stock return series. The first of these
refinements was to model the log of the variance, rather than the level. This ensures that the estimated conditional variance is strictly positive, thus
non-negativity constraints of the ARCH and GARCH models are not necessary. The second is the inclusion of asymmetry parameter to respond
to positive and negative shocks.
4

Yaya and Shittu (2010) provide evidence to show that exchange rate has positive and significant influence on the volatility of stock returns in
Nigeria.

5

Okpara and Odionye (2012) find that volatility spillover to stock prices from the exchange rates in Nigeria.
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economic growth. More importantly, from the financial stability perspective, shock and volatility
transmission among stock and foreign exchange markets warrant closer scrutiny.
Accordingly, this paper evaluates the nature of volatility transmission between the Nigerian
stock and foreign exchange markets by exploring the time path of the volatility of both markets
using BEKK specification of multi-variate GARCH. The intensity and the direction of volatility
transmission among these two markets hold invaluable information for the stock market investors
(domestic and international), foreign exchange traders, financial market regulators and academics.
Section 2 contains the theoretical basis of the study and previous empirical findings. Section 3
describes the methodology and data for analysis. Section 4 presents empirical results, and
section 5 presents concluding remarks.
2. THEORETICAL BASIS AND PREVIOUS EMPIRICAL FINDINGS
The theoretical basis for the study of the linkage between foreign exchange and stock markets
are the ‘flow-oriented’ model of Dornbusch and Fisher, (1980) and the ‘stock-oriented’ models
of Branson, (1983), Frankel (1983) and Branson and Henderson (1985). The flow-oriented
model of exchange rates postulates that changes in foreign exchange rates alter the international
competitiveness of a firm as well as the balance of trade position. Local currency depreciation
thus acts to strengthen the competitiveness of domestic firms as their exports will be cheaper in
international trade. Hence, the flow-oriented model suggests a positive relation between stock
prices and foreign exchange rates. The stock-oriented models of exchange rates, on the other
hand, propose that foreign exchange rate movements function to balance the demand and supply
of domestic and foreign financial assets. Thus, an increase in stock returns induces investors
to demand more domestic financial assets and thereby causes an appreciation in the domestic
currency. The appreciation of the domestic currency attracts more foreign capital and investments
into the domestic market, which then leads to further currency appreciation. Consequently, the
stock-oriented models suggest a negative linkage between foreign exchange rates and stock
prices.
The flow-oriented and stock oriented theories, therefore, suggest that these fund-flows may
create shock and volatility transmission between stock and foreign exchange markets.
The early empirical studies of return and volatility transmission concentrated on interdependence between different assets or markets across countries. Engle et al. (1990), for example,
apply univariate GARCH model6 to examine volatility spillover across the Japanese and American
foreign exchange markets. They find the presence of intra-day volatility spillovers from one
foreign exchange market to the other. In like manner, Hamao et al. (1990) analyse the short-run
interdependence of prices and price volatility across the London, New York and Tokyo stock
markets in the pre-October period. They show evidence of price volatility spillover from New
York to London, from New York to Tokyo and from London to Tokyo but not in other directions.
Some other studies that find evidence of volatility spillover between countries include Hong
(2001), Bhar and Hamori, (2003), Inagaki (2007) and so on.
The wealth of empirical literature on return and volatility transmission supports the existence
of return and volatility transmission between the stock and foreign exchange markets, but the
direction of transmission has been mixed. Kanas (2000) examines volatility spillovers between
stock returns and exchange rate changes in six industrialized countries, namely, the US, the UK,
Japan, Germany, France, and Canada. He finds evidence of spillovers from stock market returns

6

The uni-variate GARCH model has two major shortcomings. First, it ignores the possibility of having causality between volatilities in both
directions. Secondly, it does not explore the information contained in covariance matrix of residuals of the series under study (Hurditt, 2004; Felipe
and Diranzo, 2006).
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to exchange rate changes for all countries except Germany. On the other hand, the volatility
spillovers from exchange rate changes to stock returns are completely insignificant.
Similarly, Yang and Doong (2004) explored the nature of the mean and volatility transmission
mechanism between stock and foreign exchange markets in the G-7 using a vector autoregression
multi-variate EGARCH model. Their empirical evidence shows an asymmetric volatility spillover
effect and that stock price movements will impact on future exchange rate movements, but
exchange rate changes have less direct effect on future stock returns.
Morales and O’Donnell (2007) examine the volatility spillovers between stock market returns
and exchange rate changes for Spain, Portugal, and Italy using an EGARCH model. They find
no significant volatility spillovers from stock returns to exchange rates or vice-versa prior to
the introduction of the Euro. However, with the introduction of the Euro, there were significant
volatility spillovers from stock returns to exchange rates in all countries for all currencies, with
the exception of Portugal in the more recent (2002–2006) period. Mishra, Swain and Malhotra
(2007), explore volatility spillovers between the Indian stock and foreign exchange markets.
Their results indicate evidence of a bi-directional volatility spillover between the Indian stock
market and the foreign exchange market with the exception of S&P CNX NIFTY and S&P CNX
500. They conclude that the markets are integrated with each other.
Choi, Tian and Fu (2009) in their study of the volatility spillover between New Zealand stock
market returns and changes exchange rate using multivariate EGARCH model, find amongst
other, evidence of bidirectional volatility spillovers between the NZ stock market returns and
NZD/USD exchange rate in the full sample period and in the pre-Asian financial crisis sample
period.
In contrast to the findings of Choi et al., Fedorova and Saleem (2010) find evidence of direct
linkages between equity markets in terms of both returns and volatility, as well as in the currency
markets. They also show uni-directional volatility spillovers from currency to stock markets in
Eastern European markets and in Russia using a bi-variate GARCH-BEKK model. They conclude
that there is integration of Eastern European markets within the region and with Russia as well.
Arifin and Syahruddin (2011) investigate volatility spillover effects between stock market
returns and exchange rate changes within the same economy in the ASEAN-5 countries, during
the Asian crisis and the sub-prime crisis, using a bi-variate VAR(1)-GARCH(1.1) model with
BEKK representation. They provide evidence to show that exchange rate fluctuations have strong
influences on the volatility of stock market.
Okpara and Odionye (2012), in their study, appraise the direction of volatility spillover
between stock prices and exchange rate in Nigeria using a uni-variate EGARCH model. They
show uni-directional volatility spillover running from exchange rate to stock prices. Hoon and
Yoon (2012) investigate volatility spillover between stock prices and exchange rates in Asian
financial markets using a bi-variate GARCH model. They find evidence of bi-directional volatility
spillover between two markets in Asia.
In a recent study, Turkyilmaz and Balibey, (2013) examine the relationship between interest
rate, exchange rate and stock price using the BEKK-MGARCH approach7. They conclude that
there is significant transmission of shocks and volatility among the three variables. Hoon and
Yoon (2013), revisit the price returns and volatility linkages between the foreign exchange and
stock markets in Korea, using the co-integration test and bi-variate GJR-GARCH (1.1) model
based on the BEKK approach. Their results reveal, amongst other things, evidence that a unidirectional volatility spillover exists from the stock market to the foreign exchange market. They
also show that there is no evidence of volatility spillover effect in the pre-crisis, but an evidence
of uni-directional volatility spillover effect from the foreign exchange market to the stock market

