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Abstract

This study examines how and to what extent quantitative easing of the ECB affects household income
and wealth inequality in the euro area. Previous theoretical models have investigated the dynamics of
inequality measures through differential access of households to financial/capital market (the portfolio
rebalancing channel), neglecting the labor market differential (the earnings heterogeneity channel).
Although the portfolio rebalancing channel may provide insight into wealth inequality and non-labor
income inequality, this is not the case with labor (and thus total) income inequality. To be in line with
the empirical evidence on labor income inequality, this study also considers segmented labor market on
the basis of capital-skill complementarity in production and asymmetric real wage rigidities. When
only financial market segmentation is considered, the quantitative results indicate a drop in total
income inequality that is diminished over time, while wealth inequality experiences a rise that
gradually becomes weaker. The introduction of the segmented labor market significantly mitigates the
observed drop in total income inequality, while a rise in wealth inequality is largely amplified. Given
the possible broadening of the ECB’s mandate towards distributional issues in the future, the analysis
of segmented labor and financial markets can be more beneficial to the ECB as it provides a clearer

picture of the inequality effects.
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1. Introduction

Following the outbreak of the global financial crisis of 2007-2008, the euro area (EA) experienced a
severe liquidity shortage, while at the same time the conventional monetary policy of the European
Central Bank (ECB) was constrained by the zero-lower bound (ZLB). To support price stability and
the real economy as a whole, the ECB implemented unconventional monetary policy such as
quantitative easing (QE)!. In addition to aggregate effects, Ampudia et al. (2018) and Lenza and
Slacalek (2018) empirically show that QE generates distributional effects in the EA economy: (1) labor
and total income inequality are reduced significantly and (2) wealth inequality? is decreased to a lesser
extent. Using only the portfolio rebalancing channel, the previous model economies cannot capture the
empirical evidence on labor income inequality®, and thus only partially shed light on total income
inequality and related wealth inequality. This paper contributes to the literature by incorporating the
earnings heterogeneity channel that distinguishes labor income sources between the wealthy and the
poor. Accordingly, the combination of these two channels is used to examine the extent to which
income and wealth of poor and wealthy households are affected by QE over different time horizons, i.e.

short, medium and long run.

This study develops a model that is characterized by the two types of household heterogeneity within a
New Keynesian framework: financial (capital) and labor market segmentation. Financial (capital)
market segmentation makes a distinction between wealthy and poor households in the sense that only
wealthy households have access to financial/capital markets. This segmentation is related to the
portfolio rebalancing channel, according to which households’ rebalancing of their asset portfolio
induces aggregate and distributional effects on the economy. Specifically, the QE policy implies that
the central bank purchases long-term government bonds, and thus reduces its amount relative to
short-term government bonds in the portfolio of households. In response to QE, households rebalance
their asset portfolio as they are assumed to have a preference for holding a certain mix of assets with
different maturities. In addition, the model economy includes the portfolio adjustment costs that make
the assets with different maturities imperfect substitutes so that changes in the relative supply of

long-term bonds affect the term spread and then the real economy through general equilibrium forces.

IThe QE program of the ECB is defined as the Asset Purchase Program (APP). In January 2015, the ECB announced
the introduction of the APP, but started its implementation in March 2015. The APP includes the combined purchases of
public and private sector securities. Initially, total APP purchases amounted to as much as € 60 billion a month until the
end of September 2016. This paper focuses on the Public Sector Purchase Program (PSPP), the largest part of the APP
that includes only the purchases of public sector securities (€50 billion) - sovereign bonds from euro-area governments.
The Governing Council of the ECB expanded the initial purchases within the APP on multiple occasions so that in March
2016 the amount of monthly purchases was increased to €80 billion. A detailed discussion of the APP is provided in

Gambetti and Musso (2017).
2The result about increasing wealth inequality is common to theoretical models that abstract from housing wealth in

studying QE implications (see e.g., Hohberger et al., 2020).
3The empirical evidence on labor income inequlity of Lenza and Slacalek (2018) is shown in Appendix B.



Labor market heterogeneity refers to the existence of two distinct categories of workers: high-skilled
workers and low-skilled workers. This segmentation is considered as labor income is an important
component of total disposable income and as such plays an important role in driving income inequality
(see e.g., Ampudia et al., 2018 and Lenza and Slacalek, 2018). The segmented labor market is
associated with the earnings heterogeneity channel, which transmits its effects through capital intensive
production and asymmetric real wage rigidities. To provide a clearer picture of the different role of
high /low skilled workers in the production process, there exists capital-skill complementarity in the
production process in the spirit of Krusell et al. (2000), which results in capital being more
complementary with high-skilled labor?. Additionally, asymmetric real wage rigidities are introduced to
acknowledge the markedly sluggish adjustment of real wages, which is a characteristic of the euro area

labour market documented among others by Kollmann et al. (2016).

The novelty of this study lies in considering the interaction of labor and financial market segmentation,
which leads to the separation of the euro area population into two distinct groups: wealthy households
(70%) and poor households (30%). Wealthy households have access to financial/capital markets and
provide high-skilled labor services. Poor households do not have access to financial/capital markets and
supply low-skilled labor services. Accordingly, 30 per cent of the total population does not participate
in financial and capital markets and has attained at most post-secondary education, which is in
accordance with Sakkas and Varthalitis (2021). However, this setting is in contrast to Hohberger et al.
(2020), who consider only financial market segmentation. In their study, the heterogeneity in
households’ labor income is neglected, which in turn provides a rather limited insight into the dynamics
of total income inequality. The same conclusion applies to the dynamics of wealth inequality due to the
close relationship between total income and wealth inequality, a finding that is also reported by Bilbiie

et al. (2022b) but for conventional monetary policy.

The main quantitative results of this study are as follows. Purchasing long-term government bonds
from wealthy households, the ECB reduces the term spread. In response to a lower term spread and to
restore the duration of their portfolio, the wealthy increase investment in other long-term assets, such
as physical capital, and redirect resources from short-term government bonds to consumption. A higher
level of investment and consumption increases aggregate demand pressure, which stimulates higher
employment and wages of both types of households. A larger upward real wage rigidity for poor
households implies a rise in the wage premium, and also in unskilled employment inequality as their
labor supply is more sensitive to the change in labor income. Given that the rise in employment of the
poor is larger than the rise in wages of the wealthy, there is a drop in skilled labor income inequality.

In addition, capital-skill complementarity (CSC) amplifies the drop in the said inequality. This is

4Despite a rise in capital in response to QE, a slow capital accumulation (due to capital adjustment costs) induces a
smaller increase in the demand for complementary high-skilled labor compared to low-skilled labor. This is in line with
Bilbiie et al. (2022a), who indicate that low-skilled workers are characterised with a more cyclical labor demand as they

are more readily available for increasing production at the time of an aggregate demand expansion.



because the labor supply of the wealthy is more responsive than the capital stock, which leads to their
lower marginal productivity and thus a lower wage premium. With higher wages under CSC relative to
CD economy, the poor can enjoy a larger consumption, stimulating further aggregate demand and

employment. However, in the medium /long run, CSC refers to increasing labor income inequality.

The results of this study also indicate a fall in non-labor income inequality. In addition to paying higher
net lump-sum taxes after QE, wealthy households have losses on profit income and interest income on
holding short- and long-term government bonds. However, the presence of real wage rigidity largely limits
a drop in profit income, leading to a rise in the non-labor income of wealthy households. There are two
important implications of higher non-labor income of the wealthy. First, a drop in total income inequality
is mitigated compared to the economies with flexible wages, i.e. the economy with segmented labor and
financial markets and the economy with only a segmented financial market. Second, wealth inequality
rises as more resources are available for the accumulation of larger amount of assets. In addition, the
shape of consumption inequality dynamics closely follows that of total income inequality. Specifically,
the consumption of poor households exhibits a higher response than that of the wealthy in the short-run
as the poor spend a much larger fraction of an increase in their income on consumption goods. However,

this trend of consumption inequality reverses in favor of the wealthy in the medium/long run.

2. Related Literature

This paper relies on two strands of literature. The first highlights the importance of the portfolio
rebalancing channel in studying the effects of QE. In theoretical models, the identification of this
channel is mostly based on financial friction in the form of transaction costs that investors pay when
they face portfolio changes. Transaction costs are associated with the assumption of imperfect
substitutability of assets with different maturities, which allows central bank purchases of assets to
affect the real economy. Andrés et al. (2004) are the first to introduce such financial friction in the
standard DSGE model to make short- and long-term bonds imperfect substitutes. Similar to Andrés
et al. (2004), Chen et al. (2012) introduce segmentation and transaction costs in bond markets to show
the stimulative effects of the Federal Reserve LSAP program on GDP growth and inflation. Harrison
(2012) uses a representative agent NK model amended with portfolio adjustment costs to indicate that
QE scales up the aggregate demand and inflation in the UK. In addition to portfolio adjustment costs,
Falagiarda (2014) introduces a secondary market for bond trading to indicate that QE2 in the US and
the first phase of the APF in the UK exert upward pressure on output and inflation, with the effects
more pronounced in the UK. What is common to all these papers is their focus on the aggregate effects
of QE in the representative NK framework, while this study focuses on the distributional effects of QE

in the (tractable) heterogeneous NK setting.

Hohberger et al. (2020) use the portfolio rebalancing channel to compare the distributional implications

of expansionary conventional and unconventional monetary policy (QE) for the EA. The results of their



estimated open-economy DSGE model indicate a fall in income and a rise in wealth inequality between
the wealthy and the poor in the short and medium term, but the persistent inequality effects are
largely absent in the long term. However, by means of the portfolio rebalancing channel, Hohberger
et al. (2020) could account for household heterogeneity only in terms of financial income. As stated by
Ampudia et al. (2018), household labor income in the EA is an important component of total income,
which goes in favor of considering labor market heterogeneity and corresponding inequality in labor
income. Although Cui and Sterk (2021) and Sims et al. (2022) study the distributional implications of

QE in the US in the presence of household heterogeneity, they neglect labor market segmentation.

To acknowledge household heterogeneity in labor income, and thus to provide a clearer picture of the
distributional effects of QE in the EA, this paper also considers a second strand of literature that
focuses on the earnings heterogeneity channel. In this regard, Dolado et al. (2021) distinguish between
high-skilled and low-skilled workers by introducing capital-skill complementarity (CSC) and
asymmetric search and matching frictions within a New Keynesian model for the US. Dolado et al.
(2021) show that expansionary conventional monetary policy leads to increasing income inequality
between high- and low-skilled workers. Unlike Dolado et al. (2021), the present study introduces the
earnings heterogeneity channel (EHC) through CSC and asymmetric wage rigidities such that EHC
coexists with the portfolio rebalancing channel. This is in line with Sakkas and Varthalitis (2021), who
indicate that households’ savings and income can be associated with their skills and educational
attainment. This further means that we could consider the joint heterogeneity of households where the

wealthy are treated as high-skilled and the poor as low-skilled.

