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Abstract
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income channel that dominates the standard expenditure-switching mechanism when
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1 Introduction

Does greater wage flexibility help countries within a monetary union stabilize economic fluc-
tuations? For members of a currency union, traditional tools such as exchange rate devalu-
ations are unavailable, leaving policymakers with limited options to regain competitiveness
and mitigate downturns. A prevailing policy view holds that these countries should pursue
internal devaluations by reducing wages and prices to restore competitiveness externally and
stimulate demand.

This view shaped policy responses during the Eurozone crisis and continues to influence
contemporary policy debates. Spain’s reforms implemented after 2012 focused on enhancing
wage flexibility and decentralizing collective bargaining, with further adjustments in 2022
that balanced flexibility with worker protection.

Yet recent experience raises questions about this conventional wisdom. The EU’s 2022
Minimum Wage Directive shifts away from the post-crisis wage-flexibility orthodoxy, moti-
vated by concerns about in-work poverty. The inflation crisis starkly validated those con-
cerns, with nearly a quarter of minimum-wage earners struggling to make ends meet. Recent
experiences — from Spain’s persistent labor market challenges despite flexibility reforms to
widespread real wage losses across Europe during the inflation crisis — highlight the need to
reconsider how wage adjustment mechanisms perform when many households face financial
constraints.

While the logic of internal devaluation is well established in policy discourse, its general-
equilibrium implications when households face financial constraints remain less understood.
Does enhancing wage flexibility necessarily improve macroeconomic stability, or could it have
unintended consequences when aggregate demand is constrained? This paper revisits the case
for wage flexibility in a monetary union, highlighting mechanisms that may counteract its
stabilizing intent and offering insights relevant to current European policy debates.

In a standard representative-agent New Keynesian model, greater wage flexibility gener-
ally leads to lower employment volatility. Reductions in nominal wages lead to lower prices,
prompting the central bank to lower interest rates. As the central bank lowers the nomi-
nal interest rate, the real interest rate also drops, encouraging households to increase their
consumption and, in turn, stimulating labor demand by firms (see, e.g., Gali (2013)). How-
ever, in a currency area, union-wide monetary policy does not respond to developments in
the small open economy, effectively shutting down the interest rate channel. Despite this,
greater wage flexibility enables firms to reduce prices and improve international competitive-

ness. This international expenditure-switching channel reduces employment volatility, but



does so at the cost of reduced domestic welfare (Gali and Monacelli, 2016).

This standard view overlooks the direct effect of falling wages, namely the lower labor
income households receive. This paper analyzes the hitherto unexplored income channel
through which more flexible wages directly affect domestic demand. We focus on the role of
financially constrained households by studying a Two-Agent New-Keynesian (TANK) model
of a small open economy in a monetary union. The framework includes two household
types: Ricardian and Hand-to-Mouth. The former have full access to international financial
markets, where they can trade in state-contingent bonds and hedge their income risk. The
latter have no access to financial markets and consume all their income each period.

Following a negative foreign demand shock, wage flexibility affects the economy through
two opposing channels. The competitiveness channel operates as falling wages reduce prices,
improving international competitiveness through expenditure switching. The income channel
works in the opposite direction: wage reductions directly lower household income, reducing
domestic demand. This income effect only operates when households are financially con-
strained and cannot hedge income risk.

We analytically demonstrate that wage flexibility destabilizes the economy when price
flexibility is lower than the product of the hand-to-mouth household share and home bias in
consumption. Intuitively, when prices are sticky, the competitiveness channel is muted while
the income channel remains strong.

Our findings contrast with the standard prediction in labor economics that wage rigid-
ity leads to higher unemployment during recessions, as firms reduce employment when
wage adjustments are constrained. This partial-equilibrium intuition overlooks the general-
equilibrium implications of wage rigidity. In general equilibrium, firms employ the amount
of labor necessary to meet the demand for their goods, implying that labor demand is driven
primarily by aggregate demand rather than by wage levels alone. While wages influence a
firm’s marginal costs — and therefore prices — this transmission is muted in the short run
due to price rigidities. Wage rigidity affects aggregate demand through two channels. First,
a competitiveness channel limited by price stickiness. Second, an income channel reflecting
that workers are also consumers. The relative strength of these two channels determines
whether output and employment are more sensitive to shocks under flexible or rigid wage
regimes.

This result requires the interaction of four frictions: a currency peg, price rigidity, fi-
nancial constraints, and home bias. Wage rigidity mitigates economic volatility only when

all four are present. In the absence of any single friction, wage flexibility returns to its



conventional stabilizing role.

We discuss the recessionary effects of wage flexibility in the context of a foreign demand
shock. However, the results hold for several alternative shocks, such as domestic demand
shocks and foreign (or global) interest rate shocks. The condition for the stabilizing effect
of low wage flexibility is the same across all those shocks, indicating that the result relies on
the trade-off between the two fundamental forces: competitiveness and income channels.

We confirm these analytical predictions quantitatively using a calibrated model, with
a realistic calibration of elasticities and shock persistence. In this model, reducing wage
rigidity implies substantially larger output and consumption responses to foreign demand
shocks, as well as more countercyclical inequality. The latter means that poorer, financially
constrained households experience larger consumption declines during recessions and greater
overall consumption volatility.

The quantitative exercise enables us to confirm that the features of the economy most
relevant to the emergence of recessionary wage flexibility are low price flexibility, a high
degree of financial constraints, and a relatively low degree of trade openness. Calibrating the
model to different euro-area economies, we find that price rigidity does not differ significantly
across union members. The key dimensions differentiating European countries are trade
openness and the degree of financial constraints. As such, Greece, Latvia, Italy, and Portugal
are the countries most likely to experience greater economic volatility under flexible wages.
The results highlight that structural reforms should be analyzed at the country level, and
that there is no one-size-fits-all institutional setting that would work in the EMU.

We also show that the recessionary wage flexibility might arise in a Heterogeneous-Agent
New Keynesian model a la Auclert et al. (2021) extended with price rigidities, which are
key to obtaining our results. The need for the additional friction highlights the difference
between their real income channel and the income channel that we discuss. In Auclert
et al. (2021), households’ real wages are a fixed fraction of aggregate real income, so any
change in wages passes directly through to aggregate income. The channel we analyze is
therefore absent in their framework. In our setting, wage rigidity alone does not generate
amplifying effects: if wages are rigid but prices adjust fully, the terms of trade improve
sufficiently to stabilize the economy through expenditure switching. The recessionary effect
arises only when price rigidities prevent this adjustment. Through this lens, our mechanism
is not purely distributional: it is not simply that constrained households become relatively
poorer when wages are flexible. Rather, the key friction is that when prices are sticky, wage

flexibility reduces the income of constrained households without generating the offsetting



terms-of-trade improvement needed to stimulate demand for domestic goods. While the
competitiveness channel arising from price rigidity is known, our contribution is to show
how it interacts with financial constraints to amplify, rather than dampen, the effects of

wage flexibility.

