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Abstract This paper examines the relationship between oil prices and its pass-
through to inflation and inflation differentials in the European Monetary Union
from the first quarter of 1999 to the last quarter of 2021. By using local projections
to derive impulse response functions of an oil price shock, the pass-through to the
inflation level is examined focusing on the role of energy-related transmission chan-
nels. The same transmission channels are examined for pass-through of oil price
inflation to inflation differentials using a Pooled OLS regression. The aim of this
paper is to contribute to earlier research by giving an updated view on how exposed
the European Monetary Union is to changes in oil prices. Our estimates show that
the EMU is not sensitive to oil price shocks pertaining to the inflation level. As
the examined transmission channels show small effects of pass-through to the infla-
tion level, where Energy Dependency accounts for the largest effect. Moreover, the
findings from examining inflation differentials show a negative linkage between oil
price inflation and inflation differentials. Yet, the Transport Share of HICP is found
causing a small, yet amplifying effect on inflation differentials. The linkage of the
other transmission channels cannot be established for inflation differentials.

Keywords: Inflation level, Inflation differentials, The EMU, OLS regression, Local
projections, Impulse response functions, Oil price inflation, Energy
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1

Introduction

The decision to form an economic and monetary union in Europe was taken under
the presumption that it would instill stability and an environment promoting higher
growth and employment [The European Commission, 2022¢|]. To achieve this, the
main priority of the European Central Bank (ECB) has been to maintain low levels
of inflation for the euro area. Despite having achieved this on an aggregate level,
inflation differentials across member countries show high persistency. Albeit, while
such differentials remain comparatively small and temporary differences in inflation
levels across countries can be of a benign kind, long-lasting ones give cause for con-
cern. In this way, the effectiveness of the European Monetary Union (EMU) can
be questioned, and with cross-country heterogeneity expected to increase with the
accession of more countries, understanding what causes inflation differentials in the
euro area is of growing importance for curbing their development and decreasing
their persistency. Hence, ensuring public acceptance of the union.

One factor, which has been of main concern in regards to the stability of the Euro-
pean Union (EU) is the dependency on external energy supply to secure the energy
need. This is because important energy sources like oil, crude oil and petroleum
products, are primarily imported from Russia [Eurostat, 2022b]. The growing ten-
sion between the euro area and Russia over the last decade, recently escalated with
the Russian invasion of Ukraine, poses as a risk pertaining to the energy supply.
This, because of its implication for oil and energy prices [European Parliament,
2022|. Nonetheless, this adds to the importance of understanding how oil price in-
flation pass-through contributes to inflation. Therefore, it is relevant to examine
both the pass-through of oil prices on the level of inflation and inflation differen-
tials. Accordingly, this paper aims to estimate the impact of oil price inflation
pass-through using several transmission channels related to the EU’s energy struc-
ture. In doing so, this paper shows the degree of pass-through into inflation levels
and inflation differentials between 1999 to 2021 using a quarterly dataset. To fulfil
the aim of this study, the primary research question for this paper is:

What is the role of energy related transmission channels pertaining to oil from an
increase in oil prices for inflation and inflation differentials within the EMU?

Despite extensive empirical studies on the topic showing which factors that are most
impactful for inflation, research on the effect of oil price pass-through for the EMU



remains limited for this time span. Also, examining how the coinciding volatility
in oil prices and the expansion of the EMU has affected inflation differentials using
recent data provides renewed explanatory insight for decision makers in forming
measures that minimize the susceptibility of shocks. This establishes the relevancy
and importance of the empirical results in this paper as its findings pertain to an
increasingly evolving area.

This paper uses a two-stage methodology to answer the research question, meaning
that two separate methods are employed where one is used to examine the inflation
level and another is used to examine inflation differentials. Firstly, updated empir-
ical evidence pertaining to the inflation level will be examined using the method
of local projections to derive impulse response functions. The variables of interest
are the transmission channels of oil, namely the Transport Share of HICP, Total
Energy Dependency, Energy Dependency on Oil, and Energy Intensity. In doing so,
this paper will estimate the magnitude of pass-through with which the transmission
channels of oil have for the level of inflation following an oil price shock. Secondly,
a Pooled Ordinary Least Squares (OLS) regression will be used for examining the
pass-through with which the transmission channels of oil have for inflation differen-
tials following an increase in oil price inflation.

The findings in this paper suggest that the EMU area is not sensitive to oil price
shocks for the level of inflation, as small linkages are found for the Transport Share of
HICP, Total Energy Dependency, Energy Dependency on Oil, and Energy Intensity.
The largest effect is found for Total Energy Dependency, however, despite accumu-
lating the estimates for all transmission channels over the entire forecast horizon,
the effect remains negligible in its size of pass-through to the inflation level. Thus,
the results suggest that the EMU area is not sensitive to such shocks. Moreover,
a negative linkage between oil price inflation and inflation differentials was found
in this paper. The interpretation is that an increase in oil price inflation had a
decreasing effect on inflation differentials. In contrast, the Transport Share of HICP
was found causing a small, yet, positively amplifying effect on inflation differentials.
However, the effect of the rest of the interacted transmission channels cannot be sig-
nificantly established in this paper. This is examined further in the shorter sample
periods, but none of the transmission variables showed significant linkages from 1999
to 2012. However, from 2013 to 2021 a positive interaction effect of Transport Share
in the HICP basket and Total Energy Dependency is found for EMU11 - not for the
EMUS. Over all, the results suggest that neither of the transmission channels have
a substantial pass-through to inflation differentials. This is because the estimated
effects are small in size suggesting that, while there is an amplifying effect, it does
not cause a considerable effect for inflation differentials.

This paper is organised in the following way to answer the research question. Sec-
tion 2 describes the energy structure within the EU. Thereafter, section 3 covers
earlier empirical literature on inflation and inflation differentials focusing on the
pass-through of oil prices. Further, section 4 presents the data and variables used
to establish the results. In Section 5, the methodology is presented for the inflation
level and inflation differentials. The results are presented and analysed in Section
6, followed by concluding remarks in Section 7.



2

Energy in the EU

This chapter aims to describe the energy structure, i.e. the energy usage, supply
and distribution, within the euro area pertaining to the transmission channels of
oil. This is done for two reasons: firstly, to contextualise the results in this paper.
Secondly, to convey the importance of energy sources for the EU which is done by
presenting statistics of energy usage, production and distribution at an aggregate
level as well as at a country-specific level. Furthermore, the importance of this topic
is shown by presenting many of the EU directives and policies over the last decade
which have been focused towards decreasing the union’s energy dependency and
intensity, altogether, motivating the choice to examine the transmission channels of
oil used in this paper.

2.1 Overview of EU energy statistics

Oil remains an important source of energy for the European economy, despite the
long-term downward trend which has prevailed for this source of energy in recent
years. A contributing factor to this downward trend is the shift towards using and
producing more renewable energy, a development which continues to grow [Eurostat,
2022b]. Coincidentally, a decrease in domestic energy production followed, which
explains the high dependency on energy imports of both primary energy and energy
products for the EU (ibid.). The dependency rate, which shows the degree of re-
liance on imports in order to meet the energy need of the economy, was 58% in 2020
[Eurostat, 2022al. The main providers of these imports were Russia and Norway,
where the primary import commodities were oil and petroleum products, of which
97% was imported. Moreover, oil and petroleum products held the largest share of
35% for final energy consumption in 2020. The transport sector, which is one of
the predominant users of energy, had final use of energy rates measured at 28.4%
for the same year while households and the industry sector measured at 28% and
26.1%, respectively [Eurostat, 2022b].

What is more, the energy dependency rate varies across member countries. Figures
2.1 to 2.4 illustrate energy dependency rates for Malta, Cyprus and Luxembourg
which all continue to have high rates of, around and above, 90%. The high de-
pendency rates relate to limited domestic resource availability due to country size
[Eurostat, 2022b]. In contrast, Estonia has experienced a downward dependency
trend with a dependency rate measured at around 10% in 2020. This proves that



the energy dependency rate varies substantially across member countries.
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Figure 2.1: The energy dependency rate Figure 2.2: The energy dependency rate
in Cyprus from 1999-2020. in Luzembourg from 1999-2020.
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Figure 2.3: The energy dependency rate Figure 2.4: The energy dependency rate
in Malta from 1999-2020. in Estonia from 1999-2020.

