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. Introduction

The monetary transmission mechanism is a frequently
discussed area of economic research. It is crucial to
understand how a central bank can influence the
development of macroeconomic variables, such as
inflation or output. In the last decades, several channels
of monetary transmission have been identified and
studied. Although monetary policy can affect the
economy in many ways, its most important tool before
the 2008 global financial crisis was traditional interest
rate setting. However, the crisis quickly highlighted the
limits of conventional monetary policy, when nominal
interest rates approached zero. Central banks of several
developed countries transformed their toolkits, and
unconventional measures usually seemed to be
appropriate to handle the most severe effects of the
financial crisis. However, mainly in Europe, economic
growth remained fragile, deflation proved to be a major
difficulty; furthermore, debt accelerated quickly and then

stabilized at a high level.



One of the most highly debated new tools of monetary
policy has been definitely the negative interest rate policy
(NIRP). The topic naturally received a large amount of
attention from researchers and decision-makers as well.
After the global financial crisis, central banks lowered
the interest rates to support the economic recovery. In
several developed countries, interest rates quickly
reached the zero lower bound (ZLB). In spite of the
extremely low rates, economic growth did not rebound,
or remained fragile, in many cases. The central banks of
the Euro Area, Denmark, Japan, Sweden and
Switzerland, reduced their policy rates below zero to
provide further stimulus to the economy®. However, this
unprecedented move yielded mixed results. Research
about the effectiveness of negative policy rates is
contradictory. The most important topics regarding NIRP
are the transmission of negative rates and their impacts
on the banking sector. A major concern of monetary
transmission at negative nominal interest rates was the

assumption that deposit rates of commercial banks cannot

! In Denmark and Switzerland, an important motivation was the
avoidance of the sharp appreciation of the domestic currency.
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fall below zero, since this move would result in the
withdrawal of money from banks. Furthermore, negative
lending rates also seemed unreasonable. Although some
commercial banks experimented with negative interest
rates (Arnold, 2019; Martin, 2019; Wass, 2020), these
were rather the exemptions than the rule.

In June 2014 the European Central Bank cut its deposit
facility rate (DFR) below zero and it kept the DFR in
negative territory until July 2022. The eight years long
era of negative interest rates came to an end in the middle
of 2022 with the first rate hike, which was necessary for
curbing down rising inflation in the Euro Area. The
closure of NIRP provides an opportunity to assess the
performance of negative nominal interest rates and to

draw conclusions.

1. Aim and relevance of the research

In 2022, the increase in inflation brought an end to the
era of negative nominal interest rates in the Euro Area.
However, the exit was not easy. The decision to end the

period of negative nominal interest rates was preceded by
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a long discussion about the nature of inflation (whether it
was temporary or permanent). By the time the ECB
decided to raise interest rates, the annual inflation rate in
the Euro Area was approaching 9 percent (Eurostat,
2022b). In order to maintain credibility, central banks

had to take action.

My research focuses on the interest rate channel of the
monetary transmission mechanism. | study how this
channel works in Eurozone countries when interest rates
become negative. Although several channels through
which monetary policy can affect the real economy have
been identified over the past two decades, | believe that
the interest rate channel still plays an important role in
the transmission, if it works properly. After all, the NIRP
is ultimately an interest rate policy, which the ECB used
to influence, among other things, commercial bank

interest rates (Boucinha et al., 2020).

The major goal of my research is to explore how negative
rates are transmitted into commercial bank rates by using
relatively simple econometric models. It is important to

understand how negative interest rates affect the



economy which was studied by several researchers with
complex macroeconomic models. | concentrate on a
smaller part of this process, the first step of the monetary
transmission. | narrowed down the focus to the Euro
Area and | am also interested in the possible differences
among member states. In relation to negative interest
rates, researchers usually examine all countries that
adopted NIRP, the Eurozone (or some larger economy,
such as Germany) and the usage of bank level data is also
popular. Extending the analysis to all member states and
the reliance on simpler econometric tools may provide

some new information.