As regards the distributional effects of QE in the EA, the empirical studies that provide support for
including the portfolio rebalancing channel are, among others, Krishnamurthy et al. (2018), Urbschat
and Watzka (2020). In addition, Albertazzi et al. (2021) show that portfolio rebalancing is particularly
distinct to vulnerable European economies such as Ireland, Greece, Spain, Italy, Cyprus, Portugal, and
Slovenia. Ampudia et al. (2018) and Lenza and Slacalek (2018) provide empirical evidence that serves
as a motivation in the present study for including the earnings heterogeneity channel. Coibion et al.
(2017) refer to several factors that the earnings heterogeneity channel includes: unemployment risk,
asymmetric wage rigidities, different complementarity with physical capital across the agents’ skill sets,
and different household-specific characteristics that underlie households’ labor supply. Recent paper by
Donggyu (2021) introduces the earnings heterogeneity channel on the basis of an idiosyncratic
productivity shock and unemployment risk to examine the inequality effects of QE in the US. In
contrast to Donggyu (2021), the current study focuses on CSC in production and asymmetric wage

rigidities under the earnings heterogeneity channel.

This paper is organized as follows. Section 3 describes the model economy. Section 4 explains the
transmission channels of QE. Section 5 refers to the calibration, while Section 6 indicates the simulation

results of QE. Section 7 concludes.



3. Model Economy

This paper considers a closed-economy model whose demand side is characterized by two different
types of infinitely-lived representative households®: a fixed fraction of wealthy households indexed by
w € (0,1) and poor households indexed by p € (0,1). Wealthy households have access to financial
markets and provide skilled labor services. Poor households do not participate in financial markets and
supply unskilled labor services. Hence, the model incorporates two important sources of households
heterogeneity: labor market services (high- and low-skilled workers) and access to financial markets
(Ricardian and non-Ricardian households). On the production side, perfectly competitive intermediate
goods producers rent capital and the two types of labor services from the households to produce a
homogeneous intermediate output. In addition, capital-skill complementarity is incorporated in the
production function & la Krusell et al. (2000) to capture the different roles of high- and low-skilled
workers in the production at the time of increased capital stock due to QE. Intermediate output is then
differentiated by monopolistically competitive final-goods producers. The final output is used for

consumption, investment, and government expenditure.

The model also features nominal and real frictions to ensure that the main variables of interest respond
smoothly to an exogenous QE shock. These frictions are sticky prices, sticky wages and quadratic costs
for changes in the capital stock. The government conducts fiscal and monetary policy. Specifically, the
fiscal authority follows the passive fiscal policy rule so that the lump-sum taxes/transfers respond to the
deviation in the value of short- and long-term debt from their respective steady state. The monetary
authority implements monetary policy at the exogenous ZLB and purchases long-term government bonds
from wealthy households. To motivate the non-neutrality of the QE policy, the model includes the
imperfect substitutability between assets of different maturities (short-term and long-term government

bonds) by means of portfolio adjustment costs.

3.1 Households

3.1.1 Wealthy households

Wealthy households maximize their expected lifetime utility, which is a separably additive function of
consumption ¢, real money holdings m; and labor supply n,,.:

1+n
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subject to the real budget constraint in every period t:

5In the present model, households are different when their types (poor and wealthy) are compared with each other.
However, as idiosyncratic income risk is absent within types, there is a representative household within each type. Given
that the focus of this paper is on the comparison of the two types of households, a less rich setting of heterogeneity than

the Aiyagari-incomplete type model is used.
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where E, is the expectation operator conditional on information in period ¢, 8 € (0,1) is the subjective
discount factor, ¢y (Cy,) is the time-¢ individual level of consumption (aggregate consumption), o, is
the inverse of the intertemporal elasticity of substitution, h < 1 is the parameter for external habit
formation in consumption, s, is the population share of the wealthy, x > 0 is the inverse of the
elasticity of real money balances, > 0 is the inverse Frisch elasticity of labour supply, ¢,, > 0 and

@n,w > 0 are the relative utility weights on real money holdings and labor supply, respectively.

Total resources of wealthy households include real labor income w,, ¢n, ¢, real payoff on previous period

b bl.h
=L and long-term government bonds -t

short-term government bonds (where m; = - is gross

P
inflation rate), rental income on capital stock r’;tks,tq + T]g,tke,t—h real money holdings m;_1, real
transfers from the government ¢r,, ¢, and real profits in the form of dividends II{"* 4 II} from ownership
of intermediate and final goods firms. These total resources can be used for purchasing consumption
goods ¢, ¢, investment in short-term government bonds b; and long-term government bonds bi’h, and

for paying real lump-sum taxes t,; to the government. The wealthy also make investment decisions

regarding (structure and equipment) physical assets:
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subject to quadratic capital adjustment costs defined as in Hayashi (1982):
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where ¢y, is the capital adjustment cost and S(-) is the capital adjustment cost function that satisfies

the following properties: S > 0,5” > 0 and S(1) = 0.

To solve the maximization problem of wealthy household, the Lagrangian function is set up:
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Taking the FOCs, we have the following optimality conditions:
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At the beginning of period ¢, the portfolio of the wealthy includes nominal (one-period) short-term
risk-less government bonds b$_; and (perpetual) long-term government bonds bi’fl. One-period bonds
issued in period t are purchased at the real price ¢; = R% and deliver the payoff one in period t + 1,
where R; is a one-period nominal risk-free interest rate that is controlled by the central bank. As in
Woodford (2001), long-term government bonds are modeled as perpetual nominal bonds that pay a
nominal coupon that starts from one unit in the first period after issuance and decays over time
geometrically at the rate ¢ € [0,1]. The real price of long-term government bonds issued in period ¢ is
given by qr,; = ﬁ, where RF is the gross yield-to-maturity on a perpetual bond in period t and o is

L
the coupon decay factor. The duration (maturity) of long-term bonds is d; = f—f_g, where o is used to

Rt
match the average duration of long-term government bonds.

Wealthy households have a preference or target xk = b;)—;h for holding a mix of short-term and long-term
government bonds. Deviation from this target value triggers portfolio adjustment cost ¢, > 0, which
makes two assets of different maturities imperfect substitutes, and thus opens the space for the portfolio

rebalancing channel to function.

3.1.2 Poor households

Poor households maximize their lifetime utility, which is a separably additive function of consumption
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subject to the real budget constraint in every period t:
Cpt Hipt S WpaNpt +1rpy

The Lagrangian function associated with the maximization problem of a poor household is:
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Taking the FOCs, we have the following optimality conditions:
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Total income of the poor includes real labor income wy n,; from supplying unskilled labor services
to intermediate goods firms and real transfers tr,; received from the government. The poor spend
their disposable income on consumption goods ¢, ; and on paying real lump-sum taxes ¢, ;. Following
Kaplan et al. (2014), poor households in the present model fit the definition of hand-to-mouth households
because they hold no liquid and illiquid wealth, and as such spend all of their disposable income every
period. As hand-to-mouth households have larger marginal propensity to consume than the other type

of households, they are expected to be more sensitive to small and temporary changes in income.

3.2 Producers

3.2.1 Intermediate (wholesale) goods producers

There is a continuum of measure one of perfectly competitive firms that take prices P, ; as given and
produce a homogeneous good Y+ = Y;. To produce output, firms use the aggregate stock of structure
capital K1 and equipment capital K. ; 1, aggregate skilled labor from wealthy households N, ;, and
aggregate unskilled labor from poor households, N, ;. In the spirit of Krusell et al. (2000), the production

function is given in the form of a nested CES composite of factor inputs:

Yint = F(Koi-1, Koot Navts Npt) = AKS oy [m(Np)” + (1= m) (p(Kei1) + (1= p)(Nuwa)”) ] 7

where A > 0 stands for aggregate productivity, m, p < 1 determine the income shares of unskilled labor,
equipment capital and skilled labor. The parameter ¢ indicates the income share of structure capital.
Two parameters o,v < 1 govern factor inputs elasticities. The elasticity of substitution between

equipment capital and skilled labor is defined as g1 = ﬁ, while the elasticity of substitution between
1

equipment capital and unskilled labor and between skilled and uskilled labor is defined as e = 7=



Intermediate goods producers seek to maximize their nominal profits, which are distributed as dividends

to wealthy households, subject to the production function given by the equation (9):
PIU™ = Pyt tYintt — Wt Nt — Wy e Np i — RI;th,t—l - Rlz,tKe,t—la

while the real profit of the intermediate goods firms is expressed as:

- Y;
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t
where z; = P_P — is the markup of the price of the final consumption good over the price of the
wnt,

intermediate good, while T% is the real marginal cost for retailers or the real price of the intermediate

goods.

Taking the first order conditions of the real profit function with respect to capital and (skilled and

unskilled) labor inputs, we have the following demands for capital and labor:
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The optimal demand for labor and capital inputs equates real prices (wage and rental rate) to their

marginal products times the real marginal cost.

Combining equations (12) and (13), the so-called skill premium, which is a function of labor input ratios,

can be expressed as:

Wyt F’rzLUt (1 _m) Ke t—1 v %_1 Npt 1=e
b _Int 1— ( ’ ) 1— : 14
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As shown in Krusell et al. (2000), capital-skill complementarity in the production function is present if

1 > o > v. This implies that €5 > €1. The skill premium increases with a rise in the equipment capital

10



stock 8(F:‘U"‘) / OKcr—1 > 0, keeping all the other factors constant. However, the skill premium

decreases in the skilled to unskilled labor ratio, 8( 5 t) / 8( ”:) < 0, under the assumption that all

other factors remain unchanged.

To evaluate the quantitative importance of CSC in driving the QE distributional effects, the model in
this paper also considers an alternative benchmark economy where CSC is not present. This model

economy is characterized with a standard CD structure:

1—-6

Vi= AKY (%N, + (1= 59N],) T
There are two types of CD economy: (1) where there is capital and two types of labor that are imperfect
substitutes; (2) where there is capital and two types of labor that are perfect substitutes, with parameters
» = 0.5 and v = 1. The second type of CD economy features only the portfolio rebalancing channel,
while for the first type of CD economy, the EHC is still present due to the asymmetric real wage rigidities.
In addition, in the first type of CD economy, the changes in the skill premium are not a result of the
changes in the stock of physical capital, i.e. there is only the relative quantity effect while the capital-skill

complementarity effect is not present:
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As in Kina et al. (2020), the calibration procedure for the first type of CD economy is the same as the
CSC economy except for the two internally calibrated parameters. The first parameter is A, which is
calibrated to make output Y equivalent in the two economies, while the second parameter s is chosen
to have the same skill premium in the two economies. The same calibration procedure is used for both
CSC and CD economies to guarantee that any differences in QE effects (skill premium) between the two

economies cannot be ascribed to their initial conditions.

