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Author’s Contributions to the Publications

I In publication I, we developed a GVAR model with sign restrictions to estimate the
effects of US credit and demand shocks on new European countries. My primary con-
tribution involved creating the MATLAB code by combining elements from the GVAR
toolbox by Smith and Galessi (2014) and the sign restriction identification code for
VAR models by Eickmeier and Ng (2015). | was also responsible for database collec-
tion and description (Section 3.2, Data and General Model Specification). The main
contribution of Thomas Reininger was the construction of the trade weight matrix,
using an in-house database compiled at the Austrian Central Bank. Martin Feld-
kircher prepared the detailed literature review (Section 2, Related Literature). The
Introduction, as well as the model description and model results sections, were de-
veloped by Ludmila Fadejeva and Martin Feldkircher (Section 1, Introduction; Section
3, The GVAR Model; Section 4, Identification of Structural Shocks; Section 5, Empirical
Results; and Section 6, Conclusions).

Il In publication II, we adopted the GVAR approach to analyse the effects of mone-
tary policy on Central and Eastern European countries by implementing a novel sign
restriction approach for euro area countries. My main contribution was the devel-
opment of this multi-level sign restriction mechanism for shock identification in the
GVAR model, which applies restrictions to both euro area common variables and
country-specific variables, yielding shocks that are consistent across both levels of
aggregation (Sections 3, Model; Section 4, Identification of Structural Shocks in the
Euro Area). | built the code for this mechanism using the previous code from Fadejeva
et al. (2017) and the baseline code by Eickmeier and Ng (2015), adapting it to support
the multi-level structure of the proposed sign restriction mechanism. Additionally,
| estimated shadow rates for Central and Eastern European countries following the
approach by Ajevskis (2016) (shadow rate analysis in Section 3.1). Sona Benecka con-
tributed by compiling the database and providing expertise on monetary policy out-
comes in Central Eastern and Southern Eastern European countries (data description
in Section 3.1). Martin Feldkircher’s contributions included preparing the detailed lit-
erature review (Section 2, Literature Review) and offering expertise on GVAR models.
The sections discussing model results were co-authored by the three of us (Section
5, Empirical Results, and Section 6, Conclusions).

lll In publication lIl, we modified a New Keynesian overlapping generations model by
incorporating demographic and productivity-gap factors to analyse their interactions
with monetary policy in a general equilibrium setting. My contribution to the paper
involved formulating the hypothesis that a country’s age and productivity profile can
explain the shape of net wealth distribution across cohorts, thereby partly account-
ing for differences in monetary policy transmission across euro area countries. Using
microdata from the HFCS and EU-SILC surveys, | developed the empirical and calibra-
tion sections of the paper (Section 3, Empirical Evidence, and Section 5, Calibration).
The main contribution of Zeynep Kantur was adapting her previously developed OLG
model with monetary policy Kantur (2013) to an OLG model with heterogeneous pro-
ductivity across the population and monetary policy (Section 4, The Model). We dis-
cussed the results in detail and collaboratively wrote the Introduction, Literature Re-
view, and Results (Section 1, Introduction; Section 2, Related Literature; Section 6,
Results; and Section 7, Conclusions sections).
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1 Introduction

The thesis comprises three studies that examine the transmission of international shocks,
specifically those stemming from monetary policy, as well as credit demand and supply
shocks. Publications | and Il investigate the heterogeneity in both the speed and intensity
of credit and monetary shock transmission across different regions using aggregate time
series data. Publication Il explores the heterogeneity of monetary shock transmission
between Eastern and Western European countries, focusing on differences in the distri-
bution of net wealth across age cohorts. Together, these studies advance the transmission
literature by introducing novel approaches to shock identification and a new model spec-
ification for analysing regional discrepancies in shock transmission.

In the interconnected global economy, policy decisions in one country or region can
have profound effects on the others. This phenomenon, known as international policy
shock transmission, is characterized by the propagation of economic and financial dis-
turbances across borders. However, the impact of such shocks is not uniform; rather,
it exhibits significant heterogeneity based on factors such as economic structure, finan-
cial integration, and trade linkages. From the methodological aspect, the Global Vector-
Autoregressive (GVAR) approach put forward among others in Pesaran et al. (2004), Dees
et al. (2007a,b), Garrat et al. (2006) allows for the exploration of the propagation of a
country or region specific shock between countries taking into account the complex struc-
ture of financial and trade linkages.

In the aftermath of the 2008-2009 financial crisis, many economies experienced bank-
ing sector shocks, marked by tightened credit, increased loan loss provisions, and dimin-
ished confidence among banks (Busch et al., 2010). On the one hand, some argued that
the decline in new lending was primarily driven by a sharp reduction in loan demand. On
the other hand, banks were criticized for tightening credit standards and displaying ex-
cessive reluctance to engage in new lending as part of efforts to clean up their balance
sheets. Banking policy shocks in advanced economies generated significant spillover ef-
fects on emerging markets, especially those with high levels of foreign bank penetration.
These banking sector shocks also contributed to a pronounced decline in global real ac-
tivity. Even countries not directly impacted by shocks to their credit sectors experienced
output deterioration due to adverse aggregate demand shocks on exports and/or a surge
in international investor risk aversion, prompting a “flight to safety” in investment (Chudik
and Fratzscher, 2011).

Monetary policy shocks, particularly those originating from major economies such as
the United States and the euro area, can exert substantial effects on the global economy.
These shocks typically manifest through changes in interest rates, exchange rates, and
capital flows, influencing economic conditions in other countries. Nations with stronger
trade linkages, financial openness, and flexible exchange rates tend to experience more
pronounced effects (Georgiadis, 2015). Emerging European economies, given their high
level of economic integration with the euro area, are especially susceptible to euro area
monetary policy shocks. Additionally, within a monetary union, the transmission of mon-
etary policy shocks presents unique challenges. While a common monetary policy fosters
economic integration and stability, it may not fully address the diverse economic condi-
tions and structural differences among member countries, leading to potentially varied
impacts across member states.

Another challenge in analysing monetary policy transmission arises from the fact that,
following the global financial crisis, major central banks—including the European Central
Bank (ECB) and the Federal Reserve—reached the zero lower bound on interest rates and
thus had to implement unconventional monetary policies to stimulate economic growth



and inflation. The introduction of these non-standard monetary policies has raised con-
cerns regarding the differing strengths of conventional versus unconventional monetary
policy effects, a topic subsequently explored in the literature (e.g., Hauzenberger et al.
2021, Rostagno et al. 2021, Zlobins 2022).

The strength of policy transmission can be analysed not only through macro-level time
series but also via micro-level indicators, such as demographic structures, life-cycle sav-
ing trajectories, and cohort productivity. For instance, focusing on household-level effects
allows for a deeper exploration of how monetary policy shocks relate to income inequal-
ity. Studies have shown that the impact of monetary policy varies across age cohorts
(e.g., Kantur 2013, Wong 2016, Bielecki et al. 2018, Berg et al. 2019, Leahy and Thapar
2019, Bielecki et al. 2021). Households with mortgages, especially under flexible inter-
est rates, are more sensitive to monetary policy (Calza et al. 2013, Cloyne et al. 2018).
Monetary policy easing tends to redistribute welfare from older to younger generations
(Bielecki et al., 2021), with nominal assets and labour income being the primary chan-
nels of redistribution, while real financial assets and housing play relatively smaller roles.
The heterogeneous effects of monetary policy across population cohorts, along with the
unique structure and characteristics of these cohorts, shape the domestic transmission
of monetary shocks. Therefore, when cohort characteristics differ between countries, the
effectiveness of monetary policy may also vary.

The issues discussed above are examined in this thesis. The three publications com-
prising the thesis focus on the transmission of shocks into European economies. Central,
Eastern, and South- Eastern European (CESEE) countries are of particular interest, as these
economies, due to their volatility and relatively small size, are less frequently studied com-
pared to the euro area as a whole.

Publication | examines the international spillovers of credit and demand shocks origi-
nating from the euro area and the United States, focusing on their effects on CESEE coun-
tries. The global financial crisis of 2008-2009 underscored the interconnectedness of
global financial markets and the international transmission of shocks. This study employs
a GVAR model to analyse these spillovers, accounting for trade and financial linkages and
distinguishing among loan supply shocks, loan demand shocks, and aggregate demand
shocks. The results show that adverse credit supply and demand shocks from the euro
area and the United States generally lead to reductions in international output and credit.
The study emphasizes the vulnerability of CESEE economies due to their strong economic
ties with the euro area, demonstrating that these regions experience more pronounced
spillover effects compared to other European countries. Historical decomposition analy-
sis highlights the significant role of U.S. shocks in explaining growth deviations in CESEE
countries. Publication | uses time series data covering the period from 1995 to 2013, which
predominantly reflects the period of conventional monetary policy.

Publication Il examines a longer time horizon, encompassing both conventional and
unconventional monetary policy periods (1995-2017). In the aftermath of the global finan-
cial crisis, major central banks, including the ECB, reached the zero lower bound on inter-
est rates and consequently implemented unconventional monetary policies to stimulate
economic growth and inflation. The adoption of non-standard monetary policies by the
ECB and the Federal Reserve has raised concerns regarding negative external spillovers,
such as substantial capital inflows, exchange rate appreciation, and increased financial
fragility in neighbouring economies, particularly small open economies. This study ex-
plores these spillovers using a GVAR model and introduces a novel method for integrating
euro area monetary policy shocks into a multi-country euro area framework that accounts
for cross-country heterogeneity.
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The findings indicate that monetary tightening in the euro area results in declines in
both prices and output, with notable variation in the impact across countries. The trans-
mission of euro area monetary policy shocks to CESEE countries operates through both
direct and indirect channels. Direct channels include trade and financial linkages with the
euro area, while indirect channels involve spillovers through third countries. The CESEE
economies are highly susceptible to shocks originating in the euro area due to their strong
economic connections, experiencing substantial spillover effects, often more pronounced
than those within the euro area itself.

Both Publication | and Publication Il highlight the importance of trade and financial
linkages in the transmission of economic shocks, as well as the varied responses of dif-
ferent countries to similar shocks. These findings are especially relevant for policymakers
within the euro area, where coordinated and consistent responses to economic shocks are
essential to maintain stability in the monetary union. Understanding and predicting these
heterogeneous responses can aid in formulating policies that mitigate adverse spillover
effects while strengthening the resilience of the interconnected global economy.

Publication Ill also examines the transmission of monetary policy shocks within the
euro area, but from a different perspective. It investigates how heterogeneous net wealth
distributions across countries impact the effectiveness of monetary policy, with a focus
on the distinctions between Western and Eastern Europe. Using data from the House-
hold Finance and Consumption Survey (HFCS), the study identifies distinct patterns of net
wealth accumulation across age cohorts in these regions. Notably, Western European
countries generally align with the life-cycle hypothesis, with wealth peaking around re-
tirement, whereas Eastern European countries display maximum wealth accumulation at
younger ages. Publication Ill seeks to uncover the underlying causes of these disparities
and assess how these differences shape the transmission of monetary policy.

