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Abstract

The financial crisis resulted in drastic consequences for the functioning of the monetary trans-
mission mechanism. This thesis makes an attempt at uncovering why interest rate pass-through
has been weak during the financial crisis. First, by estimating an error-correction model, I find
that the pass-through from funding rates to retail rates has indeed deteriorated since the onset of
the financial crisis. This thesis then proceeds to show that banks with higher regulatory capital
ratios tend to have higher pass-through estimates. In addition, there is weak evidence that when
non-performing loans are numerous, pass-through is lower. Furthermore, no significant effect of
the funding gap on pass-through could be reported. Finally, fierce competition among banks leads
to higher pass-through, in line with previous literature. The results lead me to the policy rec-
ommendation that banks should be recapitalized; Stronger regulatory capital ratios are expected
to improve pass-through, thereby contributing to the restoration of the monetary transmission

mechanism.
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1 Introduction

The global financial crisis had large consequences for the conduct of monetary policy. Whereas prior to the financial
crisis — a period with low and stable inflation and effective monetary transmission — monetary policy was often seen as
uneventful, times are surely much different now. Since the eruption of the financial crisis, the interbank lending market

largely closed down, as can be seen in the following figure.
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Figure 1: Eonia volumes in millions of euro, 2003M01-2013M03. Source: ECB

To prevent the transmission channels of monetary policy from breaking down completely, the European Central Bank
has enacted on a number of unconventional policies, effectively serving as a substitute for the interbank market. The
classic bidding scheme on the main refinancing operations (MRO), where banks bid on attracting base money in exchange
for collateral, has been replaced by the fixed rate full allotment procedure, where any bank can get access to liquidity
at a fixed rate. In addition, the ECB extended the maturity on the longer term refinancing operations, so that banks
can satisfy their long-term need for liquidity. Regardless of the expansionary monetary policy and the unconventional
measures taken, the transmission of monetary policy remains broken. There are a number of ways in which monetary
policy affects the real economy via its transmission channels. This thesis is limited to the examination of the interest-rate
channel! of monetary policy, where a change in the policy rate set by the ECB first transmits to money- and capital market
rates (henceforth: funding rates), and subsequently to retail rates, affecting real economic variables such as consumption
and investment?. Hence, there are two stages of the transmission process that may be problematic in the current crisis.
Empirical work on the former can be found in Beirne [2012] and Rodrigues and Soares [2011], while my work focusses
on the latter: the transmission from funding rates to retail rates. Examination of channels other than the interest rate
channel of monetary transmission in the context of the recent crisis, such as asset- and credit channels (Mishkin [1996]),
although very interesting, are beyond the scope of this thesis. Some contributions to the literature on the effect of the
crisis on non-interest rate channels will be discussed in the literature review.

Figure 2 displays the comovement between EONIA - a money market interest rate - and the interest rate on bank
loans to firms up to 1 million in Greece. As is inmediately apparent, the money market and retail rate comoved rather
well before the onset of the financial crisis. In the period thereafter, the relationship between the two interest rates was

to a large extent tampered. Even though the retail rate seemed to respond well to a drop in eonia in Q4 2008, it started

1The transmission of the policy rate to retail rates is also known as pass-through in the economic literature. In the remainder of this paper,
the interest rate channel of monetary policy will be denoted by interest rate pass-through, where full pass-through indicates that a change in
the policy rate translates one to one to retail rates.

2See Taylor [1995] for an overview of evidence on the existence of interest-rate channels.



rising again quickly. Indeed, not only for Greece, also for other Euro area countries — albeit in a less extreme fashion —

retail rates have responded weakly to reductions in funding rates. The proper functioning of the interest rate channel
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Figure 2: Eonia and rates on loans for firms up to 1 million euro, 2003M01-2013M03. Vertical line indicates
the onset of interbank market disturbances. The blue area reflects the interest rate spread between EONITA
and the interest rate on loans for firms up to 1 million. Source: ECB, global-rates.com

of monetary transmission is highly important to allow the economy to recover. With the policy rate close to the zero
lower bound, conventional monetary policy is unable to induce a further drop in key policy rates. In case policy is able
to improve interest rate pass-through, the interest rate channel of monetary policy will be partly restored, improving
recovery and paving the way for an exit from unconventional policies of which both the beneficial and harmful effects are
uncertain.

A number of studies (Blot and Labondance [2011], Aristei and Gallo [2012], ECB [2009]) already identified that long
run pass-through has deteriorated since the start of the financial crisis, but literature on why this is the case is scarce
and incomplete. The aim of this paper is twofold. First, I provide an up-to-date measure of long run pass-through for
11 countries and 6 corresponding retail rates, and second, I try to determine what has caused long run pass-through to
deteriorate. Error-correction models are able to identify both short run and long run responses in retail rates to changes in
funding rates. In my analysis, I focus on long run pass-through, since it captures all dynamics in the adjustment procedure
of the relevant retail rate. For example, capital ratios may significantly affect long run pass-through, whereas the short
run response is only moderate. In addition, during times of crisis, banks may partly pass-through a reduction in funding
rates in the short run, but not on the long run. Indeed, Blot and Labondance [2011] show that short run pass-through has
increased during the crisis, whereas long run pass-through decreased. The downside of using long run pass-through is that
it necessitates a cointegrating relationship to be present, whereas the short run pass-through can be estimated without
one as well. Hence, the trade-off here is one between accuracy and completeness, since cointegration could not always be
found (see section 4).