7

Multi-variate GARCH models explicitly account for the shortcomings of uni-variate approach.
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in the post-crisis period. They conclude that financial crisis improves linkages between the two
markets.
In the light of the brief review of the volatility transmission literature, evidence-based
knowledge of co-variance between financial markets, sectors or assets is of the essence in finance,
as many problems in financial practice, such as efficient portfolio management, hedging strategies
and financial market regulation, require multi-variate volatility measures.
3. METHODOLOGY AND DATA FOR ANALYSIS
3.1. Methodology
The BEKK representation of a multi-variate GARCH model outlined in Baba et al. (1990)
and Engle and Kroner (1995) is adopted to investigate volatility transmission between stock and
foreign exchange markets in Nigeria. The BEKK model presents a natural way to estimate the
interaction within the conditional mean and conditional variance of two or more series because of
its capability to detect volatility transmission among the series, as well as persistence of volatility
within each series.
The first step in the multi-variate GARCH methodology is to specify the mean equation. Thus,
the mean equation for return series is specified as follows:
R t = n i + iR i, t - i + f t
f t = H 1t /2 h t

(1)

where: R t = _ R St , R tE il is a vector of returns of the stock and foreign exchange markets respectively,
θ refers to a 2 x 2 matrix of coefficients, f t = _ f St , f tE il is the vector of error terms of conditional
mean equation for stock and foreign exchange markets returns respectively. h t = _ h St , h tE i is
h S h SE
a sequence of independently and identically distributed (i.i.d) random errors; H t = f t tE p is
$ ht
conditional variance-covariance of stock and foreign exchange market returns.
The next step is to specify the conditional variance-covariance equation. Thus, the BEKK
representation of multi-variate GARCH (1.1) model is given by:
Ht = CC' + Aεt–1ε't–1A' + BHt–1B',

(2)

where: Ht is the conditional variance matrix. C, A, and B are parameter matrices. C is a 2 x 2
lower triangular matrix, A is 2 x 2 square matrix that shows how conditional variances correlate
with past squared errors, and B is 2 x 2 square matrix that measures the effect of past conditional
variances on the current conditional variances and the degree of persistence in the volatility of the
markets. The parameter matrices can be represented as follows:
* a* l
* a*
h 11, t h 12, t
f 21, t - 1
f 1, t - 1 f 2, t - 1 a 11
c 011 c 012 l c 011 c 012
a 11
12
12
=
+
>
H >
H>
H > *
H> *
* H>
* H+
$ h 22, t
0 c 022 0 c 022
a 21 a 22
a 21 a 22
f 1, t - 1 f 2, t - 1
f 22, t - 1

b*
+ > *11
b 21

* l h
b 12
H > 11, t - 1
*
b 22 h 21, t - 1

(3)

* b*
h 12, t - 1 l b 11
12
H> *
* H,
h 22, t - 1 b 21 b 22

where: h11,t denotes the conditional variance of the stock market, h12,t the covariance of stock and
foreign exchange markets, and h22,t the conditional variance of the foreign exchange market. The
significance of the diagonal coefficients a11,t (a22,t) suggests that the current conditional variance
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of h11,t ( h22,t) is correlated with its own past squared errors, while the significance of the lagged
variance b11,t (b22,t) indicates that the current conditional variance of h11,t (h22,t) is affected by its
own past conditional variance. Similarly, the significance of the off-diagonal coefficients a12,t
and b12,t indicates evidence of shock and volatility transmission effects from the stock market to
the foreign exchange market, whereas the significance of the off-diagonal coefficients a21,t and
b21,t shows evidence of volatility transmission effects from the foreign exchange market to the
stock market. The parameter matrices are estimated using the expanded BEKK-MGARCH (1,1)
equation:
2 + a 2 f 2 + 2a a f f
2 2
2
2
2
h 11, t + 1 = c 11
11 1, t
11 12 1, t 2, t + a 21 f 2, t + b 11 h 11, t + 2b 11 b 12 h 12, t + b 21 h 22, t , (4)

h 22, t + 1 = c 212 + c 222 + a 212 f 21, t + 2a 12 a 22 f 1, t f 2, t + a 221 f 22, t +
+ b 212 h 211, t + 2b 12 b 22 h 12, t + b 222 h 22, t .

(5)

Equations (4) and (5) show how shocks or volatility are transmitted between the stock
market and foreign exchange market in Nigeria. The significance of the off-diagonal parameters
is evidence of shock and volatility transmission between the two markets. The parameters are
estimated using the maximum likelihood estimation method optimized with the Broyden, Fletcher,
Goldfarb, and Shanno (BFGS) algorithm. The conditional likelihood function L(θ) is expressed
thus:
L ^i h =- T ln ^2r h -

T

1
/ ln h t + f tlH t-1 f t i,
2 t = 1_

(6)

where: T is the number of observations and θ is the parameter vector to be estimated.
The robustness of the multi-variate GARCH models can be evaluated using a number
of diagnostics tests. The Ljung-Box (1978) Q test statistics will be used to examine the null
hypothesis of no autocorrelation in the estimated residuals and squared standardized residuals
up to a specific lag. Also, Engle’s (1982) LM statistic will be used to test the null hypothesis of
no remaining ARCH effects up to a specific order. In fact, if the multi-variate GARCH model
is specified correctly, then the estimated standardized residuals should behave like white noise,
i.e., they should not display serial correlation, ARCH effect, or any other type of non-linear
dependence.
3.2. Data for analysis
The dataset used in this study comprises the monthly All-share index (ASI) of the Nigerian
Stock Exchange (NSE) and the average bureau de change (BDC) Naira/USD exchange rate for
the period January 1996 to March 2013, totalling 207 observations for each variable. This time
period was chosen to capture the effect of internationalisation of the NSE in 1995 and other
fundamental changes made to regulate, and implement advanced technology for the operation
of the Nigerian stock market8 as well as the current events. The choice of the BDC exchange
rate has been motivated by the fact that it mirrors the market exchange rate during the era of
dual exchange rate regime, which caused wide variation between official exchange rate and the
8

The NSE became internationalized in 1995 with the abrogation of the Exchange Control Act of 1962 and the Nigerian Enterprises Promotion
Decree of 1989. These two laws constrained foreign participation in the Nigerian capital market. Consequent on their abrogation, foreigners now
participate in the market both as operators and investors. Also, in line with global developments, the NSE changed from Call-over system of
trading to Automated Trading System (ATS) in 1998.
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inter-bank exchange rate in Nigeria9. The BDC exchange rate series were collected from the
Central Bank of Nigeria (CBN) statistics databank and transformed to change in exchange rate by
taking first difference. The ASI was obtained from the NSE and converted into monthly returns
as follows:
R t = Ln _ Pt Pt - 1 i # 100 ,

(7)

where: Rt is the daily returns, Pt is closing ASI for Month t, Pt–1 is the previous month closing
ASI, and Ln is natural logarithm. While change in BDC exchange rate serves as a proxy for the
foreign exchange market, the ASI returns serve as the proxy for the stock market.
4. EMPIRICAL RESULTS
4.1. Descriptive Statistics
Figure 1, shows time series plots of log-level and monthly returns of the ASI as well as
the monthly exchange rates and change in exchange rates from January 1996 to March 2013.
The level of that ASI shows upward trend from 24794.4 points in February 2004 till when it
peaked at 65652.38 points on February 2008 before falling 19851.89 points on March 2009.
The Naira(N)/USD exchange rate, on the other hand, started appreciating from N142.3/USD1
in May 2006 to N118.7/USD1 in June 2008 before depreciating to N180.6/USD1 by May 2009,
and then started moving towards the average. The very high volatility during the global financial
crises is obvious in both series, though in different directions and other high and low volatility
can be seen. Figure 1 also displays the mean reversion tendency of stock returns and change in
exchange rates. Figure 2 shows the estimated volatility of the stock and the foreign exchange
markets as well as as their correlation.
Figure 1
Time Plot of NSE all-share index vs Naira/USD Exchange rate – January 1996 to March 2013
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Notes: A – denotes the log-level of the NSE monthly All-share index; B – denotes the NSE monthly market returns; C – denotes the log-level of
the Naira(N)/USD exchange rate; D – denotes the change in the Naira(N)/USD exchange rates.
Source: Author’s own work.
9