To account for cohort-specific net wealth accumulation and monetary policy trans-
mission, the study employs a New Keynesian overlapping generations (NK-OLG) model
developed by Kantur (2013). The novelty of our approach is the integration of both pro-
ductivity and old-age dependency factors, offering a comprehensive theoretical approach
for analysing the interactions between wealth accumulation and cohort-specific charac-
teristics. Specifically, the paper demonstrates how differences in productivity growth
across cohorts lead to variations in permanent income levels, thereby influencing individ-
ual wealth accumulation trajectories. The study’s findings indicate that the effectiveness
of monetary policy is correlated with the age-cohort distribution of net wealth. As net
wealth distribution skews toward older age groups, sensitivity to interest rate changes
diminishes, thereby reducing the overall impact of monetary policy.

Publication Il underscores the importance of considering demographic characteristics
and productivity differences across cohorts when designing and implementing monetary
policy. The atypical pattern of net wealth distribution in Eastern European countries may
signal cohort-specific productivity differences, which could partly explain why monetary
policy transmission in Eastern Europe has been more pronounced compared to Western
European countries.

The thesis contributes to three distinct areas of applied macroeconomics. First, it fo-
cuses on emerging European countries: all three publications investigate shock transmis-
sion from the USA or the euro area to CESEE countries. Such analyses are rare, given the
volatility and limited time series data available for these economies. Second, it advances
empirical research by proposing new modelling strategies to explore the transmission
of monetary and credit shocks within GVAR and OLG model frameworks. In Publication
I, MATLAB code was developed by combining maximum likelihood estimation routines
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from the GVAR toolbox by Smith and Galessi (2014) with a sign restriction identification
code for VAR models by Eickmeier and Ng (2015). Extending the model from Publication |,
Publication Il introduces a two-level sign restriction mechanism for shock identification in
the GVAR model, applying restrictions on both euro area common variables and country-
specific variables to maintain economic interpretability across both levels of aggregation.
In Publication Ill, an extended NK-OLG model with generational heterogeneity assump-
tions is developed. This model enables replication of the net wealth distribution by age co-
horts, explaining distinct outcomes at both individual and aggregate levels in response to
euro area monetary policy shocks across Western and Eastern European countries. Third,
the thesis promotes the broader use of survey microdata in calibrating theoretical mod-
els. In Publication Ill, two databases are employed: the HFCS database provides data on
net wealth distribution by age cohort and enables estimation of key ratios, while the EU-
SILC microdata facilitates the estimation of wage ratios by age cohort. Both datasets offer
essential statistics for calibrating the theoretical model.

The three publications employ two main quantitative methods. In Publications I and II,
a GVAR approach is used, which accounts for trade and financial linkages between coun-
tries and enables the use of relatively short time series to assess the transmission of re-
gional and country-specific shocks to other economies. Orthogonal shocks in the GVAR
models are identified using sign restrictions. In Publication Il, a novel two-level procedure
is introduced to define consistent region- and country-specific shocks. In Publication I,
the NK-OLG model by Kantur (2013) is extended to incorporate generational heterogene-
ity. This model is calibrated to align with statistics on wealth and income distributions by
cohort for Eastern and Western European countries. The monetary policy shock is applied
through the Taylor rule.

As Publication | and Publication Il were published in 2017 and 2020, empirical meth-
ods for multi-country VAR analysis have advanced since then. Two primary development
avenues were: the refinement of shock identification techniques and the expansion of
Bayesian methodologies in GVAR and large-panel VAR models. In Publication I and II, di-
rectional sign restrictions following Rubio-Ramirez et al. (2010) were employed for shock
identification. Recent studies, however, have introduced additional approaches. For in-
stance, zero sign restrictions have been proposed by Arias et al. (2018), and narrative sign
restrictions by Antolin-Diaz and Rubio-Ramirez (2018). Moreover, monetary policy shocks
are now increasingly identified outside VAR models using high-frequency financial-market
data surrounding key policy announcements, as initially suggested by Kuttner (2001) and
Gurkaynak et al. (2005), with subsequent applications by Cesa-Bianchi et al. (2020), Jaro-
cinski and Karadi (2020), and Altavilla et al. (2019). The resulting shocks can then be ex-
ogenously incorporated into estimated VAR systems or local projection models.

At the same time, Bayesian estimation methods for large VAR models have become
more prevalent. The first Bayesian GVAR toolbox was introduced by Feldkircher and Hu-
ber (2016) and later updated by Cuaresma et al. (2016), Huber and Feldkircher (2019),
and Boeck et al. (2022). Another promising direction involves the application of Bayesian
shrinkage methods in multi-country panel VAR models, such as the global-local shrink-
age (Koop and Korobilis, 2016). Although these methods typically require computation-
ally demanding Markov chain Monte Carlo techniques, recent developments—such as the
integrated rotated Gaussian approximation proposed by Feldkircher et al. (2022)—have
improved estimation speed and enabled the inclusion of a larger number of variables per
country. The Bayesian framework is particularly beneficial in settings with shorter time se-
ries, as it incorporates prior information, handles parameter uncertainty more effectively,
and improves inference in small-sample contexts.
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The thesis is organised as follows. The Introduction, in Section 1, provides a brief de-
scription of the three research papers. Section 2 summarizes the studies. Section 2.1
presents an overview of Publication I, Section 2.2 provides an overview of Publication I,
Section 2.3 summarizes the main points of Publication Ill. Finally, Section 3 concludes by
outlining the thesis’s contributions and discussing potential avenues for future research.
Appendices 1-3 contain the three publications.
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2 Summaries of the Studies

2.1 International Spillovers from Euro Area and US Credit and Demand
Shocks

In the aftermath of the global financial crisis, research on the transmission of credit supply
and demand shocks from region- or country-specific origins garnered considerable atten-
tion. Early studies, such as those by Lown and Morgan (2006), Ciccarelli et al. (2010),
Meeks (2012), and Bassett et al. (2014), primarily focused on shocks originating in the
United States. Initial analyses using euro area data were typically country-specific, such
as Busch et al. (2010) on Germany, or approached the euro area as a single region to ex-
amine the effects of the financial crisis, as seen in Gambetti and Musso (2012), Chudik and
Fratzscher (2011), and Eickmeier and Ng (2015). At the time this paper was developed, no
studies had specifically examined the transmission of US and euro area credit shocks to
CESEE countries. Consequently, the paper "International Spillovers from Euro Area and
US Credit and Demand Shocks: A Focus on Emerging Europe" aims to fill this gap in the
literature.

The paper examines the transmission of the shocks to real GDP and total credit in
CESEE countries. To analyse these spillovers, it employs a GVAR model, initially developed
by Pesaran et al. (2004), Dees et al. (2007a,b), and Garrat et al. (2006), which is well-
suited for capturing interactions between multiple countries through trade and financial
linkages. The example of the GVAR model including CESEE countries are Feldkircher (2015)
and Galesi and Lombardi (2013). Our model includes 41 countries (comprising 12 CESEE
countries) and one regional aggregate (the euro area), using quarterly data from 1995Q1to
2013Q4. Shocks are identified using sign restrictions based on the specifications of Hristov
et al. (2012) and Eickmeier and Ng (2015), distinguishing among loan supply shocks, loan
demand shocks, and aggregate demand shocks. Technically, the MATLAB code for this
paper was developed by combining maximum likelihood routines from the GVAR toolbox
by Smith and Galessi (2014) with the sign restriction identification code for VAR models
by Eickmeier and Ng (2015).

Emerging Europe, particularly the CESEE region, shows high susceptibility to shocks
originating from the euro area and the USA. The economic integration of these regions
with the euro area means they are significantly influenced by euro area-specific shocks,
such as changes in monetary policy or financial market conditions. Following Eickmeier
and Ng (2015), two sets of weights are implemented in the GVAR model: bilateral trade
flow weights for economic variables and bilateral banking sector exposure weights for
financial variables.

The paper shows that negative credit supply and aggregate demand shocks in both the
euro area and the USA generally lead to decreases in international output and total credit.
The effects of US shocks induce negative spillovers on total credit with broader global
reach compared to similar euro area shocks. Additionally, US shocks generate compara-
tively stronger international effects in the short run. This study reveals that the euro area
plays a significant role not only as a source of shocks but also as a conduit for transmitting
third-country shocks. This mechanism helps explain why CESEE economies are particu-
larly vulnerable to US-originated shocks. Strong economic integration with the euro area,
coupled with trade openness, amplifies these effects on CESEE countries.

The historical decomposition reveals that foreign shocks have historically played an
important role in explaining movements in real GDP and total credit growth for CESEE
economies. Loan supply shocks contributed positively to output and total credit in 2008,
when the US Federal Reserve sharply reduced interest rates to counter the recession. Loan
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demand shocks made positive contributions during the period from 2004 to 2007, coin-
ciding with a significant expansion in mortgage credit in the USA. However, with the onset
of the global financial crisis, the impact of credit-related shocks turned negative, a pattern
observed in CESEE economies. Generally, contributions from euro area shocks are smaller
than those from the USA. The contributions of aggregate demand shocks exhibit a some-
what different pattern. They are mostly negative, peaking during the global financial crisis.
In the aftermath of the crisis, US aggregate demand shocks positively contributed to out-
put and credit growth in CESEE, while euro area shocks had a slightly negative impact.
This contrast may reflect the faster recovery in the USA compared to the more subdued
growth in the euro area.

The findings of this study have several important policy implications. First, they high-
light the need for CESEE economies to strengthen their financial systems to better with-
stand the adverse effects of external shocks. Second, the study underscores the impor-
tance of international coordination in monetary policy to manage and mitigate the cross-
border transmission of shocks. Policymakers in CESEE economies must consider the exter-
nal economic environment and the potential spillover effects when formulating domestic
monetary policies.

As always in empirical studies, choices were made. The number of bootstrap replica-
tions was kept relatively low, in part due to the computer power available at the time of
writing. More bootstrap replications could have provided more reliable significance inter-
vals. It might have also been possible to provide details on the results for all five identified
shocks; in the published version of the paper, we focused on three—aggregate demand,
loan supply, and loan demand—out of five, which also include monetary policy and ag-
gregate supply shocks. The motivation for identifying all five shocks, rather than leaving
some as residuals in the analysis, was to pin down the shocks more clearly, as increasing
the number of restrictions enhances the identification of the shock of interest (Paustian,
2007).

2.2 The Impact of Euro Area Monetary Policy Shock

Publication Il builds on the findings of Publication I by further exploring the transmission
of international shocks. In this paper, we focus on euro area monetary policy shocks and
their impacts on CESEE countries. The strong economic ties between the CESEE region
and the euro area make these countries highly susceptible to changes in monetary policy
originating from the larger economic centre.

The analysis of monetary policy spillovers, an important topic in the context of a mon-
etary union, has gained increased attention since the global financial crisis of 2008-2009.
As the ECB, like other central banks, sought to stimulate the economy while constrained
by near-zero interest rates, it implemented unconventional monetary policies to foster
economic growth and increase inflation. These measures—including long-term refinanc-
ing operations, large-scale asset purchase programmes, and moves into negative interest
rate territory—were designed to address persistent economic stagnation within the euro
area.