2.1. Research questions and hypotheses

| have formulated the following three research questions

and hypotheses for my research:

Research question 1: How does monetary transmission

through the interest rate channel change in Euro Area

countries if the policy rate becomes negative?



- Hypothesis 1: Monetary transmission through the
interest rate channel weakens in Euro Area

countries if the policy rate becomes negative.

After reviewing the theoretical and empirical literature |
assume that the adoption of a negative interest rate policy
alters the functioning of the interest rate channel. An
interest rate cut in negative territory may have different
effects than in positive territory. | also assume that the
interest rate channel of the transmission mechanism
becomes less effective, when interest rates are negative.
Experience shows that commercial banks have been quite
reluctant to pass on negative interest rates to their clients,
which suggests that the influence of policy rates on

commercial bank interest rates may have diminished.

Research question 2: Does negative interest rate policy

have similar effects on the interest rate transmission

across Euro Area countries?

- Hypothesis 2: The negative interest rate policy

has different effects on the interest rate

transmission in Euro Area countries.



This hypothesis is based on the assumption that there are
differences in the monetary policy transmission
mechanism, macroeconomic processes, the financial
sector and other factors across Euro Area member states,
and that the impact of negative interest rates may
therefore vary.

Research question 3: How does the negative interest

rate policy affect monetary transmission through the
interest rate channel in the corporate and in the household

sectors?

- Hypothesis 3: The monetary transmission

mechanism is less effective in the household
sector than in the corporate sector when the

policy rate is negative.

| suppose that the monetary transmission mechanism is
less effective in the household sector than in the
corporate sector in a negative interest rate environment.
Commercial banks are less likely to pass on negative
interest rates to households, because in this segment cash

can be a good alternative to negative interest rates on



bank deposits. If deposit rates cannot be lowered,
profitability considerations are likely to prevent lending
rates from being lowered. However, the composition of a
bank's assets and liabilities does matter, since the
evolution of deposit and lending rates affects net interest

income.

Another important factor is that the maturity of loans
differs between the household and corporate sectors. As
Yun & Cho (2022) write, the impact of monetary policy
on corporate loans is more significant than on household
loans. Because of the shorter maturity, a large share of
corporate loans is refinanced more frequently than

household loans, which have longer maturities.

Finally, household loans can be subsidized to protect
households from negative economic effects. Subsidies
can serve important economic policy objectives and can
be justified, but they weaken the transmission mechanism

of monetary policy.

| test the hypotheses by estimating two types of error

correction models (ECM) and vector autoregressive



models (VAR). The approach is discussed in detail in the

methodological part.

I11. Methodology and results

Within the framework of the monetary transmission
mechanism, my research focuses on the first step of the
transmission via the interest rate channel; the pass
through of the changes in the policy interest rates into the
interest rates of commercial banks. In many countries,
the interest rate channel plays a crucial role in the
transmission  mechanism  of  monetary  policy.
Consequently, it is important to understand how this

channel functions when interest rates fall below zero.

3.1. Data

| used time series analysis to examine the transmission of
interest rates across Euro Area member states?. |
collected monthly data from the websites of the European

Central Bank and estimated error correction and vector

2 On the 1st of January 2023 Croatia joined the Euro Area, however,
the ECB already quitted the negative interest rate policy by that time,
so Croatia is not part of the current analysis.
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autoregressive models in Stata and EViews, which are

statistical software packages.

As dependent variables, | chose two composite cost of
borrowing indicators for firms and households. These
indicators are accurate and comparable measures of the
borrowing costs in the corporate and in the household
sectors in Euro Area countries (Feraboli et al., 2015).
Precisely, the indicators capture cost of borrowing for
new loans to non-financial corporations and the cost of
borrowing for new loans to households for house
purchase. Borrowing costs are expressed as a percentage.
As explanatory variables, | used three maturities (3, 6 and
12-month) of the Euro Interbank Offered Rate (Euribor)2.
Since key interest rates of the ECB can be unchanged for
a prolonged period of time, they are not really suitable
for econometric analysis, therefore | chose the Euribor,

