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ABSTRACT
What is the effect of wage rigidities on the transmission of monetary policy to inequality? This paper
investigates this question with a Two-Agent New Keynesian model with financially constrained and
unconstrained households, and with search-and-matching frictions. I study the relative effects of the
wage channel and the labour market channel in the transmission of conventional and unconventional
monetary policy, and how these change with degrees of wage rigidity. My main result is that the
stickier the wage, the more a contractionary monetary policy shock reduces consumption inequality,

whether that is conventional monetary policy or quantitative tightening, driven by the wage channel.

JEL codes: E17, E24, E52, J30
Keywords: Consumption inequality, monetary policy, constrained households, transmission channels,

wage rigidity

1 Introduction

This paper studies the effect of wage rigidities on the transmission of monetary policy to inequality
through a two-agent New Keynesian (TANK) model with search-and-matching frictions. Central
bankers have recently showed interest in the distributional consequences of monetary policy (Carney,

2016; Draghi, 2016; Yellen, 2016). In this paper I investigate the role that sticky wages play in
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such consequences. I find that contractionary monetary policy decreases inequality, and expansionary
monetary policy increases it, and that the effect is larger when wages are stickier.

I study how wage rigidities affect different transmission channels of monetary policy to inequality.
T use a TANK model based on the model developed by Debortoli and Gali (2018) in which a fraction
of households are credit-constrained. Those households do not have access to the asset market and
are therefore poorer than the unconstrained households who can save and borrow. To the TANK
model T add search-and-matching frictions in a similar way to Dolado et al. (2021) and Komatsu
(forthcoming) in order to identify the transmission channel involving unemployment and other labour
market variables. FEmpirical researchers show that such channels are important in the transmission
of monetary policy to inequality (Lenza & Slacalek, 2018). I examine both conventional and uncon-
ventional monetary policy. For the unconventional monetary policy, I consider quantitative tightening
and quantitative easing under the zero lower bound.

I focus on two transmission channels of monetary policy to inequality: The wage channel and the
labour market channel. The wage channel is an adaptation of what the existing literature refers to as
the income composition channel. The income composition channel looks at how monetary policy can
affect income sources heterogeneously, which can have distributional consequences (Davtyan, 2017). In
this paper, this channel narrows down to wage income since the credit-constrained households do not
have any other income sources. When real wage for these households increases, inequality decreases.
The labour market channel is also referred to as the earnings heterogeneity channel. This channel
considers the heterogeneous effects that monetary policy can have on the labour market conditions
across the income distribution (Casiraghi et al., 2018). A decrease in unemployment rate or an increase
in vacancies from monetary policy reduces inequality, since such effects increases the income of credit-
constrained households.

My main result is that the stickier the wages, the more consumption inequality reduces as an effect of
a contractionary monetary policy shock, whether that is conventional monetary policy or quantitative
tightening. Since inflation decreases after a contractionary monetary policy shock, real wages increase
in a country where nominal wages are stickier. This increase in real wages favours the consumption
of the credit-constrained households disproportionately through the wage channel because they only
depend on labour income. The labour market channel affects consumption inequality in the opposite
direction by decreasing labour income of the constrained by increasing unemployment, but this effect

is not strong enough to counter the wage channel.



I also investigate the role of the zero lower bound and the effect of quantitative easing. Rigid wages
significantly reduce the simulatory effect of a quantitative easing shock on the economy under the zero
lower bound. For the same quantitative easing shock, the rigid wage economy takes longer to emerge
from the zero lower bound. Moreover, the inflation increase is substantially higher in the flexible wage
economy, because rigid wages dampen such a response. As a consequence, the real wages in the rigid
wage country decreases after a quantitative easing shock, but increases in the flexible wage country.
Through the wage channel, this effect results in a decrease in consumption inequality in the flexible
wage country and an increase in the rigid wage country. As in the contractionary monetary policy
case, the labour market channel is not big enough to counter the wage channel.

This paper combines two strands of literature, on the effect of monetary policy on inequality, and on
the importance of wage rigidities for macroeconomic fluctuations. Within the literature on monetary
policy and inequality, my paper adds to the theoretical analysis of the topic. The New Keynesian
literature uses heterogeneous agent models to investigate whether monetary policy has an effect on
inequality. Bilbiie (2008), Debortoli and Gali (2018), and Komatsu (forthcoming) use TANK models
to study what role credit-constrained households play in the transmission of monetary policy. They
confirm that monetary policy can have distributional consequences. This paper builds upon their
results. Other papers like Broer et al. (2020) and Dolado et al. (2021) have different heterogeneous
agent specifications but consider similar research questions. Papers by Coibion et al. (2017), Furceri
et al. (2018), Lenza and Slacalek (2018), and Mumtaz and Theophilopoulou (2017) investigate the
effect of monetary policy on inequality empirically.

The literature on the importance of wage rigidities initiated by researchers like Christiano et al.
(2005), Edge et al. (2003), and Gali et al. (2001) conclude that wage rigidities are an essential feature
of macroeconomic models because they can explain the observed persistence in the economy. More
recently, Gertler et al. (2020) find that wage rigidity is important for macroeconomic fluctuations.
Christoffel et al. (2009) suggest that wage rigidity matters more in the transmission of monetary
policy to inflation than other labour market rigidities. This result is closely related to my result of
the wage channel playing a bigger role in the transmission of monetary policy to inequality than the
labour market channel.

The rest of the paper is as follows: In the next section, I present the model and calibration. In
Section 3 I show the result of the three different simulations of the model: (i) conventional contrac-

tionary monetary policy, (ii) quantitative tightening, and (iii) quantitative easing under the zero lower



bound. In the last section, I conclude the paper.

2 Model

In this section I present the model used in the analyses of this paper. I base the two-agent modelling
on Debortoli and Gali (2018) and incorporate labour market frictions as in Dolado et al. (2021). In
addition, I also add wage rigidities following Gertler and Trigari (2009). The full model is similar to the
Search-and-Matching Two-Agent New Keynesian (SAMTANK) model with sticky wages in Komatsu
(forthcoming). T allow for quantitative easing (QE) following the model developed by Harrison (2017).
Each period is a quarter of a year. The list of equations in log-deviations from the zero-inflation steady

state used to solve the model are in Appendix A.