The bulk of the literature has focused on quantifying the domestic effects of uncon-
ventional euro area monetary policy. Studies by Gambacorta et al. (2014) and Boeckx
et al. (2017), using a panel VAR framework, and Burriel and Galesi (2018), using a GVAR
setup, found positive effects on output and prices from unconventional monetary policy
shocks in the main euro area countries. At the time of our study, few analyses had ex-
amined the spillovers from these unconventional measures to CESEE countries within a
GVAR framework, and none had focused on the Baltic countries. Some examples using
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a country-specific block-restricted VAR framework include Babecka Kucharcukova et al.
(2016) for the Czech Republic, Hungary, and Poland, and Bluwstein and Canova (2016)
employing a structural BVAR for the Czech Republic, Hungary, Poland, and Romania. Feld-
kircher et al. (2020) applied a Bayesian GVAR to study CESEE, though the Baltic countries
were not included.

Publication II, "The Impact of Euro Area Monetary Policy on Central and Eastern Eu-
rope", addresses a gap in the literature by examining spillovers to a broader set of CESEE
countries. To capture the effects of international interlinkages, a GVAR model is utilized,
as in Publication I. The study’s novelty lies in a new method for incorporating euro area
monetary policy shocks into a multi-country euro area block within the model. In many
GVAR-type models, a common assumption is to treat the euro area block as a single entity
(e.g., Dees et al. (2007a), Hajek and Horvath (2018)), which simplifies the application of
common euro area shocks, such as a monetary policy shock. However, in the context of
spillovers, this assumption overlooks intra-euro area heterogeneity, potentially resulting
in misleading outcomes, as neighbouring countries do not all share equally strong eco-
nomic and financial ties.

There are various ways to incorporate euro area country-specific and region-specific
information within the GVAR framework. For instance, Georgiadis (2015) and Feldkircher
et al. (2020) employ a mixed cross-section GVAR to account for the common monetary
policy within the euro area. This approach involves adding an extra country model that
determines euro area monetary policy based on macroeconomic data feedback from indi-
vidual member states. A monetary policy shock, defined using sign restrictions, can then
be implemented by placing a restriction on statistics, such as the average behaviour of
macroeconomic variables across individual euro area countries. However, placing restric-
tions only on the aggregate variable does not fully address the heterogeneity in country-
specific responses.

In Publication Il, we propose a new approach to identifying euro area monetary pol-
icy shock within a GVAR framework within a multi-country euro area block. In this setup,
a euro area monetary policy shock is identified using sign restrictions, with the rotation
matrix adjusted to ensure consistency between the aggregate euro area level and the
country-specific level. First, we collect the orthogonal impulse responses of the euro area
countries by using the Cholesky factor. Second, we draw a rotation matrix with dimen-
sions equal to the number of unique variables in the individual euro area countries plus
the number of common euro area variables. Third, we expand the part of the rotation
matrix which corresponds to individual EA country models along the variable dimension
using country weights and combine the obtained matrix with the part corresponding to
the common variables. Next, we apply the rotation matrix obtained to the orthogonal
impulse responses and collect country impulse responses to shocks. Lastly, we aggregate
the collected impulse responses with weights and check if the sign restrictions (regional
or country-specific) are met. The sign restrictions are defined for two blocks of variables:
first, for euro area common variables - namely, the shadow rate and the exchange rate
- and second, for aggregates of the euro area country-specific variables - output, prices,
and the long-term interest rate. This approach allows for heterogeneity in the aggregate
effect of euro area countries as a whole.

The dataset comprises quarterly observations for 37 countries from 2001Q1to 2016Q4,
including the 12 euro area countries that adopted the common currency before 2007 and
10 CESEE and the Baltic countries, totalling 17 euro area member states. At the country
level, data on real activity, consumer prices, the real exchange rate, short-term interest
rates, long-term government bond yields, and oil prices are used. At the aggregated euro
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area level, variables common to all euro area countries are selected, specifically a mea-
sure of monetary policy and the euro-dollar exchange rate. Short-term interest rates are
represented through corresponding shadow rates to maintain consistent sign restrictions
for identifying monetary policy shocks across both conventional and unconventional pol-
icy periods. Following Chudik and Pesaran (2013), oil prices are included as a dominant
unit in the GVAR model.

The results indicate substantial regional heterogeneity both within the euro area and
among neighbouring countries. For the euro area, the analysis reveals clusters of coun-
tries that extend beyond a simple core-periphery distinction. In CESEE economies, signif-
icant negative effects on output and prices are observed, with the impact on prices being
relatively weaker. This may be related to higher import prices following the deprecia-
tion of local currencies against the euro. Additionally, short-term interest rates in CESEE
countries tend to decline, suggesting that domestic policymakers attempt to offset the
spillover-induced shortfall in output and prices. The transmission of euro area monetary
policy shocks to CESEE countries operates through both direct and indirect channels. Di-
rect channels include trade and financial linkages with the euro area, while indirect chan-
nels involve spillovers through third countries. Due to their strong economic ties with the
euro area, CESEE economies are highly susceptible to euro area-originated shocks, often
experiencing spillover effects that are more pronounced than those within the euro area
itself.

Historical decomposition analysis reveals that euro area shocks have played a signif-
icant role in explaining deviations from trend growth in CESEE countries. For the Baltic
countries, the effects of a euro area monetary policy shock are largely attributable to
second-round effects through other non-euro area countries. By contrast, the Czech Re-
public and Poland are more directly affected due to their high levels of integration with
the euro area. These findings underscore the significant influence of euro area monetary
policy on economic conditions within these regions.

This study contributes to the literature on international economic spillovers by offer-
ing valuable insights into the transmission of euro area monetary policy shocks and their
impacts on CESEE countries through both direct and indirect effects. The main method-
ological contribution of Publication Il is a novel approach to identifying shocks within a
GVAR framework simultaneously for both individual and aggregated variables in a group
of countries with common variables. This multi-level procedure allows for the preserva-
tion of the economic interpretation of shocks at the individual country level.

Similarly to Publication I, it might have been beneficial if the number of bootstrap
replications had been increased as this might have provided more reliable significance
intervals. In retrospect, greater accuracy in the mathematical notation used to explain
the proposed sign restriction approach would have been warranted. Finally, since the
CESEE region results include both countries that adopted the euro and countries that did
not, presenting results separately for two groups—SK, SlI, EE, LV, and LT in addition to CZ,
PL, BU, HU, and RO—may have provided additional insights.

2.3 Wealth Distribution and Monetary Policy Transmission

The effects of monetary policy are heterogeneous across different population groups.
Previous studies have examined variations in responses to monetary policy shocks due
to differences in consumption patterns among age groups (e.g., Wong (2016) and Berg
et al. (2019)), as well as differing debt exposures across age cohorts (e.g., Leahy and
Thapar (2019) and Selezneva et al. (2015)). Life-cycle saving motives are explored in Bi-
elecki et al. (2018) and Braun and lkeda (2021). Bielecki et al. (2018) showed that the pri-
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mary drivers of redistribution are nominal assets and labour income, with real financial
assets and housing having a relatively smaller impact. Their findings suggest that mon-
etary policy easing redistributes welfare from older to younger generations. In Braun
and lkeda (2021), household portfolio decisions are endogenized, demonstrating that con-
sumption responses vary by age: tighter monetary policy increases consumption among
older households, while all households tend to invest less in illiquid assets during periods
of tight monetary policy.

Publication IlIl, "Wealth Distribution and Monetary Policy", builds on previous studies
by examining the complex relationship between wealth distribution across age cohorts
and the effectiveness of monetary policy in European countries. Data from the House-
hold Finance and Consumption Survey reveal significant variations in net wealth distribu-
tion among age cohorts across Europe. In Western EU countries, net wealth accumulation
follows the life-cycle hypothesis, peaking around retirement age, whereas in Eastern EU
countries, wealth tends to peak at much younger ages. This paper investigates the under-
lying reasons for these differences and assesses their implications for the transmission of
monetary policy.

The differences in net wealth distribution by age cohorts in Eastern and Western EU
countries can be partly attributed to a historical context. Eastern Europe operated under a
centrally planned economic system until the end of the 20th century. The collapse of this
system created substantial productivity disparities across generations. Younger genera-
tions have adapted more rapidly to the post-communist economic environment, resulting
in higher productivity and income levels compared to older cohorts. This generational het-
erogeneity in productivity contributes to the observed differences in wealth accumulation
patterns. The purpose of this paper is to examine how the productivity gap across gen-
erations, along with demographic factors, shapes net wealth distribution and influences
the effectiveness of monetary policy.

To achieve these objectives, the New Keynesian model incorporating a multiperiod
OLG framework, as developed by Kantur (2013), is extended with an assumption of gen-
erational heterogeneity in productivity levels. The model is calibrated using data from the
HFCS to accurately replicate the net wealth distribution patterns in the two groups of Eu-
ropean countries. In Western Europe, the productivity gap between generations is less
pronounced, leading to a more conventional pattern of wealth accumulation in line with
the life-cycle hypothesis. The model’s robustness is tested through various specifications,
ensuring that the results are not sensitive to particular assumptions or data limitations.

The paper concludes that the shape of net wealth distribution by age is a critical de-
terminant of monetary policy effectiveness. It provides evidence that monetary policy’s
impact on output and inflation weakens as net wealth distribution shifts toward older age
groups. In Western Europe, where wealth is concentrated among older individuals, mon-
etary policy has a limited effect on consumption and investment decisions. In contrast, in
Eastern Europe, where younger individuals hold a larger share of wealth, monetary policy
is more effective. Younger individuals tend to be more responsive to interest rate changes,
leading to significant variations in aggregate consumption and investment.

Additionally, the paper shows that consumption responses to monetary policy shocks
differ among younger agents in Western and Eastern EU countries. These findings suggest
that differences in net wealth distribution, driven by generational productivity disparities,
play a key role in the effectiveness of monetary policy at both individual and aggregate lev-
els. The study also demonstrates that the natural interest rate decreases monotonically as
the old-age dependency ratio rises and the productivity gap among generations narrows.

This study contributes to the literature on monetary policy transmission by age co-
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horts, focusing on how the shape of net wealth distribution — driven by productivity
differences across cohorts — affects policy effectiveness. The augmented framework is
used to analyse the impact of wealth accumulation on the effectiveness of monetary pol-
icy within a coherent general equilibrium model. The study underscores the importance
of accounting for heterogeneity in country responses to euro area monetary shocks.

The findings of Publication Il enhance the understanding of results presented in Pub-
lications | and 1l, which demonstrate that the impact of policy rate changes in Eastern
European countries exceeds that observed in their Western counterparts.

Publication Il leaves a number of areas that could be explored in future research. One
such area would be a deeper investigation into the reasons behind the differences in the
shape of the net wealth distribution in Eastern and Western European countries. Since
net wealth primarily consists of housing value, lower pensions and weaker social security
systems in Eastern Europe do not directly affect its distribution. However, relatively lower
pensions and social security would result in reduced financial savings for the pension-
age population, thus reducing the share of total net wealth held by the older population.
Another topic that could be explored is the potential effect of negative population growth
in Europe when modelled using an OLG framework. In neoclassical growth theory, OLG
models suggest that negative population growth is expected to lead to a sharp reduction
in output and national welfare in the long run. However, Sadahiro and Shimasawa (2003)
demonstrated that if the human capital growth rate is endogenously determined, it can
offset negative population growth rates in the OLG model, preventing a decline in output.
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3 Concluding Remarks

This thesis was motivated by the aftermath of the global financial crisis, a period when un-
derstanding the international transmission of credit and monetary policy shocks became
especially critical. It closely examines the transmission of shocks originating from the euro
area and the USA to CESEE countries, contributing to the empirical literature on interna-
tional shock transmission and structural shock identification within a group of countries
in a monetary union. The thesis extends beyond the country level; in the final section, it
explores differences in wealth accumulation across cohorts in Eastern and Western Euro-
pean countries, investigating how these differences can be explained and how they impact
the effectiveness of monetary policy transmission.