The dual exchange rate regime was in effect from May 1993 to December 1998. On May 1993, for example, the official exchange rate (DAS)
in Nigeria was N22.00/USD1 but was exchanged for N33.35/USD1 at the BDC. By May 1997, the DAS was still N22.00/USD1 but the BDC
exchange rate was N89.53/USD1. In January 1999, the DAS flew to N86.00/$1 from N22.00/USD1 in December 1998. During these periods
however, the BDC was consistent in mirroring the market rate.
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Figure 2
Estimated volatility and correlation of the stock and foreign exchange markets in Nigeria
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Notes: A – denotes the estimated volatility of the stock market; B – denotes the estimated volatility of the foreign exchange market; C – shows the
correlation between the volatilities of the stock and foreign exchange markets
Source: Author’s own work.

Descriptive statistics and ARCH-LM estimates are presented in Table 1. As shown in Table 1,
the monthly mean stock return is 0.91% and the standard deviation is 6.7. The mean exchange
rate for the study period is N129.04/USD1 and the standard deviation is 25.93. The stock returns
exhibit negative skewness and changes in the exchange rate show positive skewness, suggesting
that there are more negative (positive) observations in the stock returns (change in exchange
rate) than in standard normal distribution. The kurtosis of a normal distribution is 3. But the
excess kurtosis for the stock return is 6.94 and change in exchange rate is 9.61, indicating that
both series are more peaked than the normal distribution. Finally, the Jarque-Bera test results are
significant at conventional levels, suggesting that normality assumptions for all the series are
doubtful. Notice also from Table 1 that ARCH-LM, Ljung-Box Q and McLeod-Li tests all reject
the null hypotheses of no ARCH effect, no serial correlation in returns and squared returns at the
1% significance level. These results are in favour of a model that incorporates ARCH/GARCH
features.
Table 1
Descriptive statistics and test for ARCH effect
Mean

S.D

Skew.

E.Kurt

JB Stat

LM (6)

McL(28)

Q(28)

EX.rate

129.04

25.93

-0.463
(0.00)

-0.901
(0.00)

14.425
(0.00)

49.38
(0.00)

4072.72
(0.00)

4356.6
(0.00)

ChEXrate

0.300

2.323

1.555
(0.00)

9.616
(0.00)

876.72
(0.00)

31.62
(0.00)

131.45
(0.00)

69.30
(0.00)

Rt

0.910

6.708

-0.642
(0.00)

6.942
(0.00)

427.91
(0.00)

35.45
(0.00)

55.51
(0.00)

59.26
(0.00)

Note: P-values are displayed as (.). The ARCH LM tests are conducted under null hypothesis of no ARCH effect and at 95% confidence level using
squared returns. The Ljung–Box statistic, Q (28), checks for the serial correlation of the returns up to the 28th order and McL (28) checks for the
serial correlation of the squared returns up to the 28th order.
Source: Author’s calculation.
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4.2. Unit Root Test Results
Before the multi-variate GARCH (1.1) model is estimated, it is necessary to check the
stationarity of the variables. This step is to ensure that the series are stationary because estimates
obtained from non-stationary series are not reliable. Table 2 shows the results of the augmented
Dickey-Fuller (ADF) unit root test and Kwiatkowski (KPSS) stationarity test for the level series
and their returns. The null hypothesis of the ADF test is that a time series contains a unit root,
whereas the null hypothesis of the KPSS test is that a time series is stationary. As shown in
Table 2, the calculated values of the ADF test statistics indicate that the level series contain a unit
root at the 1% significance level, implying that the level series are non-stationary. However,
in the case of the return series, the statistics reject the null hypothesis of a unit root at the 1%
significance level, implying that the returns are stationary for the two series. The results of the
KPSS tests, on the other hand, show that the level series are non-stationary, whereas, their first
differences are stationary.
Table 2
Unit root tests results
ADF
Level

First Difference

critical value 5%

computed value

critical value 5%

computed value

EXrate

-3.432

-2.727

-3.432

-8.619*

Rt

-3.432

-1.866

-3.432

-6.272*

Variables:

KPSS
Level

First Difference

critical value 5%

computed value

critical value 5%

computed value

EXrate

0.4630

3.1169*

0.4630

0.1027

Rt

0.4630

3.3403*

0.4630

0.1413

Variables:

Note: ADF and KPSS lag lengths are selected using Akaike information criterion (AIC). * indicates significant at 99% confidence level.
Source: Author’s calculation.

4.3. Covariance/Correlation Matrix Estimates
Table 3 displays the covariance/correlation matrix between squared stock and foreign exchange
markets returns. The covariance matrix is a measure of the extent to which two variables tend to
move together. Notice from the entry on the diagonal of the covariance matrix in row 2 column
1 that the covariance of the foreign exchange market with stock market is large and positive,
suggesting variance relationship between foreign exchange and stock markets. On the other
hand, the covariance of the stock market with the foreign exchange market is approximately
zero, suggesting that variance of both markets tends to be unrelated. In addition, the correlation
between the stock and foreign exchange markets is very weak, suggesting that the markets have
weak mean association.
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Table 3
Covariance and correlation matrices
Covariance Matrix
∆Exrate

Rt2

∆Exrate

382.798

0.281

Rt2

759.932

19077.890
Correlation Matrix

∆Exrate

Rt2

1

0.20850

0.20850

1

∆Exrate
Rt2

Source: Author’s calculation.

4.4. MGARCH (1,1)-BEKK Results
The results of the multi-variate GARCH (1.1)-BEKK model employed to investigate the
nature of volatility transmission between the stock and the foreign exchange markets are shown
in Table 4. Notice from Table 4 that the estimates of the diagonal parameters, A22 and B11, B22,
are all statistically significant at 99% confidence level. This indicates that a strong GARCH (1.1)
process drives the conditional variances of the markets returns. In other words, own past volatility
affect the current volatility of the stock and foreign exchange markets in Nigeria. However, A11 is
not significant, suggesting that a past shocks do not influence volatility in the stock market.
The off-diagonal elements of matrices A and B capture cross-market shock and volatility
transmission between the markets. From the off-diagonal elements of matrix A, we see evidence
of bi-directional shock transmissions between the stock market and foreign exchange market at
1% significance level. This suggests that information flow in the foreign exchange market also
impacts the stock market. In the same way, shocks in the stock market affect the foreign exchange
market. Evidence of bi-directional shock transmission between stock and foreign exchange
markets are not surprising given advances in information and communication technology (ICT)
in the Nigerian financial markets. It is thus very easy for information to flow between the two
markets. This finding provides new insight into the interaction of volatility shocks among stock
and foreign exchange markets in Nigeria.
The results of the off-diagonal elements of matrix B, however, show evidence of a unidirectional volatility transmission from the foreign exchange market to the stock market, as only
the off-diagonal parameter B21 is statistically significant at the 99% confidence level. The results
agree with the findings of Federova and Salem (2010) who find uni-directional volatility spillovers
from foreign exchange to stock markets in Eastern European markets and Russia. The results are
also consistent with the study of Okpara and Odionye (2012), which provide evidence, using
univariate EGARCH model, for a unidirectional volatility spillover running from exchange rate
to stock prices in Nigeria. Hoon and Yoon (2013) also find evidence of uni-directional volatility
spillover effect from the foreign exchange market to the stock market in the post-crisis sample
period of their study in Korea.
The uni-directional volatility transmission from foreign exchange market to stock market in
Nigeria may partly be in response to the import-dependent and mono-production nature of the
economy. As highlighted in section one, the majority of the goods and services consumed in
Nigeria are imported from different parts of the world and the major currency of importation is
the USD.
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Table 4
Estimated results of the GARCH-BEKK model
Parameters