Related literature. Our paper contributes to two main strands of literature: (i) the
macroeconomic effects of labor market reforms within monetary unions, and (ii) the inter-
action of household heterogeneity and open economy dynamics in New Keynesian models
under currency pegs.

First, we build on studies examining the impact of wage flexibility on macroeconomic
stability and welfare in a currency union. A key insight from this literature is that the effec-
tiveness of wage adjustment mechanisms depends critically on the broader macroeconomic
environment. Gali and Monacelli (2016) show that absent household liquidity constraints,
greater wage flexibility modestly stabilizes output but reduces welfare due to labor supply
distortions. Schmitt-Grohé and Uribe (2016) emphasize the role of downward nominal wage
rigidity in amplifying shocks in small open economies, though their framework abstracts from
price rigidity. Our model nests these cases, confirming that wage flexibility reduces volatility
when prices are fully flexible, but its stabilizing effect is dampened once price stickiness and
financial constraints are introduced.

Eggertsson et al. (2014) highlight how structural reforms aimed at increasing flexibility
can be destabilizing in the short run when central bank policy is constrained, particularly
in the periphery of a monetary union. Our findings align with this result but extend the
analysis by explicitly modeling liquidity-constrained households, illustrating how income
effects further weaken the transmission of wage adjustments.

Recent work by Diz et al. (2023) studies wage flexibility in a two-agent New Keynesian
model with wage and price rigidities, though in a closed economy setting. They emphasize
the interplay between nominal rigidities in determining output volatility following demand
shocks. Our contribution complements this by incorporating an open economy channel,
showing how external competitiveness interacts with domestic financial constraints in a small
open economy within a currency union.

Second, our paper relates to the growing literature on open-economy Heterogeneous Agent
New Keynesian models. Bellifemine et al. (2023) analyze the transmission of union-wide
monetary policy in a small open economy setting, while Bayer et al. (2024) and Chen et al.

(2025) focus on aggregate euro area dynamics in two-country HANK models. While these



studies examine the macroeconomic implications of household heterogeneity at the union
level, we focus on the implications of wage flexibility for a single, financially constrained
small open economy within a monetary union.

Additionally, studies on exchange rate regimes provide indirect evidence relevant to our
analysis. De Ferra et al. (2020) argue that sudden stops justify a fear of floating in the
presence of household heterogeneity, as flexible exchange rates exacerbate welfare losses.
Oskolkov (2023) finds that under fixed exchange rates, wage declines disproportionately
harm poorer households, increasing consumption inequality — a finding consistent with our
results. In contrast, Guo et al. (2023) show that fixed exchange rates can mitigate the
distributional effects of external shocks. However, these studies abstract from wage rigidity,
focusing solely on price stickiness. By explicitly modeling both wage and price rigidities,
our paper provides a more comprehensive understanding of how external shocks propagate
in small open economies under a currency peg.

The paper is organized as follows. Section 2 introduces the baseline model. Section 3
presents the main analytical results and identifies the key transmission channels. Section
4 conducts a quantitative analysis using model extensions to assess the magnitude of the

effects and their robustness. Section 5 concludes.

2 Model

Let us consider a small open economy populated by two types of households: savers and
hand-to-mouth (or financially constrained households). The former have access to complete
international financial markets, while the latter do not hold assets and receive only labor
income. The economy features two nominal frictions; a price and a wage rigidity. The
economy is part of a monetary union, which implies a fixed exchange rate and no monetary
policy at the national level. This prevents the economy from using the nominal exchange
rate as a stabilizing tool in response to shocks.

The model is a combination of a standard small open economy model (Gali and Monacelli
(2005), Gali and Monacelli (2008)) and a standard TANK model (Bilbiie (2008)). Extending
the small open economy model with financial imperfections, in the form of financially con-
strained households, allows us to relax the perfect risk sharing assumption. This is especially
important in the context of wage rigidity as wage fluctuations can have a direct impact on

the consumption of the constrained households.



2.1 Households

The domestic economy is populated by households, indexed by i € [0,1]. A fraction A\ of
households are financially constrained (or hand-to-mouth, labeled by ¢), and the remaining
(1 —\) households are financially unconstrained, i.e., they save and trade in state-contingent
bonds (they are labeled by u). These two household types are indexed by K € {c, u}.

Domestic households maximize their utility over consumption C;;, but households’ labor
supply N;; is determined through labor unions. The unions ration labor supply such that
all households provide the same amount of labor N;; = IV, at nominal wage W;.

All households share the same preferences, characterized by the lifetime utility
B> B Xk ((Ciagr) — v(Nigsr) (1)
k=0
where  is the discount factor and y; a preference shifter following a log-AR(1) process. The

period utility function u(C, N) takes the form:

Ci,tl_a -1 Ni,tl—Hp )
l1—o 1+¢°

U(Ci,t7 Ni,t)

o is the inverse of the intertemporal elasticity of substitution and ¢ is the inverse of the
Frisch elasticity.

The consumption basket C;; consists of domestic ("H”) and international goods (" F”)
with respective consumption levels C; gy and C; py :

_n_
n—=11]n-1

Cio = |ViCh + (1= 0)iCp | (3)
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where v is the openness of the economy and 1 > 0 is the elasticity of substitution between
domestic and international goods.
Consumers in the domestic economy optimally allocate their expenditure between do-

mestic and imported goods:

CHt = (1 — l/) (%) Ct, and (4)
t
P -n

cr=v () c )



where Pp; is the price of the Foreign good in domestic currency, Py, is the price of Home

goods, and the consumer price index (CPI) is defined as
Pi= [P+ (0= n)p" (©)

Constrained households. Hand-to-mouth households have no access to financial markets
and only receive income from supplying labor. Hence, their budget constraint takes the

simple form
Ptcc,t — WtNt' (7)

Unconstrained households. Unconstrained households supply labor, obtain firm divi-
dends D, ; = ﬁDt, and participate in financial markets where they trade state-contingent
bonds that return a nominal payoff B, ;1 in t 4 1 for the portfolio that was held at the end
of period t. Thus, their budget constraint takes the form

PCyy +E{Myps1Bugs1}t = Bug + Duy + WiV, (8)

where M), 1, is the stochastic discount factor for a portfolio purchased in period ¢.
The optimization problem of the unconstrained households yields a standard Euler equa-

tion:

. Xe+1 [ Cuttt - P,
1=7p6(1+4)E : , 9
ﬁ< t) t{ Xt ( Cu,t ) Pt+1} ( )

where 7, is the interest rate on a one-period riskless nominal bond.
The assumption of complete financial markets enables us to combine the Euler equations
for the unconstrained domestic household with a similar condition for foreign households,

thereby obtaining an international risk-sharing condition. It takes the familiar form
o X *\o
Ol =VQi ()", (10)
¢

__ P
— P
is the real exchange rate defined as the ratio of price levels abroad and at home. Further,

where C} is the consumption of foreign households, x; is a foreign preference shock, @,

¥ is the initial condition. Since we assume that net foreign assets and net exports are

zero in steady-state and the ex-ante aggregate consumption across countries is identical



(C_y = C*,), this implies that J = (g“;)a depends on the steady-state ratio of consumption
levels of the unconstrained domestic households and the foreign households.!