3.2.2 Final (retail) goods producers

There exists a continuum j € [0,1] of monopolistically competitive retail firms. Each firm buys an
amount Y;(j) of the homogeneous intermediate good Yj,;, and produces a variety of the final good
th (j) which is an imperfect substitute for varieties produced by other final goods firms. The technology
used in the production process is linear, Y,/ (j) = Y;(j) (see e.g., Dolado et al., 2021). These differentiated
products are then aggregated into a homogeneous final good Yt'f by the following CES aggregator:

/yfsld] /yteldj -,

where € > 1 is the exogenous elasticity of substitution between the different types of goods, th stands
for final goods, and Y; refers to intermediate goods. Final good could be used for consumption,

investment, and government expenditure.

Retail firms purchase intermediate goods from wholesale producers at the wholesale price P;,; ;, which

is equal to the nominal marginal cost mc},, , in the intermediate goods sector. The fact that wholesale

int,
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producers are perfectly competitive implies that Pi,t+ = mcj,; ;. Purchased intermediate goods are
differentiated by the retailers at no cost, so that the nominal marginal cost of producing final goods
coincides with that of wholesale goods. Then, each retail firm sells its unique variety at a retail
mark-up over the wholesale price in a monopolistically competitive market. Although retailers have
monopolistic power by setting the price for their own products P;(j), as in Dolado et al. (2021) they

take aggregate price P; and the price of intermediate good Pjy:+ as given.

The retail sector plays the role of introducing the nominal price rigidity into the economy as it has to
pay quadratic price adjustment costs when changing prices. Price stickiness is important for ensuring
the real effects of monetary policy on the economy. To motivate price stickiness, the Rotemberg (1982)
price adjustment costs model is used. This means that final goods firms maximize their current and
expected discounted profits subject to quadratic price adjustment costs measured in terms of the final
good. Specifically, each retailer indexed by j pays an increasing and convex cost measured in terms of

Y: when the size of its price increase, P;(j)/Pi—1(j), deviates from the steady state inflation rate :

where ¢, > 0 measures the degree of price stickiness. Higher values of ¢, indicate greater price

stickiness, while ¢, = 0 implies perfectly flexible prices of final goods.

Given the equation (15), each final good firm j chooses P;(j) to maximize the present discounted value

of real profits for its owners (wealthy households):

= . = — )\w'r P‘r(]) -PintT . (b P‘r(]) ?
E g NG (G)=E E Tt — VY () -2 (=21 Y,
I;:E(i}})( t 2 t, t(]) t ﬂ by <( P, P. > t(]) 2 77P-r—1(j)

T=t w,t

subject to the price-elastic demand of households®
, P()\ °
Y;(j) = | —== Y,
+(7) < P, t

where A; . is the stochastic discount factor in period ¢ for real payoffs in period 7, m = Pijl is the

gross inflation rate (m = 1) and mc} = Pi;,:‘t is the real marginal cost of producing an additional unit of

output (or the Lagrange multiplier from the cost minimization problem of the intermediate firm

producer”).

By substituting the constraint related to demand of households for final goods into the objective function,

we have:
oo e} . . —€ . 2
. — A T PT(]) P; t,7 PT(]) ¢ PT(.])
E NI () =E ot — y, -2 22 1) Y,
P0) t; I () t,zf N (( P, P, P, 2 \7Pr_1(j)

SDerivation of the price-elastic demand of households and the aggregate price level is provided in Appendix A.1 and

Appendix A.2.
"Derivation of the real marginal cost is provided in Appendix A.3.
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and solving the resulting profit maximization problem with respect to P;(j) yields

P -0 (B2) 7 H - o (B (2U )) 7o (am ) i

Pia(G) ) Pa()Yesr _
’”(ﬂ%(j) 1) AL

Aw
+E S0
w,t
Since mc] = P /P; and Y,(j) = Y; are identical for all final goods firms, every firm sets the same
price. The combination of that result and P, = (fol Pt(j)l’edj)ﬁ indicates that P(j) = P/. In a

symmetric equilibrium, the first-order condition for the retailers’ problem becomes:

Pintt £i(J) by P (j) Prii(f) Yier
-0+t —op (L5 1) cgy Bemenss (S5 1) TGN =0

ﬂ' ™ A s Tea1 Yy
& (-0 rand gy (T - 1) T B T, (T 1) TELIL

If the cost of price adjustment is ¢, = 0, i.e. when prices are fully flexible, the above equation reduces
to the standard markup rule: P; = —Symc}’, where prices are set as a markup over nominal marginal

costs. When ¢, > 0, changes in marginal costs translate only gradually into changes in prices.

Rearranging terms and log-linearizing the above equation around a symmetric steady state, we obtain

the expression known as the log-linearized New Keynesian Phillips Curve

. e—1) _, .
T = ( p )mct—f—BEﬂrHl
D

As for the aggregate real profit that the continuum of unit mass retailers makes, the symmetric

equilibrium (P;(j) = P, Yi(j) =Y; for Vj) yields:

ro__ ! I P ! Pt(]) N T _ﬁ Pt(]) _ ? .
Ht—/o Ht(])dj—/o ( 2 Yi(j) — mey - Yi(5) 5 (th_l(j) 1) Yt> dj

3.3 Monetary and fiscal policies

The central bank monetary policy sets the short term nominal interest rate following the standard Taylor
rule, which includes an interest rate smoothing component and a potential reaction to the deviations of

inflation and output from their respective steady states:

(B (@) ()] e w0

where R is the steady-state value of the (gross) nominal policy rate, 0 < 6. < 1 is the parameter

associated with interest rate smoothing, 6, > 0 and 0, > 0 measure the interest rate response to

inflation and output, respectively. The monetary policy shock €] is an i.i.d. with zero mean and
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standard deviation og, In(e}) = p.ln(el_;) + v}.

The central bank also performs the asset purchases that have been previously issued by the government.
Following Hohberger et al. (2019), QE policy is simulated as an AR(2) process that provides a hump-

shape path of the central bank holdings of long-term government bonds:

lnB?Cb = (¢cb1 + ¢cb2>lnBil5_Cl{ - (¢cb1¢cb2)lnBéfg + €i7Cb

The specification of QE as an AR(2) process is important for capturing the initial purchase of
long-term government bonds by the ECB in 2015ql1, followed by further extension of the central bank

holdings for three years, and a gradual exit from QE.

Total government debt on the basis of issued bonds includes short-term (Bf) and long-term (B!)
government bonds:

B, = Bf + B,

where B! is further decomposed into long-term bonds held by the central bank (Bi’Cb) and by the
household sector (B"):
B= B4 B = g} B+ (- gD B

When the central bank conducts the QE program, it purchases long-term government bonds from the
private sector, which in turn increases the amount of long-term bonds in the asset side of its balance
sheet. The liability side of the central bank’s balance sheet also increases as the central bank pays for

the purchased bonds by the newly created money provided to the private sector, (My — M;_1 /7).

The real operational profit of the central bank is:

Tt t

M l,cb
—1 _
I = My — —— — (qL,tBi’cb—(ngL,t) ;1)

As for the fiscal policy, in each period the fiscal authority purchases the final consumption good, G,
issues government bonds to refinance its outstanding debt, B and B!, distributes lump-sum transfers

TR; and raises lump-sum taxes T;.

The consolidated government budget constraint (in aggregate real terms) is:

M4 Leb ldi By, B,
Ty+q:Bi+qr+ Bi-+M;— ﬂ_ — qp+By" — (14 0qr,t) ;__ = ;__ +(140qr,t) ;__ +G+TR, (17)
¢ ¢ t t

The real government spending G, follows a serially correlated process
Gy = (YT)'7%9(Gy_1) %9 exp(ed)

where I' = G/Y is the steady state share of government consumption in output.
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Similarly to G, lump-sum transfers T'R; are assumed to follow a serially correlated process:
TR, = TR *)TR" exp(el™)

Lump-sum taxes T; are adjusted as a result of discrepancies in the value of long- and short-term
government bonds from their steady-state. The passive fiscal policy rule that the lump-sum taxes

follow can be written as:

T — & qri—1Bi_y + @1 B;_ \”
' qrB' + ¢B*®

The rationale behind the passive fiscal policy rule is to prevent the emergence of inflation as a fiscal
phenomenon and the explosive path of government debt. The parameter ® makes the fiscal rule an
identity in steady state (see e.g., Chen et al., 2012), while the parameter p; > 0 determines the response

of taxes to total government debt.

3.4 Aggregate variables and market clearing

The aggregate per-capita quantity of any household specific variable z(4) is given by

1
Ty = / 2 (3)di = Sy - Tt + Sp - Tp i
0

as households within each of the two types (i.e. wealthy and poor) are identical.

The aggregate resource constraint or the goods market clearing condition® is given by:

2
Z o [ ke, ? Gp (T 2 1,h Db b;
Y;g:Ct‘i‘It‘FGt"‘ Sw? %—1 kgt‘f‘*(?t—].) th_qL,tswbt ? K ¢ -1

P
_ 2 I,h
c€{s,e} it bi

This condition implies that final output is used for consumption, investment, government expenditures

and covering adjustment costs.

4. Transmission channels of QE

This section is dedicated to explaining two important channels for the transmission of QE effects to the
real economy and to the inequality measures: the portfolio rebalancing channel and the earnings

heterogeneity channel.