The thesis makes several key contributions. Publication I, "International Spillovers
from Euro Area and US Credit and Demand Shocks: A Focus on Emerging Europe", adds
to the literature on international economic spillovers by providing evidence on the trans-
mission of credit and demand shocks from the USA and the euro area to CESEE countries.
The use of a GVAR model enables a comprehensive analysis of these spillovers, captur-
ing the complex trade and financial linkages between countries. This study reveals that
the euro area plays a significant role not only as a source of shocks but also as a conduit
for transmitting third-country shocks, which helps explain the particular vulnerability of
CESEE economies to US credit shocks. Both economic integration with the euro area and
trade openness amplify the effect through indirect transmission channels, underscoring
the susceptibility of CESEE economies to external shocks from the USA and the euro area.

Publication I, "The Impact of Euro Area Monetary Policy on Central and Eastern Eu-
rope", examines the transmission of euro area monetary policy shocks to CESEE countries,
encompassing both conventional and unconventional monetary policy periods. The pa-
per’s main contribution is a novel method for euro area shock identification within a GVAR
framework, ensuring consistency in impulse responses between the aggregate euro area
and country-specific levels. The study highlights the heterogeneity of responses to euro
area monetary policy shocks, with spillovers to CESEE countries often exceeding those
within the euro area itself. For the Baltic countries, much of the impact of a euro area
monetary policy shock can be attributed to second-round effects from non-euro area
countries, while Central European countries tend to be affected directly due to their high
degree of integration with the euro area.

Publication Ill, "Wealth Distribution and Monetary Policy", investigates the transmis-
sion of shocks by examining the complex relationship between wealth distribution across
age cohorts and the effectiveness of monetary policy in European countries. The main
contribution of the paper is the extension of the NK-OLG model by Kantur (2013) with
a productivity factor, providing a comprehensive theoretical framework to explain dif-
ferences in net wealth accumulation across age cohorts in Eastern and Western Europe.
Specifically, the paper highlights how disparities in productivity growth across cohorts can
lead to differences in permanent incomes across generations, which in turn affects individ-
ual wealth accumulation. The findings of the paper suggest that the effectiveness of mon-
etary policy correlates with the distribution of net wealth by age cohorts. As net wealth
distribution increasingly skews toward older age groups, sensitivity to interest rates di-
minishes, reducing the overall impact of monetary policy. This dynamic partly explains
why monetary policy transmission in Eastern Europe is more pronounced compared to
Western European countries.

The potential avenues for future studies using multi-country VAR methodology are nu-
merous. For example, Bayesian estimation approaches applied to GVAR (Boeck et al. 2022)
and panel VAR (Feldkircher et al. 2022) facilitating the use of a shorter time series and
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allowing for the use of prior information on coefficients. New shock identification strate-
gies have developed, such as zero sign restriction (Arias et al., 2018) and narrative sign
restriction (Antolin-Diaz and Rubio-Ramirez, 2018), allowing for more varied restrictions
on coefficients and impulse responses. High-frequency identification of shocks, following
the methodology originally proposed by Kuttner (2001) and Gurkaynak et al. (2005) (e.g.,
Cesa-Bianchi et al. 2020, Jarocinski and Karadi 2020), enables the identification of euro
area monetary policy shocks outside of the vector autoregression model, allowing these
shocks to be applied exogenously to the estimated system.

To explore the distributional aspects of policy shocks, the output of the GVAR model
can be combined with microsimulation models like EUROMOD (e.g., Lenza and Slacalek
(2021)). This approach allows for the extrapolation of the macroeconomic effects at the
country level down to the household level, enabling the study of unequal policy trans-
mission impacts on labour income and consumption across different household income
and wealth groups. Another potential avenue for GVAR modelling research on the distri-
butional aspects of monetary policy shocks is the use of Distributional Wealth Accounts
(DWA) statistics, developed by the European System of Central Banks, as a model vari-
able. The DWA integrates HFCS estimates with national accounts to produce a quarterly
time series of net wealth, facilitating the analysis of the distributional effects of mone-
tary policy transmission across income and wealth deciles. Finally, recent geopolitical and
climate-related shocks, such as the war in Ukraine and extreme weather events, may have
disparate effects across the European Union, potentially influencing the effectiveness of
international shock transmission. To account for these impacts, new weighting schemes
beyond traditional trade and financial linkages—based on proximity to and severity of
such events—could be applied.

Regarding the inclusion of productivity heterogeneity in the NK-OLG model, this ap-
proach can be extended to address other topical issues. The rapid pace of technological
development may lead to productivity differences between generations, which could alter
the life-cycle income profile and, consequently, the net wealth distribution across cohorts.
If some countries are less effective in educating both younger and older generations com-
pared to others, this could lead to varying monetary policy transmission effects for the
same age cohorts across countries—a potential drawback in the context of a monetary
union. Broadening the scope, another avenue for NK-OLG modelling relates to recent
research on inflation expectation formation by households. The European Consumer Ex-
pectation Survey, conducted by the ECB, and the Survey of Consumer Expectations, run
by the Federal Reserve, offer valuable data for understanding the heterogeneity and ra-
tionality of households’ inflation expectations. Incorporating this information into mod-
els could enhance the formalization of decisions on savings, labour supply, and liabilities
across different cohorts.

Finally, as the period of high inflation concludes and interest rates return to more typ-
ical levels, the analysis of conventional monetary policy shocks is once again becoming
highly relevant. Advances in technology and improved access to databases detailing the
heterogeneity of household decisions enable researchers to move beyond the interna-
tional transmission of shocks, allowing for a deeper examination at the country level and
a closer look at the distributive effects of policies.
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account for demographic and productivity-gap factors, analyzing their interactions with monetary policy within
a general equilibrium setting. Using the Household Finance and Consumption Survey database, we calibrate
the model for two sets of European countries and replicate the shape of net wealth distribution. Our findings
suggest that the shape of net wealth distribution by age significantly determines monetary policy effectiveness
and should be considered when designing and implementing monetary policy.

1. Introduction

The distribution of net wealth varies among the age cohorts of Euro-
pean countries. In Western EU countries, such as Austria, Belgium, the
Republic of Cyprus, Germany, Spain, Finland, France, Greece, Ireland,
Italy, Luxembourg, Malta, the Netherlands, and Portugal, individuals at
retirement age hold the majority of net wealth. This is consistent with
the life-cycle theory developed by Modigliani and Brumberg (1954).
However, in Eastern EU countries, including Hungary, Latvia, Estonia,
Poland, Slovenia, and Slovakia, net wealth distribution has shifted
toward younger age groups. Fig. 1 illustrates the ratio of net wealth
to the mean value of total net wealth in a country by age cohort.

This paper analyzes the potential impact of variations in the shape
of net wealth distribution by age on monetary policy effectiveness. In
doing so, the underlying reasons for age-related differences in wealth
distribution must be determined. Thus, the paper has a twofold objec-
tive. First, it examines plausible explanations for observed variations
in net wealth distribution by age in the relevant countries. Second, it
constructs a comprehensive theoretical framework incorporating these
factors to assess the effects of monetary policy shocks.

Several factors could account for cross-country variations in the dis-
tribution of net wealth by age, including demographic characteristics;

social; cultural; and historical backgrounds, household preferences, and
institutional disparities. Extensive research by scholars such as Jappelli
(1999) and Kapteyn et al. (2005) reveals that the principal determi-
nants of wealth distribution by age are productivity variations across
cohorts and the social security policies of individual countries. Specifi-
cally, these studies highlight how the disparities in productivity growth
generate differences in permanent incomes across generations, thereby
affecting the accumulation of wealth by individuals. In addition, these
studies underscore the role of time in wealth accumulation, as the year
of birth can significantly influence an individual’s wealth trajectory.
Moreover, the observed differences in historical contexts and age pro-
files between the two sets of countries further contribute to the overall
variation in net wealth distribution.

Until the end of the 20th century, the countries of Eastern Europe
were participants in a centrally planned economic system. Following
the system’s collapse, disparities in productivity among cohorts have
become apparent. Specifically, older workers encounter implicit bar-
riers when processing new resources stemming from the new system,
which in turn hinders productivity. Thus, younger individuals earn
higher labor income than their older counterparts. This phenomenon
is known as “generational heterogeneity in productivity. The higher
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wage income that young workers receive at the outset of their careers
results in accelerated wealth accumulation. Conversely, in Western
European countries, there is little evidence of a productivity gap be-
tween generations, and net wealth accumulation reaches its peak at
retirement age. The sections that follow present evidence in support of
our hypothesis regarding the existence of “generational heterogeneity”
in productivity levels.

The distribution of net wealth is influenced by several factors,
including a country’s demographics. In Western Europe, a considerable
proportion of the population comprises retired individuals rather than
those actively contributing to the workforce, resulting in higher old-age
dependency (OAD) ratios. As a consequence, the majority of the accu-
mulated net wealth in these countries is held by the elderly population.
In contrast, Eastern European countries have experienced lower OAD
ratios over the past three decades, leading to a trend where the bulk of
the net wealth distribution is tilted toward the younger individuals.

We know that the productivity gap between generations in Eastern
EU countries will eventually disappear, and the OAD will increase as
it has in Western EU countries. Therefore, the wealth distribution in
Eastern and Western EU countries will likely resemble each other in
the long term. However, currently, there are differences in net wealth
distribution due to demographic differences and the productivity gap
between generations.! Our goal is to analyze how disparities in wealth
distribution influence the impact of monetary policy using a snapshot
of the current situation.

In this paper, we study how the monetary policy effectiveness differs
in the two groups of countries due to the differences in net wealth
distribution at both age and aggregate levels. To do so, we develop a
life-cycle New Keynesian model, which merges multiperiod overlapping
generations (OLG) and dynamic new Keynesian (DNK) frameworks. Our
approach considers the unique features of the Eastern and Western
EU economies that affect the distribution of net wealth, leading to
variations in monetary policy outcomes.

The main findings of the paper unveil significant insights into the
relationship between net wealth distribution and monetary policy’s
effectiveness on output and inflation. At the aggregate level, the paper

1 In the model section, we assume that only these two factors account for
the difference in wealth distribution between country groups. The majority
of Eastern and Western EU countries are in the euro area. Therefore, for
the simplicity of model comparison, we ignore that historical differences in
countries’ monetary policies may contribute to the current pattern of wealth
distribution. Another factor that can affect the shape of wealth distribution,
such as different degrees of elasticity of substitution in different regions, is
explored in the working paper version of this article.

reveals that as the net wealth distribution shifts toward older age
groups, the effectiveness of monetary policy diminishes due to the
reduced interest rate sensitivity of the population. However, at an
individual level, the study suggests that the monetary policy is more
effective for younger individuals in the Eastern EU economies. The
analysis further emphasizes that generational heterogeneity plays a
pivotal role in shaping the net wealth distribution, which, in turn,
influences the outcomes at both individual and aggregate levels. The
paper also extends the work of prior literature by demonstrating that
the natural interest rate decreases steadily not only as the OAD ratio
surges but also as the productivity gap between generations diminishes,
causing a skewed distribution of net wealth toward the elderly popu-
lation. (Kantur, 2013; Carvalho et al., 2016; Kara and von Thadden,
2016; Wong, 2016; Bielecki et al., 2018). Lastly, the paper underscores
that the different responses of Eastern EU and Western EU countries
to monetary policy shocks can partly be attributed to variations in the
age-based net wealth distribution.