To track inequality in the economy, we define consumption inequality as the ratio of
consumption levels between unconstrained and constrained households:

Cu t
= =, 11
Ve Cc,t ( )

2.2 Labor Unions and Labor Packers

We follow the standard approach in the heterogeneous agent literature and delegate the
labor supply decisions of the household and the wage bargaining to labor unions. The latter
operate under monopolistic competition as they specialize in different types of labor. The
unions sell the labor services to labor packers, who bundle the differentiated services into an
aggregate labor service. (See, e.g., Auclert and Rognlie (2018).)

In particular, each household ¢ supplies N;;; hours of work to each labor union ! € [0, 1].

The union aggregates the labor supply of all households
Nlt - /Ni,ltdi - (1 — )\)let + )\Nc,lt- (12)

The union sells the labor services at the wage W), to perfectly competitive labor packers
who aggregate the services and sell them to final goods firms at wage W;. The elasticity
of substitution of packers for different labor services is ey. Aggregation by labor packers

follows

ey —1 5‘/‘7771
vi= ([ o)™ (13)

Wi\~
Nlt:(—lt) N.. (14)

When setting the wage W, the union maximizes the total welfare of all its members.
Since household type is private information, the union sets one wage across households and

requires all members to supply the same amount of hours N, ;; = Ny;.

1Galf and Monacelli (2005) discuss international risk sharing in the case of a small open economy, while
Gali and Monacelli (2008) focus on the case of a small open economy participating in a monetary union.



For tractability, in the benchmark model, we consider a simplified nominal rigidity as in
Diz et al. (2023). The nominal rigidity works similarly to the Calvo friction, but avoids the
excessive duration of prices. In every period, a fraction (1—6") of labor unions can set their
wages after the realization of shocks, while the remainder of unions " makes the decision
before shocks are realized.

A union that sets its wages after the realization of a shock maximizes the following

objective function:

s Cutin 7 —1 Copir ™7 —1 Ny ™%
E k 1—)\)—2% P — dl 15
D [ L g, )

subject to a sequence of budget constraints of the two household types, i.e., equations (7)
and (8), and the sequence of labor market clearing conditions for labor of type [, which
follows from equations (12) and (14).

The union’s first order optimality condition is a standard consumption-leisure trade-off
with two caveats: (i) the marginal utility of consumption being a weighted average of the

marginal utilities of the two household types; (ii) the union is able to impose a wage mark-up,

My = 65;21. The condition can be written as:
o A— P |
Wi = Mw P, [(1= NCTN, 7+ ACTN, 7] (16)

where the superscript ”0” indicates that the union is able to set the optimal full-information
wage.
The equivalent condition for union’s setting wages prior to the realization of shocks, takes

the form
Wit = MyEe 1 { B [(1 = MO NP+ AC NG | = B, (17)

where "m” indicates unions that set their wage at the beginning of the period. The best a
union in this situation can do is to set its wages equal to the expected value of the optimal

wage.
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2.3 Firms
2.3.1 Final Good Producers

Final good producers aggregate output of intermediate good producers Yj;, where j € [0, 1],
into final goods under perfect competition. The domestic output is aggregated through
standard CES technology:

€

eH—l GI{%
Y, = </Yj;'f dj) | (18)

where ey is the elasticity of substitution between Home good varieties. Demand for inter-

mediate goods by final good-producing firms follows

Yie = (PJHt) > (19)

Py

In turn, aggregate demand Y; depends on consumption of the Home good by domestic and

international consumers:
Y, = Cy + Cyy. (20)
1
Producer prices are defined as Py, = ([ leng dj)en .

2.3.2 Intermediate Good Producers

Intermediate goods firms j € [0, 1] produce good j monopolistically using labor as their only

input:
}/}t — Zlet_a (2]‘)

where Nj; is the labor input that firm j employs, o > 0 defines the degree to which the
production function exhibits decreasing returns to scale, and z is a productivity parameter.

Similarly to the labor unions, intermediate good producers face an information friction,
which mimics price stickiness & la Calvo. In every period, a fraction of (1 — 0y) firms can
optimize their prices after the realization of shocks, while the remainder of firms 0y sets
prices before the realization of shocks. Optimizing firms ”"0” choose the profit-maximizing

price with steady-state markup over their marginal costs: Pf, = M H%Wt. The steady-
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state markup My = % is determined by the elasticity of substitution between different
Home goods varieties in the aggregation of the final good. Non-optimizing ﬁrms "m” set
z(l a) Wt}

Aggregate nominal dividends of firms are given by the difference of revenues from selling

their prices for period t at the end of the previous period: Pj, = E; ({Mpy—~=2=

Home goods and the effective labor costs:
Dt PHt}/t WtNt7 (22)

where the aggregate price level of the domestic goods is Pyt = (1 — 0y) Py, + 0u Py},

2.4 Foreign Economy and Equilibrium

The Foreign agents are symmetric to domestic unconstrained households. For simplicity, we
assume that union-wide monetary policy ensures price stability of the foreign goods, with
P, = 1 and since the Home economy is small it also follows that the international consumer
price index is stable P; = 1. Further, the law of one price holds, therefore Pp, = Pj, and
Py = Py, where the nominal exchange rate is equal to one and omitted, since the two
regions share the same currency.