The portfolio rebalancing channel of QE can be illustrated with the analysis of the term spread, which
is the difference between the long-term and short-term interest rates. We combine the log-linearised
first-order conditions for short-term and long-term bond holdings (gf and Eih) of wealthy households to
express the gross yield-to-maturity on a perpetual bond:

_ ~ RV —p (=~ s s
Rf = 2B RE, + =t (Rt — ov(1+ Zauw) (5 - bi’*v) (18)

8Derivation of the goods market clearing is provided in Appendix A.6.
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L_ T
where RRLQ > 0and (14 Fqrk) > 0.
Tterating on (18), we obtain the expression for long-term yields as the sum of (current and) expected

future short-term interest rates and changes in relative bond holdings:
RL RY — [ » 77 Ts T,k
T Z (f2) (Beee =000+ Zarm) By D)

It follows that the term premium depends on changes in relative bond holdings:

oo oo

Rf - (RRL ) E Z (%)S Reys = (R;ZQ> on(1+ %QLK) 1Y (;L) (bifs gi-l-s) (19)

5=0

The term spread is a positive function of long-term bonds held by wealthy households, but a negative
function of short-term bonds. Accordingly, by purchasing the long-term bonds of households (QE), the
central bank induces a fall in the long-term yield relative to the short-term yield. The term spread
experiences a fall, which is actually the way to stimulate households to hold a relatively larger amount
of short-term bonds in their portfolio (the preferred habitat theory). In equation (19), the transaction
costs parameter ¢, controls for how the changes in the relative size of bond holdings with different
maturities influence the term spread. Higher parameter ¢, means that households are less motivated to
equalise returns through arbitrage behaviour. Although QE makes the short-term bonds more
attractive as RF reduces relative to Ry, the parameter ¢, discourages households from equalising
returns via reallocation of portfolio funds to short-term bonds. In this way, larger portfolio adjustment
costs ¢, refer to lower substitutability between assets of different maturities and thus a stronger
response of the term spread. However, if the transaction costs are absent ¢, = 0, the portfolio
rebalancing channel cannot be identified. In this case, the central bank long-term bond purchases do
not affect the term spread (and the real economy) because long-term and short-term bonds become
perfect substitutes. Specifically, the term spread remains unchanged as households may compensate for
the smaller supply of long-term bonds in their portfolio by purchasing short-term bonds in the same

amount.

To show the relationship between the term spread and the real economy, we combine the log-linearised

first-order condition for consumption of wealthy households and the term spread equation (18):

~ qLk Bq \ = qLk RL =, R'—o )
dot = () (4 R R R
! (qurq) ( * wqm) ot (qm+q> (RL—Q> ( ! RL

K 1 ~ -
+ <qL> <ﬂg E:qr 41 + (1 + éi)(Et Aw, i1 — Ey 7Tt+1)>
qrk +4q T qLK

The above expression indicates that a fall in the term spread, which is triggered by the QE program,
leads to a higher consumption of the wealthy and, through the general equilibrium forces, to a higher

consumption of the poor. This result comes from:

0wt _ qLk RE >0
a(EL_ RLng) qrk+q \ RV — o ’
t RL t
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In response to a higher consumption, aggregate demand experiences a rise. Given that the two different
types of workers respond differently regarding their respective consumption (due to different income
sources), there is a change in consumption inequality. Similarly, the other inequality measures, such as
total income and wealth inequality, also experience a change in response to the changes in the real
economy induced by QE. The derived expressions related to the inequality measures can be found in

Appendix A.9.3.

Through the portfolio rebalancing channel, previous studies could account for household heterogeneity
in terms of financial income. However, the labor market in their model economy is specified such that
different types of workers work the same number of hours and receive the same wage. In this regard,
the previous model economies cannot explain the differences between the two types of households
regarding their labor income. Ampudia et al. (2018) emphasize that labor income is an important
component of total income in the EA. To acknowledge the labor market heterogeneity and
corresponding labor income inequality, this paper introduces the earnings heterogeneity channel.
Following Dolado et al. (2021), the present study makes a distinction between the roles of high-skilled
and low-skilled workers in the production process, but within the scope of implemented QE by the
ECB. In addition to CSC, the earnings heterogeneity channel includes asymmetric wage rigidity that is
distinctive to the labor market in the EA. Given the interaction between labor and financial markets,
wage rigidity affects both labor and non-labor income inequality (wage is a cost part of the wealthy’s

profit).

For the analysis of the skill premium dynamics, we log-linearize the equation (14) to obtain:

T~ pa = 0= 0)(55) (o(35) + 1= 9) " Reaer = N + (0 = )Fos = Fpo) - (20)

The growth rate of the skill premium is decomposed into two parts. Taking as given the influence of

the first component, the second component (¢ — 1)(Ny, ; — N, ) indicates that under o < 1 the faster
growth rate of the relative supply of skilled labor reduces the skill premium. Krusell et al. (2000) calls
this part the "relative quantity effect”. Taking as given the second component, the first component

v v -1
(o0 — V)p(ﬁ:}) (p(f\,{—;) +(1— p)) (Ke,t—1 — Ny ) indicates that under o > v the faster growth rate

of equipment capital than that of skilled labor leads to higher skill premium. This second component is
called the “capital-skill complementarity effect”. The trade-off between those two effects determines the

dynamics of the skill premium.
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5. Calibration

In Table 1, the calibrated values of structural parameters of the model are summarized. The model is
calibrated at a quarterly frequency to match the average Euro Area data for the period 2000-2014,
before the implementation of the QE program. These parameter values are chosen (calibrated) either
based directly on data (including existing econometric evidence) or by ensuring that the model’s long

run solution targets key macroeconomic ratios of the EA-19 economy (see Table 6).

Households are different in terms of their access to financial/capital markets and their labor services
offered to the labor market. Following Sakkas and Varthalitis (2021), population shares are set to
sp = 0.3 and s,, = 0.7 so that 30 percent of the total population in the EA-19 does not participate in
capital and financial markets and provides low-skilled labor services. A similar treatment of wealthy

and poor households in the US can be found in Bhattarai et al. (2022) and Bilbiie et al. (2022a).

The subjective discount factor, 8 = 0.9995, is set to match a net annualised money-market interest rate
2.21

of around 2.21 percent (or a quarterly gross money-market rate of around R = 1+ ;555 = 1.0055). The
coefficient of relative risk aversion of consumption o, is set to 1, giving the log utility function in
consumption. The Frisch elasticity of labor supply is set to 1. The parameters for labor disutility, ¢y
and ¢, p, are calibrated to obtain the average of skilled and unskilled hours worked per week of
0.247(= 41.5h/168h), and to acknowledge that wealthy households work 8.27% more than poor
households in the steady state. The elasticity of utility with respect to real money holdings y = 3.42 is
taken from Neiss and Pappa (2005), who estimate this value on the basis of UK data. The choice of
X = 3.42 implies an interest elasticity of money demand of —1/x = —0.29. The preference parameter
for real money holdings in the utility function ¢,, is chosen to obtain the steady state real
money-to-consumption ratio of 1.905 per quarter. As in Coenen et al. (2008), the

money-to-consumption ratio is computed as a ratio of monetary aggregate held by the household sector

M1 and nominal consumption expenditure for the period 2000-2014.

The steady state gross inflation rate is set to 1.005, which is in line with the mandate of the ECB (2%

annualised inflation). The elasticity of substitution among differentiated retail goods € is set to 6 as in

Gerali et al. (2010), which refers to the gross price markup of 20% over marginal cost (u? = 5 = 1.2).

The Rotemberg adjustment cost parameter is set to 59.0259 so that the slope of the Phillips curve in
the model corresponds to that in a Calvo staggered price-setting model with four quarters of an average

price rigidity. In the Calvo (1983) model, the percent of reoptimizing firms or the average time for which

firms set the new prices is 1 — 6. This means that the average frequency of price changes is ﬁ, leading

to the value of the Rotemberg (1982) parameter:
(1) 5.0.75

o = (1—0)(1—B0) (1—-0.75)(1—0.75-0.9945) 590259
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The capital adjustment costs parameter ¢ is set to 5.28 so that the elasticity of the investment to
capital ratio with respect to Tobin’s ¢ is 13.33 (see Matheron, 2018). For the sake of simplicity, the

same parameter value ¢y, is chosen for both types of capital®.

The steady-state level of the technological process A is normalized to 1 for the CSC economy. The
depreciation rate of equipment capital d. and structures J, are used from Krusell et al. (2000). We also
use the estimates of the key substitution parameters ¢ = 0.401 and v = —0.495 from Krusell et al.
(2000). The choice of o = 0.401 implies the elasticity of substitution between equipment capital (or
skilled labor) and unskilled labor of 1/(1 — ¢) = 1.67, while v = —0.495 implies the elasticity of
substitution between equipment capital and skilled labor of 1/(1 — v) = 0.67. Thus, the skilled
households are more complementary with equipment capital in the production than the unskilled
households or the production function exhibits capital-skill complementarity. = The parameters
corresponding to income shares m = 0.2977, p = 0.5685 and ¢ = 0.1679 are simultaneously calibrated to
match a skill (wage) premium of 1.55 and a labor income share of 65 percent, and the share of
equipment capital in total capital of 1/3. The calibrated values of parameters in the production

function are in line with those estimated or calibrated in the related literature.

To be in line with the average historical EA data, we set government spending to output ratio at 18%,
while government debt to output ratio is set to 2.96 or at 74% of annual output. Similar to Albonico
and Tirelli (2020), transfers to non-Ricardian households are calibrated to obtain a steady-state
consumption ratio between the two groups of households (c¢p/c,,) around 0.8. The steady-state
difference between aggregate transfers and lump-sum taxes to output ratios (net government

transfers/taxes) is then calculated as a residual from the steady state government budget constraint.

The parameters of the fiscal and monetary policy rules are calibrated following Coenen et al. (2008).
Specifically, fiscal policy responses to both short-term and long-term debt are set to 0.1. In addition,
interest rate sensitivity to inflation gap and output gap are set to 2 and 0.10, respectively. The interest
rate smoothing parameter is chosen very close to one as in Falagiarda (2014) to indicate the presence of
the ZLB under which the monetary policy (short-term) interest rate is restricted to respond to
fluctuations in inflation and output. Cui and Sterk (2021) also assume the ZLB by pegging the nominal

interest rate at Ry = R in the model version with QE.

The steady state values of the key wvariables related to the ECB asset purchase program are
summarised in Table 4. Data for short-term and long-term bonds outstanding relative to annual GDP
is taken from Eurostat Government Finance Statistics. The ECB provides data for 'Securities held for
monetary policy purposes - ILM’ that serve as a measure for long-term bonds held by the ECB. The

amount of long-term bonds held by wealthy households is the difference between total long-term bond

9Derivation for the the elasticity of the investment to capital ratio with respect to Tobin’s ¢ is provided in Appendix

A8.
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duration of 25 quarters long-term government debt, d = T

Table 1: Parameter values in the baseline analysis of the CSC economy with no real wage rigidity

B
—£y

supply and long-term government bonds of the EBC. The parameter o is set to match the average

L —95.