2. Related literature

This paper pertains to various aspects of the monetary policy lit-
erature. To begin with, previous studies such as Kantur (2013), Wong
(2016), Bielecki et al. (2018), Berg et al. (2019), Leahy and Thapar
(2019), and Bielecki et al. (2021) have investigated the heterogeneous
impact of monetary policy on different age cohorts. Notably, Wong
(2016) and Berg et al. (2019) have emphasized the dissimilarities
in consumption patterns among distinct age groups, demonstrating
that monetary policy effectiveness is more significant for younger
agents. Other studies, such as Leahy and Thapar (2019) and Selezneva
et al. (2015), have examined the same question from different vantage
points, suggesting that middle-aged households benefit most from ex-
pansionary monetary policy due to their high debt burden. This obser-
vation aligns with the research of Calza et al. (2013) and Cloyne et al.
(2018), with both papers concluding that households with mortgages
are more responsive to monetary policy, particularly when interest
rates are flexible.

Our paper relates to two recent and noteworthy works, Bielecki
et al. (2021) and Braun and Ikeda (2021), respectively. Bielecki et al.
(2021) delves into the redistributive effects of monetary policy, con-
sidering life-cycle motives within a more elaborate asset structure
framework than that used in our paper. Their focus centers on assessing
the impact of monetary policy on housing, real, and nominal financial
assets across various age groups. The paper shows that the primary
drivers of redistribution are nominal assets and labor income, with
real financial assets and housing having a relatively smaller impact.
In addition, monetary policy easing leads to a redistribution of welfare
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from older to younger generations. In contrast, Braun and Ikeda (2021)
addresses the same question by endogenizing the portfolio decisions
of households and demonstrates that consumption responses differ by
age, with all households choosing to invest less in illiquid assets during
periods of tight monetary policy. While our paper employs a simpler
asset structure than the aforementioned works, our primary objective
is to evaluate the influence of the shape of net wealth distribution
on the effectiveness of monetary policy. Specifically, we examine how
the productivity gap across generations and demographics of a coun-
try contribute to the shape of net wealth distribution and how this
shape impacts the monetary policy effectiveness. We achieve this by
using a simplified modeling structure that allows us to capture the
observed shape of net wealth distribution and analyze its impact on
the effectiveness of monetary policy.

Moreover, our contribution delves into the existing body of litera-
ture on the effectiveness of monetary policies in European countries. A
comprehensive examination of pertinent studies, including the works
of Feldkircher and Huber (2016), Fadejeva et al. (2017), Burriel and
Galesi (2018), and Hajek and Horvath (2018), reveals that the impact of
policy rate changes in Central and Eastern European countries surpasses
that of their Western counterparts. In this paper, we elucidate the fac-
tors that account for the observed disparities in response among these
countries, mainly by analyzing the shape of the net wealth distribution.
Our findings indicate that a net wealth distribution skewed toward
younger age groups due to a productivity gap between cohorts may
elucidate, at least in part, the stronger volatility of responses witnessed
in Eastern than in Western European countries.

The remainder of the paper is organized as follows: Section 3
presents evidence of the characteristics that influence net wealth dis-
tribution. Section 4 develops the model, incorporating the multiperiod
OLG model into the basic New Keynesian framework. Section 5 outlines
the calibration for the quantitative exercise. Section 6 analyzes the
impact of the monetary shock on economies with different demographic
structures and productivity levels. Finally, Section 7 concludes.

3. Empirical evidence

This section presents empirical evidence on the factors that shape
net wealth distribution across different age groups. Specifically, we
examine how demographic profiles and intergenerational productivity
gaps within countries influence wealth distribution patterns.

We observe a significant difference between the age distribution
and historical backgrounds of these two groups of countries. Eurostat
statistics show that the OAD ratio, the proportion of the population
aged 65+ compared with those aged 20-64, has increased steadily in
the 28 EU countries over the last 38 years. It has risen from around 20%
in 1970 to 33% in 2018. (See Fig. C.1(a) in Appendix C.) Furthermore,
we observe that Eastern EU countries have a younger population than
Western EU countries. This indicates that the former has a higher
population growth rate. Kantur (2013) suggests that in economies with
lower population growth rates, the effectiveness of monetary policy
is lower due to the decreasing interest rate sensitivity of the entire
economy. Thus, it raises concerns about the impact of population aging
on the effectiveness of monetary policy in the EU.

The Eastern EU countries were part of a centrally planned economic
system until the end of the 20th century. The collapse of the old
system led to generational discrepancies in labor productivity in these
countries. Lovdsz and Rigd (2013) conducted a related study on this
issue, which proves the existence of an old-young productivity gap
using linked employer-employee data for Hungary for 1986 to 2008.
Like other Eastern European countries, Hungary underwent a rapid
economic transition during this period. Therefore, access to new tech-
nologies and resources for workers of various age groups could vary,
resulting in different wage levels. According to the study’s findings,
older skilled workers in Hungary became relatively less productive than
young workers from 1992 to 1995.
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In this paper, we use the term generational heterogeneity to refer to
the situation where younger workers exhibit higher productivity levels
than older workers at a given point in time. We hypothesize that this
phenomenon should result in higher labor income for younger workers
in Eastern European countries. To test our hypothesis, we analyzed
EU-SILC microdata from 2005 to 2017.2

Fig. 2 displays wage-age profiles for 25 EU countries, highlighting
interesting differences between Eastern and Western EU countries.® In
Western EU countries, the ratio of individual to mean wage generally
increases gradually, reaching the mean level after age 40, except for
the UK, which shows a more hump-shaped profile similar to the United
States (see Lagakos et al., 2018). Conversely, in Eastern EU countries,
such as Latvia, Lithuania, and Estonia, age-wage profiles are more
hump-shaped, indicating that young workers earn at the country-mean
wage level. Conversely, older workers earn less than the mean wage.
It is essential to note that Fig. 2 only describes the cross-sectional
aspect of the wage-age profile and does not necessarily imply that
an individual worker’s lifetime wage schedule in Eastern EU countries
follows the hump-shaped profile throughout their career.

Additionally, official statistics indicate a noteworthy contrast in
the average annual real labor productivity growth per person between
Eastern and Western EU countries. Over the past 18 years, Eastern EU
countries experienced a 3% annual increase in real labor productivity,
while Western EU countries only saw a 1% increase (see Fig. C.1(b)).
Assuming generational heterogeneity between cohorts, the age-wage pro-
ductivity profiles of Western EU countries should exhibit flatter shapes
than those of Eastern EU countries, as demonstrated by the wage-age
profile illustrated in Fig. 2.

4. The model

This section presents a framework combining the standard New
Keynesian model and the T-period OLG model. Our model incorporates
two significant factors that affect the shape of the distribution of net
wealth across different age groups: (1) productivity growth between
generations and (2) demographic characteristics.

4.1. Households

All households are born as workers. In the first R period of their
lifetime, they earn wage income by supplying labor and deciding how
much to consume and save. Households can save in two types of
assets: one-period nominally riskless discount bonds yielding a nominal
return and equity shares of firms, which are infinite-lived assets.® After
working for R periods, all households retire. During the 7—R retirement
period, they stop supplying labor but continue to be financially active
- savings in bonds and equity — and consume from their wealth. At the
end of their lifetime, they consume everything and die. We assume that
households do not leave bequests to their offspring. A representative
household j who was born at time r and belongs to generation ¢ chooses

2 European Union Statistics on Income and Living Conditions.

3 The wage levels are standardized across sectors for each country and year.
Each data point in the age category represents a weighted average of the
ratio between an individual’s wage and the mean wage for the country/year
calculated over the 2005-2017 period. A ratio of one indicates that the
individual’s wage is equivalent to the mean wage of the country in the specific
age category.

4 See Appendices A and B for the derivation of the model.

5 This study explains the effect of net wealth distribution resulting from the
above-motivated factors on the transmission of monetary policy. Therefore,
we have abstracted the model from a mortgage market. As studied by Garriga
et al. (2021), the mortgage market requires a more complex borrowing/lending
scheme with different asset maturities. We prefer to abstract our model from
this kind of trade-off.
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consumption and labor supply plans to maximize expected lifetime
utility:®

R
k=1

,
k' —1
+ Y B

K=R+1

k iyI—=
Ct+k—l(J) ’

l1-0

Gl
-0

where g is the individual’s time discount factor, and the parameters o
and y represent the inverse of the intertemporal elasticity of substi-
tution and Frisch elasticity of labor supply, respectively. C* and N*
are the consumption and labor supply of household j at the age of k.”
The household j earns wage income W Z N*(j) until period R, where
Z is an index for the productivity of household ; that is constant
over its lifetime.® The period-budget constraints that the representative
household j faces are

k A1+
_ Nt+k—l(J) v
1+y

1
PC'()+ B'(j)+ P, /0 0,(1)S](j.s)di = W,Z,N/'(j)

6 Owing to the abundance of indexing letters present in the model, a
prudent decision was made to abstain from introducing another index to track
the generations. Hence, an agent who was born at time ¢ belongs to the
generation 1.

7 We introduce index k to keep track of age-specific consumption and labor
supply.

8 We assume that a representative agent born at time ¢ belongs to gener-
ation ¢ and has a constant productivity level over his/her lifetime denoted
by Z,. However, a representative agent of the next generation born at time
t+ 1 has a productivity level denoted by Z,,;, which may differ from Z,. The
productivity levels of each generation grow at a constant rate of g.

1
Py C2L () + BY () + Py / 0,41()SH, (G, 9)di = W,y Z,NZ ()
0

1
+B/(j)H +i,)+P,+l/0 (Divyy () + Qi1 (5)) S} (. $)di

PurClhr() =B (D + i)

1
+ Py /O (Divyr () + Qur () ST G di

where B"(j) represents nominal bond holdings of household j, and i
refers to the nominal interest rate. P is the price of consumption goods.
r denotes the real interest rate. Div(s) and Q(s) represent real dividends
paid by the monopolistic competitive firm s and the share price of the
firm s, respectively. .S;(j, s) shows the number of shares of firm s held
by household j.° The intertemporal budget constraint of representative
household j is

T-1 R-1 k+1

k+1
< t+k

t+k _ VVI+k
k - k :
im0 [jco( + 7o) = Pk ITico + i)

@

9 Differently from the standard DNK model, we have an equity market in
this setup, which enables us to combine the short-lived agents to infinite living
firms. Firm ownership is transferred through the equity market—that is, when
agents buy firm stocks and become owners of them.
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4.2. Production side

The basic New Keynesian framework, as proposed by Clarida
et al. (1999), models the production side of the economy. This frame-
work considers two types of firms: consumption (final) and intermedi-
ate goods producers. Imperfect competition exists in the intermediate
goods market, assuming each firm produces a differentiated good.
Price-setting behavior follows a staggered approach, following Calvo
(1983), where every period, a random fraction of firms optimally set
prices.