The Euler equation of the household in Foreign is given analogously to Home as

. XI-H t*-s-l -7
1=08(1+)E, < —— (—) , 23
51 +3) { (2 } (23)

where x; denotes the Foreign preference shock. Equation (23) highlights the fact that a
preference shock can affect the Foreign interst rate, iy, or Foreign consumption, C;. We
follow Gali and Monacelli (2016) and assume that the preference shock is a combination of

two orthogonal shocks

Xi = X1t Xog- (24)

The union-wide central bank does not respond to x7,, but fully stabilizes prices in response

to x3,. Such a decomposition of the shock implies the following dynamics

Ak 1 ~ %
C = ;Xltv (25>
i = (1= p3) Xas (26)
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where Z; denotes the log-deviation of X; from its steady-state value.
The effect of the Foreign consumption shock on domestic output can be seen in the

Foreign household’s consumption of the Home good, which takes the familiar form

P\ ™"
= Cr 27
Ht =V (PF*‘t> to (27)
The price ratio in the equation can be also expressed through the terms of trade:
Sy = — (28)

which expresses the amount of Home goods that need to be given up to obtain one Foreign
good. Thus, an increase in S; is a depreciation of the terms of trade which implies that
Home goods become relatively cheaper compared to Foreign goods.

Lastly, the definition of net exports is standard:

In equilibrium goods, labor, and assets markets clear. The domestic goods markets

equilibrium requires
Y; = Cit + Ciy (29)

Given the Home economy is small, the foreign market clearing condition simplifies to Y," =
Cy.

When solving for the steady state of the model, we concentrate on the symmetric equi-
librium with zero-inflation. We scale labor productivity to such that steady-state produc-
tion in both regions Y = Y* = 1, as well as domestic steady-state prices, which implies
Py = Pr =P = P* =5 = 1. We provide the details of the steady-state equilibrium in
Online Appendix A.1.

3 Analytical results

In this section, we concentrate on a simplified version of the model to derive our main
analytical results. In particular, we assume a Cole-Obstfeld parametrization of the economy,

where the elasticity of substitution between Home and Foreign goods and the risk-aversion
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parameters are equal to one (n = n* = ¢ = 1). Returns to labor are constant, yielding a linear
production function. Finally, all shocks are non-persistent, independent, and identically
distributed. The simplifications imply that labor unions and firms, who make their pricing
decisions before shock realizations, set their wages and prices at the steady-state value, i.e.,
Wit = B Wi = Wand Py, = By 1 Py, = P

The equilibrium dynamics of the log-linearized model can be expressed as a system of
five equations in five endogenous variables: output, consumption inequality, consumption,

terms-of-trade, and real wages.

gt — (1—V)ét+<1—y) (V+ 1i ) §t+V)A(>{t, (30)
Yo ==+ 9 — (1= v)8] + (X — X3) s (31)
G=1—-v)5—ACA + (Xe — Xar) » (32)
1—0gy
a _ - 33
St v + (1 _ V)eHwt7 ( )
) K . 1 .
Wy = 1+M/;W (wy—{—(p)yt— 1+/€W (/iwwg— (1—V))St
Kw v . KEw U . s
X1t (Xt - XQt) . (34)

Tt (=) =) T+ ky (1—a)

where we define several auxiliary parameters to facilitate the presentation of the equa-

1 _ _, v(2—v)

: . — 1—60w 1 — 171/+/U' = = P — (171/)u+ 1—v T —
tions: ky = G ——, Wy = F5, @0 = 15, Ws = i and u =
A[1=Ce(A+(1-2)y~1)] . ) .

UGy .The derivations can be found in Appendix A.2.

Equations (30)-(34) have natural economic interpretations, which go back to a stan-
dard small open economy NK model, but with the twist of agent heterogeneity and wage
rigidities. Equation (30) is the log-linearized market-clearing condition for Home goods; it
captures demand from domestic and foreign households, as well as the demand-shifting effect
of terms-of-trade movements. The second equation of the system comes directly from the
definition of the consumption inequality measure, with the two consumption levels substi-
tuted. Consumption of constrained households is replaced by equilibrium labor earnings,
while consumption of the unconstrained households is replaced by the international risk-
sharing condition. Equation (32) is the simplified aggregate Euler equation. Equations (33)

and (34) are simplified versions of the NK price and wage Phillips curves, respectively.?

2The uncharacteristic lack of dynamics in those equations comes from the simplifying assumptions in this
section. In particular, the iid assumption on shocks and the information-based nature of nominal frictions.
Online Appendix A.2 presents a version of the equations without the no-persistence assumption.
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The simplifying assumptions introduced in this section enable us to obtain a solution for
the model, where the endogenous variables are represented as functions of contemporaneous
shocks only. Lemma 1 formalizes this result for output and provides the coefficients in front

of the shocks, which are key for establishing our main results.

Lemma 1. The dynamics of output in the simplified model can be expressed as
@t = a’x)%t + af{fd(t + a;f(;ta (35)

where the coefficients a,, aj, and a3 are combinations of the structural parameters of the

model.
Proof. In Appendix A.3.

The nominal rigidities that we introduced through informational frictions do not lead to
persistence in prices or wages. Agents who do not observe the shocks, when resetting the
nominal variables, choose to set them at their steady-state values. This result also requires
no persistence of external shocks. Those two features lead to a static representation of the
model, which allows us to interpret the immediate response to shocks as the total response.

The above result implies that when we want to assess the volatility of the economy, it is
sufficient to investigate the absolute value of the coefficients in equation (35). In the context
of structural changes leading to more or less shock amplification, we can simply examine
the effects of the reform on the a-coefficients. In this context, Proposition 1 establishes the

conditions under which higher wage flexibility amplifies the impact of a shock in the model.

Proposition 1. Whenever the parameters of the economy satisfy
1 -0y < (1-=v)\C,, (36)

then an increase in wage flexibility amplifies the response of the economy to the shocks

{xe: X X3}
Proof. In Appendix A.3.

Proposition 1 shows that it is possible for an economy to be more volatile under flexible
wages than under rigid ones. For this to happen, inequality (36) needs to hold. This inequal-
ity requires prices to be rigid, relative to the degree of home bias and financial constraints.
The main intuition behind the inequality stems from the interaction of two channels, as illus-

trated by the example of a wage decline following a negative shock. On the one hand, more
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flexible prices mean that a larger portion of the wage decline is passed on to prices, leading
to stronger expenditure switching. This mechanism, driven by the expenditure switching (or
competitiveness) channel, stabilizes the economy by increasing demand for domestic goods.
On the other hand, a wage decline directly reduces the labor income of households. While
unconstrained households can insure against this loss, financially constrained households (a
fraction A of the population) must lower their consumption. A share 1 — v of this reduced
consumption falls on domestic goods, diminishing domestic demand and destabilizing the
economy. This is the income channel.

Depending on which of the two channels dominates, a fall in wages after a negative shock
can either stabilize or destabilize the economy. If the latter is true, then more flexible wages

lead to a more volatile economy.

4 Quantitative analysis of the extended model

The previous section establishes the conditions under which flexible wages can lead to more
shock amplification in a country in a monetary union. In this section, we evaluate the
quantitative significance and robustness of the results. To do so, we relax the simplifying
assumptions of the analytical model. In particular, we allow for non-unitary elasticities, more

general utility and production functions, Calvo prices and wages, and persistent shocks.

