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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 supplyshocks. Publications I and II investigate the heterogeneity in both the speed and intensityof credit and monetary shock transmission across different regions using aggregate timeseries data. Publication III explores the heterogeneity of monetary shock transmissionbetween Eastern and Western European countries, focusing on differences in the distri-bution of net wealth across age cohorts. Together, these studies advance the transmissionliterature 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 canhave profound effects on the others. This phenomenon, known as international policyshock 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), Deeset al. (2007a,b), Garrat et al. (2006) allows for the exploration of the propagation of acountry or region specific shock between countries taking into account the complex struc-ture of financial and trade linkages.
In the aftermathof the 2008–2009financial crisis, many economies experiencedbank-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 thatthe decline in new lending was primarily driven by a sharp reduction in loan demand. Onthe 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 balancesheets. 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 experiencedoutput deterioration due to adverse aggregate demand shocks on exports and/or a surgein international investor risk aversion, prompting a “flight to safety” in investment (Chudikand Fratzscher, 2011).
Monetary policy shocks, particularly those originating from major economies such asthe 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, andcapital flows, influencing economic conditions in other countries. Nations with strongertrade linkages, financial openness, and flexible exchange rates tend to experience morepronounced effects (Georgiadis, 2015). Emerging European economies, given their highlevel of economic integration with the euro area, are especially susceptible to euro areamonetary policy shocks. Additionally, within a monetary union, the transmission of mon-etary policy shocks presents unique challenges. While a common monetary policy fosterseconomic integration and stability, it may not fully address the diverse economic condi-tions and structural differences among member countries, leading to potentially variedimpacts 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 CentralBank (ECB) and the Federal Reserve—reached the zero lower bound on interest rates andthus had to implement unconventional monetary policies to stimulate economic growth
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and inflation. The introduction of these non-standard monetary policies has raised con-cerns regarding the differing strengths of conventional versus unconventional monetarypolicy 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 throughmacro-level timeseries but also via micro-level indicators, such as demographic structures, life-cycle sav-ing trajectories, and cohort productivity. For instance, focusing on household-level effectsallows 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 Thapar2019, 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 theunique structure and characteristics of these cohorts, shape the domestic transmissionof monetary shocks. Therefore, when cohort characteristics differ between countries, theeffectiveness 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 theseeconomies, due to their volatility and relatively small size, are less frequently studied com-pared to the euro area as a whole.
Publication I 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 ofglobal financial markets and the international transmission of shocks. This study employsa GVAR model to analyse these spillovers, accounting for trade and financial linkages anddistinguishing among loan supply shocks, loan demand shocks, and aggregate demandshocks. The results show that adverse credit supply and demand shocks from the euroarea 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 economicties with the euro area, demonstrating that these regions experience more pronouncedspillover effects compared to other European countries. Historical decomposition analy-sis highlights the significant role of U.S. shocks in explaining growth deviations in CESEEcountries. Publication I uses time series data covering the period from 1995 to 2013, whichpredominantly reflects the period of conventional monetary policy.
Publication II examines a longer time horizon, encompassing both conventional andunconventional 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 stimulateeconomic growth and inflation. The adoption of non-standard monetary policies by theECB and the Federal Reserve has raised concerns regarding negative external spillovers,such as substantial capital inflows, exchange rate appreciation, and increased financialfragility in neighbouring economies, particularly small open economies. This study ex-plores these spillovers using a GVARmodel and introduces a novel method for integratingeuro areamonetary policy shocks into amulti-country euro area framework that accountsfor cross-country heterogeneity.
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The findings indicate that monetary tightening in the euro area results in declines inboth 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 bothdirect and indirect channels. Direct channels include trade and financial linkages with theeuro area, while indirect channels involve spillovers through third countries. The CESEEeconomies are highly susceptible to shocks originating in the euro area due to their strongeconomic connections, experiencing substantial spillover effects, oftenmore pronouncedthan those within the euro area itself.
Both Publication I and Publication II highlight the importance of trade and financiallinkages 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 policymakerswithin the euro area, where coordinated and consistent responses to economic shocks areessential to maintain stability in the monetary union. Understanding and predicting theseheterogeneous responses can aid in formulating policies that mitigate adverse spillovereffects while strengthening the resilience of the interconnected global economy.
Publication III also examines the transmission of monetary policy shocks within theeuro area, but from a different perspective. It investigates how heterogeneous net wealthdistributions across countries impact the effectiveness of monetary policy, with a focuson the distinctions between Western and Eastern Europe. Using data from the House-hold Finance and Consumption Survey (HFCS), the study identifies distinct patterns of netwealth accumulation across age cohorts in these regions. Notably, Western Europeancountries generally align with the life-cycle hypothesis, with wealth peaking around re-tirement, whereas Eastern European countries display maximum wealth accumulation atyounger ages. Publication III seeks to uncover the underlying causes of these disparitiesand 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) modeldeveloped by Kantur (2013). The novelty of our approach is the integration of both pro-ductivity and old-age dependency factors, offering a comprehensive theoretical approachfor analysing the interactions between wealth accumulation and cohort-specific charac-teristics. Specifically, the paper demonstrates how differences in productivity growthacross cohorts lead to variations in permanent income levels, thereby influencing individ-ual wealth accumulation trajectories. The study’s findings indicate that the effectivenessof monetary policy is correlated with the age-cohort distribution of net wealth. As netwealth distribution skews toward older age groups, sensitivity to interest rate changesdiminishes, thereby reducing the overall impact of monetary policy.
Publication III underscores the importance of considering demographic characteristicsand productivity differences across cohorts when designing and implementing monetarypolicy. The atypical pattern of net wealth distribution in Eastern European countries maysignal cohort-specific productivity differences, which could partly explain why monetarypolicy transmission in Eastern Europe has been more pronounced compared to WesternEuropean 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 thevolatility and limited time series data available for these economies. Second, it advancesempirical research by proposing new modelling strategies to explore the transmissionof monetary and credit shocks within GVAR and OLG model frameworks. In PublicationI, 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 identificationcode for VARmodels by Eickmeier and Ng (2015). Extending the model from Publication I,Publication II introduces a two-level sign restriction mechanism for shock identification inthe 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 III, an extended NK-OLG model with generational heterogeneity assump-tions is developed. Thismodel enables replication of the netwealth distribution by age co-horts, explaining distinct outcomes at both individual and aggregate levels in response toeuro 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 III, two databases are employed: the HFCS database provides data onnet 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 offeressential statistics for calibrating the theoretical model.
The three publications employ twomain quantitativemethods. 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 GVARmodels are identified using sign restrictions. In Publication II, a novel two-level procedureis introduced to define consistent region- and country-specific shocks. In Publication III,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 bycohort for Eastern andWestern European countries. Themonetary policy shock is appliedthrough the Taylor rule.
As Publication I and Publication II were published in 2017 and 2020, empirical meth-ods for multi-country VAR analysis have advanced since then. Two primary developmentavenues were: the refinement of shock identification techniques and the expansion ofBayesian methodologies in GVAR and large-panel VAR models. In Publication I and II, di-rectional sign restrictions following Rubio-Ramírez et al. (2010) were employed for shockidentification. Recent studies, however, have introduced additional approaches. For in-stance, zero sign restrictions have been proposed by Arias et al. (2018), and narrative signrestrictions by Antolín-Díaz and Rubio-Ramírez (2018). Moreover, monetary policy shocksare now increasingly identified outside VARmodels using high-frequency financial-marketdata surrounding key policy announcements, as initially suggested by Kuttner (2001) andGürkaynak et al. (2005), with subsequent applications by Cesa-Bianchi et al. (2020), Jaro-ciński 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 becomemore 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 Bayesianshrinkage 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 demandingMarkov chainMonte Carlo techniques, recent developments—such as theintegrated rotated Gaussian approximation proposed by Feldkircher et al. (2022)—haveimproved estimation speed and enabled the inclusion of a larger number of variables percountry. 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 2.1presents an overview of Publication I, Section 2.2 provides an overview of Publication II,Section 2.3 summarizes the main points of Publication III. Finally, Section 3 concludes byoutlining 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 supplyand 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 theUnited States. Initial analyses using euro area data were typically country-specific, suchas 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 andMusso (2012), Chudik andFratzscher (2011), and Eickmeier and Ng (2015). At the time this paper was developed, nostudies had specifically examined the transmission of US and euro area credit shocks toCESEE countries. Consequently, the paper "International Spillovers from Euro Area andUS Credit and Demand Shocks: A Focus on Emerging Europe" aims to fill this gap in theliterature.