The trend, over the last years, is improved energy usage pertaining to the decrease
in energy intensity for production. Energy intensity is an approximation of energy
efficiency showing the volume of energy needed to produce one unit of Gross Do-
mestic Product (GDP) [Eurostat, 2022b]. The reduced level of energy intensity
can, among other things, be explained by a shift from industry production to a
more service-based economy and a less energy-intensive industrial production for
the remaining industries (ibid.) as well as a greater focus on policies to integrate
the EU’s energy structure. The statistics show that, while the shift toward a lower
dependency on energy sources such as oil has begun, the dependency on external
relations to provide energy to the union remains high. Improvements regarding en-
ergy intensity, however, reduces the concern slightly since it means that the energy
is used more efficiently. Nevertheless, a general high dependency rate, low internal
production of oil and petroleum products and a large share of this resource in the
energy consumption basket indicates that the EMU is vulnerable to external market
fluctuations among its main providers of energy, in particular to providers of oil.

2.2 Resent EU policies

The European energy structure has been one of the main subjects of discussion and
policy targeting during the last decade. The Energy Efficiency Directive put forth



in 2012, and the revising of this directive with the approval of the European Green
Deal in 2020, are initiatives aimed at improving the energy structure. The Energy
Efficiency Directive was implemented to create a more efficient use of energy for
solving the issue of increased dependency on imports of energy and limited energy
resources within the union [Parliament and Council of the European Union, 2012].
Further, the directive established a set of rules to accomplish the EU’s efficiency
targets regarding the reduction of primary and final energy consumption [The Eu-
ropean Commission, 2022a.

The European Green Deal is, on the other hand, a set of proposals adopted by the
European Commission in 2020 to reduce the net greenhouse gas emissions by at least
55% by 2030 with the adjustment of the EU’s climate, energy, transport and taxa-
tion policies [The European Commission, 2021]. Hence, this policy is also aimed at
reducing energy consumption and increasing energy efficiency at the EU level (ibid).

A third policy initiative, launched by the European Commission, is the Energy
Union. It was formed in 2015 to promote a sustainable energy structure [The Eu-
ropean Commission, 2022b]. The Energy Union has similar goals as the Energy
Efficiency Directive and the European Green Deal, but their objective is also to
integrate the internal energy market, improve energy efficiency and diversifying the
sources of energy by increasing cooperation between member countries [The Euro-
pean Commission, 2022b].

As a concluding remark for this chapter, it is clear that the topic of energy has been
prioritized for policymakers over the past decade. By aiming to reduce dependency
on external powers, its importance for the economic stability of the union is sug-
gested. Furthermore, by establishing sufficient infrastructure without technical and
regulatory barriers, a greater integration among the member countries would be cre-
ated in the EU. A more integrated system for energy would imply fewer differences
among member countries and a greater resilience to external shocks.

10



3

Previous Research

In this chapter, findings of previous research related to inflation and inflation dif-
ferentials will be presented. In addition to presenting empirical evidence pertaining
to the pass-through of oil prices to inflation and inflation differentials, this chapter
includes findings of other key factors. This is done with the aim to give a broader
understanding and providing a basis for the interpretation of the results. This chap-
ter is structured as follows: First, empirical evidence on oil price pass-through to
the level of inflation will be presented in section 3.1. Followed by section 3.2, where
evidence on drivers of inflation differentials is presented. Also, research on oil price
pass-through for inflation differentials is provided in 3.3. Lastly, in section 3.3.1, the
contribution of this paper to the literature is presented.

3.1 Empirical evidence on oil price pass-through
to inflation

In Chen [2009], the linkage between oil price inflation and the inflation level was
examined using an augmented Phillips curve. The result showed that inflation had
become less sensitive to oil price fluctuations in the 2000s compared to the 1970s
using quarterly data from 19 industrial countries: Australia, Belgium, Canada, Ger-
many, Japan, Norway, the United Kingdom and the U.S, to mention a few. Empirical
evidence accounting for this development is increased trade openness and a more
active monetary policy in response to inflation [Chen, 2009]. Similarly, Herrera
and Pesavento [2009] who examined the U.S economy, found that oil price shocks
had a larger and more long-lasting effect on inflation during the mid-1900s. Yet an-
other result pertaining to industrialized countries is presented in Blanchard and Gali
[2007], where it is established that the impact of an oil price shock for inflation has
decreased over time since the 1970s. One of the reasons behind this development,
as suggested by the authors, is an increased credibility of monetary policy resulting
in a decreased response of inflation expectations to an oil price shock. They further
suggest that a decreased share of oil in consumption and production is another expla-
nation for the declining pass-through of oil price shocks to inflation [Blanchard and
Gali, 2007]. Thus, these findings strongly suggest that oil price inflation has had a
dissipating affect on inflation for industrialized countries during the last two decades.

What is more, Chen [2009] found that oil price pass-through varies across countries
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and depends on the share of energy imports, i.e. energy dependency. He concludes
that the larger the share of energy imports, the larger the impact of an oil price in-
crease is. Further, the correlation of energy imports and pass-through are examined
and estimated at 0.34 and 0.07 for the short- and long-run, respectively. Thus, illus-
trating that the dependence on imported energy is one explanation for discrepancies
across countries. Adding to this, LeBlanc and Chinn [2004], who obtained estimates
by adopting a Phillips curve model for the period 1990 to 2001 for countries such
as the United States, United Kingdom, France, Germany, and Japan, found that an
increase in oil prices of as much as 10% had an inflationary affect of about 0.1% to
0.8% in the U.S. and the EU. Thus, a modest impact. Further, Hooker [2002], who
employed a Phillips curve model and using quarterly data from the second quarter
of 1962 to the first quarter of 2000, established that oil price pass-through has be-
come negligible since 1980 for the U.S. The paper also concluded that an increase in
energy intensity in the U.S economy did not account for an increasing pass-through
of oil prices to inflation.

Moreover, Choi et al. [2018] found a decreasing linkage between oil price infla-
tion and inflation levels when investigating 72 advanced and developing countries.
The decreasing linkage is due to increased domestic energy production, where cross-
country differences in the transport share of the Consumer Price Index (CPI) basket
and the share of energy subsidies of GDP result in varying pass-through of oil price
inflation shocks. A country with a higher share of transport in the CPI basket is
more exposed to oil price shocks than a country receiving energy subsidies since
subsidies cushions the impact. The transport share in the CPI basket was found
as the most robust determinant for causing varying inflation levels across countries.
Thus, by accounting for oil dependency and intensity in domestic production, the
analysis of the susceptibility of shocks can be furthered.

Considering the evidence presented by Chen [2009], Herrera and Pesavento [2009],
Blanchard and Gali [2007], LeBlanc and Chinn [2004], Hooker [2002] and Choi
et al. [2018], a strong indication of a general decreasing pass-through of oil prices
to inflation is presented.

3.2 Empirical evidence on drivers of inflation dif-
ferentials

Much empirical evidence on drivers of inflation differentials pertains to the exchange
rate, the output gap, the fiscal stance and the price level. For instance, Beck et al.
12009] found that exchange rate movements and changes in oil prices have had sig-
nificant impact on inflation differentials. Also, Honohan et al. [2003] established a
linkage between a positive output gap and inflation in the euro area, in the early
years of the EMU, because of its contribution to increased demand in the goods
market and an increased dispersion in property prices. Thus, by implication caus-
ing inflationary pressure. Moreover, they found a negative linkage of the nominal
exchange rate for inflation differentials. This is because countries in the early stages
of the EMU had different trading patterns and therefore had varied exposure to
external currency fluctuations. Further, Honohan et al. [2003] concluded that with
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time the union will shift trade patterns toward increased intra-euro area trade. Thus,
shifting the impact of exchange rate shocks from consumers to producers as more
imports to the euro area would be priced in euros. Thus, decreasing the impact of
inflation based on consumer price indexes [Honohan et al., 2003]. Moving on, the
fiscal deficit showed insignificant linkage to inflation differentials. This is because
the implementation of such a policy tool is constrained by the Stability and Growth
Pact. A pact aimed at sustaining long-term fiscal stability for the EU thereby min-
imizing domestic budget deficits affecting inflation differentials in Europe [Honohan
et al., 2003].

Stavrev [2007] presented empirical evidence supporting the findings of Honohan et al.
[2003], where a significant effect for the economic cycle in relation to inflation differ-
entials was established, meaning that increased synchronization between countries
implies a decrease in inflation differentials. Stavrev [2007] further suggested that the
common monetary policy has contributed to business-cycle and fiscal policy synchro-
nization, because common shocks increasingly trigger common responses. Thus, the
contribution of common shocks to dispersion in inflation rates has decreased over
time. Furthermore, Tasos [2021] provided empirical evidence of significant linkages
between the exchange rate and the output gap for inflation differentials and insignif-
icant estimates for fiscal stance. He also established significance for the economic
cycle and inflation differentials. The same interpretation of such results follows
Stavrev [2007]. In such a way, the EMU has contributed to increased efficiency
and effectiveness to address common shocks. Further integration of the financial
sector could do more to insure countries against shocks and increase consumption
smoothing according to Stavrev [2007].