which is an important reference rate. Euribor is also

3, The Euribor rates are based on the average interest rates at which a
large panel of European banks borrows funds from one another. The
Euribor rates are considered to be the most important reference rates
in the European money market. The interest rates do provide the
basis for the price and interest rates of all kinds of financial
products.” https://www.euribor-rates.eu/en/
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measured in percentage terms. The earliest available data
regarding the cost of borrowing indicators is January
2003, so this is the starting point of the analysis. The
models were run until the Euribor was negative. The end
points vary in line with the maturity of the Euribor. The
3-month rate was negative until June 2022, the 6-month
rate until May 2022 and the 12-month rate until February
2022.

3.2.  Error correction models with dummy
variable and interaction term

| started the analysis by constructing error correction
models (ECMs). The ECM can describe both long and
short-term relationships between two or more variables,
so it is suitable for studying how the interest rate channel
of the monetary transmission mechanism functions. The
long run equation of the model can be written in the

following way:
Yt = Bo + Bt + Ut (1)

where y; represents the dependent variable in time period

t, which is the cost of borrowing indicator in this case, 3o
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IS a constant, x: represents the explanatory variable in
time period t, which is the Euribor, B is its coefficient
and ut is the error term of the model. If 31 equals to 1,
changes in the explanatory variable are fully transmitted
into the dependent variable. However, if for example, the
loan supply is not fully elastic or the banking sector is not
characterized by perfect competition, the transmission is
not full and By is smaller than 1 (Sander & Kleimeier,
2004).

| used the Engle-Granger two-step method (Engle &
Granger, 1987), so | first estimated the long run equation
(Equation 1), obtained the OLS residuals and included

them in the short run equation (Equation 2).

The short run equation of the error correction model is
similar to a model used by Claeys (2021) and is written

in the following form:

Ayt = Bo + X7y BiAyra + YT VidXed + Aera +...
oot O0lxi<ot {(Ix<o= AXt—l) + & (2)

The equation is estimated in first differences, which is

marked by A. The dependent (cost of borrowing
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indicator) and the explanatory (Euribor) variables are
represented by y and X, respectively. The model takes
into account the lags of the dependent and explanatory
variables. The error correction term, et is the first lag of
the OLS residuals from Equation 1 and its coefficient, A
shows the speed of adjustment. If there is a deviation
from the long-term equilibrium value, A reveals what
proportion of this deviation is corrected during one
period. A dummy variable, Ix < o, IS introduced in the
equation, which takes the value of one when the Euribor
is negative and it is O otherwise. The interaction variable,
(Ix < 0 = Axe1), captures the additional effect of the
changes in the Euribor on the cost of borrowing
indicator, when the interest rate (represented here by the
Euribor) is negative. If the coefficient of the interaction
variable, (, is not zero and statistically significant, the
transmission mechanism changes when interest rates
become negative. Finally, & is the error term of the

model.
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3.3.  Two-period error correction models

In order to better understand interest rate transmission at
negative rates, | followed the analysis with estimations of
two-period error correction models. | divided the sample
| used in the previous section into two time periods. In
the first period the Euribor is positive, while in the

second one it is negative.

The long-term error correction models were not changed

compared to the previous section (Equation 1).

The short-term equation is estimated without the dummy

variable and the interaction term:
Ayr=Bo + X1 BiAYt1 + X  VidXe1 + Aerr  (3)
3.4. Extended error correction models

In the next section, | extended the two-period error
correction models with several other variables that may
have a role in the transmission mechanism. | tried to
capture the macroeconomic environment with inflation,

industrial production, the exchanges rate, the money

15



supply and unemployment®. | also tested the effects of
the ECB’s assets and its two-tier system for remunerating
excess reserve holdings on the cost of borrowing

indicators.

| have again divided the sample into positive and
negative interest rate periods. The long-term equations of
the error correction models were not changed compared

to the previous sections (Equation 1).