4.2.1. Consumption (final) good producers

There is a continuum of intermediate goods indexed by s € [0, 1],
which are transformed into homogeneous consumption goods accord-
ing to the constant returns-to-scale production function:

A
n=[/'m»fﬂﬂ
0

where Y,(s) is the quantity of intermediate good s and ¢ > 1 denotes
the price elasticity of demand. The consumption goods sector is subject
to perfect competition, which determines the demand function for
representative intermediate good s:

ro=(52)
t

where P,(s) and P, denote the price of good s and the average price
level, respectively. The CES structure of technology in the final goods
sector, P, is given by

1
1 T-e
P = </ P,(s)“fds) .
0

4.2.2. Intermediate good firms

Each intermediate firm produces a differentiated good s. All the
firms have an identical technology, represented by the following pro-
duction function at time #:

R
Y(5)= Y Zij NF ) @
k=1

where Y,(s) and N," (s), respectively, denote the output of firm s and the
hours worked demanded by firm s from the age group k at time 7. The
labor market is competitive, i.e., the nominal wage rate W is taken as
given in the production of good s. Intermediate firms are owned by the
equity holders and are managed to maximize the profit to the current
owners. Through the final goods sector, intermediate firm s faces a
downward-sloping demand curve. At time ¢ real profits (dividends) are:

w &
Div,(s) = Y,(s) — ?!’ g‘, Z, ka1 NEGs).

Following Calvo (1983), nominal price rigidity is modeled by al-
lowing random intervals between price changes. At each period, a firm
adjusts its price with a constant probability (1 — ) and keeps its price
fixed with probability 6.

4.3. The central bank

The monetary policy authority follows a standard Taylor (1993)-
type feedback rule:
ip=pi+ 0=l (m)+ o, (I + v,

where ¢, and ¢, are feedback parameters, z, is the deviation of the
rate of inflation from zero-inflation steady state, and j, is the deviation
of the level of productivity-adjusted output from its steady-state value.
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Parameter p denotes the degree of policy inertia. The exogenous com-
ponent of the monetary policy is denoted by v, and follows an AR(1)
process:

- v
Uy =Pyl + €

where ¢ denotes the monetary policy shock and p, € [0, 1) shows the
persistence of the shock.

4.4. Demographics

There exist T cohorts at a given time. For each period 7, a new
cohort is born into the economy, and the existing cohorts become one
period older. We assume a constant population growth rate of n. The
number of retired agents at time 7 + k is

T-R-1
N=+nf Y d+ny
i=0
The number of workers at time ¢ + k is
T-1
NE =+nf Y (L+n
i=T—-R
Finally, it is useful to define an indicator for aging, the OAD ratio. It is
the ratio of retired to employed agents in period #:

r

OAD, = N"'

4.5. Market clearing and equilibrium conditions

Variables are normalized by the youngest agents’ productivity level
Z and the number of workers at a given period N*. The goods
market-clearing condition requires that

T
y=2c 3
k=1

where Y, and Ct" refer to the productivity-adjusted per worker output
level and productivity-adjusted per worker consumption level of the
age group k. Labor market clearing implies

LPe\
u ) (T,) @ @

Ps)\™

R NKGs)

P o=t

where the term ( / ( ‘ ds) is the measure of price dispersion
across firms. At equlhbrlum agents do not trade bonds among them-
selves; therefore, total bond holdings are ZT ! B = B, = 0. The aggre-
gate stock outstanding equity for each 1ntermed1ate goods-producing
firm must equal the corresponding amount of issued shares normalized
to1Vs e [0, 1] Hence, the market-clearing condition for shares at time
t requires Z 's (G,s)=1.

Finally, productlvny adjusted real dividend payments by the inter-
mediate firms and real stock price index are given:

1 1
Div, :/ Div,(s)ds o, = / Q,(s)ds. 5)
0 0

Next, we derive the log-linearized equilibrium conditions.
4.6. Log-linearized dynamics

The system of equations is log-linearized around the zero-inflation
steady state. We use lower case letters to show the log of the variable
and a hat to indicate the percentage deviation from its steady-state
value. The household side equations are as follows:

Labor supply decision of the representative agent:

— Py = wh; +6€k k e {1,R}. 6)
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where ¢¥ = log(C¥ /(C** Z,N!")) denotes the log deviation of consump-
tion of age group k from its value along the balanced growth path
(BGP).

Euler equation:

6:‘:E,{é:‘ﬁ']—%[f,—E,{fr,H]] ke{l,T-1}. )

Eq. (6) refers to the labor supply decision of a household at the age of
k at time 7. Eq. (7) is the log-linearized Euler equation of a household
at the age of k at time 7.°

The OLG-IS equation is:

h=y, ek ®

where j, denotes the log deviation of productivity-adjusted per worker
output from its value along the BGP. The OLG-IS equation depends not
only on the current period’s interest rate and expected inflation but
also on the historical interest rate, expected inflation rates, and realized
inflation. Since at time ¢ there are T different types of generations
who optimize their choices according to the available information.
Younger agents at time ¢ decide their consumption using the current
period’s information. However, the oldest agent of period ¢ has chosen
its consumption level in the previous periods using the information
available in earlier periods. Therefore, a richer dynamic system is
achieved than the standard DNK-IS equation. The slope of the OLG-
IS equation depends on the weight distributions of consumption levels
by age group. The distribution of weights depends on the population
growth rate, n, and the productivity growth rate between generations,
g.

Finally, Egs. (9) and (10) show the log-linear form of stock-price
and dividend equations:

N div* —~ N N

4ar =Q[(7du),+l +Gpp1] = G = E{my D)) ©)
o~ y* . W*N* . . .

div, = Ji T m(wr — b+ A (10)
where @ = {8t

(1+i*) °
The log-linearized equations of the firm side of the model are the

production function and the forward-looking Phillips equation.'!

Y= an

7, = BAE{m ) + Kine, (12)

where m¢, = W, — p, is the deviation in the real marginal cost from its
steady state. § = f((1 + n)(1 + g))~° is the population and productivity-
adjusted discount factor. A = (C¥*!/Ck)™ is the steady state of the
(gross) growth rate of consumption. We can express inflation as the
discounted sum of current and expected future deviations of marginal
costs from steady state by solving the above equation forward. & =
U=001-0¢) shows the responsiveness of inflation to marginal cost.

Due to the OLG setup on the demand side, we obtain an uncon-
ventional Phillips equation. Unlike the standard Phillips equation, the
weights of the expected inflation and marginal cost depend on pro-
ductivity and the population growth rate. The finite lifetime of agents
leads society to value the expected inflation less than the standard
DNK framework. However, as the population ages (and/or productivity

10 Differently from the standard New Keynesian model with a representative
agent, the household’s Euler equation and the goods market condition are not
sufficient to derive the dynamic IS equation. The derivation of IS equation
needs further work by aggregating the individual consumption functions
obtained by combining the Euler equation and intertemporal budget constraint
of the agent.

11 See Appendix B for the detailed derivation of the supply-side equations
and the Phillips relation.
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growth rate increases), both coefficients, ¢ = fA and & converge to the
values of the standard infinite-lived problem.

Equilibrium is characterized by Egs. (6)-(12) and (1), as well as
describing monetary policy.

4.7. Balanced growth path

To obtain the values of labor supply N; k € {1, R}, consumption C;
k € {1,T} and interest rate i* on BGP, we solve a system of equations
that consists of T — 1 steady state Euler equations, R steady state
intratemporal labor-consumption equations, the intertemporal budget
constraint, and the market-clearing condition for a given set of param-
eters o, w, f, ¢ as well as population and productivity growth rates n
and g.

Gy =pA+nm1+g)°C; (1 +i") ke {2,T}

R-1 N4
. (1 +n)
cro UM N*"’(Z"O( ) > ke, R)

Kokt Tk (I+n)

T k=1 R k-1
«(A+md +g) _ 1 wf(14n
;Ck< 1+ ) —HZNk<1+i*)

k=1

T R *
N,
DEEFES
k k—1
k=1 o (1+g)
On the BGP, the stochastic discount factor is also constant since the
consumption growth rate is constant.

o1 (G
A= =i+ ] <C: >

The above relation shows that as the population and productivity
growth rate increases, the steady-state interest rate rises, other param-
eters being equal. This relationship can be reconciled with the empirical
finding of Papetti (2021), which states that the decline in effective labor
due to aging and longer life expectancy results in a lower natural rate
of interest rate. Fig. 3 illustrates the relation between productivity and
population growth rate with the value of steady-state interest rate on
the BGP.

Using steady-state values for consumption C*, hours worked N*,
and interest rate i*, we calculate the value of (productivity-adjusted)
stock prices, ¢*, and dividends, div*, on the BGP.

T
div* =(1=1/M) Y, C;
k=1
1 1

g = ‘( +n)(l+g) div*

i*—-n—-ng-—g
Moreover, by using the above steady states and period-budget con-
straints, we calculate wealth accumulation by an agent over a lifetime.
In our analysis, the wealth of an individual is the summation of the
riskless bond and equity holdings of an agent and represented as A} =
B +4*S;.

A = (iNl*—cj)

! M
. 1N R o N

A= — -C ke @R
K (M(l+g)k*1 k+(1+g)(1+n) H) €&R

" (1+i%) "
—-C +——"—A
k ( T m H)
Values of A* represent the distribution of the lifetime wealth of an
individual on the BGP. They also show the distribution of wealth by
age group.

Y
*
]

ke (R+1,T-1)

5. Calibration

This section provides an overview of the parameterization used for
the quantitative analysis. The model has been calibrated to an annual



L. Fadejeva and Z. Kantur

e
N

o

o4
o
®

0.06

steady state interest rate

0.02

population growth rate
0

0

Economic Modelling 125 (2023) 106336

0.02

productivity growth rate

Fig. 3. The relation between steady-state interest rate and productivity and population growth rates on the balanced growth path. (c =1, y =1, g = 0.98).

Table 1
Parameter values.
Source: Authors’ estimations for different model specifications.

Table 2
Consumption and labor growth rates with model calibration results, %.
Source: Authors’ estimations for different model specifications and HFCS wave 3 data.

Model(1) Model(2) Model(3) Model(4) Model(5) Model(6)
o 1 1 1 1 1 1
v 1 1 1 1 1 1
n 0.0 0.0 0.0 0.0025 0.0025 0.0025
g 0.0 0.01 0.02 0.0 0.01 0.02
€ 11 11 11 11 11 11
" 1.1 1.1 1.1 1.1 1.1 1.1
p 0.98 0.98 0.98 0.98 0.98 0.98
¢ 0.982 0.986 0.990 0.983 0.987 0.990
K 0.088 0.087 0.086 0.088 0.086 0.086
g 0.980 0.970 0.961 0.978 0.968 0.958
OAD 30.0 30.0 30.0 27.6 27.6 27.6

Note: T=65, R=50.

frequency. The key variables and their respective parameter values are
summarized in Table 1.