Coefficients

t-statistic

P-value

C(1,1)

3.2802

4.3194

0.0000

C(2,1)

0.2227

0.8000

0.4236

C(2,2)

0.2863

0.7699

0.4413

A(1,1)

0.1403

1.4241

0.1544

A(1,2)

0.1164

6.2767

0.0000

A(2,1)

-1.133

-3.237

0.0012

A(2,2)

0.6253

3.6424

0.0002

B(1,1)

0.7447

6.2064

0.0000

B(1,2)

-0.042

-0.987

0.3236

B(2,1)

0.5030

2.6152

0.0089

B(2,2)

0.7503

9.9004

0.0000

Statistic

Signif. Lvl.

Qi (12)

13.491

0.334

Qi2 (12)

11.536

0.483

Qj (12)

9.852

0.628

Qj2 (12)

4.850

0.962

MV LM {12}

1.710

0.999

11.145

0.516

Panel B: Diagnostic Tests

MV Q (12)

Note: Qi and Qj are the Ljung-Box Q-statistic for the stock market and foreign exchange market respectively. MV LM and Q are multi-variate
ARCH-LM and Ljung-Box Q-statistic for null hypotheses of no ARCH effect and no autocorrelation in multi-variate GARCH model. Lag length
is displayed as (.) and degrees of freedom is shown {.}. All the tests are conducted at 5% significance levels.
Source: Author’s calculation.

The importers and other peeople who make payment for one form of international transactions
or the other, such as payment of school fee abroad, bid for USD through the BDCs. This creates
demand pressure on the USD. Similarly, transactions in the major export product of Nigeria,
crude oil, are internationally priced in USD thereby making this currency one of the major policy
variables in the Nigerian economy. These factors, amongst others, may explain the uni-directional
volatility transmission from the foreign exchange market to the stock market, which normally
should serve as the ‘engine’ for generating USD.
One of the major economic implications of the shock and volatility linkages between the
stock and the foreign exchange markets for the investors, portfolio managers and financial
market regulators is the need to dissect any information from both markets. Equity investors
and managers need to monitor exchange rate movement because it may have great impact on the
risk and cost of capital on the stock market. Similarly, foreign exchange dealers may also need
to be mindful of developments in the stock market, as shocks from the stock market impact the
foreign exchange market. Financial market regulators, on their part, should intensify efforts at
diversifying the production base of the Nigerian economy. This will not only reduce the importinduced demand pressure on the USD but will also increase activities on the stock market as more
companies become listed on the NSE. In addition, the government should direct policy efforts
at attracting foreign investments which will establish companies that will domestically produce
most of the goods presently imported by Nigeria.
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The results of diagnostic tests conducted to ascertain robustness of the estimated model are
displayed on panel B of Table 5. From panel B, notice that the Ljung-Box Q-statistic for both
the residuals and squared residuals of stock and foreign exchange markets are not significant,
suggesting that there is no correlation in the residuals. Similarly, the mult-ivariate ARCH-LM and
Ljung-Box results indicate that the null hypotheses of no ARCH effect and no serial correlation
are accepted at 1% significance level. Hence, there appear to be no specification error; the model
is therefore robust for policy analysis.
5. CONCLUDING REMARKS
Volatility transmission between stock and foreign exchange markets is of particular interest to
academics, foreign exchange traders, professional investors and financial market regulators due to
the importance of the markets in portfolio and risk management as well as channels of monetary
policy. Given such important roles for the markets, this study evaluates volatility transmission
between stock and foreign exchange markets in Nigeria using sample period ranging from January
1996 and ending with March 2013.
The results of the multi-variate GARCH (1.1)-BEKK model show evidence of volatility
clustering in both stock and foreign exchange markets as evident in the significance of the GARCH
coefficient for each of the markets. The results also show bi-directional shock transmissions
between the stock market and foreign exchange market, suggesting that information flow in
the foreign exchange market impacts the stock market and vice versa. Finally, the results show
evidence of a uni-directional volatility transmission from the foreign exchange market to the
stock market, as only the off-diagonal parameter B21 is statistically significant.
Hence, investors in the stock and/or foreign exchange markets in Nigeria should vigilantly
monitor and dissect all information within the two markets as part of their investment strategy.
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ABSTRACT
In this paper the effects of the introduction of the so called “pay per use” -insurance products
are examined. These products collect data of mileage of kilometers driven by policy holders.
As a result of this data, policy holders can get a refund on the insurance-premium paid. Since
there is a positive correlation between mileage and the risk of causing an accident the refund
is granted to low-mileage drivers, so in theory the “pay per use” product is more attractive to
low-mileage drivers than to long-distance drivers. The authors examine empirical evidence
to find out whether or not it is mainly low-mileage-drivers who choose the “pay per use”
product. Secondly, the authors examine whether there are other significant differences between
characteristics of “pay per use” policy-holders and “traditional” policy- holders. Therefore
a random sample of 4,000 car-insurance – clients (2,000 “pay per use” policy-holders and 2,000
“traditional” policy-holders) is reviewed. In addition the effects of the introduction of “pay per
use” products are discussed, in case of a selection effect between low- and high -mileage drivers
is observed.
JEL classification: D82, C12, G22
Keywords: insurance, pay per use, pay as you drive, adverse selection, selection effects