4.1 Calibration

Table 1 presents the benchmark values for the model parameters, calibrated on a quarterly
frequency based on evidence from Greece, Italy, Portugal, and Spain (henceforth GIPS). The
inverse of the Frisch elasticity is set at ¢ = 2, following Chetty (2012). Due to the limited
evidence on trade elasticities for imports and exports, we assume unitary elasticities in the
baseline calibration. Additionally, Appendix B.2 demonstrates that the results hold for low
(n =n* = 0.5) and high (n = n* = 2) trade elasticities.

The elasticity of substitution between good varieties is calibrated to ey = 4.3, which
implies a 30 percent price markup and is a compromise of recent evidence (see, e.g., Cavalleri
et al. (2019); De Loecker and Eeckhout (2018); Kouvavas et al. (2021)). Similarly, based
on evidence in Christoffel et al. (2008), we set the elasticity of substitution across labor
varieties to ey = 4.3, resulting in a 30 percent wage markup. Data from the International
Labor Organization indicate that the labor income share from 2004 to 2024 averages 58

percent for the GIPS countries. Thus, the labor share is 1 — a = 0.77. Our calibration for
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Table 1: Model parameters

Parameter Value Description

A 0.31 HtM share

Q@ 0.24 Complement of the labor share
Io) 0.99 Quarterly discount factor

o 1.0 CRRA utility coefficient

© 2.0 Curvature of labor disutility

€n 4.3 Elasticity of substitution (goods)
ew 4.3 Elasticity of substitution (labor)
O 0.79 Price rigidity

Ow 0.8 Wage rigidity

v 0.33 Openness

n [0.5,1,2] Trade elasticity of imports

n* [0.5,1,2] Trade elasticity of exports

Di 0.9 Persistence of shocks

the Calvo parameters for price and wage rigidity is 6y = 0.8 and 8y = 0.79, implying an
average duration of 5 quarters. The calibration for the price rigidity follows evidence for
the GIPS countries in Gautier et al. (2024). The calibration for wage rigidity is consistent
with estimates by Druant et al. (2012) and in line with the baseline calibration of Gali and
Monacelli (2016). The share of hand-to-mouth households A = 0.31 is the average share of
hand-to-mouth households in the GIPS countries based on evidence provided in Almgren
et al. (2022). The openness measure (v = 0.33) reflects import and export share data from
2004 to 2024 provided by the OECD. Finally, the calibration for the discount factor § = 0.99,
the inverse of the elasticity of intertemporal substitution o = 1, and the shock persistence

pi = 0.9 follows standard practice.

4.2 Wage flexibility and business cycles

We have already seen that wage flexibility can lead to an amplification of shocks and to a
destabilization of the economy. Figure 1 presents the response of the size of the dynamic
responses of the economy to a foreign demand shock under two different levels of wage rigidity.
Under our benchmark calibration, the model displays recessionary wage flexibility, i.e., the
response to a foreign demand shock is amplified when wages are less rigid. The difference is
not quantitatively large - it accounts for approx. 10% of the initial response in the shock.

The small difference in domestic output hides a much larger difference in consumption, which
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Figure 1: Dynamic response of the economy to a foreign demand shock under two different levels of wage

rigidity 0.5 (blue line) and 0.8 (red line).

real wage
20

40

30

10

o

0 S 0 < 0 o
o o -

(ss woly ‘nap) syuiod abejusolad

o
=
o
c o
o
2
o
E 8
n
c
o
(8] o
o
°© N T © @ 5 o«
e < Q < -
(ss woly ‘Aop) syuiod abejusoiad
o
<r
o
©
P o
o
]
(=]
o
- o - o o % 1B © N

(ss woly Aep) syuiod abejussiad

Net exports

0 s «@ N - ©
S} S} =} S} S}

(ss wouy 'Asp) syulod abejuasiad

Consumption inequality

o~ 0 - 0 ° 0
~ (=] o

(ss woly ‘Asp) syulod abejusolad

Terms of Trade

] = « N - o
o o o o o

(ss woly ‘Aap) syulod abejuaoiad

40

30

20

10

(=]

o
<

30

20

10

o

o
~

30

20

10

o

Figure 2: Dynamic response of the economy to an interest rate shock under two different levels of wage

rigidity 0.5 (blue line) and 0.8 (red line).

18



decreases almost twice as much in the economy with more flexible wages. The large fall in
consumption is driven by a substantial decrease in real wages, which affects especially the
financially constrained households. The latter effect can be seen in the substantial jump in
consumption inequality. The higher response of the terms of trade cannot offset the fall in

domestic consumption coming from lower real wages.

A Peak response: 6y=0.5 vs. 6,=0.8
0.8

0.75

- 0.005

0.7

Price Rigidity
o
&
1
o

06 - -0.005

0.55 001

0.5
0.05 0.15 0.25 0.35 0.45 0.55 0.65

Openness

Figure 3: Difference in peak responses to a foreign demand shock between an economy with relatively flexible
wages (0w = 0.5) and an economy with rigid wages (6y = 0.8). Positive values indicate higher volatility
under flexible wages.

The results are similar for the two other shocks, which affect the economy symmetrically.
Figure 2 shows the response of the economy to a contractionary interest rate shock. The
entailing drop in consumption of Ricardian households reduces aggregate demand. Again,
flexible wages make the financially constrained households more vulnerable to the economic
downturn, amplifying the drop in aggregate consumption and hence economic volatility.

Figure 3 illustrates the sensitivity of the results to two key parameters of the model
identified already in Proposition 1: price rigidity and the openness of the economy. The
heat map in the figure indicates the difference between the response of the flexible and
rigid economies, i.e., fy = 0.5 and Oy = 0.8, respectively. Positive values indicate that

the economy is more volatile under flexible prices, which is the case for a non-negligible
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Figure 4: Dynamic response of the economy to a foreign demand shock under varying shares of hand-to-
mouth households, with a low (A = 0.1, blue), medium (A = 0.25, red), and high share (A = 0.40, yellow) of
constrained households.

share of the parameter values. Consistently with the intuition developed so far, higher
price rigidity reduces the effectiveness of flexible prices in stimulating the economy, or put
differently the competitiveness channel relies heavily on price reductions. Furthermore, this
channel can only operate if the economy is sufficiently open, else any gains in international
competitiveness have little impact on the economy as a whole.?

Figure 4 illustrates the sensitivity of the model’s outcomes to varying proportions of
financially constrained households. In response to a decrease in international demand, do-
mestic output declines, which subsequently affects labor demand, wages, real marginal costs,
and producer prices. Ricardian households, insulated from the international shock by their
ability to maintain consumption through financial markets, contrast sharply with hand-to-
mouth households, who must significantly cut their consumption as their income falls.