3.3 Empirical evidence on oil price pass-through
for inflation differentials

Empirical evidence presented by Egert et al. [2004] for the period 1990 to 2003, found
that oil price shocks contribute to inflation differentials through cross-country dis-
crepancies in the oil dependency ratio and to the level of oil intensity in production.
Where countries with higher dependency on external energy supply and more energy
intensive production have greater oil price pass-through onto inflation. Thus, caus-
ing inflation differentials on an aggregate level [Egert et al., 2004]. Other empirical
findings suggest the same linkage, that the impact of oil price inflation may vary
depending on a country’s exposure to external euro area trade and the oil intensity
of production [Hofmann and Remsperger, 2005].

Further, whether or not acceding countries have contributed to increased inflation
differentials in the EMU is examined. High energy dependency is found in the fol-
lowing countries: Lithuania, Cyprus, Latvia and the Czech Republic. Lower energy
dependence is found in the Slovak Republic, Poland, Slovenia and Hungary. Oil
intensity is found at equal levels or slightly below the EU average for the acceding
countries, except for Slovenia, Latvia and Cyprus. Egert et al. [2004] emphasized
that the lasting increase in the crude oil price partly explains the persistence of in-
flation differentials in the EMU. This is because the countries with the highest level
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of inflation are simultaneously those which depend the most on external energy sup-
ply and have the most energy-intensive production. Therefore, the focus should be
placed on lowering energy dependence for Lithuania, Cyprus, Latvia and the Czech
Republic as sensitivity to oil price shocks will depend on the disentanglement of oil
demand either through technological progress or by shifting from industrial produc-
tion to the service sector or employing other energy-saving measures [Egcrt et al.,
2004].

As shown in chapter 2, oil dependency varies greatly across euro area countries.
Consequently, as investigated by Licheron [2007], oil price inflation has asymmetric
effects across countries hence causing inflation differentials. The estimation results
found by Licheron [2007] showed that differences in the exposure to oil price varia-
tions played a key role in explaining inflation differentials from 1992, especially over
the EMU period. However, when conducting robustness checks, a weaker linkage
was found. In fact, no significance is found for oil price deviations impacting infla-
tion differentials [Licheron, 2007]. However, Arnold and Verhoef [2004] proved that
differences in oil dependency are not a major cause of inflation differentials across
countries in the euro area.

3.3.1 Contribution to the literature

This paper contributes to the literature by establishing how oil price pass-through
progresses in heterogeneous countries with differing energy-related characteristics -
such as the transmission channels examined. By examining transmission channels
which are selected because of their relation to the energy structure of the EMU,
meaning its energy usage, furthers the understanding of how oil price pass-through
affects this area. For instance, the variables for Total Energy Dependency and
Energy Dependency on Oil, are chosen because of the decrease in domestic energy
production pertaining to the euro area over this time period. In doing so, this paper
examines if this has altered the pass-through of oil price fluctuations due to higher
dependency on energy imports and oil imports. Further, the reason for choosing
Energy Intensity relates to the efforts made by the EMU to increase energy efficiency
over the last decade. Therefore, this paper evaluates the current pass-through of
energy intensity and gives an update on the linkage. Moreover, the Transport Share
of HICP is selected following the reasoning by Choi et al. [2018] and because it is a
predominant user of oil. This sector is also a necessary part in each economy, thus
it continues despite price increases thereby affecting each economy in a large scale.
Furthermore, Transport Share of HICP is also used to approximate the share of oil
in the HICP basket. This is not done in earlier literature for this area covering this
time period and using the two-stage methodology which is employed in this paper.
That is how this paper contributes to the literature.
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4

Data

This chapter will present the data and variables used in this paper. A detailed
description of how the dataset and the variables have been constructed and han-
dled will be given in two separate sections. Firstly, section 4.1 describes the data.
Secondly, section 4.2 describes and explains the variables.

4.1 Data description

This paper used a two-stage methodology with two separate datasets, where many
of the variables have been used in both stages. The data is measured in quarterly
frequency ranging from the first quarter of 1999 to the last quarter of 2021. The
sample includes data from the 19 member countries of the EMU, all countries are
shown in Table A.1 in Appendix A. The quarterly frequency with which we have
used for our estimates, allows for more precise results pertaining to the short-term
impact [Choi et al., 2018]. The lack of data availability has been dealt with by
using annual or monthly frequency and manually adjusting it to fit into a quarterly
dataset. This process will be further explained in section 4.2.

The dependent variable in both stages is based on the Harmonized Index of Con-
sumer Prices (HICP). Furthermore, both regressions include global oil price inflation
interacted with four different transmission channels: Transport Share of HICP, Total
Energy Dependency, Energy Dependency on Oil, and Energy Intensity. The dataset
pertaining to the inflation level analysis only consist of these variables, while the
dataset for the analysis on inflation differentials also includes: Nominal Effective
Exchange Rate (NEER), Output Gap, Fiscal Stance, and Price Level. The data is
collected from various sources and are listed in Table A.2 in Appendix A. However,
most of the data has been collected from Eurostat, and the International Monetary

Fund (IMF).

Further, a necessary precondition for attaining accurate estimates is minimizing the
occurrence of multicollinearity by, for instance, excluding variables showing such a
relationship. Hence, a multicollinearity test was performed. The result is displayed
in Table 4.1. It is shown that the level of multicollinearity does not exceed reasonable
limits for the variables used in the various regressions performed in this paper.
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4.2 Variable description

Inflation rate (m;;) is calculated based on the HICP and is in its original form
measured with a monthly frequency. To create a quarterly frequency the average
of three months is calculated per quarter. The HICP is the official measurement
of consumer price inflation in the euro area and is used for monetary policy and
the assessment of inflation convergence as compulsory under the Maastricht criteria
for acceptance into the EMU. The index is an economic indicator that estimates
changes in the price of consumer goods and services captured by households over
time and is calculated following a harmonised approach. It further gives a com-
parable measure of inflation for the countries and the country groups for which it
is produced, hence it is a reasonable measurement to use when studying inflation
pertaining to the EMU.

Transport Share of HICP (0;; 1) is measured at an annual frequency and is
divided by its annual rate per quarter in the dataset. The variable is measured
as the transport weight in the HICP basket. According to Choi et al. [2018], the
expectation of such a variable is that the larger the share of transport in the CPI
(HICP) basket, the larger the expectation of inflationary effects of oil price shocks
are.

Total Energy Dependency (le,t) is measured at an annual frequency. To fit the
variable into a quarterly frequency, all four quarter for one year has the same value
in similarity to the measure of Transport Share of HICP. The indicator shows the
extent to which an economy relies upon imports to meet its energy need and is
calculated as net imports divided by the gross available energy. Furthermore, net
imports are calculated as total imports minus total exports. The measurement of
energy dependency shows how volatile the European economy is to world market
prices, such as global oil prices, and the risk of supply shortages, for example, due
to geopolitical conflicts.

Energy Dependency on Oil (p},) is measured at an annual frequency and has
been manually adjusted in the same manner as the two previous variables. The indi-
cator shows the extent to which an economy relies upon imports of oil and petroleum
products to meet its energy needs. It is measured in similarity with Total Energy
Dependence with the difference of this variable measuring the percent of imports of
oil and petroleum products (excluding biofuel portion) in total energy consumption.

Energy Intensity (p?,t) is measured at an annual frequency and has been manu-
ally adjusted in the same manner as the three previously mentioned variables. The
variable is measured in kilograms of oil equivalent (KGOE) per thousand euros in
purchasing power standards (PPS). Energy intensity is often used as an approxima-
tion of energy efficiency, and captures how much energy is used in production. The
variable is of interest since if the energy need of an economy is vast in relation to the
amount of domestically produced energy, it should be more volatile to changes in
the world market supply of energy and, hence, the global energy prices in extension.
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Global Oil Price Inflation (Wfff) is measured with a quarterly frequency and is
calculated as the percentage change over the corresponding period of the previous
year. The measure captures an equally weighted average of three spot prices: Dated
Brent, West Texas Intermediate, and the Dubai Fateh.

When the interaction variables, consisting of the transmission channels and the
global oil price inflation, are created the oil price inflation gets a country dimension
and the transmission channel gets a quarterly variation.

Nominal Effective Exchange Rate (NEER) (ANEER; ;1) is measured with
a monthly frequency. To create a quarterly frequency the average of three months
is calculated per quarter. NEER is an index that measures changes in the euro
as a currency against a trade-weighted basket of currencies. It is produced by the
European Commission and is calculated against a group of 37 trading partners with
different currencies. An increase in the index implies a strengthening of the currency.