2.1 Households

There are two time-invariant types of households in the model: Share A € (0,1) of the households
are constrained and 1 — A\ are unconstrained. Constrained households do not have access to the
financial market and consume their income hand-to-mouth, whereas unconstrained households smooth
their consumption by lending and borrowing. I assume a complete financial market setup such that
there is perfect insurance against idiosyncratic unemployment risk within a household type. In this
way, we can think of the two households as representative households of each type. Throughout the
model, superscript £ = ¢ stands for variables concerning constrained households and k = u concerning
unconstrained households.

Both types of households maximise their lifetime utility given by Eq >, U (cF) where 8 € [0,1)
is the discount factor. cj = (fol cf (i)(e_l)/sdi) ey is a consumption index where cf (i) is the quantity
of good i consumed by household of type k in period t. € is the elasticity of substitution across goods.

The utility function takes the standard form:

where o is the coefficient of constant relative risk-aversion.

Crucially, the two types of households maximise their utility subject to different budget constraints.



The nominal budget constraint for the constrained household is:
1
/ Pu(i)cC(i)di = WEnS + PTE + PTbus @)
0

fort =0,1,2,... where P,(7) is the price of good i at time t. W; is the nominal wage per unit of labour, T}
indicates real government transfers, and T is real unemployment benefits. P, = fol (Pt (i)l_ﬁ)l/ (1=<) di
is the aggregate price index. The budget constraint confirms the hand-to-mouth behaviour of the
constrained households.

The nominal budget constraint of the unconstrained households is:

1
. N 1-9
/ Py(i)c} (i)di+b] ,+b) = Wing+ Ry b} 4+ Re—1b)_y + Pimy+ ﬁDt +PT}— P HC + PT uf
0 _
(3)
for t = 0,1,2,... where b} are purchases of one-period bonds with interest rate R; and b}LL,t are pur-
chases of long-term bonds with interest rate Ry ;. Later I explain in detail the structure of bond

holdings. Holding a ratio of short-term and long-term bonds different to the steady state d, comes

~ h 2
with adjustment cost HCy = & {Jb b 1] . Unconstrained households have access to firm profits
,t

b
Dy, but the fiscal authority imposes a tax rate § € (0,1) and uses it for fiscal transfers.

I aggregate consumption and labour as follows:

Ce=AE, CF =(1—-Net, C, =C+C (4)

NE=AnS, N¥=(1—M\n¥ N =N+ N (5)

2.2 Labour market

I model the labour market with standard search-and-matching frictions. The labour market is homo-
geneous so that nf = n} = n; and uf = ui’ = u;. ny is the employment rate in the economy and u; the
unemployment rate. Both representative households have a time endowment of 1 and allocate their
time as following:

1:nt+ut (6)

I aggregate unemployment in the same way as consumption and labour:

Uy = Mg + (1 — A)ut (7)



The matching technology determines the number of matches in the labour market depending on the

number of vacancies v; and the unemployed U;:

my(ve, Up) = my = (vy) ¢ (Uy) 9. (8)

I define the labour market tightness 6;, the probability of filling a vacancy ¢(6;) and the probability

of finding a job p(f;) as in standard search-and-matching literature:

Ut
0, = — 9
=4 )

m
q(6:) = —* (10)

Ut

m
p(0) = # = i(6:)¢ (11)

t

The transition dynamics in the labour market is as follows:

Ne = (1 —7)Nie—1 + q(0)vy (12)

where I assume that jobs have an exogenous separation rate of v.!

2.3 Firms

There is monopolistic competition amongst a continuum of firms ¢ € [0, 1] where each firm produces a

differentiated good . The production technology is identical across firms:
Yi(i) = AN, (i), (14)

where Ny(i) = NfF(i) + N (i) = Ang(i) + (1 — AM)n¥ (i) = ne(é). Az is the total factor productivity that
follows an AR(1) process In A; = a; = paa;_1 + ¢ where ¢ ~;; 4. N'(0,02) is an exogenous technology
shock. Since constrained and unconstrained households supply labour in a homogeneous market, their
nominal wage are the same: W7 =W} = W,.

Firms face quadratic adjustment costs a la Rotemberg (1982) FCy(i) = % (Py(i)/Pi—1(i) — 1)%, a

IWhen used as a constraint to the household problem, I rewrite the transition dynamics equation as:

nt = (1 —y)ne—1 + p(0¢)us (13)



standard demand curve Y;(i) = (P;(i)/P;)” Yz, and the transition dynamics in the labour market (13)

when maximising over the lifetime real profits:

> PGy ., Wy . . .
Eq ZAt-',-l { ;D(Z)Yt(l) - ?tNt(Z) - Y, FCy — f‘wt(z) > (15)
e t t

where At t1 = B (ci1/ct)” 7 is the stochastic discount factor and « the real cost of posting a vacancy.
The firm’s maximisation problem gives us the standard New Keynesian Philips Curve for Rotemberg

(1982) pricing (see Appendix A for details) and the hiring condition for firms:

W, K
= ptAr — ?t + (1 =)k, [At+1 ] (16)
t

q(6:) q(041)

where p; is the real marginal cost, obtained as the Lagrange multiplier on the production function.
The hiring condition sets the expected cost of posting a vacancy equal to the expected benefits.

The aggregate real profits of firms are:

D W,
?: =Y (1-FCy) — ﬁNﬁmt (17)

where FCy = fol FCy(i)di is the aggregate price adjustment costs.