Notation Description Value Source

Households

B Subjective discount factor 0.9995 Calibration

X Elasticity of money demand 3.42  Neiss and Pappa (2005)
n Elasticity of labor supply 1 Convention

. Coefficient of relative risk aversion 1 Convention

Pr,w Relative utility weight on labor-wealthy 16.917  Calibration

Onp Relative utility weight on labor-poor 14.771  Calibration

Sw Population share of the wealthy 0.7 Sakkas and Varthalitis (2021)
Sp Population share of the poor 0.3 Sakkas and Varthalitis (2021)
Intermediate goods firms

A Scale parameter 1 Convention

Os Structure capital depreciation rate 0.014  Krusell et al. (2000)

e Equipment capital depreciation rate 0.031 Krusell et al. (2000)

L Structure capital income share 0.1679  Calibration

m Low-skilled labor income share 0.2977  Calibration

p Equipment capital income share 0.5685  Calibration

o Measure of elas of subs between K, and N, 0.401  Krusell et al. (2000)

v Measure of elas of subs between K. and N,, -0.495 Krusell et al. (2000)

bk Capital adjustment cost 5.28 Matheron (2018)

Final goods firms

op Price adjustment cost 59.0259  Gerali et al. (2010)

€ Elasticity of substitution between retail goods 6 Gerali et al. (2010)
Fiscal and monetary policy

1 Fiscal policy response to debt 0.1 Coenen et al. (2008)
(i Monetary policy response to inflation 2 Coenen et al. (2008)

0y Monetary policy response to output 0.1 Coenen et al. (2008)

0, Monetary policy inertia 0.997  Falagiarda (2014)

II Gross inflation rate 1.005 Convention
Autoregressive parameters

o Governement spending 0.9 Coenen et al. (2008)
Otr Lump-sum transfers 0.9 Coenen et al. (2008)
Standard deviation

oy Government spending shock 0.18 Coenen et al. (2008)
Otr Lump-sum transfers 0.195 Coenen et al. (2008)
oy Monetary policy shock 0.1 Hohberger et al. (2019)
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Table 2: Parameter values in the baseline analysis of the CD1 economy with real wage rigidity

Notation Description Value  Source

A Total factor productivity 0.9962 Target output of CSC

0 Income share of capital 0.35 Data

” Income share of high-skilled labor 0.7494 Target ”‘1’1’)—: =1.55

5 Measure of elas of subs between NV, and N, 0.2908 Katz and Murphy (1992)
O Depreciation rate of capital 0.025 Data

Table 3: Parameter values in the baseline analysis of the CD2 economy with no real wage rigidity

Notation Description Value Source

A Total factor productivity 1 Convention
0 Income share of capital 0.35 Data

> Income share of high-skilled labor 0.5 Convention
5y Measure of elas of subs between IV,, and N, 1 Convention
Ok Depreciation rate of capital 0.025 Data

Table 4: Calibration in the analysis of asset purchase policy, CSC and CD economies

Notation Description Value
B/Y =B*/Y + B!/Y Total debt to GDP ratio 0.740
B°/Y Total short-term debt to GDP ratio 0.063
B')Y = BY" /Y + Bb* /Y Total long-term debt to GDP ratio 0.677
Bl )Y LT debt held by households 0.622
Bheb )y LT debt held by the central bank 0.055
fl=2" Fraction of LT debt by CB in total LT debt 0.0818
by Portfolio adjustment cost parameter 0.0015
Ol,ch Magnitude of the asset purchases 0.01
Peb1 Persistence of the asset purchases 0.89
Dev2 Persistence of the asset purchases 0.97
0 Bonds payoff decay factor 0.9653
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Table 5: Selected steady-state values in the CSC economy

Notation Description Value
cp Consumption of the poor 0.2415
Cw Consumption of the wealthy 0.3019
np Labor of the poor 0.2335
Ny Labor of the wealthy 0.2528
Wp Wage of the poor 0.8329
Wy Wage of the wealthy 1.2909
rk Real return to structures 0.0145
rk Real return to equipment 0.0315
Y Total output 0.5294

Table 6: Selected Steady-state ratios in the CSC economy

Notation Description Value
c/y Consumption as a share of GDP 0.536
K,/Y Structure capital as a share of GDP 9.628
K.Y Equipment capital as a share of GDP 4.814
I,JY Structure investment as a share of GDP 0.135
I./]Y Equipment investment as a share of GDP  0.149
G/Y Government expenditure to GDP ratio 0.180
B/Y Total debt to GDP ratio 0.740
T/Y —TR/Y Net lump sum tax as a share of GDP 0.184
M/Cy, Money-to-consumption ratio 1.905
Wy /Wy Skill premium 1.55
li_share Labor income share 0.65
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6. Results

The ECB started with the implementation of the QE program in March 2015. Figure 1 shows the
impulse responses of selected endogenous variables after a one-standard-deviation QE shock in the
Euro Area. Following Hohberger et al. (2019), QE shock is simulated as an AR(2) process so that the
initial purchase is followed by a further accumulation of long-term assets by the ECB for another 12
quarters, after which a gradual exit takes place. This paper examines the distributional effects of QE

by means of two channels: the portfolio rebalancing channel and the earnings heterogeneity channel.

The portfolio rebalancing channel establishes the relationship between the central bank QE and the
whole economy through changes in investors’ portfolios. Given that only wealthy households have
access to financial markets, QE starts having the effects through their portfolio. Specifically, by
purchasing long-term government bonds, the central bank expands its balance sheet (the asset side of
the balance sheet) and increases liquidity provision to the wealthy (the liability side of the balance
sheet). As the wealthy receive central bank reserves (short-term assets) in exchange for long-term
government bonds, QE changes the portfolio duration of the wealthy. According to the equation (19), a
lower supply of bi’h relative to b implies an increase in price qr, ; and a reduction in RF. Given that the
short-term interest rate is constrained at the (exogenous) ZLB, a smaller RY causes the term-spread to
decline. In response to a lower term-spread and to restore the portfolio duration, wealthy households
increase investment in other long-term assets such as physical capital, reduce savings in short-term
bonds and increase current consumption. Cui and Sterk (2021) highlight the importance of both
household consumption and investment in transmitting the QE effects to the real economy. They also
show that the increase in investment demand is driven by the need of investors to replace government

bonds (direct channel) and by the rise in goods demand (indirect equilibrium channel).

Stimulating aggregate demand, QE has positive effects on the real economy and inflation'®. To produce
a larger amount of final goods, retail firms increase their demand for inputs in production
(intermediate goods), which in turn causes a rise in the relative price of intermediate goods mcj. A
higher mc; is associated with a higher demand of intermediate goods firms for capital and labor.
Investment and employment increase, which is also accompanied with higher wages and rental rate on
capital. However, high- and low-skilled workers do not enjoy the same rise in wages and employment,
an observation that can be explained by the earnings heterogeneity channel. Figure 1 shows a fall in
unskilled employment inequality and in the skill-premium in the short run. The employment of
high-skilled workers is more pronounced for two reasons. First, capital-skill complementarity implies a
larger demand for skilled labor on the back of increased capital stock. Second, high-skilled workers

increase their labor supply to compensate the loss in non-labor income induced by negative profits'!

10Boeckx et al. (2017), among others, estimate that an exogenous expansion of the ECB’s balance sheet has significant

stimulative effects on the economic activity and inflation in the EA.
1 The countercyclical markups or negative profits are a standard feature of the model economies with only sticky prices

but absent sticky wages.
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and lower interest payments on long-term government bonds. As stated by Angelopoulos et al. (2014),
a higher real return to capital can also stimulate the skilled to collect larger labor income resources
that will be wused for capital accumulation. There can be overshooting in labor supply
(f(t_l - ]th < 0) due to a slower adjustment of capital, which results in decreasing CSC effects and

the skill premium?!?

. However, in the medium/long run, the relative supply of skilled labor decreases
while the complementarity between capital stock and skilled labor increases. Both factors give rise to

an increasing skill premium and decreasing relative skilled labor income in the medium/long run.

According to Christoffel et al. (2009), the labor market in the EA is highly rigid in many aspects. This
particularly applies to wages that are less prone to instantaneous changes, and as such have a
substantial degree of rigidity. The authors argue that the collective wage bargaining process lies behind
the sluggish adjustment of wages. To be in line with the empirical findings of Lenza and Slacalek
(2018) regarding the skill premium in favor of high-skilled labor and higher employment growth for
low-skilled workers after QE, this paper incorporates real wage rigidity!® as a second component of
labor market segmentation. Following Blanchard and Gali (2007), ad-hoc real wage rigidity is
introduced such that the slow adjustment of real wages is a result of (unmodelled) distortions instead
of preferences in labor markets. For the same wage setting, Kollmann et al. (2016) provide the
estimated value of 0.97 (0.96) for real wage rigidity in the EA (US) over the period 1999q1-2014q4.
The current study uses the value of 0.97 for the wage of poor households, while the value of 0.8 applies
to wealthy households!*. Wealthy households face lower labor market friction in the form of (upward)
real wage rigidity as they are a more valuable labor source for intermediate goods firms and as such

enjoy larger (implicitly assumed) bargaining power in the wage determination.

Figure 2 reports the dynamic responses of selected variables when CSC and CD1 production functions
are interacted with asymmetric real wage rigidity. Compared to the case with flexible wages, both types
of workers increase their labor supply to smooth their level of consumption. However, poor households
work harder relative to their richer counterparts as they do not have wealth to be protected against the
changes in disposable income. This causes a rise in unskilled labor inequality Z\pr,t — Z\~fw,t > 0, which
outweighs a fall in capital to skill labor inequality K, —Nmt < 0, referring to the stronger relative quantity
effects than the CSC effects. The presence of capital-skill complementarity in the economy where labor

supply is more responsive than the capital stock implies a mitigated rise in the skill premium, which

stimulates poor households to supply even more labor services, pushing up the inequality Z\~7p7t —]th > 0.

12To prove that the skill-premium decreases in the short-run, we could use the equation (20). The first component of
v v -1 ~ ~
the skill-premium decreases as (o — v) > 0 and p(%) (p(NLw) +(1— p)) >0 and (K¢—1 — Nw,t) < 0. The second

component also decreases as (6 — 1) < 0 and (Nu t — Np.t) > 0.
13The equation for ad-hoc real wage rigidity is more elaborated in Appendix A.7. Interestingly, only asymmetric real

wage rigidity is in line with empirical evidence, while symmetric real wage rigidity generates the same qualitative results

as the flexible wage setting.
14The value of the wage rigidity parameter of 0.8 for wealthy households corresponds approximately to the average of

values used by Dolado et al. (2021) and Komatsu (2022). Specifically, Dolado et al. (2021) indicate 33% while Komatsu
(2022) refers to 10% lower real wage rigidity for wealthy households.
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As for the skilled labor income inequality, it experiences a fall up to seven quarters since the beginning
of QE, which is consistent with the empirical evidence of Lenza and Slacalek (2018). Although in the
short-run poor households are winners regarding total labor income, the model predicts a reversing and

less pronounced trend of labor income inequality in favour of wealthy households in the medium and

long run.
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Figure 1: IRFs for the quantitative easing shock: CSC (the case of flexible wages)

In Figure 3, the economies with segmented labor and financial markets are compared to the economy
with only segmented financial market (blue solid line) in terms of four inequality measures. The presence
of real wage rigidity induces a drop in labor income inequality (see purple solid and red dashed lines),
which becomes mitigated over time. Total income inequality experiences a fall, which is the most
pronounced for the economy with only segmented financial market. Similar dynamics can be observed
for consumption inequality. Although there is a rise in wealth inequality for all types of economies
that persistently remains above the baseline, the segmented labor market generates a larger increase in
wealth inequality. As a measure of wealth inequality, we use any increase in the value of asset holdings of
wealthy households as a poorer part of the population is excluded from financial /capital markets. Given
that the total income of wealthy households can be important for the dynamics of wealth inequality, we

next examine the components of the total income.