As the proportion of financially constrained households increases, the transmission of

3The non-monotonicity of the heat map along the openness dimension for high values of price rigidity
stems from the fact that we look at the effects of a foreign demand shock that depends on the openness of
the economy to have a sizable effect.
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reduced income to domestic demand and output becomes more pronounced in the small open
economy. Consequently, a larger share of these households leads to a greater decline in GDP
and a more substantial drop in producer prices. The degree of openness influences how much
domestic output is stabilized, as the terms of trade depreciation encourages consumption

switching towards domestically produced goods.

4.3 Recessionary wage flexibility in the euro area

The previous subsection shows that recessionary wage flexibility can occur under a range of
plausible parametrizations. In this section, we go a step further and calibrate the model to
fifteen Eurozone countries to study the magnitude of the phenomenon in those economies.*
In particular, we vary the fraction of Hand-to-Mouth households in the economy (\), the
openness (v), the price rigidity (6y), and the returns-to-scale of the production function («).

The details of the calibration can be found in Appendix C.

©
~

o
w
T

o
)
\

©
[
\

o

o
=
T

|

A Peak response/Peak response under flexible wages

| | | |
o o @ @ & o QO @ & > @ 2
ST FEEEFTEE S S S
O Q}\fo RS Qf} & CﬁQ Q\& & R é@ S N &
RN ¥ S 9 © R
é@

Figure 5: Difference in peak responses to a foreign demand shock between an economy with relatively flexible
wages (O = 0.5) and an economy with rigid wages (6w = 0.8). Positive values indicate higher volatility
under flexible wages.

Figure 5 presents the relative difference of the peak response of output to a foreign

4We consider all EMU member states. We dropped countries based on the availability of Hand-to-Mouth
share estimates in Almgren et al. (2022) and countries with an openness parameter exceeding one. The full
list of countries can be found in Appendix C.
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demand shock under flexible (6 = 0.5) and rigid (A = 0.8) wages. For example, a value
of 0.073 for Latvia implies that the economy has a 7.3% larger response to a foreign demand
shock under flexible wages than under rigid wages. Hence, making wages more flexible would
make the Latvian economy more volatile. On the contrary, the value of -0.10 for Belgium
implies that the Belgian economy would be less volatile with more flexible wages.

Six out of the fifteen economies in our sample are more volatile under flexible than under
rigid wages. The main features of the economy that seem to matter in our calibrations
are the fraction of constrained households and the economy’s trade openness. Among the
economies exhibiting recessionary wage flexibility, all but Latvia have a low trade openness,
while Latvia has the highest share of constrained households in the sample. It is also telling
that the country most responsive to wage flexibility reforms, namely Greece, is characterized
by low openness and substantial financial constraints.

Overall, Figure 5 highlights that our mechanism is more than a theoretical curiosity and
it is likely to be present in some European economies. It seems especially important for
the peripheral countries hit hard by the Eurozone Crisis, which faced pressure to implement

structural reforms as a policy response to the crisis.

4.4 Robustness to a HANK setup

The results of the quantitative TANK model confirm the main findings of the analytical
section. To ensure our findings are not an artifact of the two-agent specification with com-
plete financial markets, we generalize the household heterogeneity in the spirit of Auclert and
Rognlie (2018) and Auclert et al. (2021). The model in this section is a Heterogeneous Agent
New Keynesian (HANK) model with agents facing idiosyncratic income risk, borrowing con-
straints, and incomplete international financial markets. The detailed model specification is
provided in Appendix D.

Figure 6 demonstrates that our core results remain robust in this richer heterogeneous
environment. Output responds more to a foreign demand shock under flexible wages. The
difference is even starker for consumption, consistent with the argument that domestic de-

mand is the driving force behind the amplifying effect of flexible wages.

5 Conclusion

In conclusion, our findings demonstrate that increased wage flexibility within a monetary

union, while potentially beneficial for international competitiveness, can exacerbate eco-
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Figure 6: Dynamic response of the HANK economy to a foreign demand shock under two different levels of
wage rigidity 0.5 (blue line) and 0.8 (red line).

nomic instability under certain conditions. Utilizing a Two-Agent New-Keynesian model,
the analysis highlights the dual impact of wage adjustments: the competitiveness channel,
which enhances demand for cheaper domestic goods, and the income channel, which re-
duces domestic consumption due to lower household income. The findings reveal that the
income channel’s destabilizing effects can dominate in the presence of significant financial
constraints, low price flexibility, and a high home bias in consumption.

This paper’s insights contribute to the broader discussion on labor market reforms in
monetary unions, suggesting that policymakers should carefully consider the conditions under
which wage flexibility is implemented. While flexibility can aid in adjusting to external
shocks, its potential to increase economic volatility and inequality underscores the need for a
nuanced approach that accounts for the specific economic context and the presence of other

structural frictions.
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Online Appendix

A Analytical Results

A.1 Steady-state

In steady-state, preference shocks are normalized to unity. As in the dynamic model, price
stability in the foreign economy implies that P* = P}, = 1 in steady-state. From the domestic
and foreign Euler equations, it follows that i = i* = % With stable prices in steady-state,
gross inflation remains constant at Ilp = Iy = Iy = 1.

We normalize the price ratio of foreign to domestic prices to one, implying that the terms
of trade are unity (S = ﬁ—fl = 1). We set the scaling parameter in the production function,
z, such that output is unity (Y = 1). Due to symmetry, aggregate international output and

consumption also equal one in steady state (Y = C' = 1). From the aggregate price equation

(6):
P=[wPi 4+ (1 —v)pPy

Given Pr =1, it follows that P = Pp = Py =1, further ) =1 and P}, = 1.
From the production function (21), it follows that N = 2 Ta. Profit maximization by
monopolistically competitive firms implies:
PH €H N«

P eH—lz(l—oz)w

Combining the previous two terms, we obtain an expression for the real wage w

1 EH—l
W= zZ2l-«

- (1—a).

Given that output is unity, the consumption of constrained agents is:

11—« el —1
C.=wN = MHY— H (1—a). (37)

Consumption of domestic (4), (27) and Foreign goods (5) implies

CH = (1 - I/)C,

26



Substituting this into the market clearing condition (20) implies Y = Cyp+Cj;, = (1—v)C+
vC*. Given that Y = C* = 1, aggregate consumption is C' = 1. Consumption of constrained
households is now implied by C' = (1 — A\)C, + AC,.. Solving for C, and substituting the
previous results yields

1 Aol -1

Cu=i 3" 1Ton e U9

The consumption gap between households v = % in steady state is

(1= 0)+ 5 (25 - (1 - )

T—a (38)

’}/ =
Now, we can back out z using equation (16) that determines the optimal wage setting of
the unions wN ™% = M- [(1 — A\)C7 + AC?]~" and substituting the steady state values of

w and N only, as the consumption of households is independent of z.