The average annual labor productivity growth rate in most Western
EU countries from 1996 to 2018 was positive but below 1%. On the
other hand, in Eastern EU countries, the average labor productivity
growth rate for the same period was above 3% (see Appendix C
Fig. C.1(b)). This observed difference in productivity growth rates is
incorporated into our model through the assumption of generational
heterogeneity. We assume that the productivity level of agents remains
constant throughout their lifetimes, but there is an increase of g percent
in productivity level from one generation to the next.

In Models (1)-(3), we assign different values, 0%, 1% and 2%, for
the productivity growth rate g between cohorts and set the growth rate
of population n to zero. In Models (4)-(6), different from Models (1)-
(3), the population growth rate is set to 0.25%, implying an economy
with a lower OAD ratio. For plausible model comparison, we keep
parameters of (inverse of) intertemporal elasticity of substitution o,
the Frisch elasticity of labor supply v, price elasticity of demand (and
therefore markup M), and the (subjective) discount factor § constant.
Population and productivity growth rate parameters are chosen to
replicate the OAD ratios, the shape of net wealth distribution, and the
change in labor supply and consumption between cohorts observed in
the HFCS data for Eastern and Western EU countries.

The average life expectancy in Europe is approximately 85 years.
We set T to 65, assuming people start working at the age of 20 and

Western Eastern Model Model Model Model Model Model

EU EU 1) (2) 3) 4) (5) (6)
Ni/Np_, =1 02 -0.3 -1.0 -02 -07 -14 -03 -15
c/c -1 02  -07 -10 -03 -07 -10 -03 -06

Note: Total consumption and gross income are estimated per adult household member
aged 35-75. Value by region is estimated as a simple country average.

die at the age of 85.'> According to Eurostat statistics, the OAD ratio in
various European Union countries has grown over the last four decades,
from 20% in 1980 to 33% in 2018 (see Appendix C Fig. C.1(a)). For
calibration purposes, we choose the population growth rate » to fit the
OAD ratio for the selected country groups during 2000-2018 (Western
EU—29% and Eastern EU countries—27%).

The rest of the parameters in Table 1 are derived from the assump-
tions made above. The coefficients of the Phillips relation ¢ = fA
and « (see Eq. (12)) emphasize that in economies with generational
heterogeneity, current inflation depends relatively more on inflation
expectation and less on deviations of the real marginal costs. As the
productivity gap between cohorts declines, the relative importance of
deviation in the real marginal costs increases.

The assumption of a generation-specific productivity level allows us
to fit the ratios of net wealth holdings to the results of the 3rd HFCS
wave (see Fig. 4)."® As the productivity gap widens and the OAD ratio
declines, wealth distribution skews toward younger age groups. The
ratios of net wealth to the mean level of net wealth by cohort obtained
from Models (2) and (5) are best suited for Western EU countries, while
those from Models (3) and (6) are more appropriate for Eastern EU
countries.'

Next, to pick the specific version of the model to represent the
region, we compare model fit with respect to the growth rates of income

12 We assume that the agents come into world at the age of 20 and work
until the age of 70. After 15 years of retirement, agents die at 85.

13 The HFCS datasets can be reached at: https://www.ecb.europa.eu/stats/
ecb_surveys/hfcs/html/index.en.html.

14 Fig. D.1 in the Appendix displays the distributions of net wealth by age
groups measured by the corresponding population and productivity growth
rates defined in all six models.
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Eastern EU countries

Ratio to the mean value in the country
N\

Age of household main reference person, years
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Fig. 4. Calibrated ratios of net wealth to country mean by cohort. Note: gray lines correspond to the lines in Fig. 1.
Source: Authors’ estimations for different model specifications and authors’ estimations using HFCS Wave 3 data obtained

during 2016-2017.

Table 3
Model calibration results—steady state net wealth-to-income ratios.
Source: Authors’ assumptions and estimations for different model specifications.

Western Eastern Model Model Model Model Model Model

EU EU @ 2) 3 “@ ) (6)
A*J(w * N*)
age 25-29 2.35 461 062 1.82 29 09 2.1 3.14
age 30-34 2.54 3.88 117 2.85 4.3 1.7 3.3 4.77
age 35-39 3.28 529 192 390 56 26 45 625
age 40-44 4.22 6.51 192 390 56 26 45 625
age 45-49 5.13 7.85 363 551 7.2 44 6.4 810
age 50-54 5.93 7.09 477 626 7.7 56 72 870
age 55-59 6.85 842 608 694 80 69 79  9.04
age 60-64 8.35 10.63  7.59 7.57 8.0 8.4 8.5 9.11
age 65-69 9.48 10.50  9.30 8.13 7.9 10.0 9.0 8.90
SSE (West.EU) 3.66 6.78
SSE (East.EU) 18.71 12.33

and consumption between age groups (see Table 2) and the big ratios
of net wealth-to-income (see Table 3).'°

The models assume constant consumption and labor income growth
rates across age groups, but the HFCS data shows that these growth
rates generally decrease between the ages of 35 and 75. This is because,
in most countries, individuals reach their maximum income level by the
age of 40. Additionally, growth rates differ significantly between the
two groups of countries, with slower changes between cohorts observed
in Western EU countries and steeper changes were seen in Eastern
EU countries (see Table 2). These findings suggest a productivity gap
among generations, which is consistent with the data.

The higher productivity growth rate between the cohorts leads to
a steeper decline in wage income among age groups. Consumption is
affected by a change in wage income and net wealth; thus, faster accu-
mulation of the net wealth, as in Model (6), results in a slower decline
in the consumption growth rate than the labor income growth rate.
This result is in line with the estimates for the Eastern EU countries.
In Western European countries, there is a comparable rate of decline
in both consumption and labor income, as reflected by the findings
of Model (5). However, in terms of level, the fit of Model (2) is more
precise.

Net wealth-to-income ratios for different age groups increase with
age (see Table 3). This ratio tends to be higher in the younger age cat-
egories in Eastern EU countries due to faster net wealth accumulation.
Model results are similar in size and direction to the net wealth-to-
income ratios estimated from the HFCS database. For the models of

15 Consumption data in HFCS is self-reported and less reliable than income
or net wealth. Thus, we chose to concentrate on the net wealth-to-income ratio
for calibration purposes.

interest, we estimate the sum of squared errors (SSE) between the
wealth-to-income ratios for the corresponding country group and the
model. Smaller SSE indicates a better fit. Model (6) confirms the best
fit in representing Eastern EU countries, and Model (2) was chosen to
represent Western EU countries in the following sections of the paper.

6. Results

This section analyzes the impact of a monetary policy shock on
variables related to the aggregate economy and age groups within the
context of the economic model detailed earlier. The study proceeds to
evaluate the effects of a unit increase in policy rates of comparable
magnitude in countries located in the Eastern European region with
high productivity and population growth rates and Western European
countries with lower productivity and population growth rates.'®

A tightening monetary policy shock impacts the economy through
three channels: First, the substitution effect arises as households tend
to delay current consumption due to rising prices for goods and ser-
vices. Second, the wedlth effect kicks in as the interest rate increases,
leading to an increase in the household’s future financial income,
thereby encouraging more consumption today. However, the wealth
effect weakens as individuals age. Third, the income effect comes into
play as the policy rate shock affects labor supply decisions. As the
real interest rate increases, consumption growth also rises, leading to
reductions in current consumption and hours worked, which in turn
cause a decline in real wages (following Eq. (6)).

When real wages decline, dividends tend to rise. This affects work-
ers’ incomes, as it is a combination of both wages and profits. As
household income from dividends increases, individuals may choose to
work less. The distribution of wealth across different age groups plays
a vital role in determining the income effect. The impact of monetary
policy on labor supply varies with the distribution of wealth and also
affects response of the aggregate economy. To investigate the dynamics
of the model, we set the intertemporal elasticity of substitution, o,
to 1, effectively neutralizing the transmission of interest rate changes
through the first two channels. By doing so, the substitution effect re-
sulting from a change in interest rates counteracts the wealth effect on
consumption, leaving the income effect as the sole remaining channel.!”

To begin, we analyze the impact of a 25 basis point monetary policy
shock on consumption and labor across different age groups in Western
and Eastern EU countries. The Figs. 5(a) and 5(b) depict the impulse

16 Western EU corresponds to Model(2), and Eastern EU corresponds to
Model(6) in the calibration section.

17 The working paper version of this paper includes analyses for varying
degrees of elasticity of substitution. The wealth and substitution channels are
also effective.
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Fig. 5. Consumption responses to 25 bps-tightening monetary policy shock.
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Fig. 6. Labor responses to 25 bps-tightening monetary policy shock.

response functions of consumption for each age group, assuming a
0% population growth rate and 1% productivity growth rate for the
Western EU countries (Model (2)) and a 0.25% population growth rate
and 2% productivity growth rate for the Eastern EU countries (Model
(6)).

The x-axis shows the age at the time of the shock, the y-axis
is years after the shock, and the z-axis illustrates the deviation of
consumption from its steady-state value.'® Figs. 5(a) and 5(b) exhibit
that the consumption levels fall after a positive monetary policy shock.
The decline in consumption is less pronounced as workers become
older. Moreover, retired agents do not change their consumption in
this case, since the wealth effect cancels out the substitution effect under
this parameterization. The only significant channel is the negative
income effect that is not available to retired agents on impact since
their income merely relies on financial assets. On the other hand, the
labor income of the working-age population is affected by declines
in both wage and labor levels. An increase in the nominal interest
rate reduces the output gap and wages. The wage decline results in
a lower marginal cost of production, increasing markups and dividend

18 The method of interpreting impulse responses differs in this study from the
standard infinite living agent models. Typically, the standard setup involves a
representative agent whose consumption response to a shock is depicted on
a single graph. However, in this framework, 65 agents coexist within a given
period, with their consumption and labor decisions illustrated using surface
graphs. This allows for a more nuanced understanding of how agents’ choices
may vary in response to external shocks.

payments to firms’ shareholders. Depending on wealth accumulation
from the positive income effect, workers suppress the amount of labor
they supply. Hence, the labor income of workers falls. Consumption
for agents with relatively fewer asset holdings decreases, particularly
for young workers. A reduction in the real wage is less detrimental for
older people since the decline in real wages increases profits and hence
the dividend income of asset holders. In Western EU countries, the
accumulation of wealth is maximized at the retirement age; therefore,
as workers become older, we observe a higher decline in labor supply
(see Fig. 6(a)) and a lower decline in consumption (see Fig. 5(a)).
On the other hand, in Eastern EU countries, the majority of wealth is
held by middle-aged workers. Therefore, the decline in labor supply
(see Fig. 6(b)) is starker, resulting in a more pronounced decline in
consumption.

The comparison of consumption and labor impulse responses to a 25
bps-tightening monetary policy shock for specific age groups in Eastern
and Western EU countries can be found in Figs. 7(a) and 7(b). The age
labels above the graphs indicate the age at the time of the shock. The
results demonstrate that the impact of the monetary policy shock varies
across age groups in country groups, as well as within each country’s
age groups.