Output Gap (GAP,;) is determined by the difference between potential and actual
gross domestic product (GDP). The potential GDP cannot directly be observed and
must, therefore, be estimated. The Hodrick-Prescott (HP) filter, as one statistical
method suggested by Andersson et al. [2018], has been used to obtain the potential
GDP. The potential GDP is achieved by smoothing out fluctuations in actual GDP
by mechanically dividing the actual GDP into a trend component and a cyclical
component. The smoothing parameter is set to 1,600 which is the default and sug-
gested for quarterly data [Hodrick and Prescott, 1997]. The GDP measure used to
obtain the output gap is seasonally adjusted with a quarterly frequency.

Fiscal Stance (F1S5C;;) is measured as the actual budget position, i.e., a govern-
ment surplus or deficit. It is calculated as net lending divided by net borrowing of
the general government sector as a percentage of GDP. When the variable is positive
a surplus exists. On the contrary, a deficit exists when it is negative. The variable
is measured with a quarterly frequency.

Price level (P, ;1) is measured by the household consumption price level in the
Penn World Tables version 10.0. The price level variable is measured with an annual
frequency and has been divided by its annual rate per quarter in the dataset. Hence,
all four quarters of a year show the same value.
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5

Methodology

In this chapter, the models used to derive the estimates are presented as well as the
statistical methods that have been used. This paper has used a two-stage methodol-
ogy. Firstly, the method of local projections is used to examine the pass-through of
an oil price shock to the level of inflation. Then, Pooled OLS is used to examine the
pass-through of an oil price increase for inflation differentials. Both models include
the transmission channels presented in the variable description in section 4.2. The
chapter is structured as follows: section 5.1 covers the description of the regression
model used for examining the inflation level. In section 5.1.1, a description of local
projections is described. Thereafter, the regression model for inflation differentials
is presented in section 5.2. In 5.2.1, the approach for the sample split is described.

5.1 Model - Inflation Level

The model and method for the inflation level follows a similar approach to the one
applied by Choi et al. (2018), who employed a method of local projections originally
set forth by Jorda (2005). The estimation method estimates impulse response func-
tions (IRFs) directly from local projections - explained further in section 5.1.1.

Choi et al. [2018] reasoned that global oil prices affect headline inflation directly
via the share of oil in the HICP basket and indirectly through changes in the core
(non-oil) inflation. The following equation illustrates this while being specified for
local projections with forecast period k:

l k
k k k oil oil k
Wi,t—&—kz = Oy + 19” + Z ’)/j 7Ti,t—j + 5]6(5@,75_17'(',5 + Z 9j5i7t+j—17rt+j + Ei,t (51)
j=1 j=1

The hypothesis of this paper pertaining to global oil prices is that they affect the
inflation level directly hinging on domestic energy dependency of external energy
supply and domestic energy efficiency. Therefore, a second equation is specified for
local projections with forecast period k:

! k
o k k k n __oil n oil k
Tiprk = " + 05, + Y Vi Ting + TP e + D Qilies Tos + €it (5.2)
= =1
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Both equation 5.1 and 5.2 have a forecast horizon of £=0,....8 since the effect of an
oil price shock tends to dissipate after two years, eight quarters [Choi et al., 2018].
The difference between the two equations is that the first equation contains ¢;;—1,
which captures the Transport Share of HICP for country ¢ lagged one period, while
the second equation contains p;;, which is the transmission channel n for country 7
at time £. The transmission channels examined, for the hypotheses described above,
are Total Energy Dependency (n=1), Energy Dependency on Oil (n=2), and Energy
Intensity (n=3). The Transport Share of HICP is, in similarity to Choi et al. [2018]
included as an approximation of oil in the HICP basket and is lagged one period
since changes in global oil prices can have a direct effect on the share of transport
in a country’s consumption basket. By lagging the variable, the occurrence of si-
multaneous affects for the interacted variable by both a change in global oil prices
and a change to the share of transport in the HICP basket is avoided as a direct
effect of the change in the oil price. The other transmission channels captured by pf,
are, however, not lagged since the channels n=1,2,3 are assumed to not be directly
affected by changes in oil prices. Changes to these variables are to a larger extent
brought on by policy changes and structural factors.

The inclusion of ¢;;1 and p, includes the pass-through of global oil prices to the
domestic inflation level which allows us to estimate the average effect of global oil
prices while controlling for cross-country heterogeneity and time-fixed effects. In
both equations ;.4 represents the domestic inflation rate based on the HICP,
WZ@I is the global oil price inflation, ;* denotes country-fixed effects, ﬁﬁt are the
country-specific time trends, and ’y;? estimates the persistence of domestic inflation.
B estimates the impact of changes in global oil prices through the share of transport
in the HICP basket on domestic inflation rate for each future period k. Similarly,
7 measures the effect of changes in global oil prices through the three other trans-
mission channels for each future period k. Like Choi et al. [2018], the number of
lags (1) has been set to two. Both specifications include the forward leads of the
interaction term of transmission channels and global oil price inflation between time
0, which is the time of the oil price shock, and the end of the forecast horizon (k).
The reason for this is to correct for the bias in the impulse responses built-in to the
local projection method, this will be described more in section 5.1.1.

The average effect of global oil price shocks on domestic inflation are captured by the
IRFs derived by plotting the estimated d;; 1, for equation (4.1), and p},, for equa-
tion (4.2), rescaled by the average of the variable capturing a transmission channel
(either d;;—1 or p};). Furthermore, standard errors of the estimated coefficients are
used to calculate the confidence bands for the estimated IRF's, set to a 95 percent
confidence interval. Choi et al. [2018] identified that the presence of a lagged depen-
dent variable and country fixed effects may cause a bias of the estimated parameters
of interest in a small sample, however, the size of the time dimension in our sample
mitigates this concern.

The model is to a large extent a replication of the model used by Choi et al. [2018].
However, one of the main differences in this paper is the addition of transmission
channels to the model with the aim of controlling for more cross-country hetero-
geneous factors that might affect how global oil prices transit to effect the level of
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domestic inflation. This paper covers the time period, 1999 to 2021 using quarterly
data while Choi et al. [2018] covered the time period 1970 to 2015 using annual
data. This paper solely examines the EMU while Choi et al. [2018] investigated 72
advanced and developing countries which do not pertain to a certain geographical
area or union.

5.1.1 Method - Local Projections

In order to estimate the model pertaining to the analysis of the inflation level, this
paper has employed a local projection model to obtain IRFs. An impulse response
is a function of forecasts at increasingly distant horizons from a given model, usu-
ally obtained from vector autoregressions (VARs) [Jorda, 2005]. Instead, with local
projections, an IRF is calculated from a separate regression for each period of in-
terest, e.g. for each forecast horizon (ibid.). When using VAR to compute IRF's,
misspecification errors are compounded with the forecast horizon, when using the
local projection estimates are local to each forecast and are hence more robust to
misspecifications of the unknown [Jorda, 2005]. That is, local projections uses a
new set of coefficients for each forecasting horizon instead of using the same set of
coefficients for the entire forecast horizon, hence avoiding the compounding of mis-
specification errors. However, despite local projections being more robust to model
misspecifications, especially for longer forecasting horizons, the estimator is less ef-
ficient compared to analytical estimators [Teulings and Zubanov, 2014]. The loss of
efficiency is nevertheless minor when compared to the VAR by Jorda [2005], imply-
ing that the flexibility of the model following the absence of dynamic restrictions
renders the negatives.

Teulings and Zubanov [2014] discovered an unnoticed bias in the local projection
model. Where the dependent variable in the regression includes observations that
are already affected by the shock even though the corresponding shocked variable
has not yet moved. As an example, consider the local projection regressions for the
level of inflation and its response to an oil price shock at forecast horizon k=4, where
the time frequency is measured annually. The regression is set to explain inflation
at t+4 with the lags of inflation and global oil prices measured at t. Suppose that
a global oil price shock occurs at tp=6 and that the effects on inflation are observed
the same year. Then the inflation levels estimated at t=6,7,8 will include the effect
of the oil price shock from the onset of the shock to two years after. The problem
is that the regressors only include variables observed in t-4=2,3,4, therefore the oil
price shock that occurs in tp=6 will not be captured. Instead, the effect will be
captured by the fixed effects resulting in a downward bias of the estimates [Teulings
and Zubanov, 2014]. However, the bias can be corrected by augmenting the local
projections regression by including the forward leads of the global oil price variable,
i.e. between ¢t and t+k [Choi et al., 2018|. The described procedure has been done
in the method conducted in this paper, hence, the occurrence of biased estimates
have been prevented.

In conclusion, an advantage of the long forecasting horizon for this model, with k=8,
is that model misspecifications are easier to avoid. Also, the inclusion of forward

leads in the model prevents biased estimates. Due to these reason as well as the
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approach being advocated for by Choi et al. [2018] and Teulings and Zubanov [2014],
the method of local projection is a suitable choice of model.

5.2 Model - Inflation Differentials

The model used for inflation differentials is an extension of the model specifica-
tion used by Honohan et al. [2003]. The extension pertains to the incorporation
of oil price inflation and oil price inflation interacted with the transmission channels.