11—«

r= { w__en 1 [(1— N7 + AC;”]l}w .

ew—leg—11—«

Lastly, under complete markets, the risk-sharing condition (10) Cf = JQ%(C*)? implies
that the initial condition 9 depends on the relationship between consumption of constrained

households and international demand:
v =(C,)°.

Since C, > 1, ¥ is generally greater than unity. Additionally, it can be shown that the
consumption ratios % > 1 and % < 1, indicating that the steady-state consumption gap

between constrained and unconstrained agents vy > 1.
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A.2 Model derivations
A.2.1 Market clearing condition

Aggregate output in the economy is given by the demand for domestic goods by agents in
the Home and the Foreign economy Y; = Cy, + C;,. Substituting the demand schedules of
agents, equations (4) and (27) yields

P -n P -n*
= o (22) e (B) e
Ft

Log-linearizing the previous expression and substituting the exogenous process of shocks for

C} gives
~ ~ v *\ A Vo«
ge= QA =v)é+ 1 —v)(+——n")s + X (39)

where we use that py—p; = —v§;, and further 8, = pj,—py, = —Diyy. Settingn=n"=0 =1

yields equation (30) in the main text.

A.2.2 Consumption inequality

Firstly, recall that the consumption of unconstrained households is given by the risk-sharing
condition, equation (10).
Thus, substituting consumption of constrained and unconstrained households in the ex-

pression for consumption inequality yields

Ve = 1o (&) v C*—Pt

Further, using that aggregate output in the economy is ¥; = 2N}~ *(A g Aw,)~ ), and

rearranging the previous equation, we obtain

1/c P,
Mt = (X_:) Ct tl/UW_tY; T zTa (AWtAHt)il-
t

t

In deviations from steady state, using that ¢, = (1 — v)3§;, the consumption gap is

1 1

~

g — (1 —V)gst +;(>Zt —Xi) + ¢

. . 1
’Yt:—[wt‘i‘l
—«
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Substituting the definition for the shocks and substituting out international demand, and

setting a = 0, and ¢ = 1, yields the expression in the main text:
Ve = — [(«:}t + Y — (1 - V)gt] + ()A(t - X;t)

A.2.3 Aggregate Euler equation

The income of constrained households is C,; = %Nt. Unconstrained households face
a consumption-savings trade-off governed by their Euler equation, equation (9). Log-

linearizing the equation yields

Cut = Ee{Cupi1} — o ! (i — Ee{pus1}t — x¢e + Ee {Xe41}) - (40)

Further, we can rewrite aggregate consumption C; = (1 — X\)C,+ + AC..; when defining the
consumption gap between unconstrained and constrained households as v, = ng to arrive

at % = (1 = \) 4+ Ay ! Log-linearizing this expression yields

A

Ct — Cyt = —

Combining equations (40) and (41) and defining Ay, = E; {441} — Xt yields

A

mEt {AFA}/tJrl} : (42)

e =E {1} — o (i — Be {Rpup1} + A1) +
Solving this equation forward, consumption today depends on the sequence of future real
interest rate, as well as the current preference shock and the consumption gap:
1 1 A

Gy = —;Et Z (Gt — Rpprksr) + ;f(t - ﬂ_—w’%- (43)
k=0 7

A.2.4 Price Phillips Curve

As noted previously, to keep the model analytically tractable, we assume that a fraction
(1 — 0p) of optimizing firms (”0”) can reset their prices after the realization of shocks. The
remainder of Home firms ("m”) 6y set the prices at the end of the previous period. The
individual output of each firm depends on individual prices, as well as aggregate prices and

output, see equation (19). Taking the natural logarithm implies that y;; = yi—en(pjme—Dpmt)-
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Therefore, optimizers produce

Yo, jt = Yt — GH(po,th - th)- (44)

The optimal price that firms choose is determined by the markup over marginal costs:
Dojrt = pm + wy + anjy — log(z(1 — a)). Substituting that n; = ﬁyﬁ — ﬁlog z, the

optimal price is

PojHt = [l + Wi + Yit — Z, (45)

l1—«

where Z = ;%= log z — log z — log(1 — ) Combining the production of optimizers equation
(44) with equation (45) yields

1—a+ aey B QER
—————Pojmt = (U + W — pr + Y — Z) + Pt + pe
11—« 1—a 11—«
l—a (pum + + -2 Z) + l-a VH e +
ojHt = 7 Wy — —Z ,
Po,jHt 1—a+ aey HH ¢~ P 1—ozyt 1—a+ aey 1—04th pe

where the index j drops, implying that all optimizing firms choose the same price. Noting

that p, = prr — ¢4 + s = prr + vs; and rearranging the previous equation, we obtain

l—« o
o Ht = -z 46
Po,Ht 1_a+a€H(MH+wt+1_ayt Z+vSst) + put (46)
R 11—« R o, R R
:>po,Ht = 1 ot aen (wt + 1 _ayt+VSt) +th (47)

Non-optimizers choose their prices at the end of period t — 1:

Pt = B {ptg + wy — pe+ i + ang i — log(2(1 — a))} (48)
a
yt} (49)

= Prjmt = Eio1 {0 + P+ o 1} = Eg {0y + pr + T —a
1
The aggregate price index Py, = ( J 13]-1ng dj) '“<u in this specification is equivalent to Pg; =
1
(1- QH)PoljftH + QHPJI_[ZZ) tmen If P, gy = P, g in steady state, then it follows that py, =
(1 — 0p)Po.t + OuPm e Substituting the expressions for the prices of optimizing and non-

optimizing firms gives

“ N R a
yt] +E; {wt +vs + 1 ayt , (50)

R R R R (0%
WHt:Et—l [WHt]—i‘/iH wt+VSt+1
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1-0y 11—«
9H 1—a+aeH

where Ky = . Thus, Home price inflation depends on real wages, output, and
the terms of trade, just as in a standard open economy New Keynesian Phillips Curve.
Applying the assumption of iid shocks and replacing pg,; with the terms-of-trade yields

the Price Phillips Curve

—é’t:KJH |:(;)t+ gt+y§t:|7
11—«
~ RH . a
== . 51
S¢ 1+ v {%4' 1_a?/t} (51)

Lastly, to obtain the equation of the main text, let a = 0.