In the first period, the short-term equation of the
previously estimated error correction model is extended

to include other independent variables as follows:

ACBt = Po + X7, BiIACBt1 + X ViAEUR +...
. 21 (iAECBu1+ 2 NiAFXa+. ..

.t Z?:l OiACPl 1+ ?zlliAlNDt.]&...
ot YR kiAMIat YT AUNRATE G +. ..
o Aemt g (4)

41 did not want to reduce the number of observations, therefore |
could only use monthly data. Consequently an important
macroeconomic indicator, GDP is not included in the models, since
it is published quarterly.
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The variables that are included in the equation are the
following: cost of borrowing (CB), Euribor (EUR), ECB
assets (ECB), exchange rate (FX), inflation (CPI),
industrial production (IND), money supply (M1) and
unemployment rate (UNRATE).

The dummy variable for the two-tier system (TTx <o) IS

added to Equation 4 in the second period:

ACBt = Bo + X, BIACBr1 + Y- ViAEUR +...

ot i1 (IAECBL1+ n MiAFX* ...
ot %1 GiACPlg+ ™ GAINDe1+...
o X KiAMLut+ X lAUNRATE W +. ..
...t VTTXt<0+ }\,et-1+ &t (5)

3.5.  Vector autoregressive models

Cost of borrowing in some countries is not cointegrated
with any maturities of the Euribor. In these cases, the
transmission of negative interest rates is studied by

vector autoregressive (VAR) models.

A simple VAR model can be written as (Wooldridge,
2015):
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Yt = 00 + ouYt1 T ViZe1 + doYio + Yoz + ...

<o OkYik T YkZt-k (6)
Zt = Mo + Payer + p1zea + Poyre + p2zi2 + ...
T BrYtk T prZik (7
| used this model by the estimation of the two-period

VAR models.

In the next section, a dummy variable, Ix <o, is added to
the VAR model, which takes the value of 1 when the

Euribor is negative and O otherwise:

Yt = 0o + oayer t ViZer + Y2 + y2Zi2 t+ ...

ot okYek + YkZek + Ixe<o (8)

Zt = Mo + Payer + p1Zer + PoYie + p2zi2 + ...

.t BrYik + prZik + Ix<o 9)

3.6. Results

My doctoral research focuses on the interest rate channel
of the monetary transmission mechanism. | study how
this channel operates in Euro Area countries when

nominal interest rates become negative.
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| followed a joint approach, the results of the error
correction and the vector autoregressive models have to
be interpreted together, as the use of both types of models
was necessary due to the lack of cointegration with the
Euribor in some countries. The models are suitable for
testing all three hypotheses and the two-period models
have made the results of the dummy variable models

more robust.

In the corporate sector, the dependent variable, the cost
of borrowing, is cointegrated with the independent
variable, the Euribor, in twelve countries and the Euro
Area. In the error correction models, the dummy variable,
the interaction term or both proved to be significant in
eight countries and in the Euro Area. In the household
sector, cointegration was found for thirteen countries. In
eight member states, the dummy variable, the interaction
term or both were significant in the error correction
models. In the corporate sector, the coefficients of the
dummy variable and the interaction term are negative in

all countries where they are significant. In the household
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sector, the coefficients are negative in six out of eight

countries.

In the next part of the research, I divided the time frame
of the analysis into two periods. In the first period the
Euribor was positive, while in the second one it was
negative. The error correction models confirm the
relationship between corporates’ cost of borrowing and
the Euribor in the first period. The dependent variable
adjusts to its equilibrium value in every country and in
the Euro Area, although considerable differences can be
observed regarding the speed of this adjustment. In nine
out of twelve countries, the previously existing
relationship falls apart when the Euribor is negative. In
the second period, the Euribor also becomes insignificant
in the case of the Eurozone. In the household sector, the
results are similar. In eleven out of thirteen member
states, the relationship between households’ cost of
borrowing and the Euribor collapses in the second period,
when the Euribor is negative. | extended the error
correction models with several additional variables that

may capture the macroeconomic environment. However,
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the results proved to be quite similar to the outcomes of

the non-extended models.