The paper examines the transmission of the shocks to real GDP and total credit inCESEE countries. To analyse these spillovers, it employs a GVARmodel, initially developedby 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 financiallinkages. The example of the GVARmodel including CESEE countries are Feldkircher (2015)and Galesi and Lombardi (2013). Our model includes 41 countries (comprising 12 CESEEcountries) and one regional aggregate (the euro area), using quarterly data from 1995Q1 to2013Q4. Shocks are identified using sign restrictions based on the specifications of Hristovet al. (2012) and Eickmeier and Ng (2015), distinguishing among loan supply shocks, loandemand shocks, and aggregate demand shocks. Technically, the MATLAB code for thispaper was developed by combining maximum likelihood routines from the GVAR toolboxby Smith and Galessi (2014) with the sign restriction identification code for VAR modelsby Eickmeier and Ng (2015).
Emerging Europe, particularly the CESEE region, shows high susceptibility to shocksoriginating from the euro area and the USA. The economic integration of these regionswith the euro area means they are significantly influenced by euro area-specific shocks,such as changes in monetary policy or financial market conditions. Following Eickmeierand Ng (2015), two sets of weights are implemented in the GVAR model: bilateral tradeflow weights for economic variables and bilateral banking sector exposure weights forfinancial variables.
The paper shows that negative credit supply and aggregate demand shocks in both theeuro 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 globalreach 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 areaplays a significant role not only as a source of shocks but also as a conduit for transmittingthird-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 animportant role in explaining movements in real GDP and total credit growth for CESEEeconomies. Loan supply shocks contributed positively to output and total credit in 2008,when theUS 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 onsetof the global financial crisis, the impact of credit-related shocks turned negative, a patternobserved in CESEE economies. Generally, contributions from euro area shocks are smallerthan those from the USA. The contributions of aggregate demand shocks exhibit a some-what different pattern. They aremostly 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 subduedgrowth 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 economiesmust consider the exter-nal economic environment and the potential spillover effects when formulating domesticmonetary 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 ofwriting. 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 identifiedshocks; 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 leavingsome as residuals in the analysis, was to pin down the shocks more clearly, as increasingthe number of restrictions enhances the identification of the shock of interest (Paustian,2007).
2.2 The Impact of Euro Area Monetary Policy Shock
Publication II builds on the findings of Publication I by further exploring the transmissionof international shocks. In this paper, we focus on euro area monetary policy shocks andtheir impacts on CESEE countries. The strong economic ties between the CESEE regionand the euro area make these countries highly susceptible to changes in monetary policyoriginating 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 constrainedby near-zero interest rates, it implemented unconventional monetary policies to fostereconomic growth and increase inflation. These measures—including long-term refinanc-ing operations, large-scale asset purchase programmes, and moves into negative interestrate territory—were designed to address persistent economic stagnation within the euroarea.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 Boeckxet al. (2017), using a panel VAR framework, and Burriel and Galesi (2018), using a GVARsetup, found positive effects on output and prices from unconventional monetary policyshocks 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 aGVAR 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 countrieswere 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 CESEEcountries. 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 areamonetary policy shocks into a multi-country euro area block within the model. In manyGVAR-typemodels, a common assumption is to treat the euro area block as a single entity(e.g., Dees et al. (2007a), Hájek and Horváth (2018)), which simplifies the application ofcommon euro area shocks, such as a monetary policy shock. However, in the context ofspillovers, this assumption overlooks intra-euro area heterogeneity, potentially resultingin 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-specificinformation within the GVAR framework. For instance, Georgiadis (2015) and Feldkircheret al. (2020) employ a mixed cross-section GVAR to account for the common monetarypolicy within the euro area. This approach involves adding an extra country model thatdetermines euro areamonetary policy based onmacroeconomic data feedback from indi-vidual member states. A monetary policy shock, defined using sign restrictions, can thenbe implemented by placing a restriction on statistics, such as the average behaviour ofmacroeconomic 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 II, 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 rotationmatrix adjusted to ensure consistency between the aggregate euro area level and thecountry-specific level. First, we collect the orthogonal impulse responses of the euro areacountries 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 plusthe number of common euro area variables. Third, we expand the part of the rotationmatrix which corresponds to individual EA country models along the variable dimensionusing country weights and combine the obtained matrix with the part corresponding tothe common variables. Next, we apply the rotation matrix obtained to the orthogonalimpulse responses and collect country impulse responses to shocks. Lastly, we aggregatethe collected impulse responses with weights and check if the sign restrictions (regionalor 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 aggregateeffect of euro area countries as a whole.
The dataset comprises quarterly observations for 37 countries from2001Q1 to 2016Q4,including the 12 euro area countries that adopted the common currency before 2007 and10 CESEE and the Baltic countries, totalling 17 euro area member states. At the countrylevel, data on real activity, consumer prices, the real exchange rate, short-term interestrates, 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 arerepresented through corresponding shadow rates to maintain consistent sign restrictionsfor identifying monetary policy shocks across both conventional and unconventional pol-icy periods. Following Chudik and Pesaran (2013), oil prices are included as a dominantunit in the GVAR model.The results indicate substantial regional heterogeneity both within the euro area andamong 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 beingrelatively 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 CESEEcountries tend to decline, suggesting that domestic policymakers attempt to offset thespillover-induced shortfall in output and prices. The transmission of euro area monetarypolicy 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 theeuro area, CESEE economies are highly susceptible to euro area-originated shocks, oftenexperiencing spillover effects that are more pronounced than those within the euro areaitself.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 Balticcountries, the effects of a euro area monetary policy shock are largely attributable tosecond-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 withthe euro area. These findings underscore the significant influence of euro area monetarypolicy 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 theirimpacts on CESEE countries through both direct and indirect effects. The main method-ological contribution of Publication II is a novel approach to identifying shocks within aGVAR framework simultaneously for both individual and aggregated variables in a groupof 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 bootstrapreplications had been increased as this might have provided more reliable significanceintervals. In retrospect, greater accuracy in the mathematical notation used to explainthe proposed sign restriction approach would have been warranted. Finally, since theCESEE region results include both countries that adopted the euro and countries that didnot, presenting results separately for two groups—SK, SI, 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 dueto differences in consumption patterns among age groups (e.g., Wong (2016) and Berget al. (2019)), as well as differing debt exposures across age cohorts (e.g., Leahy andThapar (2019) and Selezneva et al. (2015)). Life-cycle saving motives are explored in Bi-elecki et al. (2018) and Braun and Ikeda (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 financialassets and housing having a relatively smaller impact. Their findings suggest that mon-etary policy easing redistributes welfare from older to younger generations. In Braunand Ikeda (2021), household portfolio decisions are endogenized, demonstrating that con-sumption responses vary by age: tighter monetary policy increases consumption amongolder households, while all households tend to invest less in illiquid assets during periodsof tight monetary policy.
Publication III, "Wealth Distribution and Monetary Policy", builds on previous studiesby examining the complex relationship between wealth distribution across age cohortsand 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. InWestern EU countries, net wealth accumulationfollows the life-cycle hypothesis, peaking around retirement age, whereas in Eastern EUcountries, 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 ofmonetary policy.
The differences in net wealth distribution by age cohorts in Eastern and Western EUcountries can be partly attributed to a historical context. Eastern Europe operated under acentrally planned economic system until the end of the 20th century. The collapse of thissystem created substantial productivity disparities across generations. Younger genera-tions have adaptedmore rapidly to the post-communist economic environment, resultingin higher productivity and income levels compared to older cohorts. This generational het-erogeneity in productivity contributes to the observed differences in wealth accumulationpatterns. The purpose of this paper is to examine how the productivity gap across gen-erations, along with demographic factors, shapes net wealth distribution and influencesthe effectiveness of monetary policy.
To achieve these objectives, the New Keynesian model incorporating a multiperiodOLG framework, as developed by Kantur (2013), is extended with an assumption of gen-erational heterogeneity in productivity levels. Themodel is calibrated using data from theHFCS 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 lesspronounced, leading to a more conventional pattern of wealth accumulation in line withthe 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’simpact on output and inflation weakens as net wealth distribution shifts toward older agegroups. In Western Europe, where wealth is concentrated among older individuals, mon-etary policy has a limited effect on consumption and investment decisions. In contrast, inEastern Europe, where younger individuals hold a larger share of wealth, monetary policyismore effective. Younger individuals tend to bemore responsive to interest rate changes,leading to significant variations in aggregate consumption and investment.
Additionally, the paper shows that consumption responses to monetary policy shocksdiffer among younger agents inWestern and Eastern EU countries. These findings suggestthat differences in net wealth distribution, driven by generational productivity disparities,play a key role in the effectiveness ofmonetary policy at both individual and aggregate lev-els. The study also demonstrates that the natural interest rate decreasesmonotonically asthe 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 productivitydifferences across cohorts — affects policy effectiveness. The augmented framework isused to analyse the impact of wealth accumulation on the effectiveness of monetary pol-icy within a coherent general equilibrium model. The study underscores the importanceof accounting for heterogeneity in country responses to euro area monetary shocks.The findings of Publication III enhance the understanding of results presented in Pub-lications I and II, which demonstrate that the impact of policy rate changes in EasternEuropean countries exceeds that observed in their Western counterparts.Publication III leaves a number of areas that could be explored in future research. Onesuch area would be a deeper investigation into the reasons behind the differences in theshape of the net wealth distribution in Eastern and Western European countries. Sincenet wealth primarily consists of housing value, lower pensions and weaker social securitysystems in Eastern Europe do not directly affect its distribution. However, relatively lowerpensions 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 growthin Europe when modelled using an OLG framework. In neoclassical growth theory, OLGmodels suggest that negative population growth is expected to lead to a sharp reductionin 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 canoffset negative population growth rates in the OLGmodel, preventing a decline in output.
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3 Concluding Remarks
This thesis wasmotivated by the aftermath of the global financial crisis, a periodwhen un-derstanding the international transmission of credit and monetary policy shocks becameespecially critical. It closely examines the transmission of shocks originating from the euroarea and the USA to CESEE countries, contributing to the empirical literature on interna-tional shock transmission and structural shock identification within a group of countriesin a monetary union. The thesis extends beyond the country level; in the final section, itexplores differences in wealth accumulation across cohorts in Eastern and Western Euro-pean countries, investigating how these differences can be explained and how they impactthe effectiveness of monetary policy transmission.