2.4 Staggered wage bargaining: Sticky nominal wages

Households and firms split the surplus from a match in the labour market by Nash bargaining. The
bargaining takes place in a staggered setting as proposed by Gertler and Trigari (2009) with nominal

wage rigidities:

. Wy with probability «
max Wy (Wi, se) T (Wy,s) _"} subject to Wiy1 = (18)

Wi, with probability 1 — «

where s¢ is the set of variables defining the aggregate state and 7 is the bargaining power of the

household. The surplus of the household being hired is W, and of the firms having an employee is J;:

Wi =W, — BT + (1 — ) By [Ag i1 (1 —p (0r41)) Wig1] (19)
K K
T = O PipusAy — Wi+ (1 — ) B, [At,t+1q(9t+l)] (20)



« is the probability that wages are non-negotiable in a period and thus is a measure of wage stickiness. I
assume that when an unemployed finds a job in a certain period, they take as given the wage negotiated

by the employees already hired at the beginning of that period. The solution to this problem is:
17(TYY) = (1 =W (TY) (21)

Where (F}t/v) = (8Wt/6Wt) =1 + Oé(l — ’y) Et [At+1(1 _p<9t+1))(1—‘ﬁ1)] and (Fg) = — (aﬂ/awlﬁ =
l+a(l—9)E [AtH(FiH)] are the workers’ and firms’ stake in the wage respectively. I rewrite the
above equation as:

HJ, = (1-H)W, (22)
where the effective bargaining power of households is:

n

= @y

In this way, we can obtain the wage determination equation by substituting in the workers’ and firms’

surplus into the rewritten solution:

wy
Py

— (1 H)T" + H, <utAt +(1-7)E, AthHp(etH)qw’;l)D . (24)

where m; = P,/ P;_1 is gross inflation. When household have no bargaining power, i.e. n = H; = 0, the
negotiated wage is equal to the household’s reservation wage, and when they have all bargaining power,
i.e. n = H; =1, the wage is equal to the firms’ reservation wage. I substitute the wage determination

condition into the hiring condition (16) to get the job creation condition

R

=(1—Hy) (e Ay —T°) + (1 =) By |Apyr (1 — w1 Hyp(0 — 25
2(6) ( o) (e Ay )+ (1= E; [Appr (1 — g1 Hep(0:41)) 26r0) (25)

Finally, T construct a wage index to obtain the average nominal wage in the economy:
Wt = (1 — Oé)Wt* + Oth_l (26)



2.5 Monetary and fiscal policies

At times when the zero lower bound (ZLB) is not binding in the economy, the monetary policy authority
follows a standard Taylor rule. The central bank sets nominal interest rate on short-term bonds R;
responding to deviations of inflation from its steady-state and to deviations of output from its natural

level Y;*:

SHONCORT ”

where the monetary policy shock vy follows an AR(1) process vy = p,vp—1 + &Y and €/ ~;i;.q4. N(0, 03)
is the exogenous monetary policy shock.?

The central bank can also conduct unconventional monetary policy through quantitative tightening
(QT), or quantitative easing (QE) when the ZLB on the short-term nominal interest rates is binding.
I model the unconventional monetary policy as in Harrison (2017) with short-term bond stock B; and

long-term bond stock B r,+- The government’s nominal budget constraint is:
By +ViBry = Ry1Bi—1 + (1+ xoVa) Bri—1 + Zs — Pty (30)

where Z; is net asset purchases by the central bank and ¥J; the net transfers to households. As in
standard macroeconomic models, B; is a bond purchased at ¢ — 1 which matures at ¢ with a nominal
payoff of R;_1. Long-term bonds B .+, priced at V4, pay a geometrically declining coupon so that when
issued j periods ago it is equivalent to a XZ nominal holding of a bond issued today. In the budget
constraint, long-term bond holdings are measured in terms of the equivalent quantity of newly issued

bonds. With these assumptions, we can rewrite the government’s budget constraint as:
By+Br,=Ri_1Bi1+Rp+Bri—1+ Z — Pmy (31)

where Br,, = VtBL’t is the nominal value of long-term bond holdings and Rp: = (1 + x»V2)/ Vi1

the one-period rate of return on these holdings. The government implements debt issuance policies as

2Results are quantitatively and qualitatively similar when I use a persistent Taylor rule with independent and iden-
tically distributed shocks:

Ry =prBi1+ (1—pr)R} (28)
R} = ¢ntty + oyt + €, (29)

where 65 ~iid. N(0, U%)-



following:

By
L=t =b>0, W 32
Pt t > ) ( )
B
2Lt =y =6b, Vi (33)
P

which ensure that, without QT or QE operations by the central bank, households achieve their desired
ratio of long-term and short-term bonds.

I define net asset transfers from the central bank Z; as:
Zi = Q¢ — Rp Qs (34)

where QQ: = ¢:Bpr; is the policy rule on purchasing long-term bonds. A QT or QE shock would
therefore be a shock to g; that determines the share of long-term bonds held by the central bank. ¢
follows an AR(1) process q; = pqqi—1 + el where €} ~;iq. N(0, 03) is the exogenous unconventional
monetary policy shock. A positive shock to ¢; indicates that the central bank holds more long-term
bonds, i.e. a quantitative easing shock, whereas a negative shock is a quantitative tightening shock.

The fiscal policy redistributes the taxed firms’ profits in the following way:

T =(1-7) [61'2 e U#)} (35)

u _ A De b e u
T_(1+1—/\>[6Pt T(Ut+Ut)} (36)

so that P, [\Tf + (1 — \)T#] = 0Dy — P,T (Uf + U), ie. the transfers to households, including
unemployment benefits, add up to tax revenue from profits. 7 determines the fraction of firms’ profits
that go to unconstrained households. Since unconstrained households have acces to the nontaxed part
of the profits (1 — §)D;, 7 = 1 implies that all profits go to unconstrained households. With 7 = 0 the

fiscal authority distributes the remaining taxed profits uniformly across all households.