1. INTRODUCTION
According to the principle of individual equivalence it is very important for insurance
companies to charge insurance premiums which are adequate to the individual risk of the persons
insured. If insurance companies do not find risk factors to divide their clients according to riskclasses, they have to charge an equal premium to all their policy-holders (risk pooling). Typically
1
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in this case the problems of asymmetric information, primarily adverse selection, appear. The
problem of adverse selection was first described by George Akerlof (1970). A few years later
Rothschild and Stiglitz (1976) provided a theoretical framework towards adverse selection. They
came up with an opportunity for insurance companies to set incentives that policy holders choose
an insurance contract in accordance with their individual risk.
It is very difficult for insurance companies to find risk factors for third-party motor-vehicle
liability insurance policies defining the individual risk of their policy holders.
At the beginning of the automobile-era the insurance-premium depended only on the braking
distance of the insured car. Mehring (1962) recommended a differentiation between car-related
and individual-related risk factors. Indeed, most insurance companies use specifications of the car
and characteristics of the policy holder but also a merit-rating system to calculate the individual
insurance premium. However the calculation of individual insurance premiums is not very
successful and the principle of individual equivalence is not strictly adhered to.
Since 2000, insurance companies have been trying to establish modern car-insurance
products. So-called “pay per use” or “pay as you drive”, usage-based insurance products have
been established in the insurance market and these products are meanwhile offered in almost all
developed countries in the world. Via GPS, usage-based insurance-products record several types
of information about mileage, road type and travelling time. With this information policy-holders
signal to the insurance companies their driving behavior. Consequently this information is used to
adjust individual insurance premiums in relation to the individual risk of a policy-holder so that
the premiums are more in accordance with the principle of individual equivalence.
The aim of this paper is to ascertain if the introduction of usage-based insurance products has
an impact on problems of asymmetric information. The main purpose of this paper is to ascertain
empirically if the choice of a certain product (“pay per use”, vs. “traditional”) is influenced by
specific criterions. The authors compared a “traditional” sample with a “pay per use” sample, to
find out if there is a significant difference in the “pay per use”-risk-factor mileage. Secondly, the
authors examined whether there are differences in the “traditional” risk factors like engine power
or the age or the sex of policy-holders.
According to theory, the “pay per use” product should be chosen primarily by the lowmileage driver, while the high-mileage driver should avoid the “pay per use” product, because the
insurance premium depends on mileage. One the other hand there should be low differences in the
“traditional” risk factors between the two samples.
1.1. A brief overview of the third-party liability insurance market in Austria
There are about 4,250,000 passenger-cars in Austria. Consequently the mandatory third-party
liability insurance is one of the most important insurance products in Austria. The gross volume
of €1.8 billion, which is about 11.3% of all insurances contracted over all classes (Statistik
Austria, 2007). Because of the deregulation of the insurance market in the 1990s and of the rising
competition, many insurance companies tried to increase their market shares by offering generous
premium discounts to new clients. For example: many new clients were placed in the best meritrating system level (OEAMTC, 2009). Consequently the loss ratio of insurance companies rose
to 86% in the year 2000 (VVO, 2004). Which means €86 € out of €100 was paid as compensation
to third parties. A mere €14 was available to cover business operating expenses. As a result,
nearly all insurance companies made a loss in the third- party liability insurance class. Thus most
insurance companies tried to create alternative products, or other marketing strategies.
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1.2. Premium differentiation
1.2.1. Traditional third party liability insurance products
The question about the fair premium of insurance products is as old as insurance itself.
According to the principle of individual equivalence, every insured should pay a premium
according to his or her individual risk. This is very important due to the problems of asymmetric
information, especially in terms of adverse selection (Karten, 1994). For third-party liability
insurance it is very difficult to define risk factors. There are several established individual-related
risk factors such as age, sex, or residency (Mehring, 1962). Also car-related risk factors such as
engine power, age of the car or its make (Mehring, 1962) are taken in consideration.
Another instrument for premium differentiation is the so called merit-rating system (bonusmalus system). If an accident happened in the past, a penalty for a bad loss-experience is charged.
On the other hand, if no accident occurs a better insurance level class could be achieved. In fact
without an accident, one level per year could be gained, and three levels could be lost in case of
an accident. This instrument should divide individuals with a high loss-probability (“high risks”)
from individuals with a low loss-probability (“low risks”) (Karten, 1994). Since 1994, the meritrating system is no longer laid down in Austrian law (Verordnung des BMF, 1994). However most
insurance companies still use this system, but as mentioned, they are often very generous in the
classification of new clients.
As a consequence premium differentiation for “traditional” insurance products can be very
difficult and often does not lead to the desired affect that policy holders pay a premium according
to their individual risk.
1.2.2. The development of “pay per use”-insurance products
Insurance companies face challenges with “traditional” insurance products as premiums to
risk factors such as kilometers travelled (mileage), road type or average speed cannot be taken
into account. But it is obvious that these relevant risk factors need to be considered. If a car
is used only twice a year, there is a lower risk of causing an accident, than when hundreds of
kilometers are driven per day.
As a consequence, in the 1990s the first theoretical ideas concerning “pay per use” insurance
products were taken into consideration (Litman, 1997). Very important for the development of
“pay per use” insurances was the advance of the “global positioning systems” (GPS), as almost
all “pay per use” insurance products use GPS to keep track of the insured cars. In 2000 the
American “Progressive Insurance Company” established the first usage-based car insurance
product. This company also registered the widely used term “pay as you drive” as a trade mark.
As a consequence the terms “pay per use insurance” or “usage-based insurance” are used to
describe this sort of insurance product.
UNIQA is the only insurance company in Austria which offers a “pay per use” insurance
product. It is called “Safe Line”. If you choose the product “Safe Line” you get a motor vehicle
third-party liability insurance but, in addition, a black box is installed in your car. This black
box records mileage and road type driven. These two additional risk factors are considered in
the calculation of insurance premiums as follows: you get a premium reduction for the thirdparty liability insurance if you drive fewer than 10,000 km per year. Road type is also used
as a risk factor. As driving on highways is statistically not as dangerous as driving on rural or
urban roads, every kilometer driven on highways counts only for 0.8 real kilometers (UNIQA,
2012).
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Figure 1
Premium Reduction Safe Line
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2. METHODS AND EMPIRICAL WORK
•
•

According to the descriptions above the research questions are:
Is there a significant difference in the parameter values of the risk factors between “traditional”
policy-holders and “pay per use” policy-holders?
Do people with certain characteristics significantly more often choose the usage-based
insurance contracts?

To answer these questions the authors analyzed a data set with information on 4,000 customers
of the UNIQA insurance company. Of these, 2,000 customers chose a “traditional” insurance
contract and 2,000 chose the “usage-based” insurance product “Safe Line”. From the research
question mentioned above, the authors derived the following hypotheses:
• H0 = there is no difference in the mileage per year between “pay per use” policy-holders and
“traditional” policy-holders.
• H0 = there is no difference in the other risk factors between “pay per use” policy-holders and
“traditional” policy-holders.
•
•
•

The data set included information to the following risk factors:
individual-related risk factors: age of the policy-holder, residency of the policy-holder, gender
of the policy-holder,
car-related risk factors: engine power, year of construction, conclusion of a Casco insurance,
level in the merit-rating system, minimum guarantee sum,
usage-based risk factors, mileage driven within one year. (These data are only available for the
“pay per use” insurance contracts).

2.1. Applied statistical methods
As the mileage-data are only available for “pay per use” policy holders, the authors had to use
two different statistical methods.
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2.1.1. Logistic regression
Primarily, differences between “traditional” policy-holders and “pay per use” policy-holders
with reference to the risk factors “age of the policy-holder”, “place of domicile of the policyholder”, “gender of the policy-holder”, “engine power of the insured car”, “year of construction”,
“conclusion of a Casco insurance”, “level in the merit-rating system”, and “minimum guarantee
sum” are examined. For these risk factors data from all policy-holders are considered. As
mentioned above the authors examine whether people with certain characteristics (= parameter
values of the risk factors) typically prefer one or other of the two insurance contracts mentioned.
Or, in other words: do certain characteristics significantly influence the decision whether a person
choose a usage-based insurance or traditional insurance.
Questions in this vein are handled with diverse regression-analysis-methods. As the dependent
variable has only two possible parameter values [y = 1 or y = 0], a binary regression method is
applied. y = 1 means the event occurs: the usage-based insurance product is bought. y= 0 means
the event doesn´t occur: the usage-based insurance is not bought. The authors have chosen the
logistic regression as it is a very robust statistical method and it is linked with fewer assumptions
than other methods (Backhaus et. al., 2011).
The linear regression:
y = α + β1 * X1 + … + βj * Xj + ε