The general specification representing inflation differentials, as used by Honohan
et al. [2003], is shown by the following equation:

T — Wf = [z — Zf) —0(P—1 — Pﬁl) + € (5.3)

This equation builds on an assumption made by Honohan et al. [2003] about a
common long-run price level for the EMU countries. This assumption is based on
a convergence club hypothesis where increasing intra-union trade and institutional
linkages remove income and productivity differentials over time [Honohan et al.,
2003|. Therefore the equation does not incorporate any country-specific or euro
area variables capturing the long-run equilibrium price levels. The variables in the
equation denote the following: 7; and 77 illustrates the national and euro area
inflation rates showing that inflation differentials occur when the domestic inflation
level of country i differs from the EMU average. z;; and zF depicts the national and
euro area variables capturing short-term effects on the inflation rate while F;;
represents national price levels and P, is the euro area price level.

Variables specific to the euro area in equation 5.3 can be made into a linear combi-
nation forming a time-specific dummy that is constructed in the following way:

¢t = 7TtE - ﬁZtE - UPt€1 (54)

By adjusting equation 5.3 to incorporate the time dummy represented by equation
5.4, instead of the euro area variables, the following equation is obtained:

Tt = Or + Bzig — 0P 1 + €54 (5.5)

The time dummy captures the EMU-wide common movements in inflation, which
permits an explanation of inflation differentials in terms of idiosyncratic national
movements in the determinants of the regression, meaning that changes in global
oil prices at a national level can be analysed. Furthermore, Honohan et al. (2003)
included three variables in the z;-vector: the Nominal Effective Exchange Rate with
one lag, the Impulse in the Cyclically Adjusted Fiscal Surplus as well as the Output
Gap, thereby giving the following, and final, empirical specification:

it = Ot + BIANEER; s + oGAP;; + B3 F1SC;y — 0Py + €4 (5.6)

where 7; ; is the annual inflation rate, ANEER, ;_, is the growth rate of the nominal
effective exchange rate with one lag, GAP,; is the output gap, and FISC;; shows
the impulse in the cyclically adjusted primary surplus. F;;_; is the lagged price
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level. The equation illustrates how inflation differentials can be explained by factors
such as trade openness captured by the variable of nominal exchange rate, the roll
of price level convergence captured by the variable for the lagged price level, and
policy-related factors by the cyclically adjusted primary surplus. Also, the output
gap captures the economic activity in relation to potential output. Thus, it mea-
sures the degree of inflation pressure in the economy.

The model used in this thesis is an extension of the model described above to
incorporate the effect of oil price inflation and how it travels through energy specific
country characteristics to effect inflation differentials. The model is estimated using
a Pooled OLS regression, in similarity to Honohan et al. [2003], with a quarterly
data set. The extended model used in this paper is presented by the two following
equations:

it = O+ PIANEER; 1+ B2GAP; i+ B3 F1SC 4 +545i,t—17ffil —0P1+€, (5.7)

and

¢ = th + BlANEERZ',t_l + BQGA.PZ"t + ﬂgF[SC@t + sztﬂ'fil — URL,t—l + €it (58)

In both equations, 7; is the measure of the HICP based inflation rate for country
¢ at time t, and ¢, is the time dummy capturing the common euro-variables at
time t. ANEER;,; ; is the lagged growth rate of the nominal effective exchange
rate which is generated by taking the first difference of the variable and lagging it
by one period. GAP;, is the output gap in country ¢ at time ¢t. FISC;, is the
fiscal stance, surplus or deficit, in country ¢ at time ¢. In equation 5.7, §;, ;7f"
is global oil price inflation interacted with the transmission channel capturing the
Transport Share of HICP lagged one period. Equation 5.8 instead contains pﬁtﬁf”
which captures the global oil price inflation interacted with the transmission channels
Total Energy Dependency (n=1), Energy Dependency on Oil (n=2), and Energy
Intensity (n=3). Both models have employed White-corrected clustered standard
errors when regressed.

5.2.1 Model - Inflation Differentials with Sample Split

The model of inflation differentials has been run with a data set consisting of all the
19 member countries of the EMU and across the time period starting with the first
quarter of 1999 to the last quarter of 2021. As an additional check, the sample was
divided pertaining to time and composition of countries. This was done to examine
whether the results are driven by any of these factors.

The first split, with regards to time, covers the period from 1999 to 2012. The
second split ranges from 2013 to 2021. The split is done in 2012 for several reasons.
The first reason is that the data of the transmission channels - Transport Share of
HICP, Total Energy Dependence, Energy Dependence on Oil, and Energy Intensity
- show structural breaks in the second, third and fourth quarters of 2013. Thus, by
splitting the data before this, such a discrepancy affecting the data can be avoided.
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Also, at the end of 2012, the European Commission launched the Energy efficiency
directive, which was described in section 2.2. The split is also based on the acces-
sion of new countries to the EMU. Latvia entered the union in January 2014 and
Lithuania in January 2015 [The European Central Bank, 2022]. Hence, splitting the
sample in 2012 means that the period from 2013 to 2021 captures to a large extent,
the time when all current member countries had entered the union.

The second split is country wise. One subsample consists of the 11 countries which
first entered the EMU when it was created (EMU11), the second sample consists of
the eight countries that entered the union at a later stage (EMUS). The countries
included in both samples are displayed in Table A.1 in Appendix A.

The two splits have further been combined and four subsamples have been created

from this: EMUS (1999-2012), EMUS (2013-2021), EMU11 (1999-2012), and EMU11
(2013-2021).
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6
Empirical Analysis

In this chapter the results found in this paper are presented and analysed with
regards to both inflation and inflation differential. The chapter is structured as
follows: section 6.1 presents the results pertaining to the level of inflation. Section
6.2 describes the results pertaining to inflation differentials. Then, in section 6.2.1,
the results of a sample split for inflation differentials are shown. Followed by section
6.3.1 and 6.3.2 which presents the results from specification tests of both regressions.

6.1 Result and Analysis - Inflation Level

The results from examining the inflation level are presented in Table 6.1 and Figures
6.1 to 6.4'. The figures display the impact and pass-through of an one percent shock
in global oil prices for the domestic inflation level while controlling for cross-country
heterogeneity with the interaction of transmission channels. The red vertical line
in the figures represents the one-year mark (k = 4), and k£ = 0 denotes the onset
of the shock. The IRFs indicate that all transmission channels follow similar pat-
terns with regards to the size of their initial responses, movements and duration of
pass-through following an oil price shock on the level of inflation. As displayed in
figures 6.1 to 6.4, the initial response from an oil price shock yields the largest effect
compared to the pass-through in later periods of the forecasting horizon.

In Table 6.1, the largest estimate of an initial interaction effect is found at 0.001%
for the variable Total Energy Dependency (p;,). The smallest estimate is found
at 0.0004% for the Transport Share of HICP (d;;-1). By way of explanation, this
means that a 10% increase in oil prices initially increases the domestic inflation level
by 0.01%, with an enlarged effect for countries with higher energy dependency rates.
Thereby, the results in this paper shows that a higher energy dependency amplifies
the initial response of an oil price shock on the level of domestic inflation. What
is more, the effect of dependency on energy is estimated as larger compared to the
effect of dependency solely on oil. This paper thereby establishes that dependency
on energy imports plays a larger roll for the level of domestic inflation for this area
compared to dependency solely on oil.

!The solid line, in the figures, is the IRF while the dashed line indicates a 95% confidence band.
The red reference line shows the fourth quarter to clarify the dissipating effect after this point.
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shock through p?yt on HICP inflation. shock through P?,t on HICP inflation.

Further, the transmission channel of Energy Intensity, (p?,), shows a positive initial
response. An expected result since inefficient energy usage implies a larger pass-
through of oil price shocks. However, when comparing these results to Total Energy
Dependency it is shown that the pass-through from an oil price shock is smaller
for this variable. Possibly, this result pertains to the various policies aimed at im-
proving energy efficiency implemented by the EU during the last decade described
in section 2.2. Such policies could have weakened the linkage between the variable
of Energy Intensity as a transmission channel for oil prices to inflation. Yet, the
results indicate that lessening the EMU:s dependency on external suppliers of en-
ergy should be prioritized over increasing energy efficiency, by decreasing energy
intensity, pertaining to the stability of the level of inflation in this area.