2.6 Market clearing

Market clearing in the goods market requires Y;(i) = Cf(i) + C{ (i) = Ci(i) for all ¢ € [0,1] and all
€/(e—1)
t=0,1,2,... . Defining aggregate output as Y; = (fol Yt(z’)(e_l)/edi) , I reach the goods market

10



clearing condition:

Y, = Cy + Y, FC, + kv, (37)

For bonds market clearing, we need both the short-term and long-term bond markets to clear:

bh
1-MNLt=»p 38
1-Ng (33)

Q Vi

2.7 Heterogeneity

To analyse the effect of monetary policy on inequality, I need to track the heterogeneity between the
two different types of households. As in Debortoli and Gali (2018), I define the heterogeneity factor
as the consumption gap between the representative constrained and unconstrained household. The

higher the heterogeneity factor, the bigger consumption inequality between the two households:

C
‘

U

Ct
Wy c
T

W, 1-6 D U
et iyt

,O—Ml—ﬂwn(r—%w—nﬂ—J%m—ny

=1-

(41)

u—mgmrwl—&u—fﬂPﬂl—%m—Uﬁ—%%“‘WJ "
_ (1-6(1-1)) (%/tﬂ (1—%(7&—1)2) —1—"””ntv5t/Pt) (43)
(1= 2+ (1= A1 = 7)) (i (1= §0m = 1)2) = 1= ot )

where the third equality assumes 7% = 0. In the last line, I express the heterogeneity factor in terms
of real wage, employment, and vacancies. Therefore, I can decompose the effect of a monetary policy

shock on the heterogeneity factor in the two channels: wage channel and labour market channel.?

u
~ Wauz2 — Wauzl . Wauz2 3 Wauz2 ~ Wauzl o
Wy = Wy + 2 fy — O + ar (44)
WnWd WnWd WnWq WnWd
wage channel labour market channel

3The expression also depends on total factor productivity A; and inflation 7;. These terms are irrelevant when
looking at how monetary policy shocks affect the heterogeneity factor in percentage deviations from steady state.

11



where I define the auxiliary variables as:

Wy =(1-6(1-7)) (0 —1—rD) (45)
wg=1=A)+1=6A1-7)) (% —1— k) (46)
Wauz1 = [(1 = 0(1 = 7))wg — (1 = OA(1 = 7))wn] (47)
Wauzz = [(1 = 8(1 — 7))kwg — (1 — SA(1 — 7)) kwn] Qo (48)

Hatted values are log-linear deviations from the zero-inflation steady state (See Appendix A for more
details). Finally, rearranging Eq. (41) gives a link aggregate consumption and consumption of uncon-
strained agents:*

2.8 Calibration

I calibrate the model with common values used in New Keynesian literature and values estimated
my empirical papers that correspond to the parameters in my model. I calibrate the model to fit
characteristics of advanced economies. I present all calibrated parameters in Table 1. In Appendix B,
I perform some robustness checks with different values.

Many papers investigate empirically the share of constrained households A. T set the value equal
to 10% to reflect the fraction of households in advanced economies that do no have access to the
financial market. The Household Finance and Consumption Survey (HFCS, 2022) collects household-
level data in the Eurozone and estimate that credit-constrained households make up around 5-10%
of the population. In Japan, Hara et al. (2016) find that about 13% of the population consume
hand-to-mouth, of which three quarters are wealthy hand-to-mouth households. In my model, all
hand-to-mouth households fall under the category of poor hand-to-mouth households since they do
not have any illiquid assets. Kaplan et al. (2014) estimate the same fractions in the United States and
find that about 10% of the households are poor hand-to-mouth households.

I set the coefficient of constant relative risk-aversion ¢ = 1, the discount factor 8 = 0.99, and the
elasticity of substitution across goods € = 11 to match standard New Keynesian literature. For the
monetary policy rule I calibrate the coefficient on inflation ¢, = 1.5 and on output gap ¢, = 0.125

as proposed by Taylor (1993). In line with standard literature, I set the persistence of the monetary

4Verify this identity by using w; = 1 — 573 Co=cp[1=a(1- %)] = e — A + AcS = Ac§ + (1 — N)cb.
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policy shock at p, = 0.5 and that of the technology shock at p, = 0.9.

I calibrate the Rotemberg (1982) price-adjustment costs parameter £ such that the slope of the
New Keynesian Philips Curve (NKPC) matches the slope of the NKPC under Calvo (1983) price
rigidities for a Calvo parameter of 0.75. This value implies an expected price duration of four quarters,
consistently with empirical evidence (Gali, 2008). When the Calvo parameter is 0.75, the corresponding
Rotemberg price-adjustment costs is & = [(e — 1)0.75]/[(1 — 0.75)(1 — 0.7508)] ~ 93.20.

For the parameters in the labour market, I take values that Krause et al. (2008) use: Matching
elasticity ¢ = 0.3, steady-state matching efficiency ¢ = 0.7, barganinig power 1 = 0.5, and the real
cost of posting vacancies k = 0.05. The values are all standard in the search-and-matching literature.

I set the tax rate on firms’ profits at § = 0.266, the average corporate tax rate between 2000 and
2018 in the Organisation for Economic Co-operation and Development countries (OECD, 2020). T set
the fiscal policy rule parameter as 7 = 1 so that all profits go to unconstrained households. Piketty
and Goldhammer (2014) claim that in advanced economies most profits go to the wealthiest.

I follow Harrison (2017) for calibrating the parameters related to quantitative easing: Adjustment
portfolio costs 1.25, steady-state ratio of long-term to short-term bonds d, = 0.3, and long-term bond
coupon decay rate x, = 0.975. The persistence of quantitative tightening and easing operations p, is
0.9.

The key parameter in my model is the wage rigidity parameter a. I simulate the model with two
different calibrations for the parameter. Since « is the probability that the firm does not renegotiate
the wage, the higher the parameter the stickier the wages. Empirical papers show that wage rigidity
is heterogeneous across countries. For example, Muto and Shintani (2020) show that wages are much
more flexible in Japan than the United States. They estimate a wage rigidty parameter between 0.302-
0.606 for Japan and 0.621-0.924 for the United States. Even within the Eurozone, the Wage Dynamics
Network show that there are significant differences in wage setting behaviour across countries: In
France, the wage stickiness parameter is around 0.75, whereas in Germany it is close to 0.85. In the

flexible wage setting, I set « to 0.67, whereas in the rigid wage setting I set it to 0.85.