The decline in labor is more substantial for all age groups in Eastern
EU countries due to a more pronounced decline in labor income.
Following that, we observe that until the age of 50, consumption
responses are stronger in Eastern than Western EU countries. On the
other hand, the initial consumption responses in the two country groups
become much closer for the age group 50-65 despite stronger labor
tightening. This result arises because a decline in the wage level leads
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Fig. 7. Age cohort responses to 25 bps-tightening monetary policy shock.
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Fig. 8. Responses to 25 bps-tightening monetary policy shock.

to an increase in shareholders’ dividend income. The wage increase
is more pronounced in Eastern EU countries, with higher productivity
growth and lower OAD ratios. Thus, the relatively fast consumption
recovery for this age group in Eastern EU countries is partly explained
by the higher return from asset holdings. Moreover, since in the Eastern
EU countries, wealth accumulation reaches a maximum around 50 to
55 years of age, the slope of the immediate consumption responses of
age groups is steeper than it is for Western EU countries.

Fig. 8 illustrates the response of aggregate variables to a monetary
policy tightening shock. Depending on the demographic composition
and productivity levels of the society (and therefore, the distribution of
net wealth), the magnitude of decreased output varies between Eastern
and Western EU countries. Due to a greater decline in consumption

10

in Eastern EU countries, output falls more than in Western EU coun-
tries. Since labor is the only input in the production of final goods,
equilibrium labor decreases with the output level. The reduction in
consumption and labor puts downward pressure on wages, with the fall
being more pronounced in Eastern EU countries. In the New Keynesian
model, inflation is driven by marginal cost, and accordingly, we observe
a stronger decline in inflation in Eastern EU countries. This result is
consistent with empirical evidence provided in the works of Feldkircher
and Huber (2016), Fadejeva et al. (2017), Burriel and Galesi (2018),
and Hajek and Horvath (2018), who demonstrate that the response of
output and inflation to monetary policy shocks in Central and Eastern
European countries could be greater than those observed in other
euro area countries. Moreover, the more substantial decrease in asset
values observed in Western EU countries can be attributed to the larger
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financial asset holdings of older individuals in aging economies than
their counterparts in younger economies. Consequently, the impact of
a similar monetary policy shock on asset prices is more pronounced
in such countries. During retirement, individuals typically sell their
assets to fund living expenses. However, in Eastern EU economies,
wealth is primarily held by middle-aged individuals due to generational
heterogeneity. As a result, people tend to spend their savings earlier,
knowing that their earning potential will likely decrease in the future
compared with younger generations. This leads to a limited supply of
financial assets during retirement, with high demand from younger
individuals. Consequently, asset prices experience a smaller decrease
than in Western EU countries. In contrast, Western EU countries have a
higher OAD ratio, resulting in a higher supply of financial assets during
retirement. As a result, asset prices tend to decline more with increases
in real interest rates.

7. Conclusion

This paper investigates whether differences in wealth distribution
by age in Eastern and Western European countries impact the effec-
tiveness of the monetary policy. Within this context, we first identify
the sources of differences in wealth distribution by age in these two
groups of countries. Next, we develop a coherent theoretical model
incorporating these features to analyze the impact of monetary policy
shocks.

Understanding the determinants of wealth distribution is a crucial
first step. In Eastern EU countries, which were part of a centrally
planned economic system until the end of the 20th century, notable dis-
parities exist in productivity levels between generations. The system’s
collapse has resulted in implicit barriers for older workers in terms of
adopting new resources and contributing to the productivity of the new
system compared with their younger counterparts. As a result, younger
individuals earn higher labor income than their older peers, creating a
productivity gap between generations that affects the shape of age-net
wealth distribution across countries. This implies that younger workers
are more productive at a given time than older workers, allowing them
to accumulate more wealth. In addition, we demonstrate that the age
structure of economies plays a significant role in the differences in
wealth distribution between these two groups of countries.

Theoretically, we develop a modified New Keynesian model that
merges the multiperiod OLG and DNK frameworks. The household
side of the model assumes an OLG structure, which enables us to
introduce a productivity gap between generations and demographic
characteristics into the model economy. The augmented framework is
used to analyze the impact of wealth accumulation originating from
the demographics and the productivity gap among generations on
monetary policy effectiveness in a coherent general equilibrium model.
We calibrate the model with HFCS data for Eastern and Western EU
countries. Subsequently, we provide evidence that the effectiveness
of monetary policy on output and inflation weakens as net wealth
distribution moves toward older ages, i.e., in Western EU countries.
Furthermore, we show that consumption by younger agents in Western
and Eastern EU countries responds differently to the same monetary
policy shocks.

Accordingly, our findings for responses to monetary policy shock
suggest that the differently shaped net wealth distribution caused by
differing productivity levels plays a key role in monetary policy effec-
tiveness both individually and in the aggregate. We also show that the
natural interest rate decreases monotonically as the OAD ratio increases
and the productivity gap among generations disappears. Overall, the
findings in this paper suggest that the stronger reactions of Eastern
EU countries to monetary policy shocks compared to their Western
EU counterparts can be partly attributed to differences in net wealth
distribution by age.
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Appendix A. Household

The first-order conditions of the household’s problem are
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Rearranging Egs. (A.2) and (A.3), we obtain the no-arbitrage condition,
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Appendix B. Production side of the economy and derivation of the
Phillips equation

Consumption (final) good producers:

1 P =
Y, = [/ Yr(S)TdS]
0

€ >
goods.
Y,: final good.
Y,(s): intermediate good s.

The profit maximization problem of the final goods producer is

1: elasticity of substitution among differentiated intermediate

1
maxP,Y[—/ P, (s)Y,(s)ds
%) 0

subject to

1 P =
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0

First-order condition(s)

ro=(52)

t

Y, =

The final (consumption) goods industry is perfectly competitive, thus

1
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The aggregate price index is
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Finland
Slovakia
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Fig. C.1. Old-age dependency ratio and productivity growth rate.
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Note: Old-age dependency ratio shows % of 65+ relative to 20-64 age category. The productivity growth rate is measured as annual real labor productivity growth per person

(1=100%).

Source: Authors’ estimations using the EUROSTAT database, labor productivity, and unit labor costs [nama_10_1p_ulc] & Population: Structure indicators [demo_pjanind].

Intermediate good producers:

The production function of the intermediate goods industry is

Y,(s)=ZN} +Z,_ N} +-+Z_p_ N}

where N, ," is the per worker hours worked of an individual at the age of
k at time 7. R is the retirement age. Z; denotes the productivity level
of the youngest agent of the cohort at time t and Z,,; = Z,(1 + g).
Productivity-adjusted production function'® is

,< s) NZs) NE(s)
K= G =N S R
Cost minimization
N2(s) NE(s)
in W, N _—
i) ! Wrire (1+g)R-!
subject to
P(s)\™¢
yt(s):< IES ) yt
N2(s) NR(s)
V= NI+ G+ e
N2(s) NER(s)
L= —W[N (S)+(1+g) —(1+g)R—1

19 Variables are adjusted by the productivity level of the youngest agent at
a given time.

12

N2(s)
+<a,[ 1()+ o

-(%) ]

First-order conditions

R
F,

N/s) = -W,+¢,=0
W, P,
st =__’+_’=
i) (I+g (+g)
w, ®
NR(g) = ot O
t () (1 +g)R—l ¢! +g)R’1

where ¢, is the marginal cost at time 7. w,

marginal cost.
Profit maximization

max P,(s)Y;(s) — W, L,(s)
Fi(s)

subject to

P(s)\ ¢
Vo) = (’—) Y
(s) P, t
W, = o,
where
NHs) NEGs)
L(s)= [N'(s)+ T+o TrofT

Nfes)
(+ Rt

=& - Wy
=5 =gl the real
=Y(s)

1
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(e) Model 5
First-order condition
€
P(s) = ——
() =T,
where —— is the markup. At steady state ¢ = —— =1/M.

Reoptimizing firms’ profit maximization problem is
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(a) Model 1
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(c) Model 3
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where A, = (

Fig. D.1. Distribution of net wealth by cohort.

(f) Model 6
1_‘)"* —€
PH-k) ka
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The maximization problem becomes

PPN
max E, ¥ (0D A, 11k ( ( - )
P Z M Pk \ Pk
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First-order condition

E Y OB Ay (L= OB (Prat) ™ Vi)
k=0
=E, Z(gﬁ)" Appic (P 0 (Pry)™ Vi)
k=0

€ Er Z/;“;()(eﬁ)k/ir.ﬂk ((pr+kyr+k(Pt+k)€_])

P = ——
! e—1 E, 2;":0(9/?)“/1,’,_‘_,{ ((Pt+k)€_1yr+k)
pro_¢ A
" e-1B,
where
=
A = E Z(Qﬂ)k/l,“k ((/’t+kyx+k(Pz+k)€_l)
k=0
=
B, = E, Z(Qﬂ)k/l,”k ((Pr+k)€_]yt+k)
k=0

They can be written as

A, = /Ir.rq’tyr(Pr)e_l + Gﬁ/i,',HE,{A,H}
B, = /ir.tyr(Pr)Eil + GBJMHEI{B:H}

~ k+1\ 70

where A, = C(’jk
1

The aggregate price index is

| =
P = / P(9)'~ds
0

\‘—
&

P,

1
/0 (1= O)(PY(s)!~ + O(P_)!~1ds

Divide both sides by P,_;

P | = .
P—’= /0 (=P ()™ +0(P_) " lds| ——

t—1

]
L

P*(s) 1-¢
1+,1-f=1—o<’ ) +6
(I +m) ( ) 7o

P,* € Al i

Py e-1P_ B

A 1 . _ -

~= [0 V(P + 0B A, 111 El Ay }]
Py Py
A, o B —1yy 7 Fr At P
S 2B (pylY A+ 0fA, B
IJr_l P; I)r_l t 4t 11+ '1’;_1 }),

where % = mch. Rearrange the above expression, we get
3

A =0+ n,)mctR(P,)E_ly,/im + Oﬁ/i,v,HE,A,H

A - .
4, = W =1 +z)meR VA, + 04, E(1+ 1) d, ]
t
7 B, 7 ix 17,
;= o= VA +0BA  E(L+ 7)) by
(P)¢
At steady state
e mc* YA
=1 r2

T 1-0fA

(B.1)

(B.2)
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b= LA*
1 - 0fA*
P—*—l——e a == L
Pr T e—1pr Te-1 M
Log-linearize equation (B.2)
by =Py = & — b (B.3)
2 me* YA _r 5 JUSIN ~
b=+ + [+ Ay + 91+ 0F A (G4 + Ay gy +(e— D] (B.4)
2 AP 4 o S
b, = 9+ A+ 0PA™ by + Ay + (€ — Dyl (B.5)

b
Plug Egs. (B.4) and (B.5) into (B.3):
B = by = m+ (1= OF AN + 0FA Gy — Bryy) (B.6)
Log-linearize equation (B.1)
7= (1= 0)p; = p—1] (B.7)

Plugging Eq. (B.6) into the above-linearized expression, we obtain the
forward-looking Phillips equation

4 1-6)a1 - GﬁA*)ﬁtR

7, = fA*E,m, 7 ¢ (B.8)

Appendix C. Descriptive statistics
See Fig. C.1.

Appendix D. Wealth distribution
See Fig. D.1.

Appendix E. Supplementary data

Supplementary material related to this article can be found online
at https://doi.org/10.1016/j.econmod.2023.106336.
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