With respect to the employed methodology, this paper closely resembles the one of Mojon [2000]. In this thesis, the
identification strategy is to find whether capital ratios, loan to deposit ratios, competition, and non-performing loans
are able to explain cross-sectional differences in long run pass-through. The remainder of this thesis is structured as

follows. Section two provides theoretical insights that may explain why interest rate pass-through is broken, and proposes



hypotheses accordingly. Section three provides an overview of the data, section four delivers test results for cointegration
between retail rates and funding rates, which is a prerequisite in order to estimate the error-correction model. Having
found the appropriate underlying funding rate to use in the error-correction model, section five presents the long run
pass-through results by means of a VECM. In section six, I test whether capital ratios, loan to deposit ratios, competition,
and non-performing loans are able to explain cross-sectional heterogeneity in long run pass-through, and section seven

concludes.

2 Theory and literature review

There may be numerous explanations as to why pass-through from funding rates to retail rates has been so weak since
the eruption of the financial crisis. This section provides some insights based on the recent developments in European
banking. In most cases, graphs are included with time-series data of four selected countries. In order to make a distinction
between core and periphery, I plot time series of two countries (Finland and Germany) based in the former, and two

countries based in the latter (Greece and Spain).

2.1 The funding gap

In the run-up to the global financial crisis, banks across the Eurozone engaged in increasingly risk-taking activities. With
continuing house-price increases in many Eurozone countries, demand for mortgage credit was high and rising. This
eventually led to a rapid rise in securitization activities. The easy funding conditions and low credit risk perceptions
allowed most demand for mortgage credit to be fulfilled. When house prices in most Eurozone countries stagnated
and subsequently deteriorated, housing bubbles burst and the financial crisis erupted. The banking sector realized that
securitization accompanied a general misperception of risk, so that the markets for securization largely closed down, as can
be seen in figure 3. After a short spike in the stock of debt securities in Q4 2008, it quickly declined to well below pre-crisis

levels. The collapse of the market for securitised loans resulted in a sharp contraction of funding opportunities for banks.
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Figure 3: MFI outstanding short-term debt securities in the Euro area, 2003MO01-2013MO05. Source: ECB

Here, the failure of the Modigliani-Miller theorem for banks becomes apparent: In calm economic times, the financing mix
for banks does not matter: when the central bank eases the monetary stance, deposit supply is expected to decrease, but
will be perfectly offset by an increase in other forms of external financing. In times of crisis, however, markets for external

finance dry up, and bank demand for liquidity will be unsaturated (Van den Heuvel [2002]). This results in weak funding



conditions, which have vast implications for the functioning of monetary policy. Under the assumption that bank loans
are primarily financed by deposits and issues of securities, banks have to increasingly rely on deposits to finance their
investments. In order to maintain funding, banks will then offer high deposit interest rates to stimulate deposit supply>.
In case banks are characterized by a low loan to deposit ratio (a low funding gap), a reduction in securitization activity
has little consequences for funding conditions. In contrast, banks that rely heavily on securitisation to finance loans will
be forced to increase deposit interest rates to attract enough funding, and subsequently pass the higher deposit rates on
to retail interest rates. Here, the connection between funding rates and retail rates breaks down, so that pass-through will

be low.

Hypothesis 1. A higher loan to deposit ratio leads to a lower pass-through in times of financial crisis.

2.2 Capital ratios

The crisis induced turmoil in banking resulted in a sudden realization by supervisors that bank regulatory capital require-
ments weren’t quite strict enough. Indeed, the unprecedented losses as a result of the financial crisis posed a direct threat
to bank solvability. In response to this, the Basel I1I regulatory framework introduced more stringent capital requirements
for banks. Banks have however been reluctant to issue new equity under the pressure of shareholders that fear stock
dilution. Capital ratios have, however, generally been increasing (see figure 4 below). When raising equity is costly,
banks have to resort to other means of improving capital ratios. One way to do this is to keep interest rates high, even
when funding rates decrease. Apart from improving profitability, keeping interest rates high also results in lower lending
volumes, which helps in the deleveraging process. Indeed, capital ratios may also be improved by reducing the amount of
assets on balance sheets. Banks that have lower capital ratios will thus be less inclined to pass-through cuts in funding

rates to retail rates.

Hypothesis 2. A lower capital ratio leads to lower pass-through in the current financial crisis.
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Figure 4: Tier 1 capital over risk-weighted assets for four selected countries. Source: IMF /Bankscope

3Jansen et al. [2013] show that this happened in the Netherlands.



2.3 Competition

The financial crisis also resulted in a drastic change in the competitive landscape in the Eurozone banking system. Cross-
border banking, for example, has reduced significantly across the Eurozone (see table 10 in the appendix). This has caused
a transfer in the supply of credit from internationally orientated banks to domestic banks. Mier-y Teran [2012] provides a
theoretical framework on how competition alters the pass-through process. His model suggests that markup-values will be
closer to zero as the amount of loan suppliers increase, so that the monetary policy rates transmit more fully to retail rates.
This suggests that the recent reduction in competitiveness may explain the deterioration in the pass-through process. In
their paper, the ACM [2013]* — apart from finding that banks ration credit to improve their capital-ratios — finds a strong
positive correlation between the Herfindahl-index and profit margins for Dutch banks, so that banks have less incentive
to fully pass-through changes in funding rates to retail rates. Indeed, figure 5 below shows that — although the trajectory
seems very gradual — there has been a reduction in competition. As a proxy for competition, the Herfindahl-index on
total assets is used here, where a higher value corresponds to less competition. There are a number of serious limitations
to the use of the Herfindahl-index. First, when fierce bank competition forces consolidation as a means of improving
efficiency, this will, despite low profit margins, result in a higher Herfindahl-index. Second, a small amount of players in
the competitive landscape does not necessarily imply that competition is low. For instance, there’s a difference between

three banks operating in Luxembourg, and three banks operating in Spain (van Leuvensteijn et al. [2013]).