Moreover, at the end of the first year of an oil price shock, at k=4, the effect on the
level of inflation has become negative for all transmission channels, but the size of
the pass-through at this stage is almost unnoticeable with a coefficient very close to
zero. After one year, all transmission channels show an estimated negative effect of
less than 0.01% on inflation as a response to a 10% oil price shock. At this point, the
effect remains largest for countries with a higher dependency rate on energy with a
negative coefficient of about 0.004% in the case of a 10% increase in oil prices. A
shock of 10%, estimates a negative impact with the pass-through for the Transport
Share of HICP and Energy Intensity at around 0.0005% and 0.0016%, respectively.
The results show that despite the initial effect of an oil price shock on inflation being
notable, it quickly diminishes to having a very slight effect after one year.
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After one year, the effect of an oil price shock diminishes to negligible size. Table
6.1 shows that in the third quarter of the second year, at k=7, after the onset of a
1% shock to oil prices, all transmission channels show a negative effect of less than
0.0001% on inflation, which is a negligible effect. To contextualize this number, the
size of oil price shocks often measure increases of around 50% [Choi et al., 2018].
For a shock of this size, the accumulated effect on the inflation level would be less
than 0.005% for all transmission channels evaluated in this paper. This implies that
neither of these transmission channels have a significantly amplifying effect of an oil
price shock for the level of inflation.

The results obtained in this paper are in line with those of Chen [2009], Blanchard
and Gali [2007] and Herrera and Pesavento [2009] where the pass-through of an oil
price shock has dissipating effects over time. When further comparing the results in
this paper to those of Chen [2009], who found that the level of inflation had become
less sensitive to oil price fluctuations in the 2000s compared to the 1970s, this pa-
per establishes a similar development. The coefficients pertaining to the examined
period are smaller than those found by Chen [2009] suggesting that the impact has
lessened in size. A reason for this development, as suggested by Chen [2009] and
Blanchard and Gali [2007], is the inflation targeting monetary policy conducted by
the ECB. Also, increased credibility of the ECB possibly decreased the response of
inflation expectation to oil price shocks. Furthermore, more efficient energy usage
in the EU, achieved by the shift towards a more service-based economy could be a
potential cause for this development. Also, the many policy initiatives, as described
in chapter 2, are plausible reasons for the declining pass-through of oil prices to
inflation via transmission channels such as energy intensity and energy dependency.
Adding to this analysis, is the reasoning made by Blanchard and Gali [2007] re-
garding a more efficient energy usage in consumption and production contributing
to the decreasing pass-through of oil price shocks to the level of inflation. What
is more, the results by Hooker [2002], who showed that an increase or decrease in
energy intensity does not account for a substantial effect in the pass-through of oil
price shocks to inflation, support our findings.

Moreover, the results suggest that a country with a higher share of transport in the
HICP basket is not more exposed to oil price shocks than any other country in the
EMU with regards to the small accumulated effect measured two years after the
onset of a shock, as displayed in table 6.1. These results are in contrast to those
of Choi et al. [2018]. However, the sample composition of countries in this paper
compared to the one used by Choi et al. [2018] differs to a large extent, since the
countries selected for this study all belong to an integrated area managed by the
same monetary policy. Thereby, a potential cause for the differing results could
be that a more synchronized response of an inflation-targeting monetary policy out-
weighs the effect of the transport share in the HICP basket for countries in the EMU.

To conclude this section, our findings strongly suggest that the energy-related trans-

mission channels studied in this paper only cause a small amplifying effect of an oil
price shock for the inflation level in the EMU.
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6.2 Result and Analysis - Inflation Differentials

Table 6.2 shows the results pertaining to the analysis of inflation differentials. In
this section, the effect of oil price inflation is studied rather than an oil price shock,
which was examined in the previous section. Hence, the estimated model captures
how an increase in oil price inflation effects inflation differentials in the EMU, and if
any of the energy-related transmission channels have an amplifying effect on them.
Each column in Table 6.2 represents one regression containing an interacted variable
of a transmission channel and global oil price inflation, except for the first column
which includes the non-interacted variable for global oil price inflation, (71‘;)? ). In the
first column, a negative coefficient is found for the non-interacted variable at the
0.1 % significance level. Further, aside from the fiscal stance, the nominal exchange
rate, the output gap and the price level are found having linkage to inflation differ-
entials for all regressions. Apart from the output gap, the variables show a negative
linkage to the dependent variable. These results are in line with the results obtained
by Honohan et al. [2003] and are therefore expected.

The second column in Table 6.2, shows the result for the interacted variable of the
Transport Share of HICP and global oil price inflation (6i,t,17r§’ftl), where a positive
linkage is found. Albeit, the effect is virtually negligible with a coefficient estimated
at 0.000137. The interpretation of this variable is that a higher share of transport in
the consumption basket has a very small, yet amplifying effect of oil price inflation
for inflation differentials. In addition, the rest of the interacted transmission chan-
nels covering this period cannot be significantly established in this paper. Thus,

their contribution to inflation differentials cannot be conclusively proven.

This paper has established two variables with significant linkages to inflation dif-
ferentials. Firstly, a negative relationship for the non-interacted variable for global
oil price inflation meaning that oil price inflation causes a decrease in inflation dif-
ferentials. Secondly, a very small, yet positive interaction effect of global oil price
inflation and the Transport Share of HICP is found. Thus, the two variables mea-
suring the impact of an increase in oil price inflation show opposite linkages.

However, there are underlying explanations as to why these variables show opposite
linkages. Firstly, the result pertaining to the Transport Share of HICP and inflation
differentials is, as expected, positive. This is explained by the fact that an increase
in oil price inflation makes transport more expensive which has a pass-through at
varying rates in domestic economies since they have different shares of transport
in the domestic HICP basket. In turn, varying rates of pass-through causes the
domestic inflation rate to differ more compared to the EMU average resulting in in-
creased inflation differentials - however note that the estimated effect is small. This
reasoning, in relation to inflation differentials, is in line with the reasoning made by
Choi et al. [2018] which he made relating to the level of inflation. On an important
note, the results from examining the inflation level in section 6.1, where no linkage
between the Transport Share of HICP is found, do not contradict these results since
we are examining an oil price shock in section 6.1. The Pooled OLS examines an
increase in oil price inflation, thus not a temporary affect.
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Secondly, the reason why an increase in oil price inflation has a negative effect on in-
flation differentials relates to the reasoning of Stavrev [2007] and Egert et al. [2004].
Both papers show results which indicates that increased synchronization of business
cycles from increased intra-trade has contributed to fewer cross-country discrepan-
cies. Thus, causing a similar response among member countries at an aggregate
level following an increase in prices which, in turn, diminishes inflation differentials.
Also, the efforts made by the ECB to maintain stable levels of inflation may have
reduced the general effect of price increases in oil, since EMU countries deviate to a
lesser extent from the EMU average because of these efforts. Accordingly, decreas-
ing the development of inflation differentials. This follows the same reasoning made
by Chen [2009] and Blanchard and Gali [2007] as previously discussed in relation to
the inflation level.

Furthermore, the insignificant linkages for Total Energy Dependency, Energy De-
pendency on Oil and Energy Intensity are in contrast to the findings of Egert et al.
12004] and Hofmann and Remsperger [2005]. They established a significant impact
for such variables. The efforts made by the EU to increase energy efficiency and
create a more integrated internal energy market structure can account for why the
energy-related transmission channels show no effect on inflation differentials in this
paper. This follows the same reasoning made by Chen [2009] and Blanchard and
Gali [2007]. Our findings are also in line with those of Arnold and Verhoef [2004]
who found that oil dependency is not a major contributing factor to inflation dif-
ferentials. Even more so, our findings align with those of Licheron [2007] who did
not find any linkage at all. However, this result will be discussed further in section
6.2.1, when the results from the sample split is evaluated.
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Table 6.2: Pooled OLS - Inflation differentials based on HICP inflation

(1) (2) (3) (4) (5) (6)
hicp_inf hicp_inf hicp_inf hicp_inf hicp_inf hicp_inf
ANEER;; 1  -33.39* -30.22* -33.01% -32.23* -31.85* -32.09*
(13.48) (13.09) (13.46) (13.36) (13.62) (13.69)
GAP;, 17.09* 17.29* 17.40% 17.70* 17.49* 17.45*
(6.290) (6.410) (6.325) (6.586) (6.313) (6.303)
FISC;, 0.0363 0.0363 0.0351 0.0346 0.0394 0.0370
(0.0329) (0.0329) (0.0331) (0.0338) (0.0328) (0.0332)
Pii 1 -0.0186***  -0.0197***  -0.0188***  -0.0190*"*  -0.0194***  -0.0196***
(0.00464)  (0.00479)  (0.00455)  (0.00469)  (0.00461)  (0.00457)
il -15.83**
(1.236)
Sip—rmfY 0.000137*
(0.0000555)
ptymdil -0.0000270
(0.000138)
p} mdil 0.00104
(0.000896)
pd il -0.0000468
(0.0000496)
N 1581 1581 1562 1562 1562 1562
R? 0.880 0.881 0.881 0.882 0.881 0.881

Clustered robust standard errors are reported in parentheses.