In the VAR models, the dummy variable for negative
interest rates was significant in two countries for the
corporate sector, while it was insignificant in all cases for
the household sector. The two-period models provided
more information on interest rate transmission in those
countries where no cointegration was found. Although
there are differences in the magnitude and duration of the
shock, in the first period, cost of borrowing responds
positively to a change in the Euribor in both the corporate
and household sectors. In the corporate sector, in two out
of five countries, cost of borrowing stops responding to
changes in the Euribor when interest rates become
negative. In the other three countries, the response is
smaller and disappears more quickly. In the household
sector, the magnitude of the shock is also smaller in the

second period and the duration becomes shorter as well.

After reviewing the results, the research questions can

now be answered:
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Research gquestion 1: How does monetary transmission

through the interest rate channel change in Euro Area

countries if the policy rate becomes negative?

- Hypothesis 1: Monetary transmission through the
interest rate channel weakens in Euro Area

countries if the policy rate becomes negative.

Based on the ECM and the VAR models, I can confirm
the first hypothesis. Monetary transmission through the
interest rate channel weakens in most Euro Area
countries if the policy rate becomes negative. The error
correction model with dummy variable and interaction
term already suggested the weakening of transmission
(they are negative in the majority of cases), and the two-
period ECM and VAR models made it clear that in most
countries transmission through the interest rate channel
weakens or even collapses when the Euribor turns

negative.

The second research question and hypothesis focused on

the differences across the Eurozone member states.
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Research question 2: Does negative interest rate policy

have similar effects on the interest rate transmission

across Euro Area countries?

- Hypothesis 2: The negative interest rate policy

has different effects on the interest rate

transmission in Euro Area countries.

When | formulated this research question and hypothesis,
| did not expect that the speed of adjustment or the size
and duration of a shock would be the same or quite
similar across Euro Area countries. | was only interested
in the direction of the relationship. In other words, if
interest rate transmission is weakening, is it weakening in
all countries or not? In a monetary union, it is reasonable

to expect that member countries will converge over time.

According to my research, considerable differences exist
across the Eurozone. In most countries, the transmission
mechanism through the interest rate channel weakens
when the Euribor turns negative. However, in some cases
| have found no change or a positive impact. So, | can
also confirm the second hypothesis. The negative interest

rate policy has different effects on the interest rate
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transmission in Euro Area countries. The confirmation of
this hypothesis is supported by both types of error
correction models in the corporate and household sectors,
and by both types of vector autoregressive models in the
corporate sector. (The VAR models in the household

sector gave rather similar results across countries).

A comprehensive and detailed analysis of heterogeneity
across Euro Area member states is beyond the scope of
this dissertation. What can be stated, based on the visual
interpretation of the cost of borrowing indicators, is that
the range (between the member states with the lowest and
the highest borrowing costs) in the corporate sector has
widened somewhat compared to the early 2000s. In the
household sector, however, the range is basically the
same. Heterogeneity within the Euro Area is certainly an
interesting research topic. Analyzing bank-level data,
Altavilla et al. (2020) find a reduction in heterogeneity
due to unconventional monetary policy instruments.
Meanwhile, looking at macroeconomic data, Coudert et

al. (2020) conclude that Euro Area members have not
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structurally converged. So the direction of progress is not

clear.

The third research question and hypothesis were

formulated along the lines of sectoral differences:

Research question 3: How does the negative interest

rate policy affect monetary transmission through the
interest rate channel in the corporate and in the household

sectors?

- Hypothesis 3: The monetary transmission

mechanism is less effective in the household
sector than in the corporate sector when the

policy rate is negative.

Based on the results of both types of error correction and
vector autoregressive models, the third hypothesis can
also be confirmed. In the ECM models, the adjustment to
the equilibrium value is faster in the corporate sector,
implying that interest rate transmission is more effective.
In the VAR models, the response of the cost of
borrowing in the corporate sector tends to be somewhat

larger than in the household sector.
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