3 Results

This section outlines the results of the simulation exercises. I solve the model with Dynare, a software
that solves dynamic stochastic general equilibrium models (Adjemian et al., 2011). In the first and

second subsection I perturb the log-linearised model with the calibrated parameters around its non-

13



Table 1: Baseline calibration of parameters

Parameter Description Value
Households
A Fraction of constrained households 0.1
o Coefficient of constant relative risk-aversion
I} Discount factor
€ Elasticity of substitution across goods

Labour market

(@)
o O — o
= 3 o
BNV =3

¢ Matching elasticity
Y Steady-state matching efficiency
v Separation rate 0.1
7 Bargaining power 0.5
K Real cost of posting vacancies 0.05
Firms

Pa Technology shock persistence 0.9

Adjustment costs parameter 93.20

Monetary and fiscal policy
O Taylor-coefficient on inflation 1.5
by Taylor-coefficient on output 0.125
Py Monetary policy shock persistence 0.5
1 Adjustment portfolio costs 1.25
Op Steady-state ratio of long-term to short-term bonds 0.3
Xb Long-term bond coupon decay rate 0.975
P Persistence quantitative tightening/easing 0.85
5 Tax rate on firms’ profits 0.266
T Fiscal policy rule 1
Wage rigidities
Stickiness of wages, flex 0.67

o Stickiness of wages, rigid 0.85

stochastic steady state to get impulse response functions (IRFs) to conventional monetary policy shocks
and quantitative tightening (QT) shocks respectively. In the third subsection I consider a zero lower
bound (ZLB) constraint to the nominal interest rate and investigate the effect of quantitative easing
(QE) shocks. I impose this constraint with a piecewise linear solution as in Guerrieri and Iacoviello
(2015). I simulate the model in two settings: A flexible wage country setting with the wage stickiness

parameter o = 0.67 and a rigid wage country setting with a = 0.85.

3.1 Conventional monetary policy

In Figure 1 I plot the IRFs to a 1% contractionary monetary policy shock in the flexible nominal wage
and rigid nominal wage country. For most aggregate variables like output, inflation, and real interest
rate, the degree of wage rigidity does not matter much for the transmission of conventional monetary
policy shocks. Even for labour market variables, like unemployment rate and vacancies, wage stickiness
does not play an important role in the transmission.

Obviously for real wage responses, nominal wage rigidity does matter. Since inflation decreases

after a contractionary monetary policy shock, real wages increase in a country where nominal wages

14



Figure 1: IRFs to a conventional monetary shock
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are sticky. In the flexible wage country, real wages decrease after the shock, indicating that the nominal
wages decreases more than inflation. This discrepancy in the response of real wages directly affects the
consumption of the constrained households because they consume their income hand to mouth. After
the contractionary monetary policy shock the consumption of constrained households in the flexible
wage country decreases more than in the rigid wage country. The consumption of the unconstrained
households reflects the changes in the nominal interest rate, because these households are Ricardian
and smooth their consumption.

The consumption responses of the two households determine the response of the heterogeneity factor
to the contractionary monetary policy shock. In the flexible wage country the heterogeneity factor,
and therefore consumption inequality, increases after the shock, whereas in the rigid wage country it
decreases. I analyse this effect through IRF decomposition. As outlined in the model section, the log-
linearised equation for the heterogeneity factor shows that there are two channels in the transmission
of monetary policy to consumption inequality: The wage channel and the labour market channel. To

quantify the channels under the 1% contractionary monetary policy shock, I decompose the IRF of
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the heterogeneity factor into the two channels in Figure 2.

The labour market channel increases consumption inequality similarly in both types of countries,
since the unemployment rate and vacancy responses in Figure 1 are similar in both countries. The
labour market channel has an increasing effect on the consumption inequality after the contractionary
monetary policy shock, because the unemployment rate increases and vacancies decreases. As con-
strained households depend on labour income for their consumption, those fluctuations increase in-
equality.

The wage channel makes the consumption inequality response differ between two countries. As
suggested in Figure 1, a decrease in real wage increases the consumption inequality in the flexible
wage country. Therefore, this effect amplifies the labour market channel and increases inequality even
further after the contractionary monetary policy shock. In the rigid wage country, the two channels
have an opposite effect on consumption inequality. From this result I can conclude that the stickier
the wages, the more favourable the effect of a contractionary monetary policy shock on consumption

inequality.

Figure 2: Decomposition consumption inequality response under conventional monetary policy shock
Flexible wages

Rigid wages

3

0.5k Il Wage channel ]
[ Labour market channel

0 5 10 15 "o 5 10 15

3.2 Quantitative tightening

In this section I present the IRFs of a quantitative tightening (QT) shock. I calibrate the QT shock
such that the output response is similar to the output response under the 1% increase in nominal
interest rates in the previous subsection. The results are in Figure 3.

Wage rigidity matters more in the transmission of a QT shock to variables like output and unem-
ployment rate than in the transmission of a conventional monetary policy shock. Sticky nominal wages

increase the contractionary effect of QT because the economy has to adjust through other variables.
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Figure 3: IRFs to a QT shock

OHeterogeneity factor Consumption, ¢ 0 Consumption, u

==

-5

-10
0 10 0
Real wage Unemployment rate
// - b > ~N N _
// ™ 0.4 -5 - -
051/ SN ot
/\\ 0.2 -100
0 0 -15
0 10 0 0 10
0 Inflation 0 Real interest rate ) Yield LT bonds
ap 1
/ 1
-2 /; -2
,//
-3 -3 0
0 10 0 10 0 10
‘—Floxiblc wages — — Rigid wagcs‘

Moreover, for a similar contractionary effect on output, the QT shock has a much stronger effect on
inflation and real interest rates than the conventional monetary policy shock. The QT shock does not
have a direct effect on output, like a conventional shock has through the Taylor rule. Therefore, to
create a similar output response, the QT shock is a larger shock to the rest of the economy.