Figure 4 shows that labor and non-labor income go in opposite directions except for the economy
CD2+NRW, where poor households enjoy an increase in both components of total income. Generally,

households tend to benefit from the rise in labor income, while non-labor income steadily declines. A
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Figure 2: IRFs for the quantitative easing shock: CSC vs CD1 (the case of rigid wages)

Notes: For the CSC economy, the variables ft, %t, K - ]\71‘,7,5 and ?f stand for equipment investment,

equipment capital, equipment to skilled labor ratio and equipment rental rate, respectively.
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Figure 3: Inequality measures: The comparison of CSC and CD economies

Notes: Blue color indicates the portfolio rebalancing channel, while the other colors refer to the interaction

of the earnings heterogeneity channel and the portfolio rebalancing channel.

drop in non-labor income of wealthy households is noticeably mitigated in the economies with real

wage rigidity (see green dashed lines for CSC+RW and CD1+RW) due to its counteracting effects on
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Notes: The economy CD2+NRW includes the portfolio rebalancing channel, while the other economies refer

to the interaction of the earnings heterogeneity channel and the portfolio rebalancing channel.
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Figure 5: Investment sources: The comparison of CSC and CD economies
Notes: Blue color indicates the portfolio rebalancing channel, while the other colors refer to the interaction

of the earnings heterogeneity channel and the portfolio rebalancing channel. I, is the sum of investment in
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declining profit income. The total income of the wealthy becomes higher, which allows a larger
accumulation of assets and thus causes greater wealth inequality. In Figure 5, we observe higher
investment in capital and a larger amount of real money holdings in the economies CSC+RW and
CD1+RW. The presence of real wage rigidity motivates the wealthy to increase capital investment,
which enables higher rental income and compensates for lower wage payments, and increases real

money holdings due to lower inflation.

7. Conclusion

In response to the global financial crisis of 2007-2008, the ECB implemented the QE program by
injecting central bank reserves into the economic system in exchange for purchased long-term
government securities. The main objective of the QE program is to bring the euro area back to its
potential in periods when the traditional monetary policy instrument (the short-term policy interest
rate) is unavailable due to the zero lower bound. Although QE may be successful in achieving its main
goal, there might be side effects of QE such that a certain fraction of the EA population benefits more
from QE than the rest of the population. Given that the QE effects may go in opposite directions along
different household heterogeneity dimensions, the overall distributional effects of QE could be better

examined within a framework that includes joint household heterogeneity.

To have a clearer picture of the inequality effects of QE, this study considers a framework with two
dimensions of household heterogeneity. First, we introduce financial market segmentation that
separates the EA population of households into two distinct groups on the basis of different access to
financial /capital markets. Additionally, labor market segmentation is considered in the form of
capital-skill complementarity in the production process and asymmetric real wage rigidities. This
segmentation implies that differently skilled workers work a different number of hours and receive
different wages. Compared to the model economy with only financial market segmentation, the results
indicate that the interaction of labor and financial market segmentation significantly mitigates a
decrease in total income inequality and amplifies a rise in wealth inequality. Casiraghi et al. (2018)
state that in the future the ECB will broaden its mandate, focusing on both price stability and the
distributional effects of QE. Accordingly, this paper suggests that the ECB could benefit more from the
analysis of labor and financial market segmentation as it provides a clearer picture of the inequality

effects.
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Appendix A: Model Derivation
A.1 The price-elastic demand of households

Final goods th are expressed as the CES aggregate production function according to the equation called

1 e Py
v = (/ Yi(j) dg)
0

where € > 1 is the elasticity of substitution among final or intermediate goods due to a linear

the “aggregate output index”:

technology in differentiation process, Y;f (7)) =Yz (y).

A demand curve for final goods of each retailer can be derived by referring to the profit maximization

problem of retail firms:

1 1
max / P(5)Y:(5)dj —/ Pine 1 Yi(5)dj
Yi(4) 0 0

Given that the CES aggregate production function makes exact aggregation difficult, Tacoviello (2005)
suggests a linear aggregator of the form v/ = fol Y:(j)dj = Y; within a local region of the steady state.

1
max / Py(j)Y:(j)dj — Pine,tYs
Yi(4) 0

1 =1
st Y = ( / Yt(j)eldj)
0

We set the Lagrangian function to solve the maximization problem:

€

1 e—1
(/ Y,(j) dj) v/
0

1
= / PL()Yi(j)dj — Pont.sYi — AP
0

Taking the FOC with respect to Y;(j) gives:

1 € 1 e—1 i_l 6—1 1 e—1
/ P(j)dj — N (/ Yi(j) dj) / Y,(7) 7 dj| = 0
0 e—1 0 € 0

P(j) = MY va() =0
N1 p(th)%
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1 e
&N = (/ Pt(j)l—Edj) =P
0

Plugging P; into equation (21) gives the expression that refers to a downward sloping demand function

Yi(j) = (P}ﬁj))enf

of each retailer:

A.2 The aggregate price level

As in Dolado et al., 2021, due to differentiation, retailers have pricing power and thus can set the price
for their products P;(j) but take the aggregate price level P; as given. To derive the aggregate price

index, we express the nominal value of output as follows:

1
PY; = /0 P()Yi()dj

Plugging in the demand for each variety Y;(j) yields:

Y, = /OlPt(j) (Pjﬁj))emdj

Pulling out the integral things that are independent of j:
1
PYi = PY: [ PGl
0

Simplifying, we obtain an expression for the aggregate price level:
1 =
P, = (/ Pt(j)l—fdj>
0

A.3 Marginal costs for intermediate goods firms

The (nominal) cost minimization problem of intermediate goods firms for the case of having one type of

capital in production:

N,w,t7]r\%i‘?7th1 TC(Y;’t) - Ww,th,t + Wp,th,t * R?Ktil

subject to the production technology:

<o
al=

A7 (1= m) (o) + (1= V)| 2 e

The Lagrangian function related to the cost minimization problem:
L =Wy Ny + Wy Npy+ REK
Sy (A )7+ () (p( )+ (1= )| - Y)

where )\; is the Lagrange multiplier from the cost minimization problem. The Lagrange parameter

related to the technological constraint is the shadow price of change in the ratio of the use of capital
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and labor services. This means that the Lagrange parameter measures the nominal marginal cost,

At = mcy.
The first order conditions of the minimization problem:

RY = MFry = MA[m(N,)” + (1= m) (p(Ki-2)” + (1= p)(Nur)")

21

(s - o) i

Wit = MFRy = NA[m(Np)” + (1= m) (p(Ki1)” + (1= p) (Vo))

The first order conditions of the minimization problem can be rewritten as:

21

v

RE = NV (1= m)p(p(Kia)” + (L= p)(Nuwa)” ) (Kea)”

c_q
v

(Nw t)ufl

s

Waa = NATYL7 (1= m)(1 = p) (p(Ki1)” + (1= p)(Nuvs)”)
Wyt = )‘tAUYi}t_Jm(Np,t)gil

where the substitution is expressed as
l1—o

ATV = A )"+ (0= ) (o) + (1= V)]
We express N, ; from the optimality condition related to the labor supply of the poor:

1
W, =
prt = pit—a )
AJ)\t}/t m

and combine the optimality conditions for K;_; and Ny, ;:

Kit _ (Rf(l—@)ﬂ
Nw,t Ww,tp

so that the second part of the RHS in the production function becomes:

(1 o) K (o 1 ()

Now we have the following in the production function

1/7;t 7 Wpt 7T Nwt N\ v
. = _— 1—-—m)K? 1-— ’
(A) m(Aa/\tytl—am> + ( m)Ky 4 <P+( p) (Kt—1> )

Next, we express K{_; from its optimality condition

RFK;
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g —
thl -

34



to obtain

(5) - n )™+
A) T \ANYEm

RFE, C(Nud\N
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In the above expression, we plug in K;_1/Y;:

(K;/tl) = (A"(R,’f)—l,\t(l_m)p <p+(1—p) (IJE"_DV) )1

which yields

2 o 1-v -
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Given the optimal allocation, the nominal marginal costs for intermediate goods firms for the case of

having one type of capital in production are:

1 o v = AN
h= g (W my e (R (1 )T, ) )

The marginal cost represents the cost, relative to each production factor, of producing an additional
unit of the intermediate goods. All intermediate goods firms have the same marginal costs as they

share the same technology and have the same prices of the production factors.

A.4 Labor income share (i _share)
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= 21— St VT —m) (1 — Ket—1)" +(1—p)(Nw,)” )" (Nuws)”
v v | =0 (=) T A= m = o) (e + (1= AWNw”) T (Nue)

Yit Yit Py
L] — s N, o
+ - AKg’t_1> m(Np,t)

o

=0-0(5 ;_ ) o (@ =m)1 =) (oK) + (0= )Nw)*) " Ni o +mNg,)

A.5 Long-Term Bond prices

If long-term government bonds are treated as perpetuities, we can keep track of the stock of total long-
term government bonds rather than individual issues. In addition, we obtain the information about total
payments that investors can receive in period ¢ by purchasing perpetuities issued s periods ago, bi’fs. In
this regard, the budget constraint of wealthy households where the focus is on the nominal long-term

government bonds is:

1 [eS)

l,h —140,h

qL,tbt7 +:7T—E QS 1bt/—s+"'
ts=1
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Following Niestroj et al. (2013), we define Bi’fl, the stock of long-term bonds in period ¢, as the sum of

all nominal payments accumulated on past bond purchases in period t:
120k
t 1 = Z 0" by

while corresponding Bi’h is defined as:

o0

IN § s—1
Bt - bt+1 S

s=1

Given the definition of BL"

let’h Zgé 1bt+1 . bl h +Z s— 1bt+1 . blh Z (s4+1)— 1bt+1 ) = bi’h I Qiga lbi hs7
we can relate the above two terms as follows:
B" = b + 0B,y
and the budget constraint becomes:

QLt(Blh_QB )+ 778t 1"’

1
aLB .= ;(1 +oqL)Bl + .
t

The LHS term can be written as:

oo
l h L,h 1100 L 3lh L ilLh
4z tBt t = 4t t(QBt t—1 T ) 4, tb T tQZ 0" b = arbyy + Z Qet—sbii—s
s=1 s=1

where in the last part of the above expression we use qft_s = gsqt%t.