Eq. (1)

z = dependent variable
α = constant term
βj = regression coefficient
ε = disturbance variable
In the case that the dependent variable y can only have two possible parameter values, the
linear regression is not compatible. Due to linearity the model could deliver parameter values
beyond the defined area. That means although only parameter values between 0 and 1 are
reasonable, the model could deliver values between –∞ and +∞.
To handle this problem the logistic-regression transforms the linear regression-function into
an s-shaped function. This s-shaped function can be interpreted as a probability-function.
To calculate the probability of the occurrence of event y = 1 P(y = 1) variable z needs to be
created.
yk = 1 if z > 0

Eq. (2)

yk = 0 if z < 0

Eq. (3)

z = α + β1 * X1 + … + βj * Xj + ε

Eq. (4)

The linear regression delivers z-values. However these z-values cannot be interpreted as
probability values yet. Therefore the linear function needs to be transformed into a none-linear
form.
In the first step, the exponential-function is applied on the linear regression-function:
p1 = ez
p1 = first transformation – step to the probability – function
e = Euler’s number
z = linear regression function.
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The new function is limited downwards and can never take negative values. (The z-values still
can have negative values).
In the second step, the function is limited upwards. Therefore the new function is divided by
one plus the new function.
p=

ez
1 + ez

Eq. (6)

p1 = probability – function.
This function p is called the logistic function. With this function the occurrence-probability of
buying the usage-based insurance product P(y = 1) can be calculated.
The finalized regression-approach can be demonstrated as follows:
p ^ y = 1h =

ez
1 + ez

Eq. (7)

z = a + b1 * X1 + f + b1 * X j + f
The z-values are called logits. As the logits are the results of the linear regression, they can
take values between –∞ und +∞. The linear regression is transformed into an s-shaped function
therefore the ß-Values cannot be interpreted as it is usually done in the linear regression. (An
increase in the Xi-Value by 1, increases the event-probability by the ß-value).
To interpret the regression-coefficients ß, odds are used. Odds can be derived from the logistic
regression-function:
p ^ y = 1h =
ez =

ez
1 + ez

p ^ y = 1h
^1 - p ^ y = 1hh

Eq. (8)
Eq. (9)

This formula is called the odds ratio. With the odds ratio the regression-coefficients can be
interpreted as follows: An increase in the ß-value by 1 increases the odds ratio (in favor of the
event y = 1) by e β.
2.1.2. One-sample t-test
Another focus is to examine whether there is a difference between average mileage of
“traditional” policy-holders and “pay per use” policy-holders. As only the mileage-data from
the “pay per use”-customers are known, the mileage of these people cannot be compared with
the mileage of the “traditional” policy-holders. However the “pay per use” mileage-data can be
contrasted with the average mileage of Austrian drivers.
As the “pay per use” mileage data is available for three months, the mileage of an average
Austrian car driven within three months needs to be calculated. Per year an Austrian car is driven
13,497 km on the average (VCÖ, 2010). During the relevant three months 23.6% of the annual
car rides are undertaken (Asfinag, 2010). So during the comparison period 13,497 * 0.236 =
3,185.29 km were driven with an average Austrian car.
According to this, the random sample of “pay per use” customers is compared with the
arithmetical mean of the kilometers driven by an average policy-holder. In a next step, the data-set
is tested for normality of the distribution to see if a normal distribution exists. As the data can only
have positive values the natural logarithm is applied to the data to get a symmetric distribution. As
you can see in Figure 2, the logarithmic data is optical alike a normal distribution.
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Although the Kolmogorov-Smirnov-test and the Shapiro-Wilk test demonstrates, that there
is no perfect normal-distribution, the one-sample t-test is applied, because the test is very robust
against violations of the assumption of normal distribution (Kähler, 2011).
Figure 2
Data distribution and data log-distribution

Source: Authors’ calculation.

2.1. Analysis of the quantity and quality of the data set
2.1.1. Quantity analysis
The analysis of the quantity of the data set entails the calculation of the effect size of the
statistical methods. The sample contains of 4,000 data-sets which can be taken for the logistic
regression respectively as a sample of 2,000 data-sets for which the one-sample t-test is available.
The authors calculated the strength of the magnitude of the relationship between the independent
and the dependent variables. As a very big sample, containing 4,000 data-sets, is available the
level of significance should be 1% (two-sided) and the power (ß-error) should be 99%. According
to Cohen (1988) very small effects with an effect size smaller than 0.2 can also be identified
with a dataset of this size. That means that even small effects of an independent variable on the
dependent variable are significant.
Moreover the effect-size for the one-sample t-test is calculated. Again, the level of significance
is 1% (two-sided) and the power (ß-error) is 99%. The sample size for the one-sample t-test is
now 2,000. The resulting effect size is 0.1, hence very small effects can be identified in this
calculation. On the one hand it is very helpful to be able to identify small effects, but on the other
hand we need to verify whether the interpretation of these small effects is useful.
2.1.2. Quality analysis
The sample studied was drawn from the total insurance policies of the UNIQA insurance
company. Hence the sum of the UNIQA policies is the statistical population. The targetpopulation is the sum of all policies in Austria. As big differences in the composition of the
insurance portfolios of the different insurance companies do not exist, the results are meaningful
for the entire insurance market in Austria.
The sample has been taken randomly by the UNIQA insurance group. Ex post, the sample
was compared to see if it is representative concerning the available variables. As there were no
significant differences in the distribution of the variables in the random-sample and the population,
the random-sample is representative for the population.
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3. EXECUTION OF THE ANALYSIS IN SPSS
3.1. Execution of the logistic regression
First the authors ran the logistic regression. The regression comprised 4,000 cases. As can be
seen in Table 1 the binary dependent variable was classified as 1 = “pay per use” insurance and
0 = “traditional” insurance. Moreover the other non-metric but categorical variables were classified.
Table 1
Classifying of variables
Codification dependent variable
original value

internal value

traditional

0

pay per use

1
Codification categorical variables

Casco Insurance

observed
frequency

(1)

(2)

1465

1.000

0.000

580

0.000

1.000

full

1955

0.000

0.000

10 m

2781

1.000

0.000

15 m

1191

0.000

1.000

28

0.000

0.000

no
partly

Insurance sum third party liability

others

Codification

Source: Authors’ calculation.

The execution of the logistic regression brought the output given in Table 2.
Table 2
Regression coefficients
Step 1*

regression
coefficient
B

standard
error

Wald-test

exp(B)

95,0% confidence interval for
exp(B)
lower bound

upper bound

KW

.010

.001

59.631

1

0.000

1.010

1.008

1.013

BAU

-.059

.010

33.095

1

0.000

.943

.924

.962

GEB

-.024

.003

70.330

1

0.000

.971

.971

.982

WO

.965

.086

126.677

1

0.000

2.624

2.218

3.104

SEX

-.233

.084

7.725

1

.005

.792

.672

.934

443.038

2

0.000

KAS

*

degrees
of
significance
freedom

KAS(1)

1.731

.132

170.854

1

0.000

5.649

4.357

7.323

KAS(2)

2.582

.123

442.987

1

0.000

13.228

10,401,

16.824

BM_alt

.086

.006

215.384

1

0.000

1.090

1.077

1.102

constant

113.188

20.552

30.332

1

0.000

1,435 E49

Included variables in step 1: KW – engine performance; BAU – year of construction; GEB – age of policy holder; WO – residency of the policy
holder; SEX – gender of policy holder; KAS – conclusion of a full casco insurance; KAS (1) – conclusion of partial casco insurance; KAS(2)
– no conclusion of casco insurance BM_alt – level in the merit-rating system.