The thesis makes several key contributions. Publication I, "International Spilloversfrom Euro Area and US Credit and Demand Shocks: A Focus on Emerging Europe", addsto 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 thatthe euro area plays a significant role not only as a source of shocks but also as a conduitfor transmitting third-country shocks, which helps explain the particular vulnerability ofCESEE economies to US credit shocks. Both economic integration with the euro area andtrade openness amplify the effect through indirect transmission channels, underscoringthe susceptibility of CESEE economies to external shocks from the USA and the euro area.
Publication II, "The Impact of Euro Area Monetary Policy on Central and Eastern Eu-rope", examines the transmission of euro areamonetary policy shocks to CESEE countries,encompassing both conventional and unconventional monetary policy periods. The pa-per’smain contribution is a novel method for euro area shock identificationwithin a GVARframework, ensuring consistency in impulse responses between the aggregate euro areaand country-specific levels. The study highlights the heterogeneity of responses to euroarea monetary policy shocks, with spillovers to CESEE countries often exceeding thosewithin the euro area itself. For the Baltic countries, much of the impact of a euro areamonetary policy shock can be attributed to second-round effects from non-euro areacountries, while Central European countries tend to be affected directly due to their highdegree of integration with the euro area.
Publication III, "Wealth Distribution and Monetary Policy", investigates the transmis-sion of shocks by examining the complex relationship between wealth distribution acrossage cohorts and the effectiveness of monetary policy in European countries. The maincontribution of the paper is the extension of the NK-OLG model by Kantur (2013) witha 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 canlead 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 wealthdistribution increasingly skews toward older age groups, sensitivity to interest rates di-minishes, reducing the overall impact of monetary policy. This dynamic partly explainswhy monetary policy transmission in Eastern Europe is more pronounced compared toWestern European countries.
The potential avenues for future studies usingmulti-country VARmethodology are nu-merous. For example, Bayesian estimation approaches applied toGVAR (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 signrestriction (Antolín-Díaz and Rubio-Ramírez, 2018), allowing for more varied restrictionson coefficients and impulse responses. High-frequency identification of shocks, followingthe methodology originally proposed by Kuttner (2001) and Gürkaynak et al. (2005) (e.g.,Cesa-Bianchi et al. 2020, Jarociński and Karadi 2020), enables the identification of euroarea monetary policy shocks outside of the vector autoregression model, allowing theseshocks to be applied exogenously to the estimated system.To explore the distributional aspects of policy shocks, the output of the GVAR modelcan be combined with microsimulation models like EUROMOD (e.g., Lenza and Slacalek(2021)). This approach allows for the extrapolation of the macroeconomic effects at thecountry level down to the household level, enabling the study of unequal policy trans-mission impacts on labour income and consumption across different household incomeand 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 quarterlytime series of net wealth, facilitating the analysis of the distributional effects of mone-tary policy transmission across income and wealth deciles. Finally, recent geopolitical andclimate-related shocks, such as the war in Ukraine and extremeweather events, may havedisparate effects across the European Union, potentially influencing the effectiveness ofinternational shock transmission. To account for these impacts, new weighting schemesbeyond traditional trade and financial linkages—based on proximity to and severity ofsuch 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 technologicaldevelopmentmay lead to productivity differences between generations, which could alterthe life-cycle income profile and, consequently, the netwealth 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 thesame age cohorts across countries—a potential drawback in the context of a monetaryunion. Broadening the scope, another avenue for NK-OLG modelling relates to recentresearch on inflation expectation formation by households. The European Consumer Ex-pectation Survey, conducted by the ECB, and the Survey of Consumer Expectations, runby 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 liabilitiesacross 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 becominghighly relevant. Advances in technology and improved access to databases detailing theheterogeneity of household decisions enable researchers to move beyond the interna-tional transmission of shocks, allowing for a deeper examination at the country level anda closer look at the distributive effects of policies.
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Abstract
Essays on International Transmission of Economic Policy Shocks
The thesis, titled “Essays on International Policy Shock Transmission”, comprises three papers. Publications I and II focus on the heterogeneity in the speed and strength of credit and monetary shock transmission from the USA and euro area to CESEE countries, utilizing aggregate time series data. Publication III explores the heterogeneity of monetary shock transmission between Eastern and Western European countries by examining differences in net wealth distribution across age cohorts. Together, these studies contribute to the transmission literature by proposing new approaches for identifying shocks within a multi-country model and introducing model specifications to analyse regional discrepancies in shock transmission.Publication I, “International Spillovers from Euro Area and US Credit and Demand Shocks: A Focus on Emerging Europe”, examines the transmission of credit and demand shocks from the euro area and the USA to real GDP and total credit in CESEE countries during 1995-2013. The paper employs a GVAR model to capture the interactions among 41 countries and the euro area, accounting for trade and financial linkages. Key contributions of the paper include the application of sign restrictions to identify loan supply, loan demand, and aggregate demand shocks, as well as an extensive analysis of spillovers to CESEE countries. The findings indicate that aggregate credit supply and demand shocks originating in both the euro area and the USA generally led to reductions in international output and total credit, emphasizing the vulnerability of CESEE economies to such shocks. The study also 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.Publication II, “The Impact of Euro Area Monetary Policy on Central and Eastern Eu-rope”, continues the exploration of international shock transmission by focusing on the effects of euro area monetary policy shocks on CESEE countries over an extended period, covering both conventional and unconventional monetary policy phases (1995-2017). Given the strong economic ties between the CESEE region and the euro area, these coun-tries are highly sensitive to changes in euro area monetary policy. This paper introduces a novel multi-level approach for identification of euro area monetary policy shocks within a GVAR framework, enabling consistent shock incorporating across both individual countries and the euro area aggregate. The study makes a key contribution to the literature by addressing the limitations of previous models that did not account for intra-euro area heterogeneity. The results reveal significant regional variation in response to euro area monetary policy shocks, with CESEE countries experiencing substantial spillover effects, often with output and price impacts that exceed those within the euro area itself. The transmission occurs through both direct channels, such as trade and financial linkages, and indirect channels involving third-country effects. Overall, this research highlights the exposure of CESEE economies to euro area shocks, emphasizing the importance of trans-parent and well-communicated policy measures to mitigate adverse spillovers.Publication III, “Wealth Distribution and Monetary Policy”, extends the analysis of monetary policy transmission by examining how variations in wealth distribution across age cohorts influence policy effectiveness in European countries. Using HFCS data from 2017, the paper highlights significant differences in wealth accumulation patterns between Eastern and Western EU countries. In Western Europe, wealth peaks around retirement age, whereas in Eastern Europe, younger cohorts tend to accumulate wealth more rapidly. The paper’s contribution lies in its hypothesis that these disparities are partly due to gen-erational productivity differences shaped by the historical context of the post-communist transition in  Eastern  Europe.  The study  develops an augmented  New Keynesian model
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with an overlapping generations framework, incorporating generational productivity het-erogeneity to capture these wealth distribution patterns. The model demonstrates thatmonetary policy is less effective in Western Europe, where wealth concentration amongolder individuals dampens the impact on consumption and investment. In contrast, East-ern European countries, with youngerwealth holders, exhibit a stronger response tomon-etary policy changes, as younger individuals are more sensitive to interest rate adjust-ments, driving significant shifts in consumption and investment. This research under-scores the importance of demographic and productivity factors in shaping country-specificresponses to euro areamonetary shocks and contributes to a deeper understanding of theheterogeneous effects observed in Publications I and II.
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Kokkuvõte
Esseed majanduspoliitiliste šokkide rahvusvahelisest 
edasikandumisest
Doktoritöö „Esseed majanduspoliitiliste šokkide rahvusvahelisest edasikandumisest” si-saldab kolme artiklit. Artiklites I ja II uuritakse erinevusi krediidi- ja rahapoliitika šokkide ülekande kiiruses ning tugevuses USA-st ja euroalalt Kesk- ja Ida-Euroopa riikidesse, ka-sutades agregeeritud aegridade andmeid. Artikkel III selgitab rahapoliitika šokkide erine-vat ülekandumist Ida- ja Lääne-Euroopa riikide võrdluses, lähtudes erinevustest netovara jaotuses üle vanusegruppide. Kolme uuringu peamised panused šokkide ülekandumist kä-sitlevasse teaduskirjandusse on uudsete lähenemisviiside rakendamine šokkide määratle-miseks mitme riigi mudelis ja metodoloogilised uuendused šokkide ülekande piirkondlike erinevuste analüüsil.Artikkel I, „Euroala ja USA krediidi- ja nõudlusšokkide rahvusvahelise ülekandumise analüüs, mis keskendub arenevale Euroopale”, uurib euroala ja USA krediidi- ja nõudlus-šokkide mõju ülekandumist reaalsele SKP-le ning agregeeritud laenumahule Kesk-, Ida ja Kagu-Euroopa (Central, Eastern and Southeastern Europe, CESEE) riikides aastatel 1995–2013. Uuring kasutab GVAR-mudelit, et kirjeldada ühtelt poolt 41 erinevate maailmajagude riigi ja teiselt poolt euroala ning USA vahelisi suhteid, arvestades kaubandus- ja rahandus-alaseid seoseid. Artikli peamised panused teaduskirjandusse on märgipiirangute raken-damine laenupakkumise, laenunõudluse ja kogunõudluse šokkide määratlemiseks ning põhjalik analüüs šokkide ülekandumisest areneva Euroopa riikidesse. Uuringu tulemused näitavad, et negatiivsed laenupakkumise ja laenunõudluse šokid nii euroalal kui USA-s viivad tavaliselt tootmis- ja laenumahtude vähenemiseni. Tulemused rõhutavad Kesk- ja Ida-Euroopa majanduste haavatavust USA-st ja euroalalt pärit krediidi- ja nõudlusšokkide suhtes. Uuring näitab, et euroalal on oluline roll mitte ainult šokkide allikana, vaid ka kolmandate riikide šokkide edasikandjana.Artikkel II, „Euroala rahapoliitika mõju Kesk- ja Ida-Euroopale”, jätkab rahvusvaheliste šokkide ülekandemehhanismide uurimist, keskendudes euroala rahapoliitiliste šokkide mõjule CESEE riikides. Uuritakse pikemat ajaperioodi, mis hõlmab nii tavapärase kui ka mittetraditsioonilise rahapoliitika perioode (1995–2017). Arvestades CESEE regiooni tu-gevaid majandussidemeid euroalaga on need riigid väga tundlikud euroala rahapoliitika muutuste suhtes. Antud artikkel tutvustab uut kahetasandilist lähenemist, et lisada eu-roala rahapoliitilisi šokke GVAR-raamistikku, võimaldades konsistentset šokkide tuvasta-mist nii üksikutes riikides kui ka euroalal tervikuna. Uuring panustab teaduskirjandusse, kuna rakendab uudset metoodikat, mis võimaldab euroalasiseseid erinevusi arvesse võtta. Tulemused näitavad tugevaid piirkondlikke erinevusi euroala rahapoliitilistele šokkidele reageerimisel. CESEE riikides ilmnevad tugevad ülekandemõjud, mille puhul toodangu ja hindade muutused ületavad sageli euroala sees täheldatavaid mõjusid. Ülekandemehha-nism toimib nii otseste kanalite kaudu, nagu kaubandus- ja finantssuhted, kui ka kaudsete kanalite kaudu, mis hõlmavad kolmandate riikide mõjusid. Kokkuvõttes juhib see uurimus tähelepanu CESEE majanduste haavatavusele euroala šokkide suhtes, rõhutades vajadust läbipaistvate ja hästi kommunikeeritud poliitikameetmete järele, et vähendada kahjulikke ülekandemõjusid.Artikkel III, „Netovara jaotus ja rahapoliitika mõju”, laiendab rahapoliitika ülekandemõ-jude analüüsi, uurides, kuidas netovara erinev jaotumine vanusegruppide lõikes mõjutab rahapoliitika mõjusust Euroopa riikides. Kasutades 2017. aasta HFCS andmeid, uurib artik-kel olulisi erinevusi varade kogumise mustrites CESEE ja Lääne-Euroopa riikides. Lääne-Euroopas saavutab jõukuse tase maksimumi vahetult enne pensioniea saabumist, samas
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kui CESEE riikides koguvad nooremad kohordid vara kiiremini. Artikli panus põhineb eel-dusel, et see lahknevus võib olla tingitud põlvkondlikest erinevustest tootlikkuses, midaon mõjutanud CESEE regiooni postkommunistliku üleminekuperioodi ajalooline kontekst.Uuringus rakendatakse täiustatud uuskeinsistlikku (New Keynesian) mudelit koos kattuva-te põlvkondade raamistikuga, hõlmates väljapakutud põlvkondade vaheliste tootlikkuseerinevuste hüpoteesi, et neid varade jaotuse mustreid kirjeldada. Mudel näitab, et ra-hapoliitika on Lääne-Euroopas vähem tõhus, kuna vara koondumine vanemaealistele vä-hendab selle mõju tarbimisele ja investeeringutele. Vastupidiselt sellele reageerivad CE-SEE riigid, kus suurem osa varadest kuulub noorematele kohortidele, tugevamini rahapo-liitika muudatustele. See tuleneb nooremate indiviidide kõrgemast tundlikkusest intressi-määrade suhtes, mis toob kaasa ka suurema üldise mõju tarbimisele ja investeeringutele.Antud uurimus rõhutab demograafiliste ja tootlikkusega seotud tegurite tähtsust riigispet-siifiliste reaktsioonide kujundamisel euroala rahapoliitilistele šokkidele ja avab uusi tahkerahapoliitika mõjude heterogeensuse kohta võrreldes Artiklitega I ja II.
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Appendix 1