Hypothesis 3. Heterogeneity in pass-through can be partly explained by cross-country variation in the Herfindahl-indez.
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Figure 5: Herfindahl-index on total bank assets for four selected countries. Source: ECB

2.4 Non-performing loans

The onset of the financial crisis coincided with an increase in risk-taking by banks. With the expectation of ongoing
economic prosperity, banks were eager to supply loans to those in need. Indeed, as Minsky [1992] argues, there will be
an increasing tendency to engage in risk-taking activities in times of prolonged prosperity. Minsky argues that the least

creditworthy borrowers — the so-called Ponzi units — are only able to meet their debt obligations when asset prices are

4 Autoriteit consument en markt.



rising. The financial crisis caused a Minsky moment: the least creditworthy borrowers en masse started selling their assets,
inducing a deflationary spiral in asset prices. This has caused many of the debtors that took on a loan to be unable or
unwilling to meet their debt obligations. As figure 6 shows, the rise in non-performing loans in the periphery — which
also took the largest blows in terms of economic growth and unemployment — has been especially overwhelming. With
European-wide weak recovery, there is little reason for banks to assume that debtors will repay these non-performing loans.
I expect that banks with a large amount of non-performing loans keep interest rates high to accumulate loss provisions.
Insofar as the interest elasticity of the demand for bank loans is not perfectly inelastic, this will also result in a reduction in
total loans, which may put a downward pressure on profits. There is however another way in which non-performing loans
may affect pass-through. The amount of non-performing loans in banks’ portfolios may be an indication for the height
of risk-premia. After all, when banks tend to supply loans to risky projects, and thereby face the risk of non-performing
loans, they will also charge high risk premia to compensate for expected losses. Thus, the mechanism works in two ways:
First, when non-performing loans are numerous, banks may be inclined to keep interest rates high so as to accumulate loss
provisions. And second, when non-performing loans are numerous, risk premia are high, such that banks have a tendency

to keep retail rates high when funding rates are falling. This leads me to the following hypothesis:

Hypothesis 4. Heterogeneity in pass-through can be partly explained by cross-country variation in non-performing loans.
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Figure 6: Non-performing loans to total gross loans in four selected countries. Source: Worldbank

2.5 Literature review

In a paper by the IMF, Sabarowski and Weber [2013] attempt to identify the determinants of short run interest rate
pass-through by means of a panel VAR with interaction terms that include exchange rate flexibility, regulatory quality,
financial development, dollarization, inflation, competition, non-performing loans, and the ratio of liquid to total assets.
They find that all these variables, with the exception of inflation, are significant in the VAR. Most notably, more fierce
competition and the amount of non-performing loans are key determinants of short run pass-through. They also find that
higher liquidity leads to lower pass-through, and attributute this to the fact that in high-liquidity environments, adequate

investment opportunities do not exist. The main advantage of their methodology stems from the fact that they require



only one estimation technique — a panel VAR — to find determinants of short run pass-through. The main downside is
that they are unable to examine the determinants of long run pass-through. Schluter et al. [2012] first estimate an error-
correction model, and subsequently regress estimated loan markups and speed of adjustment coefficients on a number of
explanatory variables. They find that high liquidity and cost efficiency reduces loan mark-ups, whereas banks with a high
share of deposit funding tend to have higher loan markups. In addition, bank size, cost efficiency, and deposit funding
have a positive sign in determining the speed of adjustment. In a very recent BIS paper, Illes and Lombardi [2013] show
in a two-stage estimation technique that interest rate pass-through has been lower during the financial crisis. They first
calculate the pass-through coefficient prior to the crisis, and proceed to estimate fitted values of interest rates for the
post-crisis sample had the high pre-crisis pass-through levels prevailed. The fitted values are then subtracted from actual
interest rates to find how weak pass-through differs per country. The paper proceeds to conduct a bivariate regression
between non-performing loans and weak pass-through, and finds a positive correlation for Italy, Spain, the United States,
but not for the United Kingdom and France. Kapan and Minoiu [2013] examine the impact of balance sheet health on
loan supply. Their results indicate that banks that relied relatively heavily on market-based funding were more likely to
ration credit. In addition, well capitalized banks are less likely to ration credit, and there exists a positive interaction
term between liquidity and solvency. In a BIS working paper, Gambacorta and Marques-Ibanez [2011] make a distinction
between the determinants of bank lending prior, and during the crisis. Their main results - driven by microdata from over
1000 banks in the US and Europe - suggest that banks with lower capital ratios and larger dependence on market-funding
rationed credit more strongly in times of crisis compared to calm economic times. The latter of these two independent
variables suggest that the funding gap has played a role in the reduction of the supply of loans. It will be interesting to see
if the funding gap also plays a role in interest rate pass-through. van Leuvensteijn et al. [2013] investigate the effects of
competition on pass-through using the Boone indicator with a 10-year data sample starting in 1994. The Boone indicator
is derived under the assumption that more efficient firms attract more market share. The more competitive the market
is, the stronger an incremental improvement in efficiency is on market share. The authors include the Boone indicator in
the error-correction estimation and find a negative significant sign in most specifications: more fierce competition leads
to lower pass-through. Mojon [2000] finds that banks in competitive environments are characterized by higher estimates

of short run pass-through. Similar results are found in Cotterli and Kourelis [1994] and Gigineishvili [2011].

3 Data

Data is collected for 11 countries: Austria, Belgium, Finland, France, Germany, Greece, Ireland, Italy, the Netherlands,
Portugal and Spain. For the VECM specification, I extracted data for funding rates and retail rates from various sources.
The VECM is estimated in two subperiods: the calm period, with effective monetary transmission, lasts from january
2003, up until august 2007 (2003M01-2007MO08), and the crisis period corresponds to 2007M08-2013M03°. Retail interest
rate data is publicly available from the SDW®. Eonia rates can be found on global-rates.com?, three-month and six-month
euribor rates come from euribor-ebf.eu®, and 5- and 10-year government bond yields were extracted internally at DNB?.
With respect to the determinants of interest rate pass-through, the main variables are capital ratios, loan to deposit ratios,

competition, and non-performing loans. Since the results may vary for different types of the employed capital ratio, I

5In august 2007, euribor rates started rising quickly relative to the MRO (main refinancing operation) rate. de Socio [2011] finds that this
can be attributed to increased liquidity risk perceptions by banks, initiating the problems in the interbank market. See figure 9 in the appendix
for a graphical representation.