* p < 0.05, ** p < 0.01, ** p < 0.001
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6.2.1 Result and Analysis - Inflation Differentials with Sam-
ple Split

How does the results change when altering the composition of countries for smaller
time periods? The split in data was made to group countries depending on their
accession to the EMU, as business-cycle synchronization of member countries align
over time. Each country group may therefore give somewhat different results.

Table 6.3 shows the result of the EMUS countries for the period 1999 to 2012. Table
6.5 shows the results for EMU11 countries for the same period. Table 6.4 shows
the result for EMUS for the period 2013 to 2021. Table 6.6 shows the results for
EMU11 countries for the same period. Tables 6.3 and 6.5 depict the following result:
a negative relationship is found for global oil inflation for both country groups, the
nominal exchange rate has negative linkage for EMUS while no significance is found
for EMU11, the output gap has positive linkage for EMUS8 but no linkage is found
for EMU11. Further, the fiscal stance is not significant for EMUS, but positively
linked for EMUL11. Lastly, the price level has no significance for EMUS, but is neg-
atively linked for EMU11. Also, the transmission variables are not significant for
this shorter time period for any of the two country groups.

The second period covering 2013 to 2021 is shown in Tables 6.4 and 6.6. The re-
sults show significance for oil price inflation for EMUS8 and for EMU11 with positive
coefficients. The nominal exchange rate is significant for EMUS with a negative co-
efficient while no significance is found for EMU11. The output gap and fiscal stance
are insignificant for both country groups. The price level is significant for EMUS
with a negative coefficient. No significance is found for EMU11. For this period
we find a positive and significant interaction effect of Transport Share in the HICP
basket and Total Energy Dependency for EMU11 but not for the EMUS.
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Table 6.3: Pooled OLS EMUS (1999-2012) - Inflation differentials based on HICP inflation

(1) (2) 3) (4) (5) (6)

hicp_inf hicp_inf hicp_inf hicp_inf hicp_inf hicp_inf
ANEER;; 1 -48.69*  -45.18* -47.87* -48.24* -46.16* -45.34

(17.16) (17.68) (17.02) (16.91) (19.35)  (19.22)
GAP;, 2877 20.32"* 28.39"* 28.86™* 29.09"*  29.27*

(6.799) (7.016) (7.062) (7.098) (6.879)  (6.792)
FISC;y -0.0716  -0.0793 -0.0817  -0.0751 -0.0657  -0.0681

(0.0664)  (0.0651)  (0.0607)  (0.0674)  (0.0729)  (0.0710)
Pit-1 -0.0348  -0.0410* -0.0324  -0.0365*  -0.0381*  -0.0407*

(0.0148)  (0.0163)  (0.0138)  (0.0145)  (0.0158)  (0.0158)
il -0.388***

(0.0350)
8i 17 0.000189

(0.000111)
piydi -0.000218
(0.000182)
pi il 0.000864
(0.00180)
pd il -0.0000785
(0.000135)

N 410 410 410 410 410 410
R? 0.832 0.833 0.833 0.832 0.832 0.833

Clustered robust standard errors are reported in parentheses.
* p <0.05, ** p<0.01, ** p <0.001

33



Table 6.4: Pooled OLS EMUS (2013-2021) - Inflation differentials based on HICP inflation

(1) (2) (3) (4) (5) (6)

hicp_inf hicp_inf hicp_inf hicp_inf hicp_inf hicp_inf
ANEER;; 1 -45.17 -45.18* -42.75* -43.83* -43.33* -44.18*

(16.56) (16.57) (18.02) (17.11) (16.84) (17.00)
GAP;, -2.943 -3.420 1.509 -1.738 0.659 -2.001

(6.270) (5.744) (5.058) (6.078) (8.349) (6.268)
FISC;y -0.0328 -0.0344 -0.0342 -0.0414 -0.0437 -0.0426

(0.107) (0.108) (0.114) (0.107) (0.102) (0.105)
Pt -0.0597**  -0.0598***  -0.0619***  -0.0616™**  -0.0615*** -0.0602***

(0.0102) (0.0106) (0.0113) (0.0103)  (0.00969)  (0.0108)
L 0.593**

(0.119)
Sip—1mdy 0.000110

(0.0000791)
s -0.000269
(0.000156)
p3 il 0.000996
(0.000588)
p3 il -0.000222
(0.000215)

N 253 253 245 245 245 245
R? 0.779 0.780 0.784 0.783 0.784 0.781

Clustered robust standard errors are reported in parentheses.
* p<0.05, ** p<0.01, ** p <0.001
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Table 6.5: Pooled OLS EMU11 (1999-2012) - Inflation differentials based on HICP infla-

tion
(1) (2) 3) (4) (5) (6)

hicp_inf hicp_inf hicp_inf hicp_inf hicp_inf hicp_inf

ANEER;;—1  6.726 10.74 1.205 5.206 3.593 3.613
(22.01) (23.09) (20.50) (20.99) (23.17) (22.00)
GAP;, -0.255 0.599 -0.877 -0.583 -0.0880 -0.329
(4.989) (5.030) (4.118) (5.069) (4.660) (4.548)

FISC;, 0.0975**  0.0967***  0.102***  0.0973** 0.101**  0.103***

(0.0209)  (0.0198)  (0.0209)  (0.0216) (0.0205)  (0.0202)
Piya -0.0185  -0.0183*  -0.0183*  -0.0187* -0.0175  -0.0193*

(0.00846)  (0.00809)  (0.00677)  (0.00807)  (0.00807)  (0.00768)
wil -1.196***

(0.0651)
8 p—17gY 0.000151

(0.000137)
iyl 0.000309
(0.000140)
p3 il 0.000662
(0.000562)
pd il -0.0000466
(0.0000509)

N 543 543 543 543 543 543
R? 0.958 0.960 0.961 0.959 0.959 0.959

Clustered robust standard errors are reported in parentheses.
*p<0.05, ** p<0.01, ** p <0.001
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Table 6.6: Pooled OLS EMU11 (2013-2021) - Inflation differentials based on HICP infla-

tion
(1) (2) (3) (4) (5) (6)
hicp_inf hicp_inf hicp_inf hicp_inf hicp_inf hicp_inf
ANEER;; 1  24.98 26.56 25.40 25.72 25.09 25.18
(39.96) (38.98) (39.79) (39.82) (39.97) (39.94)
GAP;, -2.348 -2.546 -0.377 -0.782 -1.247 -1.109
(2.654) (2.220) (2.654) (2.999) (2.841) (2.293)
FISC;, 0.0397 0.0476 0.0394 0.0345 0.0402 0.0402
(0.0527)  (0.0558) (0.0568)  (0.0569) (0.0558)  (0.0557)
Pii1 0.00361 0.00414 0.00454 0.00481 0.00380 0.00403
(0.00802)  (0.00843)  (0.00765)  (0.00799)  (0.00768)  (0.00786)
s 0.418**
(0.130)
8i1m{Y 0.000248*
(0.0000867)
il 0.000286*
(0.000128)
pi il 0.000547
(0.000553)
pd il -0.0000505
(0.0000494)
N 349 349 338 338 338 338
R? 0.900 0.902 0.903 0.901 0.901 0.901

Clustered robust standard errors are reported in parentheses.
* p<0.05, ** p<0.01, ** p <0.001
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According to the results, the relationship between oil price inflation and inflation
differentials vary for the two time periods. From 1999 to 2012 a significantly neg-
ative relationship is found for both EMUS8 and EMU11, while from 2013 to 2021
a significantly positive relationship is established for both groups. How come the
estimates show opposite results? As argued in section 6.1 and 6.2, where the efforts
to maintain stable levels of inflation may have reduced the general effect of price in-
creases of oil, since EMU countries deviate to a lesser extent from the EMU average
because of these efforts. Accordingly, decreasing the development of inflation differ-
entials, such reasoning follows the one made by Chen [2009]. The results following
the sample period from 2013 to 2021 can be explained following the same reasoning.
This is because the structural changes effecting the pass-through of the transmission
channels of oil prices to inflation differentials is a gradual process rather than an
instant change. Also, the shift to decrease energy dependency and energy intensity
within the euro area has likely moved at different rates across countries. As some
countries were equipped to adapt faster to decrease their reliance on energy, while
others were not. Thus, resulting in heightened inflation differentials within such a
group over time. Before such efforts were made, it is possible that oil price inflation
had a decreasing affect on HICP inflation since the country groups responded more
similarly than after this development began. This is why a significantly positive
relationship is established for both groups from 2013 to 2021 where cross-country
discrepancies could be higher following this reasoning.