I

Fadejeva, L., Feldkircher, M., and Reininger, T. (2017). International spilloversfrom Euro area and US credit and demand shocks: A focus on emerging Europe. Journal of International Money and Finance, 70(C):1–25. DOI 10.1016/j.jimonfin.2016.0
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��� 	��	��P>2� -.4&� &(9-4*2,� 8(� (Q/342(� 42-(+2/-4*2/6� ())(9-&� -./-� /+4&(� )+*3� -.(� (:+*� /+(/� 3*2(-/+7� -40.-F(2420=� D*� 0(-� /� <+&-� 431+(&&4*2� *)� -.(� +(&:6-&,� 8(� (Q/342(� +(04*2/6� 431:6&(� +(&1*2&(� ):29-4*2&,/00+(0/-(?� '7� RRR� 8(40.-&=� D.(� +(04*2&� 42� S40=� T� 9*++(&1*2?� -*� -.(� *2(&� 64&-(?� 42� D/'6(� �=@+4(U7,�-.(�+(&:6-&�&.*8�-./-�42-(+2/-4*2/6�*:-1:-�/2?�1+49(&�)/66,�':-�2*-�&4024<9/2-67�&*�*2�-.(/00+(0/-(� 6(;(6=� >2-(+(&-42067,� &.*+-F-(+3� 42-(+(&-� +/-(&� -(2?� -*� ?(9+(/&(,� /2?� (;(2� &4024<9/2-67� &*42�/?;/29(?�(9*2*34(&�J8.49.�4296:?(�-.(�VW%L=�%�&4346/+�1/--(+2�9/2�'(�*'&(+;(?�)*+�6*20F-(+3+/-(&=� D.(� +/-4*2/6� '(.42?� -./-� 340.-� '(� -./-� ?*3(&-49� 1*6497� -+4(&� -*� 9*31(2&/-(� -.(� *:-1:-� 6*&&'7� 6*8(+420� 1*6497� +/-(&=� %&� 3(2-4*2(?� /'*;(,� +(04*2/6� /00+(0/-(&� &(+;(� *267� -*� 0(-� /� 9+:?(,� <+&-431+(&&4*2� *)� -.(� *;(+/66� +(&:6-&� /2?� &4024<9/2-� +(&1*2&(&� 340.-� 0(-� 8/&.(?� *:-� '7� /00+(0/-4*2=X(� 2*8� -:+2� -*� 9*:2-+7F&1(94<9� +(&1*2&(&� *)� BYWYY� 9*:2-+4(&,� ?(149-(?� 42� S40&=� Z� /2?� [=%&� /� +(&:6-� *)� (:+*� /+(/� 3*2(-/+7� -40.-(2420,� *:-1:-� ?(9642(&� 42� /66� BYWYY� 9*:2-+4(&� ':-� ())(9-&;/+7� 42� &4H(� /2?� 1+(94&4*2=� S*+� (Q/316(,� 9*:2-+4(&� -./-� +(/9-� &-+*20(+� -./2� -.(� +(04*2/6� BYWYY/00+(0/-(� 9*31+4&(� -.(� BH(9.� \(1:'649,� W6*;(24/� /2?� -.(� @/6-49� W-/-(&=� >2� -.(� @/6-49&,� -.(� 1(/5())(9-� 4&� /'*:-� ]K=T̂ ,� 8.(+(/&� 42� -.(� BH(9.� \(1:'649� /2?� W6*;(24/,� *:-1:-� ?(9642(&� '7� K=�� -*K=_̂ =�D.(�6(/&-,�':-�&-466�&4024<9/2-,�?+*1�42�*:-1:-�*99:+&�42�R*6/2?,�8.49.�340.-�'(�(Q16/42(?�'7-.(�+(6/-4;(67�96*&(?�R*64&.�(9*2*37=�D.(�'*--*3�1/2(6�*)�S40=�Z� &.*8&�+(&1*2&(&�-*�1+49(&=�I(+(,*:-�*)�-.(�-(2�BYWYY�(9*2*34(&,�)*:+�&.*8�/�&4024<9/2-�/2?�2(0/-4;(�+(&1*2&(�*)�?*3(&-49�1+49(&=D.(&(� 9*31+4&(� @:60/+4/,� -.(� BH(9.� \(1:'649,� Y&-*24/� /2?� I:20/+7=� >2� -.(� 6/--(+� -.(� +(&1*2&(4&� 1/+-49:6/+67� 1+*2*:29(?� J]K=�̂ L=� \(6/-4;(� -*� *:-1:-,� 1+49(� ())(9-&� -(2?� -*� '(� 6(&&� 1+(94&(67(&-43/-(?� /2?� /+(� &3/66(+� 42� 3/024-:?(&=� D.4&� <2?420� 4&� 42� 642(� 84-.� /� '+*/?� ':65� *)� -.(� 64-(+/-:+(J@6:8&-(42� �̀ B/2*;/,� �K�Ta� I*+;b-.� �̀ c*&6bd+*;b,� �K�Ta� R*-e/0/46*,� �K�ZL� /2?� 9/2� '(� +(6/-(?� -*(Q9./20(� +/-(� 3*;(3(2-&=� >2� )/9-,� 4)� 6*9/6� 9:++(294(&� ?(1+(94/-(,� 431*+-&� )+*3� -.(� (:+*� /+(/� 0(-&4024<9/2-67� 3*+(� (Q1(2&4;(� )*+� BYWYY� (9*2*34(&� 1:--420� :18/+?� 1+(&&:+(� *2� ?*3(&-49� 1+49(&=C(Q-,�8(�(Q/342(�-.(�+(&1*2&(&�*)�&.*+-F-(+3�42-(+(&-�+/-(&�/2?�(Q9./20(�+/-(&,�1+*;4?(?�42�-.(:11(+� 1/2(6� *)� S40=� [=� I(+(,� 8(� &((� -8*� 96:&-(+&� *)� BYWYY� 9*:2-+4(&=� D.(� <+&-� 96:&-(+� 9*31+4&(&9*:2-+4(&�-./-�./;(�/6+(/?7�/?*1-(?�-.(�(:+*=�C/-:+/667,�&.*+-F-(+3�42-(+(&-�+/-(&�42�-.(&(�9*:2-+4(&/+(� 1*&4-4;(67� 9*++(6/-(?� 84-.� -.(� (:+*� /+(/� &./?*8� 42-(+(&-� +/-(� f� /-� 6(/&-� 42� -.(� &.*+-� +:2=� M267g/-;4/� &((3&� /2� (Q9(1-4*2� -*� -.4&=� D.(� +(3/42420� BYWYY� (9*2*34(&� +(/9-� 84-.� /� ?(9+(/&(� 42� -.(1*6497� +/-(=� D.4&� 340.-� +(U(9-� -.(� ?*3(&-49� +(/9-4*2� *)� -.(� 1*6497� 3/5(+� 42� *+?(+� -*� 9*31(2&/-()*+� -.(� 6*&&� 42� *:-1:-� *+� 2(0/-4;(� 1+(&&:+(� *2� ?*3(&-49� 1+49(&=� \(&1*2&(&� /+(� &4024<9/2-� 42� )*:+*:-� *)� -.(� -(2� BYWYY� (9*2*34(&=� D.(� +(&1*2&(� *)� (Q9./20(� +/-(&� /0/42&-� -.(� VW� ?*66/+� &.*8� /?4;(+&(� 149-:+(=� I(+(,� 8(� <2?� &4024<9/2-� /11+(94/-4*2&� *)� ?*3(&-49� 9:++(294(&� *267� 42� \*3/24//2?� &*3(� (:+*� 9*:2-+4(&� JW6*;/54/� /2?� W6*;(24/L=
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A B S T R A C T