The RHS term can be written as:

1 1 Uis 1,h
1+ ogt,)BI" = (1+ )B =
th( tt) t-Le-1 = 0° t—1,t—1 —

1 o0
= — (1+Q1 SqL )Slb R Sl+q )b
”ttE1 tit—s t—1,t—s thz tt—s)0t—1t—s
where we use Bihlt 1= ZQ‘S 1bt 1,t—s"

The budget constraint of the wealthy becomes:

l,h
qttb +tht sbtts —EZ _s)by SR P

Following Niestroj et al. (2013), assume that nominal debt in period ¢t > 0 is > qét_sbi’,;l_s = 0. This
s=1

assumption is used to prove that the term on the RHS of the budget constraint related to the nominal

. 1,h
long-term government bonds can be transformed into (1 + oqr ¢)b;";:
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s— I,h 5—
Z(Q N i 1,t— s—(1+QtL,t71)bt71,t71+Z(Q "af I Lt-s —

s=1 s=2

=(1+qf Db 1t— 1"‘29 s by 1t—s—1 —

s=1
o0 s L
_ L 1,h 0 Qi t—s—1 9 L,h B
=1+ q—1)b "1 1+ E T | Gl —s—1b s =
o1 \dt=1,t—s—1

I,k 0q;; +1 L}
= (1+qf )by 1t— 1+<qL Z% 1t—s— " 1t—s— = (14 0gf)b; S
t—1,t—1 s=1

Given the above expression for the payments on long-term government bonds, the budget constraint of
the wealthy is written in a more convenient recursive way. Long-term government bonds are treated as
perpetuities that pay coupon payments of 1, o, 0?,...in periods ¢t + 1, t + 2, t + 3,. .., respectively. This
assumption implies that a payoff of one unit from holding a bond issued s periods ago is equivalent to a
payoff of p° from holding a bond issued today. As in Carlstrom et al. (2017), ¢z is the new issue price
that summarizes the prices at all maturities, while pgy,; is the time-¢ price of the perpetuity issued in

period t — 1.
A.6 The aggregate resource constraint

If the budget constraint of households and government are satisfied, and the market clearing condition
holds for n — 1 markets, then Walras’s law implies that the n — th (goods) market will also be in

equilibrium.

1. The real budget constraint of wealthy household:

: b3 by
Sw <Cw,t+thi+QL,tbi’h <1+¢b<ﬁblth — ) ) +tw,t + Z (ke,t — (1 = 8)ke,t—1) + Mt = W, Nyt + L
t

s€{s,e} mt
bty Sn (ko 2 " Iy
+ (1 + eqr,t) - Z - (7 - 1) ket + Z e ke t— + =
Tt s€{s,e} 2 kc’t71 Sw Sw

s€{s,e}

Real profits are distributed as dividends to wealthy household:

Hl‘nt o Yint,t
;=

k k
T - ww,th,t - wp,th,t - rsﬂ:Ks,t—l - Te)tKe,t—la

}/t = }/int,t

2. The real budget constraint of poor household:
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Sp (Cp,t tipt = WpeNp,e + trp,t)
3. The consolidated government budget constraint (in aggregate real terms):

M;_y

T +q:Bf + QL,tBé + M; — -
t

l,cb idi B;_4 B,
—\qr:By" — (1 +oqrs)— | = —+ (1 +o0qr1) — + G+ TR,

us’ Tt Tt

The distribution of lump-sum taxes is:
T, = swtw,t + Splp
The distribution of lump-sum transfers is:
TRy = suwtrw, + Sptrps

To derive the aggregate resource constraint, we start with the government budget constraint and express

the distribution of lump-sum taxes:

Bf Bi_, s ! M-y Leb ]
ﬂ = Swt’ur,t + Sptp,t = = +(1+QQL,t) o +Gt+TRt7tht 7qL,tBt7Mt+ = + qL,tBt’ - (1 + QqL,t) =
t t t t

Then, we express the lump-sum taxes from the household budget constraints and substitute them into
the government budget constraint to obtain:
s l,h

b b, k 2 my—
St sw(ltoqn) =L — sw% (k;t - 1> ket D swrk ke o1+ sw—t + swtrw it
i Tt se{s,e} S,t—1 se{s,e} Tt

SwWw, tNw,t + Sw
int T S l,h d)b bg 2
+ I + 10} — swew,t — Swqthf — swqr,tby” [ 1+ o <Hbl7 - 1) — > swlker — (1= 8)kei—1) — swma+
t se{s,e}

Bs_ Bl M;_
i + (1 +0qr,t) = -I—Gt-&-TRt—Qth—QL,tB,lg—Mt-i-L

+

+ Spwp tNp,t + Splrp,t — SpCp,t =
7

Bl,cb
1,cb 1

+ <QL,tBt’C —(1+0qr,t) ; >
t

Aggregating terms in the previous expression and given the market clearing conditions, we obtain the

expression for the aggregate resource constraint.
The following market clearing conditions are satisfied

in the labour market:

Nw,t = SwNw,t, Np,t = SpNp,t

in the capital market:

Ks,t = kas,ta Ke,t = kae,t

in the bond market:

By = B; + Bj = B + B;" + By’
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and in the money market:

Mt = SwM

The aggregate resource constraint or the goods market clearing is:

2
k 2 2 bi
Vi=Ci+L+Gi+ Y 5wl (ﬂ—l) e+ 22 (ﬂ—l) Yi— qrasuti" 2 (“ o —1>

ce{s,e} 2 sit—1 2 g
A7. Ad-hoc real wage rigidity

As in Blanchard and Gali (2007), the real wage rigidity equation indicates that the current period real
rigid wage is a function of the previous period real rigid wage and the household’s marginal rate of
substitution between consumption and leisure:
. 1-p},
Wkt = wz;u;g_l (@n,w : nZ,t : Ck,t)
where p¥ can be interpreted as an index of real wage rigidity for skill level £k € {w,p} and
MYkt = Wkt = Pnw * nZ ¢ - Ck,t is the household’s marginal rate of substitution between consumption
and leisure for the case of h = 0 and o, = 1. This is a modified intertemporal optimality condition

related to household’s labor supply.

From the firm’s side, we have the expression for the labor demand (the market/contract wage) as a

function of the real marginal cost and marginal product of labor:

_ r k
Wi ¢ = MCy - Fn,t

From the consumer-worker’s side, we have labor supply relation (the desired wage):
Wt = MTSkt = Prow - n’,;t -cpt, foro.=1and h=0.
The log-linearized ad-hoc real wage rigidity for wealthy and poor households are as follows:
Wt = Py Wawt—1 + (1 — pi) - MPSw e,  MTSyt = Wt = Nt + Cut

Wyt = Py - Wpt—1 + (L= phy) - mTspe,  MISp e = Wyt = Nhip,t + Cpt

In the steady state we have

Wy = MTSy,  Wp = Mrsy

This paper focuses on the comparison of inequality measures between asymmetric real wage rigidity
and flexible (symmetric) real wages. Although the response of inequality measures is somewhat
dampened with the symmetric real wage setting, CSC and CD economies indicate the same qualitative
results for flexible and symmetric real wage frameworks. The introduction of symmetric wage rigidity
makes the poor work harder, but strong income effects have an influence on the wealthy to work even

more than the poor.
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The case of asymmetric real wage rigidity refers to
P = 0.8 and pf = 0.97,
while the case of flexible real wages indicates
P = 0and pf =0.

A.8 The elasticity of the investment to capital ratio with respect to Tobin’s ¢

The Lagrangean function for the wealthy household’s maximization problem in real terms:

S

n I+4n b
% - )\w,T Cw,t + 7t+

oo
T— Pm 1—
L=E S B logews + 20 (m,) 17X —
Yy B {ogcw + 1_X(m ) Pn,w T+ R

T=t

bl,h b bs 2 . .

mi—1

- k k int r
-~ o ~Taiksi1 e ke — =ty — I — Ht) -

Tt

- Q<,t((k<,t—(1—6<)k<,t_1)+%( e —5<)2k§,t—¢<,t)}

se{s,e} sit=1

where A, ; is the Lagrangean multiplier associated with the budget constraint of the wealthy household
(i.e. the marginal utility of having extra consumption); ¢c ¢ = Q¢.+/Aw,¢ is the Tobin’s ¢ marginal ratio
with @ being the Lagrangean multiplier associated with the law of motion of capital stock (i.e. the
marginal utility from having additional installed capital). This ratio provides a measure of how much

the wealthy household needs to sacrifice current consumption to have additional future capital.

The FOC for investment of the type ¢ € {s,e} gives

_Aw,t - Qg,t¢k<k ot 6§) A ot + Qc,t =0

S,t—1 G, t—1

)\w,t

S,t

=

ke t—1

& —=1-0 (kiw - 5*‘) kkcyt

it ( 1 ) ket—1
e (R [ )
ket—1 qs,t ikt *

' ke
= lOg(%) = lOg(( _ e—log((k,t) + 1)% + 5§)
S,t— ..