6Statistical Data Warehouse.

"http:/ /www.global-rates.com/interest-rates/eonia/eonia.aspx

8http://www.euribor-ebf.eu/euribor-org/euribor-rates.html

9de Nederlandsche Bank.



acquired four types of capital ratios. Capital and reserves over total assets was acquired from a database at DNB with a
monthly frequency over the entire sample period. Capital and reserves include equity capital, non-distributed benefits or
funds, and specific and general provisions against loans, securities and other types of assets. To avoid notational clutter,
I will refer to this ratio as simply capital over total assets. Tier 1 + tier 2 capital over total assets is made available from
the World Bank with a yearly frequency from 2003 to 2011 or 2012, depending on country. Tier 1 and total regulatory
capital over risk-weighted assets is made available by the International Financial Statistics database supplied by the IMF.
Unfortunately, the dataset on tier 1 / RWA!? and total regulatory capital / RWA was largely incomplete — comprising
4 to 7 years out of the 10 years examined, again depending on the country considered. For the years where these data
were not reported, I constructed them by summing tier 1 and regulatory capital over total risk weighted assets for the
five largest banks in each country, using microdata from Bankscope. Even with the additions from Bankscope, there are
still some years where the tier 1— and total regulatory capital ratio could not be reported. For the loan to deposit ratio,
loans and deposits to households and non-financial corporations were used. The data on this is made available by the
SDW with a monthly frequency. The Herfindahl-index on total assets is extracted from the SDW with a yearly frequency
from 2003 to 2012. Data on non-performing loans is available from the worldbank database and lasts from 2003-2011 /
2003-2012 depending on country. Additionally, two control variables are employed. To control for demand, data from the
Bank Lending Survey was constructed. The relevant questions here from the BLS were, since my retail rates correspond
to loans to households, and loans to firms, the following: ”Over the past three months, how has the demand for loans
or credit lines to enterprises changed at your bank, apart from normal seasonal fluctuations?” and ”Over the past three
months, how has the demand for loans to households changed at your bank, apart from normal seasonal fluctuations?”.
The bank lending survey presents the results in net percentages or as a diffusion index. Unfortunately, the Bank Lending
Survey is unpublished for Greece and Finland, so I could not control for demand in those countries. As a general strategy,
I used the reported net percentage'! as a way of measuring demand shifts. However, for three out of the nine surveys
examined, only diffusion indexes were available, which were then used to indicate demand shifts. The second employed
control variable is HICP!? inflation (2003-2013). Table 1 presents descriptive statistics on the employed variables. As can
already be seen, mean values of pass-through — which will be estimated in section 5 — have fallen in the crisis sample. The
capital to total assets ratio and the Herfindahl-index remained roughly the same, whereas Tier 1 and Tier 1 + 2 capital
ratios have increased in value. Particularly illustrative of the crisis is the increase in the mean value of NPL - from 2.7
to 5.18. Another interesting descriptive statistic is loan demand, which faced a large drop in mean value. The coinciding

movements in pass-through and banking statistics provides the first hint that the two may be interlinked.

10Risk-weighted assets.
. i d— 3 d d
11Here, the net percentage is calculated as 2 Responsesincreased—3, Responsesdecrease
> Allresponses
3" Responsesincreasedconsiderably—>_ Responsesincreasedsomewhat %100 3" Responsesdecreasedconsiderably—>_ Responsesdecreasedsomewhat %100
> Allresponses > Allresponses

12Harmonised index of consumer prices.

* 100, and the diffusion index is calculated as
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Table 1: Descriptive statistics

Variable Obs Mean Std. Dev. Min Max
passthroughcqim 57 0.89 0.17 0.34 1.28
passthrougherisis 56 0.52 0.34 0 0.93
CA/TAcaim 11 6.20 1.76 3.94 8.63
CAJTAcrisis 11 6.46 1.52 4.55 8.49
NPLum 11 2.7 1.89 0.34 6.04
NPLisis 11 5.18 3.52 0.52 11
T1/RW Acaim 11 9.11 1.95 7.313 14.387
T1/RW Aerisis 11 10.65 1.89 8.20 13.62
(T1+T2)/T Acaim 11 5.61 1.72 3.26 9.42
(T14T2)/T Acrisis 11 5.75 1.22 4.37 8.57
Reg.Cap/T Acaim 11 12.09 1.87 10.14 17.21
Reg.Cap/T Acrisis 11 13.16 2.34 9.19 17.20
Her findahleqim 11 0.10 0.08 0.02 0.26
Her findahl;s;s 11 0.11 0.09 0.03 0.33
loandepeaim 11 1.38 0.345 0.814 1.968
loandeperisis 11 1.39 0.36 0.68 1.99
inflationcaim 11 2.20 0.68 0.95 3.23
inflationerisis 11 2.12 0.53 0.79 2.79
loandemandqim 9 4.00 10.18 -10.55 36.19
loandemand .ris;s 9 -18.69 16.15 -53.33 15.95

4 Testing for cointegration: the Johansen method

Standard procedure in modern time-series econometrics is analyzing the stationarity of the variables of interest'3. When
these variables are indeed non-stationary, ordinary least squares will yield spurious results, where t-values may wrongfully

suggest a meaningful economic relationship. Consider the following AR(1) process:

Yt = pYt—1 + &, (4.1)

which may be rewritten to:
(1= Lp)y =&, (4.2)

where L is a lag operator and 0 <p <1. In the case that p=1, the equation may be rewritten as:
Ayt =&t (43)