Real wages respond in a consistent way given the inflation responses. Since the inflation decreases
by around the same amount in both economies, the real wage in the rigid wage economy increases by
more than in the flexible wage economy. The consumption of the constrained households reflect these
fluctuations well: The increase of consumption by the constrained in the rigid wage country is larger
than in the flexible wage country.

As with the conventional monetary policy shock, I quantify the relative importance of the wage
and labour channel by decomposing the IRF for the heterogeneity factor, in Figure 4. We can see that
the wage channel has a decreasing effect on inequality in both economies, which makes sense because
both real wages increase after the QT shock. However, quantitatively this effect in the rigid wages

country is much stronger than in the real wages country.
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Figure 4: Decomposition consumption inequality response under QE shock
Flexible wages Rigid wages
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The labour market channel has an increasing effect on the heterogeneity factor in both economies.
We can see that in Figure 3 the QT shock increases unemployment rate and decreases the number of
vacancies. Because of the hand-to-mouth behaviour of the constrained households, those fluctuations
affect their consumption negatively, and therefore increases inequality. The response of the unemploy-
ment rate and vacancies is stronger in the rigid wage country which shows as a slightly stronger labour
market channel in the decomposition.

I can conclude that under a QT shock, the decrease in inflation is strong enough to even increase
real wages in the flexible nominal wage country. Therefore, the wage channel decreases consumption
inequality in both types of economies as opposed to the case of the conventional shock, when the wage
channel has an increasing effect on consumption inequality under flexible wages. The labour market
channel has an increasing effect on inequality, but is not strong enough to offset the wage channel.

This result is similar to the conventional shock case.

3.3 The role of the ZLB and quantitative easing

In this section I investigate the role of the ZLB and the effect of quantitative easing on the economy
under different degrees of wage rigidity. First, I analyse results of a demand shock that forces the
economy to the zero lower bound (ZLB) for nine quarters. Then, I investigate the effect of a quantitative
easing (QE) shock on the economy at the ZLB.

I simulate both types of economy with a demand shock such that the nominal interest rate of
short-term bonds is at the ZLB for nine quarters. The results are in Figure 5. In practice, this shock
to the natural real interest rate is -0.013 in the flexible wage economy and -0.02 in the rigid wage

economy. The shock is bigger in the rigid wage economy because such wages dampen the effect of the
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shock to the economy.

-0.05

-0.1

-0.15

0.04
0.02

-0.2

-0.4

Figure 5: IRF's to a demand shock
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The IRFs of the demand shock are somewhat in-between the contractionary conventional monetary

policy shock and the quantitative tightening shock in the previous two sections: Inflation decreases

and therefore the real wage in the rigid wage economy increases, which increases the consumption of

the constrained households and decreases inequality through the wage channel. The labour market

channel increases the inequality in both economies through increased unemployment, but in the rigid

economy this effect is not enough to counter the wage channel.

Now, I investigate the effects of an identical QE shock on these economies at the ZLB. I calibrate

the QE shock such that both economies stay at the ZLB for at least two periods. I present the results

in Figure 6. I show the IRFs as a subtraction of the IRFs of the demand and QE shock from the IRFs

of the demand shock alone, to show the pure effect of QE.

First, we notice that wage rigidity matters more in the transmission of a QE shock to variables like

output and inflation than in the transmission of a conventional monetary policy shock. Sticky wages

reduce the expansionary effect of QE. We can also see this effect in the nominal short-term interest
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Figure 6: IRFs to a QE shock
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rates, where the ZLB binds longer in the sticky wage economy. Since nominal wages are sticky, the
increase in inflation decreases real wages in the rigid wage country and increases inequality through
the wage channel.

Second, the labour market channels enforces the wage channel in the flexible wage economy. The
expansionary effect of QE reduces unemployment rate and decreases the heterogeneity factor even
further. In the rigid wage economy, the expansionary effect in the labour market is not enough to
counter the decrease in real wages. The IRF decomposition of the heterogeneity factor in Figure 7
confirms the above results. The labour market channel decreases inequality in both economies, but

the wage channel determines the overall effect.

4 Conclusion

By analysing the Two-Agent New Keynesian (TANK) model with search-and-matching frictions I
conclude that wage rigidities matter in the transmission of monetary policy to consumption inequality.

In this paper, I find that wage stickiness plays an important role in the transmission of monetary policy
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Figure 7: Decomposition consumption inequality response under QE shock
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to consumption inequality, for three types of policy shocks:

e Conventional contractionary monetary policy shock: Inflation drops due to shock, which in a
rigid wage economy leads to an increase in real wages, and therefore a decrease in inequal-

ity. In a flexible wage economy, real wages increase, and thus inequality increases.

e Quantitative tightening shock: Inflation drop is bigger than after the conventional contractionary
shock. Therefore, real wages in both types of economy increases, so the inequality de-

creases.

e Quantitative easing shock: Inflation increases due to shock, which in a rigid wage economy
decreases real wages, and therefore increases inequality. In a flexible wage economy, real

wages increase, so the inequality decreases.

In the two contractionary monetary policy shock cases, conventional and unconventional, the stick-
ier the wage, the bigger the decrease in inequality after the shock. Since inflation decreases after
such a shock and nominal wages are sticky, the real wage increases which increases consumption of
the constrained households disproportionately. Hence, consumption inequality decreases more when
wages are stickier.

The wage channel drives the above results: Inflation reacts to a monetary policy shock and so do
nominal wages. The rigidity of nominal wages determine the effect of the monetary policy on real
wages. The effect on real wages, through the wage channel, determines the effect on consumption
inequality.

The labour market channel increases inequality after a contractionary monetary policy shock,

because there is more unemployment and less vacancies. For an expansionary monetary policy shock,
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the effect is the opposite. Quantitatively, the labour market channel can amplify the wage channel,
but is not big enough to counter the effect of the wage channel when the two channels have opposing
effects.