The elasticity of the investment to capital-ratio with respect to Tobin’s g is
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In the steady state, the above expression becomes

Olog (;—Z) 11

dlog(qc) O o,

If the elasticity of the investment to structure capital ratio with respect to Tobin’s marginal ¢ is g, 1 =

1/(ds - ¢x) = 13.33, then the elasticity of the investment-capital adjustment cost is:

1 1

= = = 5.283
8s - 0s i 0.0142-13.33

Pk

For simplicity, we assume that ¢, is the same for two types of capital, which implies g, = 6.11.
A.9 The log-linearised system of equations

This section specifies the log-linearised equations derived as first-order approximations around the

model’s nonstochastic steady state.
A.9.1 Wealthy households

1. FOC with respect to consumption:

’}\' o _Uc(cwgw,t - hcwéw,tfl)
b (cwy — hCly)

2. FOC with respect to labor supply:

Mt = /\w,t + Wyt

3. FOC with respect to real money balances:

7T ~ -~ ~
™Y (‘MM * % Erueir = 7”“))

4. FOC with respect to short-term bond holdings:

E; g()\w,t-i-l —Teq1) = Q(Xw,t +q) + QL¢b/f(bA§ —Zi’h)

5. FOC with respect to long-term bond holdings:

qr.t = Xu;,t+1 — Aw,t — M1 + %EIVL,tJrl + ¢b(l;; —gi’h)
6. FOC with respect to physical capital:
Nt + ke, — Pk -1 = Ey ﬁ((l — 0 w1 HTE Nt +78 1) + Sk prr — ¢kEg,t>7 for ¢ € {s,e}

7. The price of long-term government bonds:

RL oL

sz,t = _RLi—gRt
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8. The price of short-term government bonds:

a = —Ry
9. The budget constraint:

ngw,t + qbs(zjt +gf) + qul’h(aL,t +Ei,h) + tw;w,t + Z kg(Eg,t - (1 - 6§)E§,t—1) + mﬁit
se{s,e}

bS ~ l,h phh

=t (@u 1+ T g) + — (0 = T) + — By = T) + 0qr— (G0 + 0y — 1)

Hint - 11" ~
I+ —Ii;

w Sw

~ . m — — ~
+ Z kgrf(/ﬂgwt,l + rf’t) + ;(mt,l — ) F tryptry: +
s€{s,e}

10. Law of motion of capital:

~ 1 ~
zft = 6—(k:§7t — (1 =0¢)k¢ 1), for ¢e{s,e}

A.9.2 Poor households

1. FOC with respect to consumption:

X = _O-C(cpgp,t — hcpép,tfl)
P (cp — hCh)

2. FOC with respect to labor supply:

Mp,t = Ap,t + Wp,t
3. The budget constraint:
Cplp,t + tpzp,t = wpnp(Wp,t + Np,t) + t”pﬁ’p,t
A.9.3 Intermediate goods firms

1. Production function:

o\ —1 _
Vit =tKs i1+ (1—1) (mN;; +(1—m) (ng (- ,,)N;;J) ) mNg Np -+

Nl

a_q

1= 0) (mg + (1= m)(pR2 + (1= N )_1 (= m) (pK? + (1= pNG) T (oK Remr + (1= NN

2. FOC with respect to structure capital:
o\ —1 .
?Qt =mcy +(t—1)Ksi—1+(1—1) (le‘,’ +(1—=m) (pKe” +(1— p)N;) V) MmNy Np i+

1= 0 (mg + (0= ) (oK 4+ (1 p)zvz;)%)f1 (1= m) (pK? + (1= p)NE)

NE

—1 ~ ~
(PKY R + (1= p)NLNw.t)

3. FOC with respect to equipment capital:

1—

o —1
T«I:,t =mcy +1Kst—1 + ( i 1) (mNg +(1—m) (pKe” +(1— p)N{Z) ) ma N Np,i+

a

() (mzv;; + (1 =m) (pKZ + (1= p)N) ")_1 (1=m)o(pKY + (1= p)N3 )

o

g
v

1 - ~
(P Reit—1 + (1= p)Ni Nt )+

o -1 ~ ~ ~
+C =) (oKL + (1= pNG) (oK Reim1+ (1= pINGNwt) + (v = DEe e
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4. FOC with respect to demand for skilled labor:

- N ~ 1—1¢ 2\ 1 ~
Wa,t =mcy + 1Ks -1 + ( P 1) (mNg + (1 —m) (pKé’ +(1—- p)N,’j,) ) moNJ Np, 1+

o

() (mzv; + (1= m) (pKY + (1 p)NE) “)_1 (1=m)o(pKY + (1= p)NL )

(o2

g
v

—1 ~ ~
(PKY R + (1= ))NGNw )+
o -1 ~ ~ ~

+E =D (oK + (1 =pNG)  v(pKEReim1+ (1= pINGNwe) + (v = D)Nu e

5. FOC with respect to demand for unskilled labor:

o

-1
- 1) (mNg +(1-m) (ng +(1- p)Ng) ) mo NG Np.i+

o

- _ ~ 1
Wp,t =mey +1Kst—1 + (

H(EE 1) (g + =) (o2 4 0 - p)zv;)%)f1 (= m)o (pKY + (1= p)NG) " (0KY Resmr + (1~ p)NG N )+

+(o— 1)Np,t
6. Skill premium:
S_premium = Wy ¢ — Wp ¢

7. Unskilled to skilled labor ratio:
unskilled_ls =npt — Nyt

8. Capital to skilled labor ratio:

k‘e_tO_l = Eeﬂg_l — ﬁwﬂg

9. Relative skilled labor income share or labor income inequality:
LI inequality = Wyt + Nyt — (Wpt + Np i)

10. Consumption inequality:

C _inequality = Cyt — Cpt

11. Total income inequality:

TI inequality = ﬁw,t — ﬁp’t

~ NLIL, —— LI, — ~ NLI, —— LI, ~

TI’LU,t = ~ NLIw,t + mLIUJ’t’ TIp,t = Ipp NLIp,t + TiLIp’t
NTT 1 ST b* 7s D bl’h 7Lh ~ k ~k T i ng 11" r
NLILy: = NLI, (b bt_ﬁ(bt_Rt)"*' . (b2 =)+ Z Te kg(rc,t+k§,t71)"‘trwtrw,t_twtw,t“!‘gnt)

c€{s,e}

NLI,, = (trpﬁp,t - tpzp,t)

1
NLI,

Llw,t = Wuw,t + Ty ty LIp,t = Wp,t + Top,t
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TI,=NLI,+ LI, LI,=uwym, NLI,=tr,—t,

bs bl,h 11
TI, = NLI, + LI,, LI,=wyn,, NLI,=>5°— Rt —7 Tk +try — te + —
T se{s,e} Sw
12. Wealth inequality:
-1
b pbh m
Wi ity = | — = - i
_inequality - + ogqr, - + - + Z (1 —4d¢)k.
se{s,e}
b° ~, ~ b ~ ~ m, . ~ ~
—(bj_1 — ™) + 0qr.—(qrt + bi’fl =) + — (M1 — 7)) + Z k(1 =60 )ket—1
0 m T
se{s,e}
A.9.4 Final goods firms
1. The New Keynesian Phillips Curve:
~ e—1) _, ~
T = ( )mct +ﬂEt7Tt+1
Pp
2. Real profit of final goods firms:
=% " e
T T —me

A.9.5 The aggregate resource constraint

YY;, = CC, + I, + GGy

A.9.6 Fiscal policy

1. Fiscal Policy Rule:

~ < qL B - qB?®

Ti=p | ———(Gr.-1 + B —— (G + B}
t = p1 qLBl—l—qu(QL’t 1+ t_l)JquBl—&—qu(qt 1+ t_1)>

2. The real government budget constraint:
T s (= ns Ly~ nl s M — ~
TT: +qB*(q: + B;) + qu. B (qrt + B;) + MM; — ?(Mt—l — )~

Bl,cb

Bl,cb - ~
G+ B — 7)) =

- (QLBl’Cb(aL,t + Ei’Cb) - (Eif? —T¢) — oqL

™

BS ~ _ Bl - ~ l _ - _ . .
== 7(3571 — 7Tt) + ?(B£71 - 7Tt) + QqL?(qL)t + Bé71 — 7Tt) + GGt + TRTRt
3. The distribution of lump-sum taxes:

ﬁ = sw;fvw,t + sp?p,t and Tt = ?p,t

4. The distribution of lump-sum transfers:

j—‘\ét = ﬁﬂp,t and tf;w’t =0
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5. The decomposition of long-term government bonds:
1531 1,cb 3l,cb Lh 3lh
B'B; = B"’B;” + B""B,

A.9.7 The exogenous process

1. Central bank (nominal) money-market rate:
R, =0,Ri_1+(1-6,) [eﬁt + Gyﬁ} e
2. The supply of long-term bonds:
By =B}, + ¢
3. The central bank asset purchases:

By = (e + ¢cb2)§ifl§ - (¢cb1¢cb2)§éfg +ep

4. Government expenditure:

é’t = (ngétfl +¢€f

5. Transfers:

TRy = ¢4 TRi—1 + e

A.9.8 Aggregate variables
1. Aggregate consumption:

CCy = CyCuyt + CpCpt = 84yCuyCuyt + SpCpCp t

2. Labor supply of the wealthy:
3. Labor supply of the poor:

4. Aggregate capital stock:

K., = Egvt, for ¢ € {s,e}

5. Aggregate money holdings:

M; = my
6. Aggregate long-term bond holdings:
Blh — jbh
t =0
7. Aggregate short-term bond holdings:
B; =10}
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I Drop in unemployment [ Increase in wages of all employed

Percent

1

2 3 4 5

(EUR 9,200) (EUR 19,600) (EUR 29,800) (EUR 44,600) (EUR 94,900)

Figure 6: Decomposition of the Total Effect on Mean Income into the Extensive and the Intensive

Margin

Appendix B: Empirical evidence by Lenza and Slacalek (2018)

Figure 6 shows the percentage change in mean income across income quintiles in the EA four quarters
after the impact of the QE shock in the EA. Although the whole EA population benefits from the
rise in employment and wages, there is the drop in labor income inequality between wealthy and poor
households. The poor experience a larger increase in employment after QE, while the wealthy benefit

more from the rise in wages. Labor income inequality declines due to a stronger rise in employment than

that in wages.
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Abstrakt

Tato studie zkouma jak a do jaké miry kvantitativni uvoliilovani ECB ovliviiyje pfijmy domacnosti a
majetkovou nerovnost v eurozong. Predchozi teoretické modely zkoumaly dynamiku méfeni nerovnosti
prostiednictvim rozdilného ptistupu domacnosti k financnimu/kapitalovému trhu (kanal rebalancovani
portfolia), ale pfitom opomijely rozdily na trhu prace (kanal heterogenity ptijmt). Ackoli kanal
rebalancovani portfolia miize poskytnout pohled na majetkovou nerovnost a nepracovni piijmovou
nerovnost, neni tomu tak v piipad¢ pracovni (a tedy celkové) ptijmové nerovnosti. Aby byla v souladu
s empirickymi dlikazy o nerovnosti pracovnich pfijmu, uvazuje tato studie také o segmentovaném trhu
prace na zakladé komplementarity kapitalu a dovednosti ve vyrobé a asymetrickych rigiditach realnych
mezd. Vezmeme-li v ivahu pouze segmentaci finanéniho trhu, kvantitativni vysledky naznacuji pokles
celkové prijmové nerovnosti, kterd se v prib¢hu ¢asu zmensuje, zatimco majetkova nerovnost zaziva
narist, ktery postupné slabne. Zahrnuti segmentovaného trhu prace vyrazné¢ zmiriiuje pozorovany
pokles celkové ptijmové nerovnosti, pfi¢emz narlist majetkové nerovnosti je do zna¢né miry zesilen.
Vzhledem k moznému rozsifeni mandatu ECB na otdzky distribuce v budoucnu mtize byt analyza
segmentovanych trhil prace a finan¢nich trhi pro ECB pfinosnéjsi, protoze poskytuje jasnéjsi obraz o

dopadech na nerovnost.
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