Net wealth is distributed differently across various age cohorts in European countries. The net wealth distribu-
tion pattern in Western EU countries conforms to the life cycle hypothesis, whereas net wealth accumulation
peaks at earlier ages in Eastern European countries. This study investigates the underlying reasons for these
differences in net wealth distribution and evaluates how they affect monetary policy transmission. To this
end, we develop a modified New Keynesian model with a multiperiod overlapping generations demand side to
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;
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E-mail addresses: ludmila.fadejeva@bank.lv (L. Fadejeva), zeynepkantur@gmail.com (Z. Kantur).

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

https://doi.org/10.1016/j.econmod.2023.106336
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Fig. 1. Ratio of net wealth to country mean by age cohort.
Source: Authors’ estimations using Household Finance
and Consumption Survey Wave 3 data obtained during
2016–2017.

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.1 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. Lovász and Rigó (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.

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.3 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

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.5 After
working for 𝑅 periods, all households retire. During the 𝑇−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 𝑡 and belongs to generation 𝑡 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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Fig. 2. Wage ratios by cohort and country.
Note: For each age category and country, the figure displays the ratio between the (full-time) wage level of the particular age group and the mean (full-time) wage level of the
country. Wages are normalized for each sector, year and country. A ratio of 1 represents the average wage level in the country.
Source: EU-SILC microdata, Eurostat. Data periods: 2005–2017 for Bulgaria and 2007–2017 for Romania.

consumption and labor supply plans to maximize expected lifetime
utility:6

𝑉 𝑗
𝑡 =

𝑅∑
𝑘=1

𝛽𝑘−1𝐸𝑡+𝑘

(
𝐶𝑘𝑡+𝑘−1(𝑗)

1−𝜎

1 − 𝜎
−
𝑁𝑘
𝑡+𝑘−1(𝑗)

1+𝜓

1 + 𝜓

)

+
𝑇∑

𝑘′=𝑅+1
𝛽𝑘

′−1𝐸𝑡+𝑘′

(
𝐶𝑘′𝑡+𝑘′ (𝑗)

1−𝜎

1 − 𝜎

)

where 𝛽 is the individual’s time discount factor, and the parameters 𝜎
and 𝜓 represent the inverse of the intertemporal elasticity of substi-
tution and Frisch elasticity of labor supply, respectively. 𝐶𝑘 and 𝑁𝑘

are the consumption and labor supply of household 𝑗 at the age of 𝑘.7
The household 𝑗 earns wage income 𝑊𝑍𝑁𝑘(𝑗) until period 𝑅, where
𝑍 is an index for the productivity of household 𝑗 that is constant
over its lifetime.8 The period-budget constraints that the representative
household 𝑗 faces are

𝑃𝑡𝐶
1
𝑡 (𝑗) + 𝐵

1
𝑡 (𝑗) + 𝑃𝑡 ∫

1

0
𝑄𝑡(𝑖)𝑆1

𝑡 (𝑗, 𝑠)𝑑𝑖 = 𝑊𝑡𝑍𝑡𝑁
1
𝑡 (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 𝑡 belongs to the
generation 𝑡.

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

𝑃𝑡+1𝐶
2
𝑡+1(𝑗) + 𝐵

2
𝑡+1(𝑗) + 𝑃𝑡+1 ∫

1

0
𝑄𝑡+1(𝑠)𝑆2

𝑡+1(𝑗, 𝑠)𝑑𝑖 = 𝑊𝑡+1𝑍𝑡𝑁
2
𝑡+1(𝑗)

+𝐵1
𝑡 (𝑗)(1 + 𝑖𝑡) + 𝑃𝑡+1 ∫

1

0

(
𝐷𝑖𝑣𝑡+1(𝑠) +𝑄𝑡+1(𝑠)

)
𝑆1
𝑡 (𝑗, 𝑠)𝑑𝑖

⋮

𝑃𝑡+𝑇𝐶
𝑇
𝑡+𝑇 (𝑗) = 𝐵𝑇−1𝑡+𝑇−1(𝑗)(1 + 𝑖𝑡+𝑇−1)

+ 𝑃𝑡+𝑇 ∫
1

0

(
𝐷𝑖𝑣𝑡+𝑇 (𝑖) +𝑄𝑡+𝑇 (𝑖)

)
𝑆𝑇−1𝑡+𝑇−1(𝑖, 𝑗)𝑑𝑖

where 𝐵𝑛(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. 𝑆𝑡(𝑗, 𝑠) shows the number of shares of firm 𝑠 held
by household 𝑗.9 The intertemporal budget constraint of representative
household 𝑗 is

𝑇−1∑
𝑘=0

𝐶𝑘+1𝑡+𝑘∏𝑘
𝑗=0(1 + 𝑟𝑡+𝑗−1)

= 𝑍𝑡
𝑅−1∑
𝑘=0

𝑊𝑡+𝑘
𝑃𝑡+𝑘

𝑁𝑘+1
𝑡+𝑘∏𝑘

𝑗=0(1 + 𝑟𝑡+𝑗−1)
. (1)

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:

𝑌𝑡 =

[
∫

1

0
𝑌𝑡(𝑠)

𝜖−1
𝜖 𝑑𝑠

] 𝜖
𝜖−1

where 𝑌𝑡(𝑠) is the quantity of intermediate good 𝑠 and 𝜖 > 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:

𝑌𝑡(𝑠) =
(
𝑃𝑡(𝑠)
𝑃𝑡

)−𝜖
𝑌𝑡

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

𝑃𝑡 =

(
∫

1

0
𝑃𝑡(𝑠)1−𝜖𝑑𝑠

) 1
1−𝜖

.

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 𝑡:

𝑌𝑡(𝑠) =
𝑅∑
𝑘=1

𝑍𝑡−𝑘+1𝑁
𝑘
𝑡 (𝑠) (2)

where 𝑌𝑡(𝑠) and 𝑁𝑘
𝑡 (𝑠), respectively, denote the output of firm 𝑠 and the

hours worked demanded by firm 𝑠 from the age group 𝑘 at time 𝑡. 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 𝑡 real profits (dividends) are:

𝐷𝑖𝑣𝑡(𝑠) = 𝑌𝑡(𝑠) −
𝑊𝑡
𝑃𝑡

𝑅∑
𝑘=1

𝑍𝑡−𝑘+1𝑁
𝑘
𝑡 (𝑠).

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 − 𝜃) and keeps its price
fixed with probability 𝜃.

4.3. The central bank

The monetary policy authority follows a standard Taylor (1993)-
type feedback rule:

𝑖𝑡 = 𝜌 𝑖𝑡−1 + (1 − 𝜌)[𝜙𝜋 (𝜋𝑡) + 𝜙𝑦(�̂�𝑡)] + 𝑣𝑡

where 𝜙𝜋 and 𝜙𝑦 are feedback parameters, 𝜋𝑡 is the deviation of the
rate of inflation from zero-inflation steady state, and �̂�𝑡 is the deviation
of the level of productivity-adjusted output from its steady-state value.