Source: Authors’ calculation.
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The authors carried out the logistic regression with the risk factors “age of the policy-holder
(GEB)”, “place of domicile of the policy-holder (WO)”, “gender of the policy-holder (SEX)”,
“engine power of the car insured (KW)”, “year of construction (BAU)”, “conclusion of a Casco
insurance (KAS)”, “level in the merit-rating system (BM_alt)”, and “minimum guarantee sum
(VS)”. As can be seen in Table 2, all available variables are within the regression and have
a positive or negative but always significant effect on the probability that a person will choose
the “pay per use” product (y = 1). Only the “minimum guarantee sum” has no contribution to this
decision and fell out of the regression.
The logistic regression approach according to table 2 is:
logit(y) = ln e

pi
o = z = 113.188 +
1 - pi

Eq. (10)

+ 0.010KW – 0.05BAU – 0.024WO – 0.233SEX + 1.731KAS(1) + 2.582KAS (2) + 0.086BMalt
As all variables have a significant input on the decision between “pay per use” and “traditional”
insurance, a closer look is taken on each individual variable.
3.1.1. Engine power of the insured car (KW)
The regression-coefficient is 0.010. The odds ratio therefore is e0.010 = 1.01. As the regression
coefficient is positive, an increase in engine power leads to an increase in the probability that the
“pay per use” product is chosen. But the effect is very small.
The range between the highest KW-value and the lowest KW-value is from 4 kw to 386 kw.
But more than 50% of all cars in the sample are between 60 kw and 100 kw. Thus the odds that
a person with a 100 kw-car chooses “pay per use” insurance in comparison to a person with a 60
kw-car are 1.49:1.
3.1.2. Year of construction (BAU)
The regression-coefficient is –0.059. The odds ratio therefor is e–0.059 = 0.942. The range
between the highest BAU-value and the lowest BAU-value is from 1978 to 2010. More than 50%
of all cars were produced between 2000 and 2010. The odds that a person with a car produced
in 2000 chooses “pay per use” insurance in comparison to a person with car produced in 2010
are 1:1.8.
3.1.3. Age of the policy-holder (GEB)
The variable GEB shows the age (not the birth-date) of the policy-holder. The regressioncoefficient is –0.024. Because of the negative sign the higher the age, the lower the probability
that the policy holder will chose the “pay per use” product. The odds ratio is 0.976 which means
that the probability that a person chose the “pay per use” product decreases by 2.4% per year.
In the case that the difference adds up to 10 years this probability decreases by 27.12% (odds ratio
1:1.27).
3.1.4. Residency of the policy-holder (WO)
The variable WO is binary coded. Cars, insured in urban areas (more than 39,000 inhabitants),
were coded as “Stadt” (1) cars insured in rural areas (below 39,000 inhabitants) were coded
as “Land” (0). This variable has a high value of 0.965 which means, that the odds that people
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in urban areas chose the “pay per use” product in comparison to persons from rural areas are
2.624:1. This is the first variable which shows a big difference in the two groups. The descriptive
statistics also reflects this result. While nearly 75% of the 1,350 urban inhabitants chose the “pay
per use” product, fewer than 50% of the 2,650 rural inhabitants chose this product. These figures
indicate a clear selection-effect between rural and urban areas. The main reason for this disparity
probably is that urban inhabitants drive fewer kilometers and that there is probably a strong
correlation between mileage and residency.
3.1.5. Gender of the policy-holder (SEX)2
Similar to the variable “residency” the variable “gender of the policy-holder” was also binary
coded (female = 0, male = 1). The descriptive statistic shows that 64.4% of all policy holders are
men. The regression coefficient is –0.233 which means that the “pay per use” product is more
attractive to women. In fact the odds that women chose the “pay per use” product are 1.26:1
in comparison to men. One explanation could be that men drive more kilometers per year than
women, and therefore the “traditional” product is more attractive to men than for women.
3.1.6. Conclusion of a Casco insurance (KAS)
This variable can only take the values “no additional insurance” (0 = reference category),
“part insurance cover” (1) and “own damage claim” (2). It is very interesting that there were
huge differences in the three groups. According to the regression coefficient the odds that
a “part-insured” person will chose the “pay per use” product instead of the “traditional” product
are 5.649:1. The odds that an “own-damage-claim” insured person will chose the “pay per use”
product instead of the “traditional” product are 13.228:1. Ex post, the authors found that financial
incentives were offered to customers if they choose the “pay per use” product and in addition
“part insurance cover” or “own damage claim”.
3.1.7. Level in the merit-rating system (BM_alt)
The UNIQA Insurance Company still uses, as do almost all insurance companies, a meritrating system. This system is very similar to the former merit rating-system required by law in
Austria till 1994. The regression-coefficient 0.086 is very low. The resulting odds-ratio is 1.090
which indicates that the variable “level in the merit-rating system” has a positive effect on the
decision that a person chose the “pay per use” product. The higher the level in the merit-rating
system, the higher is the probability that the person will chose the “pay per use” product. As the
effect is very small and almost 75% of all policy holders are in level –2, –1 and 0, the variable
(BM_alt) has practical no effect. The significant effect results from the fact that almost all policy
holders (about 90%), who are in very high levels of the merit-rating system, chose the “pay per
use” product. The authors assume that insurance brokers granted discounts to such policy-holders,
if they declared their willingness to be “supervised” by the “pay per use” product. The authors did
not find empirical evidence for this assumption.
3.1.8. Minimum guarantee sum (VS)
The variable “minimum guarantee sum” is the only variable, which was removed from the
regression, as it had no significant impact on the dependent variable.
2

The authors would like to mention that it is forbidden by law to charge different insurance premiums for men and women, as the European
Court of Justice stated in 2011 that “The use of gender as a risk factor is a discrimination”. The data used originate from 2009. As this is
a theoretical paper we use gender as a possible risk factor, although we know that this would be forbidden in insurance practice.
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3.2. Results
Hence the results of the logistic regression indicate that there are selection effects caused by
the introduction of “pay per use” products.
Therefore the null hypotheses: H0 = There is no difference in the described risk factors
between “pay per use” policy-holders and “traditional” policy-holders, has to be rejected for all
variables except for “minimum guarantee sum”.
3.3. Quality criteria of the statistical method
3.3.1. The interpretation of the quality criteria of the logistic regression
To check the quality of the logistic regression primarily the pseudo-R2-statistics are applied.
Table 3
Quality criteria for the model
Quality criteria for the modell

*

Step

-2 Log-Likelihood

Cox & Snell R-square

Nagelkerkes R-square

1

4005,713*

.319

.426

2

4007,509*

.319

.426

Iteration stopped because change in parameter-calculation was lower than 0.001.

Source: Authors’ calculation.

As shown in Table 3 the “Cox & Snell R2” is 0.319 and “Nagelkerkes R2” is 0.426. According
to Backhaus et al (2011) these values are “acceptable” for the “Cox & Snell R2”-value, and
“good” according to “Nagelkerkes R2”.
Table 4
Reference value
acceptable

good

McFaddens R2

> 0,2

> 0,4

Cox und Snell R2

> 0,2

> 0,4

Nagelkerke R2

> 0,2

> 0,4

very good

> 0,5

Source: Authors’ calculation.