It is now easy to see that the error term translates one-to-one into Ay;. Hence, shocks in the error term are non-decaying
so that a permanent change in variable y; results. The described situation where the coefficient p = 1 is called a unit root
in the time series literature, which is equivalent to the time series being non-stationary. There are a number of tests to
determine whether this is the case or not. The Dickey-Fuller test is obtained when subtracting y;_1 from both sides of
equation (4.1):

Ay, = ayy_1 + & (4.4)

Here @ = (p — 1). However, the Dickey-Fuller test is only valid in case of an AR(1) process. In case the series is

characterized by higher significant lag lengths, the white noise assumption of ¢ is violated. To resolve this, lags are added

13Tn terms of methodology, this section draws upon Harris [1995] and Enders [2004].
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to equation (4.4), which leads us to arrive at the following p-th order augmented Dickey-Fuller test equation:
Ayp = ayr—1 + B1Ays—1 + BoAys o + ... + BpAys_p + &4 (4.5)

Again, a« = (p — 1), so that the ADF test amounts to testing whether a = 0, or equivalently, p = 1.

The results (see appendix, table 6) suggest that we are — in all but two cases — dealing with non-stationary variables.
In principle, first differences can be taken to restore stationarity. The downside of this, however, is that any long run
relationship can no longer be inferred. In case variables are cointegrated, a linear combination of the variables of interest
will result in stationary error terms, so that first differencing is unnecessary. Having estimated that most of my time
series are indeed I(1), I will now, by following the Johansen procedure, estimate whether a linear combination of my I(1)
variables results in stationary I(0) error terms. To determine the amount of lags used in the specification, the following

VAR is estimated with the non-stationary variables in levels:

n n
Ty = Z Qri—g + Z Brit—k + e
k=1 k=1

n

it = Z Vili—k + Z ArTi—k + €

k=1 k=1
Here, i; denotes the underlying funding interest rate, which can be either a money market rate or a capital market rate,
while r; corresponds to the relevant retail rate. The optimal amount of lags was derived from the Schwarz information

14 Then, the Johansen procedure was followed in order to identify possible cointegration. In the Johansen

criterium
procedure, the following vector error-correction model is run, which is effectively the VAR in first-differences plus an
error-correction term.

AZy =T1AZ; 1+ ...+ Fk—lAZt—k—i-l +1Z_ ) + &

r
Here, Z;= .t , II = aff’ where « is a vector of speed of adjustment parameters and (3 is the cointegration vector. In
1t

the Johansen cointegration test, the rank of the matrix IT denotes the amount of cointegrating relationships, which is
equivalent to the amount of eigenvalues present in matrix II. A full rank indicates that our variables are I(0), so that
there is no error-correction. In that case, the bivariate VECM is inappropriate and a standard VAR should be estimated
instead. A rank of zero indicates non-cointegrating I(1) variables, where the appropriate model is one where the variables
are cast in first differences. Only when matrix IT has reduced rank, the matrix is separable between the speed of adjustment
term and the cointegrating vector, so that we can speak of a cointegrating relationship between r;, the retail rate and 4;,
the funding rate.

Tables 6 to 11 show the test results for the presence of cointegration. The numbers — 0, 1, or 2 — indicate the
cointegrating rank as found by the Johansen procedure. As said, a rank of zero indicates non-cointegrating (1) variables,
a rank of one indicates cointegrating I(1) variables, and a rank of two indicates that our variables may be I(0). The
numbers in brackets indicate the trace-statistics: a higher value corresponds to a stronger rejection of the null hypothesis
that the cointegrating rank is zero. Since there is considerable heterogeneity in long run pass-through between the
different types of funding rates, it is important to use the same funding rate in both periods in order to obtain comparable
estimates. In principle, combinations of funding rates that yield the highest trace-statistics will be used in the succeeding
section to estimate long run pass-through. Sometimes, in spite of the rejection of stationarity by the ADF test, the

Johansen procedure will be unable to detect non-stationarity of the time series, yielding a cointegrating rank of two.

1 As is common in the interest rate pass-through literature. See for example ECB [2009] and Aristei and Gallo [2012].
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When encountered with this result I — when possible — will choose a funding rate combination with a cointegrating rank
of unity in both subperiods, regardless of the magnitude of the trace-statistics. However, when only an option with
two cointegrating relationships is available, adding additional lags in the Johansen test often reduced the cointegrating
rank to one. In other cases, the amount of lags dictated by the Schwarz criterion only yielded cointegration in the calm
sample, but no longer thereafter. This problem could often be circumvented by reducing the number of lags chosen in the
Johansen test. In some cases, it was not possible to find cointegration in the crisis sample: Hence, there is no long run
pass-through, so that the reported coefficient in the succeeding section will be set to zero. In other cases, cointegration
could not be found in either period, or eye-ball econometrics clearly suggested that retail rates followed an independent
trajectory of funding rates. For these cases, I did not report long run pass-through estimates in the succeeding section.
The reported asterisks in the tables correspond to the funding rates chosen in the error-correction model in the following
section. Table 13 presents — as a robustness check — speed of adjustment parameters by following the Engle-Granger
methodology for detecting cointegration. Unfortunately, in some cases the Engle-Granger method was — as opposed to the
Johansen method — unable to detect cointegration. This suggests that some of the cointegrating relationships as found by
the Johansen procedure using non-optimal lags (as described above) are only weakly cointegrating. This may result in a

small bias in the long run pass-through coefficients as calculated in the succeeding section.