Parameter 𝜌 denotes the degree of policy inertia. The exogenous com-
ponent of the monetary policy is denoted by 𝑣𝑡 and follows an AR(1)
process:

𝑣𝑡 = 𝜌𝑣𝑣𝑡−1 + 𝜖𝑣𝑡

where 𝜖𝑣𝑡 denotes the monetary policy shock and 𝜌𝑣 ∈ [0, 1) shows the
persistence of the shock.

4.4. Demographics

There exist 𝑇 cohorts at a given time. For each period 𝑡, 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 𝑡 + 𝑘 is

𝑁𝑟
𝑡+𝑘 = (1 + 𝑛)𝑘

𝑇−𝑅−1∑
𝑖=0

(1 + 𝑛)𝑖

The number of workers at time 𝑡 + 𝑘 is

𝑁𝑤
𝑡+𝑘 = (1 + 𝑛)𝑘

𝑇−1∑
𝑖=𝑇−𝑅

(1 + 𝑛)𝑖

Finally, it is useful to define an indicator for aging, the OAD ratio. It is
the ratio of retired to employed agents in period 𝑡:

𝑂𝐴𝐷𝑡 =
𝑁𝑟
𝑡

𝑁𝑤
𝑡
.

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 𝑁𝑤. The goods
market-clearing condition requires that

𝑡 =
𝑇∑
𝑘=1

𝑘𝑡 (3)

where 𝑡 and 𝑘𝑡 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

𝑁𝑡 =
𝑅∑
𝑘=1

𝑁𝑘
𝑡 (𝑠)

(1 + 𝑔)𝑘−1
= 𝑡 ∫

1

0

(
𝑃𝑡(𝑠)
𝑃𝑡

)−𝜖
𝑑𝑠 (4)

where the term
(∫ 1

0

(
𝑃𝑡(𝑠)
𝑃𝑡

)−𝜖
𝑑𝑠

)
is the measure of price dispersion

across firms. At equilibrium, agents do not trade bonds among them-
selves; therefore, total bond holdings are ∑𝑇−1

𝑘=1 𝐵
𝑘
𝑡 = 𝐵𝑡 = 0. The aggre-

gate stock outstanding equity for each intermediate goods-producing
firm must equal the corresponding amount of issued shares normalized
to 1 ∀𝑠 ∈ [0, 1]. Hence, the market-clearing condition for shares at time
𝑡 requires ∑𝑇−1

𝑗=1 𝑆𝑡(𝑗, 𝑠) = 1.
Finally, productivity-adjusted real dividend payments by the inter-

mediate firms and real stock price index are given:

𝐷𝑖𝑣𝑡 = ∫
1

0
𝐷𝑖𝑣𝑡(𝑠)𝑑𝑠 𝑄𝑡 = ∫

1

0
𝑄𝑡(𝑠)𝑑𝑠. (5)

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:

�̂�𝑡 − �̂�𝑡 = 𝜓�̂�𝑘𝑡 + 𝜎𝑐
𝑘
𝑡 𝑘 ∈ {1, 𝑅}. (6)
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where 𝑐𝑘𝑡 = 𝑙𝑜𝑔(𝐶𝑘𝑡 ∕(𝐶
𝑘∗𝑍𝑡𝑁𝑤

𝑡 )) denotes the log deviation of consump-
tion of age group 𝑘 from its value along the balanced growth path
(BGP).

Euler equation:

𝑐𝑘𝑡 = 𝐸𝑡{𝑐𝑘+1𝑡+1 } −
1
𝜎
[𝑖𝑡 − 𝐸𝑡{�̂�𝑡+1}] 𝑘 ∈ {1, 𝑇 − 1}. (7)

Eq. (6) refers to the labor supply decision of a household at the age of
𝑘 at time 𝑡. Eq. (7) is the log-linearized Euler equation of a household
at the age of 𝑘 at time 𝑡.10

The OLG–IS equation is:

�̂�𝑡 =
𝑇∑
𝑘=1

𝐶∗
𝑘
𝑦∗
𝑐𝑘𝑡 (8)

where �̂�𝑡 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 𝑡 there are 𝑇 different types of generations
who optimize their choices according to the available information.
Younger agents at time 𝑡 decide their consumption using the current
period’s information. However, the oldest agent of period 𝑡 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, Eqs. (9) and (10) show the log-linear form of stock-price
and dividend equations:

𝑞𝑡 = 𝛺[(𝑑𝑖𝑣
∗

𝑞∗
𝑑𝑖𝑣𝑡+1 + 𝑞𝑡+1] − (𝑖𝑡 − 𝐸𝑡{𝜋𝑡+1})) (9)

𝑑𝑖𝑣𝑡 =
∗

𝑑𝑖𝑣∗
�̂�𝑡 −

𝑊 ∗𝑁∗

𝑃 ∗𝑑𝑖𝑣∗
(�̂�𝑡 − �̂�𝑡 + �̂�𝑡) (10)

where 𝛺 = (1+𝑔)(1+𝑛)
(1+𝑖∗) .

The log-linearized equations of the firm side of the model are the
production function and the forward-looking Phillips equation.11

�̂�𝑡 = �̂�𝑡 (11)

𝜋𝑡 = 𝛽�̃�𝐸𝑡{𝜋𝑡+1} + �̃�𝑚𝑐𝑡 (12)

where 𝑚𝑐𝑡 = �̂�𝑡 − �̂�𝑡 is the deviation in the real marginal cost from its
steady state. 𝛽 = 𝛽((1 + 𝑛)(1 + 𝑔))−𝜎 is the population and productivity-
adjusted discount factor. �̃� =

(
𝐶𝑘+1𝑡 ∕𝐶𝑘𝑡

)−𝜎 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. �̃� =
(1−𝜃)(1−𝜃𝜙)

𝜃 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.

growth rate increases), both coefficients, 𝜙 = 𝛽�̃� and �̃� converge to the
values of the standard infinite-lived problem.

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

4.7. Balanced growth path

To obtain the values of labor supply 𝑁∗
𝑘 𝑘 ∈ {1, 𝑅}, consumption 𝐶∗

𝑘
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 𝜎, 𝜓 , 𝛽, 𝜖 as well as population and productivity growth rates 𝑛
and 𝑔.

𝐶∗−𝜎
𝑘−1 = 𝛽((1 + 𝑛)(1 + 𝑔))−𝜎𝐶∗−𝜎

𝑘 (1 + 𝑖∗) 𝑘 ∈ {2, 𝑇 }

𝐶∗−𝜎
𝑘

1∕
(1 + 𝑔)𝑘−1

= 𝑁∗𝜓
𝑘

(∑𝑅−1
𝑖=0 (1 + 𝑛)𝑖

(1 + 𝑛)

)𝜎+𝜓

𝑘 ∈ (1, 𝑅)

𝑇∑
𝑘=1

𝐶∗
𝑘

(
(1 + 𝑛)(1 + 𝑔)

1 + 𝑖∗

)𝑘−1
= 1

𝑅∑
𝑘=1

𝑁∗
𝑘

( 1 + 𝑛
1 + 𝑖∗

)𝑘−1

𝑇∑
𝑘=1

𝐶∗
𝑘 =

𝑅∑
𝑘=1

𝑁∗
𝑘

(1 + 𝑔)𝑘−1

On the BGP, the stochastic discount factor is also constant since the
consumption growth rate is constant.

𝛬 = 1
1 + 𝑖∗

= 𝛽[(1 + 𝑛)(1 + 𝑔)]−𝜎
(
𝐶∗
𝑘+1
𝐶∗
𝑘

)−𝜎

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, 𝑞∗, and dividends, 𝑑𝑖𝑣∗, on the BGP.

𝑑𝑖𝑣∗ = (1 − 1∕)
𝑇∑
𝑘=1

𝐶∗
𝑘

𝑞∗ = (1 + 𝑛)(1 + 𝑔)
𝑖∗ − 𝑛 − 𝑛 𝑔 − 𝑔

𝑑𝑖𝑣∗

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∗

𝑘 =
𝐵∗
𝑘 + 𝑞

∗𝑆∗
𝑘 .

𝐴∗
1 =

( 1𝑁∗
1 − 𝐶∗

1

)

𝐴∗
𝑘 =

(
1

𝑁∗
𝑘

(1 + 𝑔)𝑘−1
− 𝐶∗

𝑘 + (1 + 𝑖∗)
(1 + 𝑔)(1 + 𝑛)

𝐴∗
𝑘−1

)
𝑘 ∈ (2, 𝑅)

𝐴∗
𝑘 =

(
−𝐶∗

𝑘 + (1 + 𝑖∗)
(1 + 𝑔)(1 + 𝑛)

𝐴∗
𝑘−1

)
𝑘 ∈ (𝑅 + 1, 𝑇 − 1)

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.

5. Calibration

This section provides an overview of the parameterization used for
the quantitative analysis. The model has been calibrated to an annual
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Fig. 3. The relation between steady-state interest rate and productivity and population growth rates on the balanced growth path. (𝜎 = 1, 𝜓 = 1, 𝛽 = 0.98).