A limitation of this paper is that the model does not take into account the transmission channel
of asset prices. Especially under unconventional monetary policy, debates about asset prices affecting
inequality are prominent. In my model, since there is infinite wealth inequality by default through
credit-constrained and unconstrained households, any channel considering assets is superfluous since
the model setup is such that there is full inequality in asset holdings. A way to address this limitation
is to include wealthy hand-to-mouth households, who hold some kind of (illiquid) assets.

Another way to undertake this limitation is to move towards a fully-fledged Heterogeneous Agent
New Keynesian (HANK) model with heterogeneous asset holdings by agents, following canonical papers
like Kaplan et al. (2018). A potential HANK model with search-and-matching frictions and wage
rigidities could shed more light on how monetary policy affects inequality under different degrees of

wage rigidity, by also emphasising the asset inequality.

References

Adjemian, S., Bastani, H., Juillard, M., Karamé, F., Maih, J., Mihoubi, F., Perendia, G., Pfeifer, J.,
Ratto, M., & Villemot, S. (2011). Dynare: Reference manual version 4. (CEPREMAP Dynare
Working Papers No. 1). (Cit. on p. 13).

Bilbiie, F. O. (2008). Limited asset markets participation, monetary policy and (inverted) aggregate
demand logic. Journal of Economic Theory, 140, 162—196 (cit. on p. 3).

Broer, T., Hansen, N.-J. H., Krusell, P., & Oberg, E. (2020). The new keynesian transmission mecha-
nism: A heterogeneous-agent perspective. The Review of Economic Studies, 87, 77-101 (cit. on
p. 3).

Calvo, G. A. (1983). Staggered prices in a utility-maximizing framework. Journal of Monetary Eco-
nomics, 12, 383-398 (cit. on p. 13).

Carney, M. (2016). The spectre of monetarism. (Cit. on p. 1).

Casiraghi, M., Gaiotti, E., Rodano, L., & Secchi, A. (2018). A ‘reverse robin hood’? the distributional
implications of non-standard monetary policy for italian households. Journal of International

Money and Finance, 85, 215-235 (cit. on p. 2).

22



Christiano, L. J., Eichenbaum, M., & Evans, C. L. (2005). Nominal rigidities and the dynamic effects
of a shock to monetary policy. Journal of Political Economy, 113(1), 1-45 (cit. on p. 3).

Christoffel, K., Kuester, K., & Linzert, T. (2009). The role of labor markets for euro area monetary
policy. European Economic Review, 53(8), 908-936 (cit. on p. 3).

Coibion, O., Gorodnichenko, Y., Kueng, L., & Silvia, J. (2017). Innocent bystanders? monetary policy
and inequality. Journal of Monetary FEconomics, 88, 70-89 (cit. on p. 3).

Davtyan, K. (2017). The distributive effect of monetary policy: The top one percent makes the differ-
ence. Economic Modelling, 65, 106-118 (cit. on p. 2).

Debortoli, D., & Gali, J. (2018). Monetary policy with heterogeneous agents: Insights from tank models
(Department of Economics and Business, Universitat Pompeu Fabra, Economics Working
Paper No. 1686). (Cit. on pp. 2-4, 11).

Dolado, J. J., Motyovszki, G., & Pappa, E. (2021). Monetary policy and inequality under labour
market frictions and capital-skill intensity. American Economic Journal: Macroeconomics, 13,
292-332 (cit. on pp. 2-4).

Draghi, M. (2016). Stability, equity and monetary policy. (Cit. on p. 1).

Edge, R. M., Laubach, T., & Williams, J. C. (2003). The responses of wages and prices to technology
shocks (FRB of San Francisco Working Paper No. 2003-21). (Cit. on p. 3).

Furceri, D., Loungani, P., & Zdzienicka, A. (2018). The effects of monetary policy shocks on inequality.
Journal of International Money and Finance, 85, 168186 (cit. on p. 3).

Gali, J. (2008). Monetary policy, inflation, and the business cycle: An introduction to the new keynesian
framework. Princeton University Press. (Cit. on p. 13).

Gali, J., Gertler, M., & Lépez-Salido, J. (2001). European inflation dynamics [International Seminar
On Macroeconomics|. Furopean Economic Review, 45(7), 1237-1270 (cit. on p. 3).

Gertler, M., Huckfeldt, C., & Trigari, A. (2020). Unemployment Fluctuations, Match Quality, and the
Wage Cyclicality of New Hires. The Review of Economic Studies, 87(4), 1876-1914 (cit. on
p. 3).

Gertler, M., & Trigari, A. (2009). Unemployment fluctuations with staggered nash wage bargaining.
Journal of Political Economy, 117, 38-86 (cit. on pp. 4, 7).

Guerrieri, L., & Tacoviello, M. (2015). Occbin: A toolkit for solving dynamic models with occasionally

binding constraints easily. Journal of Monetary Economics, 70, 22-38 (cit. on p. 14).

23



Hara, R., Unayama, T., & Weidner, J. (2016). The wealthy hand to mouth in japan. Economic Letters,
141, 52-54 (cit. on p. 12).

Harrison, R. (2017). Optimal quantitative easing (Bank of England Working Paper No. 678). (Cit. on
pp- 4, 9, 13).

HFCS. (2022). The household finance and consumption survey: Wave 2017 (European Central Bank).
(Cit. on p. 12).

Kaplan, G., Moll, B., & Violante, G. L. (2018). Monetary policy according to hank. American Economic
Review, 108, 697-743 (cit. on p. 22).

Kaplan, G., Violante, G. L., & Weidner, J. (2014). The wealthy hand-to-mouth (NBER Working Paper
No. 20073). (Cit. on p. 12).

Komatsu, M. (forthcoming). The effect of monetary policy on consumption inequality: An analysis of
transmission channels through tank models. Journal of Money, Credit and Banking, n/a(n/a)
(cit. on pp. 2-4).

Krause, M. U., Lopez-Salido, D., & Lubik, T. A. (2008). Inflation dynamics with search frictions: A
structural econometric analysis [Carnegie-Rochester Conference Series on Public Policy: Labor
Markets, Macroeconomic Fluctuations, and Monetary Policy November 9-10, 2007]. Journal
of Monetary Economics, 55(5), 892-916 (cit. on p. 13).