5 Error-correction estimates of long run pass-through

In this section, I will present results of the long run relationship between funding rates, and retail rates. The relationship

of interest is represented by the following equation:

re = Po + Prie + & (5.1)

Here, r; equals the retail rate, i; represents a funding rate, and ; equals the pass-through coefficient between the two
interest rates. 51 = 1 will then indicate full pass-through and thus perfect transmission of the funding rate to retail rates,
i.e. a unit change of the funding rate translates into a unit change in retail rates. [y is a fixed mark-up, which may
inter alia include profit margins and monitoring costs. Remember that, since all interest rates are non-stationary, OLS is

inappropriate and first differences need to be taken. Doing this for equation (5.1) results in the following:
Ary =10 +mAi + & (5.2)

In order to find a long run relationship, a VECM can be estimated when the variables are cointegrated. The estimated

relationship is given by the following error-correction representation:

Ary = oo + Z apArg_p + Z O Nig_i +y(re — Bo — Puit) (5.3)
k=1 k=1

Note that the term in brackets in equation (5.3) is equivalent to the error term in equation (5.1). The error-correction
model allows us to find both short run, long run, and speed of adjustment coefficients. 6} indicates the pass-through of
funding rates to retail rates in the short run, and (; provides the long run pass-through estimate, the coefficient we are
most interested in. In case 51 = 1, pass-through is complete. When f; < 1, pass-through is incomplete. Likewise, when
B1 > 1, retail rates over- or undershoot. The overshooting of pass-through may, inter alia, be due to banks switching
to more risky projects during the examined time frame (de Bondt [2002]). ~ indicates the speed at which disequilibria
between the two rates are restored to equilibrium. In the absence of a significant estimate, there is no cointegration since

no adjustment to equilibrium takes place.
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For each respective retail rate, two ECMs are estimated: one for calm economic times, and one for times of crisis.
Doing so will yield long run pass-through coefficients for both subperiods, so that we can identify whether pass-through
has indeed deteriorated.

The estimated long run pass-through coefficients can be found in table 2. The results are in line with previous literature
(Blot and Labondance [2011] Aristei and Gallo [2012]), although somewhat less pronounced. There are at least two
reasons why this could be the case. First, monetary policy transmission faced the largest impairment at the beginning
of the financial crisis (both authors examined a shorter crisis period subsample), and second, the aforementioned authors
solely use eonia and 3-months euribor respectively as proxies for the MRO rate. As expected, the long run pass-through
coefficient is lower for the crisis sample than for the calm sample in almost all cases. One of my particularly important
results is that pass-through in the crisis sample for firm loans up to 1 million euro’s — often attracted by SME’s — has faced
large deteriorations. In many cases, pass-through is found to be zero. For loans over 1 million euro’s — often attracted
by larger firms — pass-through has been relatively high in comparison. Pass-through in the mortgage retail market also
suffered large blows: pass-through for new mortgage loans roughly halved in Belgium (from 1.117 to 0.539) and the
Netherlands (from 0.959 to 0.459), and to a smaller extent in Spain, Germany, France, and Finland. For some countries,
the deterioration in pass-through is stronger than in others. Austria, for example, seems relatively unaffected, whereas
peripheral countries like Portugal, Spain, Ireland, Italy and Greece faced large impairments in pass-through, often ending
up with a pass-through of zero. Another interesting case is Finland, where pass-through in the crisis sample remained
quite high for most retail rates, but dropped to zero for firm loans up to 1 million euros. This indicates that the SME
financing problem does not merely limit itself to the periphery. For France, long run pass-through has increased for
outstanding loans to non-financial corporations with a maturity exceeding five years from 0.341 to 0.433. Unfortunately,
both Blot and Labondance [2011] and Aristei and Gallo [2012] limit their analysis to newly issued loans, so that this rather
puzzling result cannot be compared with previous literature. Table 12 in the appendix shows whether the differences in
pass-through between the two subperiods are significant or not. As is clear, the differences in long run pass-through are
significant in almost all cases. The results for Austria and France indicate that the reduction in pass-through has been
moderate for these countries. For Austria, only significant differences can be reported for newly issued loans to firms,
both up to- and over 1 million euro’s. For France, only pass-through to retail rates over 1 million euros to non-financial

corporations reports a marginally significant result at the 10% confidence interval.
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6 Results

In this section, I try to explain cross-sectional heterogeneity in pass-through using capital ratios, a Herfindahl-index,
non-performing loans, and loan to deposit ratios as explanatory variables. This section discusses the results in both the

sample for calm economic times, and the sample of times of crisis. The equations estimated correspond to the following:

passthroughcaim = ag + a1 capratiocaim + oo loandepeaim + a3 herfindahleqim + o4 NPLeqm + NiZi +¢ (6.1)
~—~ ~—~ ~—~ ~—~
0 0 0 +

passthrougherisis = Bo+ B1 capratioerisis + P2 loandeperisis + B3 her findahlerisis + Ba NPLerisis +7iXi +¢ (6.2)
el gl gl —~

Here, Z; and X, are vectors of control variables as described in the data section. The terms under braces reflect the
expected signs on the coefficients, and correspond to the posited hypotheses in section 2. The following paragraph briefly
explains the expected signs.