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

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

𝜎 1 1 1 1 1 1
𝜓 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
𝜖 11 11 11 11 11 11
𝜇 1.1 1.1 1.1 1.1 1.1 1.1
𝛽 0.98 0.98 0.98 0.98 0.98 0.98

𝜙 0.982 0.986 0.990 0.983 0.987 0.990
𝜅 0.088 0.087 0.086 0.088 0.086 0.086
𝛽 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 𝜎,
the Frisch elasticity of labor supply 𝜓 , price elasticity of demand (and
therefore markup ), and the (subjective) discount factor 𝛽 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

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

Western Eastern Model Model Model Model Model Model

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

𝑁∗
𝑅∕𝑁

∗
𝑅−1 − 1 0.2 −0.3 −1.0 −0.2 −0.7 −1.4 −0.3 −1.5

𝐶∗
𝑇 ∕𝐶

∗
𝑇−1 − 1 −0.2 −0.7 −1.0 −0.3 −0.7 −1.0 −0.3 −0.6

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 85.12 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 𝑛 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 𝜙 = 𝛽�̃�
and 𝜅 (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).13 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.14

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

𝐴∗∕(𝑤 ∗ 𝑁∗)
age 25–29 2.35 4.61 0.62 1.82 2.9 0.9 2.1 3.14
age 30–34 2.54 3.88 1.17 2.85 4.3 1.7 3.3 4.77
age 35–39 3.28 5.29 1.92 3.90 5.6 2.6 4.5 6.25
age 40–44 4.22 6.51 1.92 3.90 5.6 2.6 4.5 6.25
age 45–49 5.13 7.85 3.63 5.51 7.2 4.4 6.4 8.10
age 50–54 5.93 7.09 4.77 6.26 7.7 5.6 7.2 8.70
age 55–59 6.85 8.42 6.08 6.94 8.0 6.9 7.9 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).15

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.16

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 wealth 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, 𝜎,
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.17

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.

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.18 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



Economic Modelling 125 (2023) 106336

10

L. Fadejeva and Z. Kantur

Fig. 7. Age cohort responses to 25 bps-tightening monetary policy shock.
Note: the youngest worker is 20 years old and the oldest worker is 70 years old. The 80 years old agent represents a retired agent.

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

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

𝐶𝑘𝑡 (𝑗)
−𝜎𝑊𝑡𝑍𝑡

𝑃𝑡
= 𝑁𝑘

𝑡 (𝑗)
𝜓 𝑘 ∈ {1, 𝑅}. (A.1)

𝐶𝑘𝑡 (𝑗)
−𝜎 = 𝛽𝐸𝑡

{
(1 + 𝑖𝑡)

𝑃𝑡
𝑃𝑡+1

𝐶𝑘+1𝑡+1 (𝑗)
−𝜎

}
𝑘 ∈ (1, 𝑇 − 1). (A.2)

𝐶𝑘𝑡 (𝑗)
−𝜎 = 𝛽𝐸𝑡

{[
𝑄𝑡+1(𝑠) +𝐷𝑖𝑣𝑡+1(𝑠)

𝑄𝑡(𝑠)

]
𝐶𝑘+1𝑡+1 (𝑗)

−𝜎
}

𝑘 ∈ (1, 𝑇−1). (A.3)

𝛬𝑡,𝑡+1 =
1

(1 + 𝑖𝑡)
= 𝛽𝐸𝑡

{(
𝐶𝑘+1𝑡+1

𝐶𝑘𝑡

)−𝜎
𝑃𝑡
𝑃𝑡+1

}
(A.4)

Rearranging Eqs. (A.2) and (A.3), we obtain the no-arbitrage condition,

𝑄𝑡(𝑠) =
1

1 + 𝑟𝑡

[
𝑄𝑡+1(𝑠) +𝐷𝑖𝑣𝑡+1(𝑠)

]
.

Appendix B. Production side of the economy and derivation of the
Phillips equation

Consumption (final) good producers:

𝑌𝑡 =

[
∫

1

0
𝑌𝑡(𝑠)

𝜖−1
𝜖 𝑑𝑠

] 𝜖
𝜖−1

𝜖 > 1: elasticity of substitution among differentiated intermediate
goods.
𝑌𝑡: final good.
𝑌𝑡(𝑠): intermediate good 𝑠.

The profit maximization problem of the final goods producer is

max
𝑌𝑡(𝑠)

𝑃𝑡𝑌𝑡 − ∫
1

0
𝑃𝑡(𝑠)𝑌𝑡(𝑠)𝑑𝑠

subject to

𝑌𝑡 =

[
∫

1

0
𝑌𝑡(𝑠)

𝜖−1
𝜖 𝑑𝑠

] 𝜖
𝜖−1

First-order condition(s)

𝑌𝑡(𝑠) =
(
𝑃𝑡(𝑠)
𝑃𝑡

)−𝜖
𝑌𝑡

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

𝑃𝑡𝑌𝑡 = ∫
1

0
𝑃𝑡(𝑠)𝑌𝑡(𝑠)𝑑𝑠

𝑃𝑡𝑌𝑡 = ∫
1

0
𝑃𝑡(𝑠)

(
𝑃𝑡(𝑠)
𝑃𝑡

)−𝜖
𝑌𝑡𝑑𝑠

The aggregate price index is

𝑃𝑡 =

[
∫

1

0
𝑃𝑡(𝑠)1−𝜖𝑑𝑠

] 1
1−𝜖
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Fig. C.1. Old-age dependency ratio and productivity growth rate.
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_lp_ulc] & Population: Structure indicators [demo_pjanind].

Intermediate good producers:

The production function of the intermediate goods industry is

𝑌𝑡(𝑠) = 𝑍𝑡𝑁
1
𝑡 +𝑍𝑡−1𝑁2

𝑡 +⋯ +𝑍𝑡−𝑅−1𝑁𝑅
𝑡

where 𝑁𝑘
𝑡 is the per worker hours worked of an individual at the age of

𝑘 at time 𝑡. 𝑅 is the retirement age. 𝑍𝑡 denotes the productivity level
of the youngest agent of the cohort at time 𝑡 and 𝑍𝑡+1 = 𝑍𝑡(1 + 𝑔).
Productivity-adjusted production function19 is

𝑡(𝑠) = 𝑌𝑡(𝑠)
𝑍𝑡

= 𝑁1
𝑡 (𝑠) +

𝑁2
𝑡 (𝑠)

(1 + 𝑔)
+⋯ +

𝑁𝑅
𝑡 (𝑠)

(1 + 𝑔)𝑅−1

Cost minimization

min
𝑁𝑘
𝑡 (𝑠)

𝑊𝑡

[
𝑁1
𝑡 (𝑠) +

𝑁2
𝑡 (𝑠)

(1 + 𝑔)
+⋯ +

𝑁𝑅
𝑡 (𝑠)

(1 + 𝑔)𝑅−1

]

subject to

𝑡(𝑠) =
(
𝑃𝑡(𝑠)
𝑃𝑡

)−𝜖 𝑡
𝑡(𝑠) = 𝑁1

𝑡 (𝑠) +
𝑁2
𝑡 (𝑠)

(1 + 𝑔)
+⋯ +

𝑁𝑅
𝑡 (𝑠)

(1 + 𝑔)𝑅−1

 = −𝑊𝑡

[
𝑁1
𝑡 (𝑠) +

𝑁2
𝑡 (𝑠)

(1 + 𝑔)
+⋯ +

𝑁𝑅
𝑡 (𝑠)

(1 + 𝑔)𝑅−1

]

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

+𝜑𝑡
[
𝑁1
𝑡 (𝑠) +

𝑁2
𝑡 (𝑠)

(1 + 𝑔)
+⋯ +

𝑁𝑅
𝑡 (𝑠)

(1 + 𝑔)𝑅−1

−
(
𝑃𝑡(𝑠)
𝑃𝑡

)−𝜖 𝑡
]

First-order conditions

𝑁1
𝑡 (𝑠) = −𝑊𝑡 + 𝜑𝑡 = 0

𝑁2
𝑡 (𝑠) = −

𝑊𝑡
(1 + 𝑔)

+
𝜑𝑡

(1 + 𝑔)
= 0

⋮

𝑁𝑅
𝑡 (𝑠) = −

𝑊𝑡

(1 + 𝑔)𝑅−1
+

𝜑𝑡
(1 + 𝑔)𝑅−1

= 0

where 𝜑𝑡 is the marginal cost at time 𝑡. 𝑤𝑡 = 𝜑𝑡
𝑃𝑡

= 𝑊𝑡
𝑃𝑡

is the real
marginal cost.

Profit maximization

max
𝑃𝑡(𝑠)

𝑃𝑡(𝑠)𝑌𝑡(𝑠) −𝑊𝑡𝐿𝑡(𝑠)

subject to

𝑡(𝑠) =
(
𝑃𝑡(𝑠)
𝑃𝑡

)−𝜖 𝑡
𝑊𝑡 = 𝜑𝑡

where

𝐿𝑡(𝑠) =

[
𝑁1
𝑡 (𝑠) +

𝑁2
𝑡 (𝑠)

(1 + 𝑔)
+⋯ +

𝑁𝑅
𝑡 (𝑠)

(1 + 𝑔)𝑅−1

]
= 𝑌𝑡(𝑠)



Economic Modelling 125 (2023) 106336

13

L. Fadejeva and Z. Kantur

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

First-order condition

𝑃𝑡(𝑠) =
𝜖

1 − 𝜖
𝜑𝑡

where 𝜖
1−𝜖 is the markup. At steady state 𝜑 = 𝜖

1−𝜖 = 1∕.