Lenza, M., & Slacalek, J. (2018). How does monetary policy affect income and wealth inequality?
evidence from quantitative easing in the euro area. (ECB Working Paper No. 2190). (Cit. on
pp. 2, 3).

Mumtaz, H., & Theophilopoulou, A. (2017). The impact of monetary policy on inequality in the uk.
an empirical analysis. Furopean Economic Review, 98, 410-423 (cit. on p. 3).

Muto, I., & Shintani, K. (2020). An empirical study on the new keynesian wage phillips curve: Japan
and the us. The B.E. Journal of Macroeconomics, 20(1), 20160168 (cit. on p. 13).

OECD. (2020). Corporate tax statistics database. http://www.oecd.org/tax/tax-policy /corporate-
tax-statistics-database.htm. (Cit. on p. 13)

Piketty, T., & Goldhammer, A. (2014). Capital in the twenty-first century. Harvard University Press.
(Cit. on p. 13).

Rotemberg, J. J. (1982). Sticky prices in the united states. Journal of Political Economy, 90, 1187-1211

(cit. on pp. 6, 7, 13).

24


http://www.oecd.org/tax/tax-policy/corporate-tax-statistics-database.htm
http://www.oecd.org/tax/tax-policy/corporate-tax-statistics-database.htm

Taylor, J. B. (1993). Discretion versus policy rules in practice. Carnegie-Rochester Conference Series
on Public Policy, 39, 195-214 (cit. on p. 12).

Yellen, J. L. (2016). Macroeconomic research after the crisis. (Cit. on p. 1).

Appendices

A Log-linear model equations

The log-linearized equations as deviations from the zero-inflation steady state describe the equilibrium

dynamics of the model. The hatted values are 2; = log(Z;) —log(Z) ~ Ztgz and Z is the steady-state

value of a variable. Thus, Z; is the percentage deviation of variable Z; from its steady state.

A.1 Households

Budget constraint: ¢; = w; + iy (A1)
Aggregate consumption: ¢ = Aéf + (1 = \)é& (A2)
where w; is the real wage.
A.2 Labour market
Time endowment: 0 = Ny + Ul (A3)
Matching function: my = (0 + (1 — () (A4)
Labour market tightness: 9t = Uy — Uy (A5)
Probability of filling a vacancy: ¢(;) = 1y — 0, (A6)
Probability of finding a job: p(6;) = 1, — (A7)
Transition dynamics in the labour market: n; = (1 —~)n4—1 + 7 (p(ét) + ﬁt_1> 5 (A8)
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A.3 Firms

€ .

New Keynesian Philips Curve: 7ty = fE;rp1 + Y fit (A9)
Total factor productivity: a; = paGi—1 + €7 (A10)
Real marginal cost: fi; = (0 + go) Ut — (ms—v@t — (14 p)a; (A11)
Sc Sc
s 1o W o .
Real profits: d; = D Y — ?N (g + 7oy) — KOOy (A12)
1

Natural level of output: ;" = — te ag (A13)

T
Output gap: 4 = 4+ — Uy (A14)

where M = —£7 is the price mark-up under flexible prices.

A.4 Staggered wage bargaining

Worker's stake in wage: (F}Y) = 04,5 (1~ 7) By [~p(@)p(Bu1) + (1 - p(@)) (Aur + (%)

(A15)

Firm’s stake in wage: (I¥) = 6,8 (1 — ) E [Am + (f;il)} (A16)
Effective bargaining power: ©, = —(1—0) [(f‘f) - (f‘rv)] (A17)
Wage index: w; = (1— Gw)wfpt + 0y (We—1 — 7y) (A18)

Job creation condition: — q(ét) = :i [— (ﬂ — Tb) 06, + (1 — (:)) i (e + dt)}

Zo
1 A =4 - =\ A -
+?Oﬁ (1 =) E {(51 = E2) A1 — E1thn + (E1(1 = Q) — E2) Oiq1 — E2 (O + i)

(A19)

where Zg = (1 — @) (ﬂ — Tb) +8(1—7) (%51*4 — /{@67), = = %51’5, and 25 = k0O
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A.5 Monetary policy

Taylor rule: 1, = ¢ty + DyUilt (A20)

Monetary policy shock: vy = pyvp—1 + &f (A21)

Quantitative easing/tightening: §; = pqGi—1 + €f (A22)

A.6 Market clearing
Goods market clearing: ; = 8.0t + Syky (A23)
Bonds arbitrage: IE)tRL,tH =R — (1+ (5b)bihqt (A24)
L

Yield to maturity of long-term bonds: R, = xbﬁEﬂétH + (1 — xpP) (Rt —o(l+ 5)qt) (A25)
where s, = g and s, = &
A.7 Heterogeneity

1

Heterogeneity factor: @&; = {[(1 —6(1 = 7))wa — (1 = A1 = 7))wn] Q1O

WnWd

fK1f5ufT»mM4«175M1fT»mMH%QM}

(A26)
. PO A
Consumption and heterogeneity: ¢ = ¢ — T oo™ (A27)
—dw
where
Q= ap — by (A28)
Qo =y — Wy — 1y (A29)

and w, = (1 =6(1—7)) (% — 1 — k) and wg = (1 = A) + (1 = 6A(1 — 7)) (1 — 1 — K€2).
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Dynamic IS equation: g,

Natural real interest rate: 7}
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Robustness checks for the fraction of constrained households A\: Conventional MP shock
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Figure 9: Robustness checks for the fraction of constrained households A: QT shock
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Figure 10: Robustness checks for the bargaining power of households ¢: Conventional MP shock
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Figure 11: Robustness checks for the bargaining power of households ¢: QT shock
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Figure 12: Robustness checks for the steady-state matching efficiency v: Conventional MP shock
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Figure 13: Robustness checks for the steady-state matching efficiency 1: QT shock
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Figure 14: Robustness checks for the separation rate v: Conventional MP shock
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Figure 15: Robustness checks for the separation rate v: QT shock
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