The financial crisis forced banks to improve their capital ratios. This can either be done by rationing credit or improving
profit margins. In an attempt to improve capital ratios, banks will be less inclined to pass-through a decrease in market
rates. Hence the positive sign on capital ratios for the crisis sample. Since banks were thought to have ample capital
positions prior to the crisis, the expected sign for the calm sample equals zero. Due to the absense of functioning markets
for securitization, banks will be inclined to keep deposit rates high in an attempt to attract deposits. Hence the expected
negative sign on loan to deposits for the crisis subsample. Since markets for securitization boomed prior to the crisis, the
expected sign for the calm subsample is zero. Moving on, in an environment of imperfect competition, there is assymetry
in the pass-through from funding rates to retail rates over the interest rate cycle: When interest rates are trending up,
the increase in funding rates will be passed-through to retail rates. Conversely, when interest rates are trending down, the
incentive to pass-through lower funding rates to retail rates will be low in the absense of competition. When competition
among banks is fierce, the assymetry dissipates: When interest rates are trending up, banks will be sure to pass-through
increases in funding costs to prevent making losses. Likewise, when interest rates are trending down, banks pass-through
lower funding costs to avoid losing market share (Mojon [2000]). During the crisis subperiod, when interest rates were
trending down, the expected sign is negative: fierce competition among banks increases the incentive to pass-through lower
funding rates (a low Herfindahl-index indicates fierce competition among banks). Since interest rates were trending up in
the calm subperiod, the expected sign here is 0: regardless of the fierceness of competition, banks will always pass-through
rising funding costs. Finally, when non-performing loans are numerous, banks may keep retail rates high in order to
cushion the blow when losses need to be taken. Additionally, banks that face an increasing amount of non-performing
loans will be driven to increase credit risk margins, thereby affecting pass-through. During the crisis, when interest rates
were trending down, banks will keep pass-through low so as to increase the margin. For the same reason, in the calm
subsample when interest rates were trending up, banks will more than fully pass-through a rise in funding rates in order
to increase the margin. Hence the negative sign for the crisis sample and a positive sign for the calm sample.

The estimation results can be found in table 3 and 4. For every type of capital ratio, two equations are estimated.
Model (1) is equivalent to equation (6.1) or (6.2) without Z; and X; respectively. Model (2) includes inflation and loan
demand as control variables. When inflation is high, the real interest rate is lower and banks will want to keep pass-through
high so as to compensate for the loss in return (Cotterli and Kourelis [1994]). Loan demand controls for fluctuations in
bargaining positions of banks that may potentially influence pass-through. The amount of control variables in my model
may be considered to be too limited. The author has tried to include other control variables such as return on assets, total

bank assets to GDP, public debt to GDP, and GDP growth, but they proved unsatisfactory in improving the goodness of
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fit. In addition, the aforementioned control variables were unable to turn up significant in any of the specifications, which
also reduces the odds of the presence of omitted variable bias.

The regression estimates'® for the calm sub-period are given in table 3, estimates of the crisis sample are projected in
table 4.

The calm subsample Because inflation and loan demand turn out to be insignificant controls, only the results for
the baseline estimation are reported. As expected, the fit of the models is very poor, with adjusted R? statistics ranging
between 0.066 and 0.082. Indeed, capital ratios, the funding gap and competition play an insignificant role in determining
long run pass-through. A somewhat surprising result is that non-performing loans turn out significantly negative in three
out of four regression specifications. This result was only to be expected in the crisis sample when interest rates are
trending down. The significant negative result indicates that when funding rates are increasing, banks with high non-
performing loans tend to less than fully pass-through an increase in funding rates to retail rates. Unfortunately there is
no theoretical mechanism that could explain why this is the case. The low fit of the model, however, indicates that the

significance may be the result of omitted variable bias.

The crisis subsample Table 4 provides the estimates for the crisis sample. Interesting to note here is that the Adjusted
R? values are higher in all regression specifications compared to the estimates for the calm subsample. This at least partly
confirms the hypothesis that capital ratios, loan to deposit ratios, competition, and non-performing loans are better able to
explain cross-country heterogeneity in pass-through in times of crisis. In the baseline estimation without control variables,
the capital over total assets ratio has a negative significant sign. However, when the risk-weighted tier 1, or risk-weighted
total regulatory capital ratio is used, the sign reverses, is significant, and as expected according to the posited hypothesis:
in times of crisis, banks that are below regulatory capital requirements are more likely to keep interest rates high. Because
the regulatory framework of Basel III is aimed at safeguarding capital over risk-weighted (and thus not gross) assets, the
positive significant sign here confirms my hypothesis. Nonetheless, the sign reversal between the capital ratios remains
somewhat of a mystery and may deserve some attention in future research'®. The funding gap does not turn out to be
significantly negatively related with pass-through!”. Apparently, there is no European-wide tendency for banks to keep
interest rates high in order to attract funding. Nonetheless, there may be a role for the funding gap for specific retail
markets or specific countries. The limited amount of calculated long run pass-through observations makes this a difficult
exercise to uncover. In four of the specifications, the sign on the Herfindahl-index gets the expected negative sign and
is significant: a higher Herfindahl-index results in lower pass-through. However, due to the serious shortcomings of the
Herfindahl-index as discussed in subsection 2.3, the significant result here should only serve as a hint for future research.
These limitations not withstanding, the results on competition are in line with findings by e.g. Sabarowski and Weber
[2013], Mojon [2000] and van Leuvensteijn et al. [2013]. The high importance of non-performing loans as a determinant
found in Tlles and Lombardi [2013] and Sabarowski and Weber [2013] is not confirmed by my results: Non-performing
loans turn out to be insignificant in most specifications. Indeed, only in two specifications, there is a significantly negative
association between pass-through and non-performing loans, while five other specifications show an insignificant negative

sign. It seems that capital is the main driver of pass-through heterogeneity.

151n some cases, robust standard errors are used when heteroskedasticity was found to be present.

16Figure 8 provides a graphical representation of the association between pass-through and capital ratios. The graphs confirm that there is
a strong fit in times of crisis in opposing directions for the two capital ratios depicted.

TFigure 7 shows that there is a negative association between average long run pass-through and loan to deposits in the crisis sample. Upon
investigation, the reader may identify Greece and Portugal as problematic outliers. Leaving them out of the regression specification, however,
does not lead to higher significance of the loan to deposit variable.