3.3.2. The interpretation of the quality criteria of the different variables
The second quality verification focuses on the impact of the different variables. As mentioned
above all variables except “minimum guarantee sum” have significant regression-coefficient-values.
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Table 5
Likelihood-quotient test (modelling if term excluded)
Log-Likelihood
of the model

Change in
-2 Log-Likelihood

degrees
of freedom

Change
in significance

KW

-2036.138

64.767

1

0.000

BAU

-2020.761

34.012

1

0.000

GEB

-2039.971

72.433

1

0.000

WO

-2069.310

131.111

1

0.000

SEX

-2007.623

7.736

1

.005

KAS

-2284.965

562.420

2

0.000

BM_alt

-2172.486

337.463

1

0.000

Variable
step 2

Variables included in step 2: KW – engine performance; BAU – year of construction; GEB – age of policy holder; WO – residency of the policy
holder; SEX – gender of policy holder; KAS – conclusion of a full casco insurance; KAS(1) – conclusion of partial casco insurance; KAS(2) – no
conclusion of casco insurance BM_alt – level in the merit-rating system.
Source: Authors’ calculation.

As a next step, a closer look is taken to see if the different variables contribute a positive value
to the explanation of the variance in the model. This can be done with the “likelihood-quotient
test”. As can be seen in the third column in Table 5 each variable has a positive contribution to the
explanation of the variance of the model.
3.4. Execution of the one sample t-test
In a second step, the variable mileage is examined. As has been already mentioned, another
statistical method has to be applied to examine whether there are differences in the mileage
of “pay per use” policy-holders and “traditional” policy-holders. Hence the null-hypotheses
therefore is: H0 = There is no difference in the mileage per year between “pay per use” policyholders and “traditional” policy-holders.
Figure 3
One-sample t-test, reference value

Source: Authors’ calculation.
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Table 6
One-sample t-test
Reference-value = 8.066; mean = 7,070
LNDIST*

*

T-value

degrees of
freedom

significance
(two-sided)

mean
difference

–42189

1977

0.000

–0.99612

99.99% confidence interval
lower bound

upper bound

–1.0882
(6.9778)

–0.9041
(7.1619)

LNDIST – mileage driven (logarithmised).

Source: Authors’ calculation.

As demonstrated in Table 6 the test is highly significant.
3.5. Results
This means that the null hypotheses needs to be rejected as there is a difference in the mean
of the “traditional” policy-holder mileage and the mileage of the “pay per use” policy-holder. In
fact the mean of the “pay per use” policy-holder is 1,682.30 km, while the mean of an average
Austrian car is 1,823.96 km. There is a difference of 141.66 km, consequently “traditional”
policy-holders drive 8.42% more than “pay per use” policy holders.
4. DISCUSSION OF RESULTS
The results above show that there are selection effects between “pay per use” policy-holders
and “traditional” policy-holders. In this paper it is empirically proven that low-mileage-drivers
prefer “pay per use” insurance products as they can demonstrate their lower risk compared to
high-mileage driver. [We have not thus far mentioned the correlation between mileage and the
risk of causing an accident. It seems to be certain that low-mileage drivers have a lower risk of
having an accident than high-mileage driver. Amongst others, Litman (2005) has shown a positive
correlation between mileage and crash rates in empirically studies.]
According to Rothschild and Stiglitz (1976) there cannot exist a pooling-equilibrium in which
all insured people choose the same insurance-contract. Under certain circumstances there can
be a separating-equilibrium in which high-risk customers and low-risk customers choose the
insurance contract which is adequate to their individual risk. The result, that it is possible that
there is no equilibrium in a competitive insurance market, is caused by adverse selection as
described in the famous paper of Rothschild and Stiglitz in 1976.
As we mentioned above, insurance companies use several characteristics to classify their
clients into different risk-categories. But what is the effect of new risk categories?In the past
policy-holders were pooled concerning the risk category, mileage, as there was no possibility of
distinguishing between low-mileage drivers and high-mileage drivers. Insurance companies used
other characteristics to divide their clients into risk categories.
What is more, third-party liability insurance is mandatory for passenger cars in Europe as
a consequence insurance markets are not always perfectly competitive. But adverse selection
is primarily a problem if there is a perfectly competitive market. These effects diminished the
adverse-selection effects on insurance markets in the past. Especially in the third-party liability
insurance markets, competition increased and the pressure to premium differentiation on insurance
companies has been in evidence for the last few decades (Cohen 2005; Karten, 1994).

ISSN 2353-6845. © Faculty of Management University of Warsaw. All rights reserved.
DOI: 10.7172/2353-6845.jbfe.2014.1.5

85

Stefan Trappl, Karl Zehetner, Robert Pichler • Journal of Banking and Financial Economics 1(1)2014, 73–87

The new “pay per use” product can be used to indicate low risks for the insurance company.
As described first by Spence (1973) the insurance company will reward this signal with a lower
insurance-premium. As a consequence, all policy-holders will choose the “pay per use” -product
if, and only if, the costs for the signaling are lower than the remuneration the insurance-company
grants for this signal. High-mileage drivers will still choose the “traditional” product, but as there
is no “subsidization” by the low-mileage drivers any longer, the price for the “traditional” product
will rise. As a consequence, the “pay per use” -product will be attractive for other clients too. That
is the same effect as Akerlof (1973) described when “lemons” drive “plums” out of the market. In
theory “pay per use”- insurance might force traditional” insurances out of the market.
5. CONCLUSIONS
Does this theory go along with our empirical research? That would be the case if people
made their insurance-decision in a rational way. According to this theory, low-mileage drivers
should have chosen the “pay per use” product, while high-mileage drivers should have chosen
“traditional” insurance products.
As illustrated in section 3.4, the authors found that people who drive fewer kilometers per
year have a higher probability of choosing the “pay per use” product, than people who drive more
kilometers per year. This confirms the theory mentioned above.
A second pre-condition which has to be fulfilled for the confirmation of the theory that “pay
per use” products drive “traditional” products out of the market is the following: there should be
no other independent variables which influence the decision between “pay per use” products and
“traditional” products.
According to the results of the empirical analyses, it can be said in summary that almost all
the independent variables reviewed have an impact on the dependent variable. But this fact is not
really in conflict with our theory because in most cases (“engine power”, “year of construction”,
“age of the policy-holder”, “gender of the policy-holder” and “level in the merit-rating system”)
the impacts of the variables were very low. Big impacts (“conclusion of Casco insurance”,
“residency of the policy-holder”) had different reasons. The “residency of the policy-holder”
correlates strongly with the “mileage of the policy-holders”. The “conclusion of Casco insurance”
has an immediate effect on the insurance-premium.
As a result, the authors see their theory fortified. That means the authors think that in the long
run “pay per use” products will become more attractive to a certain group of car holders and, as
a consequence, “pay per use” products might drive out “traditional” products from the market.
But there are a few limitations to this theory which should be subject of further research.
Our results suggest venues for further research. It is possible that signaling has a negative
effect on the personal benefit. As there are economic constraints against buying “pay per use”
insurance product (the policy-holders are forced to give lots of information to the insurance
company). If the policy-holder’s negative effects of the necessary transfer of information to the
insurance company are greater than the positive effects of the money saved by choosing the “pay
per use” product, the policy-holder will choose the “traditional” product even if he or she is a high
mileage driver. Hence the negative effects of signaling should be empirically investigated.
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