On another note, differing results are also given for the control variables between
the sample periods pertaining to the output gap, fiscal stance and the price level.
However, many economic occurrences can explain the differing results between the
samples. For example, the estimates from the second sample period, 2013 to 2021,
are based on a time period with lower level of inflation and a significant drop in
oil prices as well as the effects linked to the aftermath of the 2008 global financial
crisis. The variables in the first period, 1999 to 2012, were not exposed to such eco-
nomic occurrences, hence showing varying results for some of the control variables.
Furthermore, the differences in the estimates of some of the control variables can
be explained by characteristics within the country groups where countries included
in the EMUI11 are assumed to be more homogeneous in comparison to the ones
included in EMUS. Thereby it is not worrisome that the control variables have had
differing impact for the two time periods and across country composition.
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6.3 Specification tests

In this chapter, the results are assessed through several specification tests. This is
done to ensure proper adjustments are taken to minimize anomalies hence allowing
the regressions to give accurate estimates. This is done by testing for heteroskedas-
ticity and endogeneity. In doing so, potential limitations pertaining to the results
can be discussed which is a necessary precondition for a proper analysis to follow
from our results.

6.3.1 Robustness Check - Inflation Level

To examine the robustness of the main results, the regressions on the level of infla-
tion were also estimated with data of inflation based on the HICP excluding energy
as the dependent variable. The results, as displayed in Table B.1 in Appendix B,
show a similar tendency as the main results with regards to the significance and
signs of the estimated interaction effects but with a smaller estimated coefficient for
all periods. The length of pass-through is also similar to the main results with the
last significant effect ending one period before the results pertaining to regressions
on HICP based inflation. The response of HICP excluding energy inflation of a one
percent shock to oil prices is displayed by the IRFs presented in Figures B.1, B.2,
B.3 and B.4 in Appendix B. The responses shows similar movements to the ones
presented in Figures 6.1, 6.2, 6.3, and 6.4 but with a more prominently dissipating
effect after the fourth quarter, marked by the red line. This shows that while using
an inflation measure that includes energy in the consumption basket accounts for
a larger estimated effect, it does not change the significance or duration of pass-
through.

Another robustness check of the main results was the sample split to examine if the
sample composition drives the results over time. Therefore, the sample was divided
into two groups, EMUS8 and EMU11, like the ones described in section 5.2.1. Table
B.2 in Appendix B show the results for EMUS8 while Table B.3 in Appendix B show
the results for EMU11. Both Table B.2 and B.3 show that the results based on this
sample composition are very similar to the ones presented in the analysis using the
main sample.

6.3.2 Robustness Check - Inflation Differentials

In [Honohan et al., 2003], the General Methods of Moments (GMM) was used to
examine the estimations. However, while this method is suitable for samples with a
shorter time period, it does not accurately estimate samples over longer periods such
as the one in this paper. Therefore, this paper did not employ the same robustness
check. Instead, other measures were taken to examine the results. Firstly, a Breusch
Pagan test was conducted to examine the regressions for heteroskedasticity. The
result showed that our regressions had heteroskedasticity issues, which was dealt
with through using clustered standard errors in the regressions. This approach was
taken due to its suitability for correcting regressions using Pooled OLS. Moving on,
autocorrelation was found, which was dealt with using clustered standard errors.
Next, in order to examine the data for endogeneity, a Hausman test was conducted
which indicated using fixed effects in the regressions. According to Honohan et al.
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(2003) it is not necessary to include fixed effects, in this instance, since permanent
inflation differentials are presumed to not occur over time. For this reason Honohan
et al. (2003) did not test this assumption in their paper. After conduction the test
on the data pertaining to this paper, the choice to not include fixed effects was taken
since matching the regression by Honohan et al. (2003) was prioritized.
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7

Conclusion

Our findings suggest that the EMU countries are not sensitive to oil price shocks
pertaining to the inflation level. The examined transmission channels show small
effects in their pass-through to inflation levels. Transport Share of HICP, Total En-
ergy Dependency, Energy Dependency on Oil, and Energy Intensity show the largest
effect at the initial impact of an oil price shock. The largest initial effect is found
for Total Energy Dependency, thereby suggesting that decreasing the dependency
on external energy supply should be prioritized for this area. Still, the effect of this
variable is small. In fact, when accumulating the effects for all transmission chan-
nels over the entire forecast horizon, the effect diminishes to an even more modest
size with an almost negligible effect of pass-through to inflation levels. This small,
yet amplifying effect can be explained by an active monetary policy in response to
inflation as well as a more efficient use of energy by countries in the euro area.

Moreover, the result established from examining inflation differentials shows a neg-
ative linkage between oil price inflation and inflation differentials. This means that
the results, based on data covering the period from 1999 to 2021, implies that an
increase in oil price inflation had a decreasing effect on inflation differentials. The
linkage is explained by an increased synchronization of business cycles followed by
increased intra-euro area trade. This has contributed to fewer cross-country discrep-
ancies. Thus, inducing similar responses among the EMU countries at an aggregate
level following oil price increases, thereby diminishing inflation differentials. Also,
the efforts to maintain low levels of inflation likely reduced the general effect of price
increases in oil, since EMU countries deviate to a lesser extent from the EMU av-
erage because of these efforts. Accordingly, decreasing the development of inflation
differentials. However, the Transport Share of HICP is found causing a small, yet
amplifying effect on inflation differentials. The rest of the interacted transmission
channels covering the whole period cannot be significantly established in this paper.
The same result applies for the shorter sample periods examined from 1999 to 2012,
where none of the transmission variables are significantly established. However, from
2013 to 2021 a positive interaction effect of Transport Share in the HICP basket and
Total Energy Dependency is found for EMU11 but not for EMUS. The effects that
have been significantly established are small in size suggesting that while there is an
amplifying effect, it does not generate a substantial effect for inflation differentials.
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In conclusion, the results of both the analysis on the effect of an oil price shock on
the inflation level as well as the results pertaining to the effect of oil price inflation
on inflation differentials can be accounted for by the monetary policy conducted by
the ECB. An active monetary policy on inflation has decreased the pass-through
of oil prices to the inflation level while a more synchronized response among coun-
tries created by a common monetary policy has led to oil price inflation decreasing
inflation differentials. Furthermore, a structural shift with regards to increased en-
ergy efficiency, a more service-based economy, and an integrated energy market in
the EU are potential causes for energy-related transmission channels showing low
pass-through of oil prices.

7.1 Future Research

This paper has focused on the response of consumer price based inflation from an
oil price shock and oil price inflation. A suggestion for future research is to examine
the effect of oil prices on production based inflation to estimate the pass-through for
similar transmission channels like those studied in this paper. This extension would
further the analysis and give a broader understanding of how inflation is affected by
an oil price shock or oil price increase.
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Appendix A

Data description

Table A.1: Description of countries included in the samples.

Countries

EMU Austria, Belgium, Cyprus, Estonia, Finland, France,
Germany, Greece, Ireland, Italy, Latvia, Lithuania,
Luxembourg, Malta, Netherlands, Portugal, Slovakia,
Slovenia, and Spain.

EMUS8 Cyprus, Estonia, Greece, Latvia, Lithuania, Malta,
Slovenia, and Slovakia.

EMU11  Austria, Belgium, Finland, France, Germany, Ireland,
Italy, Luxembourg, Netherlands, Portugal, and Spain.
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Table A.2: Summary, description and source of data.

Variable Description Source
Inflation rate The Harmonised Index of Consumer FEurostat
Prices (HICP), not seasonally adjusted,
2015 referene year
Transport share of The weight of transport in the HICP bas- Eurostat
HICP ket
Total Energy Depen- Measured as net imports divided by FEurostat
dencey gross available energy
Energy dependencey Measured as net imports divided by Eurostat
on QOil gross available energy for oil and
petroleum products (excluding biofuel
portion)
Energy intensity Measured as kilograms of oil equivalent Eurostat

(KGOE) per thousand euros in purchas-
ing power standards (PPS)

Global Oil Price Infla-

tion

Measured as an equally weighted aver-
age of three spot prices: Dated Brent,
West Texas Intermediate, and the Dubai
Fateh

IMF - Primary Com-
modity Price System

NEER The index is calculated against a group FEurostat
of 37 trading partners and for different
currencies.
Output Gap Gross Domestic Product, seasonally ad- IMF - International

justed

Financial Statistics

Fiscal Stance

Measured as net imports divided by
gross available energy for oil and
petroleum products (excluding biofuel
portion)

The Statistical Data
Warehouse of the Eu-
ropean Central Bank

Price level

Measured as the price level of household
consumption, reference year 2017

Penn World Table 10.0
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Appendix B

Robustness Checks
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Figure B.1: The impact of a 1% oil price
shocks through ;1 on HICP excluding
energy inflation.
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Figure B.3: The impact of a 1% oil price
shocks through pZZ’t on HICP excluding
energy.
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Figure B.2: The impact of a 1% oil price
shocks through le,t on HICP excluding
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Figure B.4: The impact of a 1% oil price
shocks through P?,t on HICP excluding
energy.
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