Reoptimizing firms’ profit maximization problem is

max
𝑃 ∗
𝑡

𝐸𝑡
∞∑
𝑘=0

𝜃𝑘𝛽𝑘�̃�𝑡,𝑡+𝑘
(
𝑃 ∗
𝑡 𝑌𝑡+𝑘(𝑠) − 𝜑𝑡+𝑘𝑌𝑡+𝑘(𝑠)

)

subject to

𝑡+𝑘(𝑠) =
( 𝑃 ∗

𝑡
𝑃𝑡+𝑘

)−𝜖 𝑡+𝑘
where �̃�𝑡,𝑡+𝑘 =

(
𝐶𝑘+1𝑡+𝑘
𝐶𝑘𝑡

)−𝜎
.

The maximization problem becomes

max
𝑃 ∗
𝑡

𝐸𝑡
∞∑
𝑘=0

(𝜃𝛽)𝑘�̃�𝑡,𝑡+𝑘
( 𝑃 ∗

𝑡
𝑃𝑡+𝑘

( 𝑃 ∗
𝑡

𝑃𝑡+𝑘

)−𝜖 𝑡+𝑘 − 𝜑𝑡+𝑘
𝑃𝑡+𝑘

( 𝑃 ∗
𝑡

𝑃𝑡+𝑘

)−𝜖 𝑡+𝑘
)
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First-order condition

𝐸𝑡
∞∑
𝑘=0

(𝜃𝛽)𝑘�̃�𝑡,𝑡+𝑘
(
(1 − 𝜖)(𝑃 ∗

𝑡 )
−𝜖(𝑃𝑡+𝑘)𝜖−1𝑌𝑡+𝑘

)

= 𝐸𝑡
∞∑
𝑘=0

(𝜃𝛽)𝑘�̃�𝑡,𝑡+𝑘
(
(−𝜖)(𝑃 ∗

𝑡 )
−𝜖−1𝜑𝑡+𝑘(𝑃𝑡+𝑘)𝜖−1𝑌𝑡+𝑘

)

𝑃 ∗
𝑡 = 𝜖

𝜖 − 1
𝐸𝑡

∑∞
𝑘=0(𝜃𝛽)

𝑘�̃�𝑡,𝑡+𝑘
(
𝜑𝑡+𝑘𝑡+𝑘(𝑃𝑡+𝑘)𝜖−1)

𝐸𝑡
∑∞
𝑘=0(𝜃𝛽)𝑘�̃�𝑡,𝑡+𝑘

(
(𝑃𝑡+𝑘)𝜖−1𝑡+𝑘)

𝑃 ∗
𝑡 = 𝜖

𝜖 − 1
𝐴𝑡
𝐵𝑡

where

𝐴𝑡 = 𝐸𝑡
∞∑
𝑘=0

(𝜃𝛽)𝑘�̃�𝑡,𝑡+𝑘
(
𝜑𝑡+𝑘𝑡+𝑘(𝑃𝑡+𝑘)𝜖−1)

𝐵𝑡 = 𝐸𝑡
∞∑
𝑘=0

(𝜃𝛽)𝑘�̃�𝑡,𝑡+𝑘
(
(𝑃𝑡+𝑘)𝜖−1𝑡+𝑘)

They can be written as

𝐴𝑡 = �̃�𝑡,𝑡𝜑𝑡𝑡(𝑃𝑡)𝜖−1 + 𝜃𝛽�̃�𝑡,𝑡+1𝐸𝑡{𝐴𝑡+1}
𝐵𝑡 = �̃�𝑡,𝑡𝑡(𝑃𝑡)𝜖−1 + 𝜃𝛽�̃�𝑡,𝑡+1𝐸𝑡{𝐵𝑡+1}
where �̃�𝑡,𝑡 =

(
𝐶𝑘+1𝑡
𝐶𝑘𝑡

)−𝜎
.

The aggregate price index is

𝑃𝑡 =

[
∫

1

0
𝑃𝑡(𝑠)1−𝜖𝑑𝑠

] 1
1−𝜖

𝑃𝑡 =

[
∫

1

0
[(1 − 𝜃)(𝑃 ∗

𝑡 (𝑠))
1−𝜖 + 𝜃(𝑃𝑡−1)1−𝜖]𝑑𝑠

] 1
1−𝜖

Divide both sides by 𝑃𝑡−1

𝑃𝑡
𝑃𝑡−1

=

[
∫

1

0
[(1 − 𝜃)(𝑃 ∗

𝑡 (𝑠))
1−𝜖 + 𝜃(𝑃𝑡−1)1−𝜖]𝑑𝑠

] 1
1−𝜖 1

𝑃𝑡−1

(1 + 𝜋𝑡)1−𝜖 = (1 − 𝜃)
(𝑃 ∗

𝑡 (𝑠)
𝑃𝑡−1

)1−𝜖
+ 𝜃 (B.1)

𝑃 ∗
𝑡

𝑃𝑡−1
= 𝜖
𝜖 − 1

𝐴𝑡
𝑃𝑡−1

1
𝐵𝑡

𝐴𝑡
𝑃𝑡−1

= 1
𝑃𝑡−1

[
�̃�𝑡,𝑡𝜑𝑡𝑡(𝑃𝑡)𝜖−1 + 𝜃𝛽�̃�𝑡,𝑡+1𝐸𝑡{𝐴𝑡+1}]

𝐴𝑡
𝑃𝑡−1

=
𝜑𝑡
𝑃𝑡

𝑃𝑡
𝑃𝑡−1

(𝑃𝑡)𝜖−1𝑡�̃�𝑡,𝑡 + 𝜃𝛽�̃�𝑡,𝑡+1𝐸𝑡𝐴𝑡+1𝑃𝑡−1

𝑃𝑡
𝑃𝑡

where 𝜑𝑡
𝑃𝑡

= 𝑚𝑐𝑅𝑡 . Rearrange the above expression, we get

�̃�𝑡 = (1 + 𝜋𝑡)𝑚𝑐𝑅𝑡 (𝑃𝑡)
𝜖−1𝑡�̃�𝑡,𝑡 + 𝜃𝛽�̃�𝑡,𝑡+1𝐸𝑡�̃�𝑡+1

𝑃 ∗
𝑡

𝑃𝑡−1
= 𝜖
𝜖 − 1

�̃�𝑡
𝐵𝑡

Let �̃�𝑡 =
�̃�𝑡

(𝑃𝑡)𝜖−1
and �̃�𝑡 =

𝐵𝑡
(𝑃𝑡)𝜖−1

.

𝑃 ∗
𝑡

𝑃𝑡−1
= 𝜖
𝜖 − 1

�̃�𝑡
�̃�𝑡

(B.2)

�̃�𝑡 =
�̃�𝑡

(𝑃𝑡)𝜖−1
= (1 + 𝜋𝑡)[𝑚𝑐𝑅𝑡 𝑡�̃�𝑡,𝑡 + 𝜃𝛽�̃�𝑡,𝑡+1𝐸𝑡(1 + 𝜋𝑡)𝜖−1�̃�𝑡+1]

�̃�𝑡 =
𝐵𝑡

(𝑃𝑡)𝜖−1
= 𝑡�̃�𝑡,𝑡 + 𝜃𝛽�̃�𝑡,𝑡+1𝐸𝑡(1 + 𝜋𝑡)𝜖−1�̃�𝑡+1

At steady state

�̃�∗ = 𝑚𝑐∗∗�̃�∗

1 − 𝜃𝛽�̃�∗

�̃�∗ = ∗�̃�∗

1 − 𝜃𝛽�̃�∗

𝑃 ∗

𝑃 ∗ = 1 = 𝜖
𝜖 − 1

�̃�∗

�̃�∗
⟹ 𝑚𝑐∗ = 𝜖

𝜖 − 1
= 1

Log-linearize equation (B.2)

�̂�∗𝑡 − �̂�𝑡−1 = ̂̃𝑎𝑡 − ̂̃𝑏𝑡 (B.3)

̂̃𝑎𝑡 = 𝜋𝑡+
𝑚𝑐∗∗�̃�∗

𝑎∗
[𝑚𝑐𝑅𝑡 +

̂̃𝛬𝑡,𝑡+ �̂�𝑡]+𝜃𝛽�̃�∗[ ̂̃𝑎𝑡+1+ ̂̃𝛬𝑡,𝑡+1+(𝜖−1)𝜋𝑡+1] (B.4)

̂̃𝑏𝑡 =
�̃�∗∗

�̃�∗
[�̂�𝑡 + ̂̃𝛬𝑡,𝑡] + 𝜃𝛽�̃�∗[ ̂̃𝑏𝑡+1 + ̂̃𝛬𝑡,𝑡+1 + (𝜖 − 1)𝜋𝑡+1] (B.5)

Plug Eqs. (B.4) and (B.5) into (B.3):

�̂�∗𝑡 − �̂�𝑡−1 = 𝜋𝑡 + (1 − 𝜃𝛽�̃�∗)𝑚𝑐𝑅𝑡 + 𝜃𝛽�̃�∗( ̂̃𝑎𝑡+1 − ̂̃𝑏𝑡+1) (B.6)

Log-linearize equation (B.1)

𝜋𝑡 = (1 − 𝜃)[�̂�∗𝑡 − �̂�𝑡−1] (B.7)

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

𝜋𝑡 = 𝛽�̃�∗𝐸𝑡𝜋𝑡+1 +
(1 − 𝜃)(1 − 𝜃𝛽�̃�∗)

𝜃
𝑚𝑐𝑅𝑡 (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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