17



"A[oA1900dso1 %06 PUR % G6 ‘%66 U e 0URIYIUSIS svjedIpul  pue

sk kokok

14 9¢ 1517 9¢ 9¢ 9¢ v 9¢ SUOTYRAIIS ()
ou ou ou SoA SoA ou ou SoA JSIOLIF "PIS 1SNqoy
0vc o G9¢'0 76¢0 ¢8¢'0 L8T°0 ¢eT0 8620 ¥v¢0 4 v
«LET0— uoryeyurel
«+6000— «800°0— «600°0— puewop weof A
L10°0— 610°0— 110°0— 610°0— wxx670°0— w0700~ L0070 910'0—  sueo[ Jurrojrad-uouvy
9¢G'1— €ce0— 610 C— #0600 T— 8T0°0 €9G6°0— +++988°C— «6LL°0— [epuyIy £y
€L0°0— 76€0°0 LGST°0— 6¢0°0 ¢ec0— ¥¢0'0— 161°0— 0600 doapueoreg
(2) (1) (@) (1) (¢) (1) (¢) (1) SI0)oUIRIE ]
VAN / reyded A1oyemn3ey VMY / T 10T syosse / g+7 11T, syosse / reqde))
ordures sist1o :gT uoryenbe symsal uoIsseIsal §TO F (el
"A[oA1100dsar %06 PUR %C6 ‘%66 9 18 90UROYIUIIS S91edIpUl , pue . . . .

LG LG LG L8 SUOTIRAIIS ()

sok S0k S0k ou JSIOLIF] "PIS ISNqoYy

€L0°0 ¢80°0 9900 9900 4 Py

#6680 31670 910 T +xx666°0 FaeIsuo’)

uoryeguIey

puruwep urvorly

#6600~ #x+L80°0— +x960°0— 8¢0'0—  sueo[ Suruiojrod-uouto

829°0— 166°0— rs0— cee0— [qepuyoyEo

0000 LT10°0— ST0°0— ¢e00 depueo[co

¢100 120°0 800°0 800°0— oryeadento

(c) (1) (c) (1) (c) (1) (c) (1) sIvjouIeIRq

VMY / rendes L1oyem3ey VAY / T TorL, sjosse / g+1 oL, syosse / Tejide))

odures uieo

:g1 uoryenba s)NsaI UOISSAISY ¢ 9[qE],

18



Pass-through

Pass through

1.1

0.9

0.8

0.7

0.6 -

Calm sample

ES ¥
DE ¢

Fl &

IT &

FR & NL @ @ PT
GR &

0.5
0.4

0.8 -

0.7 |

=
a1
|

=
n
|

=
i
I

e
t
L

0.2 +

0.1 |

0.6 0.8 1.2 1.4 1.6 1.8

[

Loan to deposits

Crisis sample

AU &

DE &

'R ¢ Fl &

NL 4

ES
IT ¥

PT &
GR ¥

0.5 1 1.5 2
Loan to deposits

Figure 7: Loan to deposits and average pass-through

19

R?>=0.1209

R*=0.1043



ysnoayy-ssed sGeroae pue sonjer [ejden @ onsig

sjasse [ejo 1 / rende)

56 o8 SL <9 S5 S S'E
LSIL0==d I
4 4o
4 1d L
o[dures s1SLI)
s)asse [elo] / [edde)
6 8 £ 9 S 4 €
CCLO0=2d

4 Ud * ¥ & Y4 & N L

s e

14

* * S ¢ ¥p 30 4 39 L

o[dwres wye)

10

0

€0

7’0

S0

90

L0

80

0

7’0

90

80

1l

USNoaL-sse g

ysnoayy-ssed

VA /ende) 11
4 €T T 1T QT 6 8 A

98790 =

orduwres SISLI)

VA / TendeD 11

St A €1 4" 14 o1 6 g ‘
¥800°0 = zd
¢ & N e JEE
p— & OV 4 |
E
+ &Y M X

ordures we)

10

<0

€0

70

S0

yanoayy-ssed

90
£0
80
60

o

o

90

SNoaL)-sse g

80

L

20



7 Conclusion

The financial crisis resulted in large consequences for the effectiveness of monetary policy transmission. This thesis was
written in an attempt to uncover why interest rate pass-through has been so weak since the onset of the financial crisis. To
answer this question, a two step estimation technique was used. First, long run pass-through from funding rates to retail
rates was estimated using an error-correction model. The results indicated that the crisis indeed resulted in significantly
lower pass-through, with particularly strong effects in the periphery. Second, I regressed long run pass-through estimates
with capital ratios, loan to deposit ratios, non-performing loans, and competition to find if these variables are able to
explain why some countries had stronger pass-through during the crisis than others. The main result is that banks with
higher regulatory capital ratios tend to have higher pass-through estimates. The absense of significant estimates for
the loan to deposit ratio suggests that the funding gap does not play a significant role for the examined retail rates.
In addition, I find a negative association between the Herfindahl-index and pass-through estimates that is quite robust
across the different specifications. However, considering the serious limitations of the Herfindahl-index as a measure
for competition, the result should, in spite of being in line with theory, be interpreted with care. More numerous non-
performing loans result in significantly lower pass-through in two specifications. Five other specifications report a negative
but insignificant estimate. The main policy implication is as follows and in line with other literature (e.g. van Horen
and de Haan [2013], Kapan and Minoiu [2013], Gambacorta and Marques-Ibanez [2011]): Since regulatory capital ratios
are significantly positively related to long run pass-through across specifications, banks should be recapitalized so as to
improve pass-through, thereby repairing part of the monetary transmission mechanism. Adequate financial means to
recapitalize banks following the asset-quality review are therefore of high importance.

There are a number of suggestions for future research. First, research may be dedicated to calculating pass-through
for a larger range of countries, such that the distinction between retail markets can more easily be made. Second, the
poor quality of the Herfindahl-index makes it an unrealiable measure for competition, such that policy implications can
not directly be taken. For that reason, future research may focus on using more sophisticated measures of competition,

such as the Boone indicator or a Lerner-index.
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