A.2.5 Wage Phillips Curve

Average marginal utility of consumption
Note that period utility of agents is Ug; = x¢ (u(Ck ) — v(Nk,)), thus the average marginal
utility of consumption in the economy is Uy = Ax;Cof + (1 — A\)xC, {. Log-linearizing the

expression yields

Uy = —0 (UeCep + UuCuy) + Xt (52)
. _ Cu s . _ \CT° o A — (1-N)C° o
where, using that v = z* implies u, = T AN — NS and u, = oo
(A-=X)y~7
A (I—A)y—7

Consumption of constrained and unconstrained agents
Aggregate output in the economy is given by the demand for domestic goods by agents in
the Home and in the Foreign economy Y; = Cy; + CF;,. Substituting the demand schedules
of agents, equations (4) and (27), as well as the composition of overall demand by domestic

agents in terms of the output gap C; = Cy (% +(1-— A)) yields

) (o) (B
Yi=(1-v)| — Cul —+0A =N ) +v| == Cr.
=0 () ew(Zra-n) e ()
Log-linearizing the previous expression gives

A

U= (1 —v) [nusé + ) + v [0S + & — Cu(1 — 1/);’%,

where we again used that py, — p; = —vs,, and further 5, = p}, — Py, = —Djy- Now, we can
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solve for consumption of constrained and unconstrained agents (note that ¢.; = ¢, — J1):

. 1 v o v A

Cuyt = myt — (771/ + mn )St mct + Cu;% (53)
1 v v A

bt = ———— Ty — g - —— 2 1] 4. 4

Cet (1 — 7/) Yt (77’/ + (1 . V)n )St (1 . I/) Ct + |:Cu,y :| Vi (5 )

Average marginal utility of consumption in terms of output, real wage and the
terms of trade

To obtain the average marginal utility of consumption in terms of output, the real wage and
the terms of trade, we combine the average marginal utility of consumption, equation (52),

with the consumption of agents, equations (53) and (54), to obtain

1
U = —0——0 +o(nr +

*\ A v A — A ~
) n")8 + 0 ——¢ + o + X,

v

(1-v) (1—-v)

ACOH Ay )
M-(1=X)y79)

follows since in steady-state C, < 1 and v > 1.

where © =

. Note that u is positive as the numerator is negative. This

Now, we can plug the expressions for the consumption gap in the previous expression to
obtain the average marginal utility of consumption depending on output, the real wage, the

terms of trade, as well as changes in exogenous parameters.

~ ~ A A Ak A A %
Up = —W Yy — WaWy + W3S, + W4l + WsXt — WeXy s (55)

where w; = ‘7<(1—y) +ur), wy = o, wy = U+ v(o(n+ ) —a), my =0 <(1_V) —1—21),
ws =1+ u, wg = u.

Labor supply schedule
The log-linearized version of the optimality condition for labor unions reads w;+1; —x: = ©ny,

plugging in equation (55) and solving for the real wage yields

Wy = Wy Y + PNy — WS, — 4,

w1
1—wog?

L o (e o) &+ atu - 102

P = 2 wg = 2 and aggregate shocks are summarized in 7 =

where wy = T T,

5The definitions of the auxiliary parameters in the appendix differ somewhat from the definitions in
the main text (as presented in the description of equation (34). The differences stem from the simplifying
assumptions in the analytical section; hence, the parameters in the main text are special case values of the
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Thus, a union that can optimize wages chooses
Woit = Wy Yt + Plolt — WSt — 4. (56)

Substituting the log-linearized labor demand function for labor variety I, 1oy = 74 — €y (Worr —
@) into the previous equation (56) determines the wage changes of optimizers as a function

of aggregate changes in labor:

1

Wot = ——— @y Y + PRy — WsS + Pewr — 34 .
1+ @ew
1 I P S+ Gews — 4
= wy + —— — wgs Ewwr — 1,
1+ @ew YT, Yt 58t T PeEW Wy t

The non-optimizing labor unions set a real wage
Wt = Wt — Py = By [Dor + D] — Pr = By [0 + Pt) — Dr- (57)
Bringing the two above results together gives us the real wage set in the economy

Wr = (1 — Ow)wor + Ow s

=(1—-0w) [y O + gy — wgdt — a4 + @ewwr] + OwEi—1 [0 + D] — Ow Dy

I+ pew

Next, multiply the equation with 1/0y, and subtract 1;:;W %djt on both sides:

1 1-— 9W pew R 1— 9W 1 @ . X R ) ) A
- _ _ B B - iy
(9W O 1+ ewo W T wy + 1o ) Ut = @sst = > + By 1 [0 + pe] — Dt

1—6w 1

— and note that we can rewrite
Ow 14+@ew

Further, define Ky =

1 B 1-— 9W @EW (1 + @Ew) — (1 — ew>@€W

Ow Ow 1+ewp Ow (1 + ewe)
1 + Owpew + Ow — Ow 1 — 0w Ow (1 + @ew)
— : = — 4+ A
Ow (1 + ew @) Ow (1 +ewp)  Ow(l+ewd)

Lastly, substituting the last expression on the left-hand side and rearranging the equation

definitions in the appendices.
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yields

Wy = Ey1 [0 + Py) — e + kw [(WY + %) Up — WSt — Wi — fft] . (58)

Thus, the wage Philips curve (in nominal wages) is given by:

. . o . e a

Wy = By [iy] + kw [(WY + m)yt — WSt — Wy — %t:| :
Further, note that @; + p; = w; — (1 — v)$;. Applying the assumption of i.i.d. non-persistent
shocks to equation (58) and using that 35 = ==X, + 7% (Xt — X3;), and setting a = 0
we obtain equation (34) in the main text

. . oo\ PN 1 v, U
o — (1 —=v)8 = ky {(wY + L)yt — Wes — W — 1, 12

1-a 1—al—v (Xt_XQt)}

. Kw @\ . 1 .
=0 = — V| — — (1 -
Wi 1+ reop {(wY‘F 1 —a)yt} 1+ ryp [kwws — ( V)] 5
Rw 1 14 N U “ ~
— * — i) . 59
- [1_u1_yx1t+1_u(xt XQt)} (59)

A.3 Proofs

Lemma 1. The dynamics of output in the simplified model can be expressed as

Ut = ayXe + ay X1y + a3Xa;, (35)

where the coefficients a,, aj, and a3 are combinations of the structural parameters of the

model.

Proof. Equations (30) to (34) determine the system’s equilibrium. Plugging equation (31)

into equation (32), and subsequently combining the new equation with (30) and solving for

U1, we obtain an expression of g; as a function of §;, @w;, and the three shocks. This yields
A (1—=v)XC.. (Q1—=v)(1=XC,) ,.

A v ¥ I/ o
Y=ot c et C (Xe =) + G oo (60)

where we define A= (1—v) [(1—v)(1 = AC.) +v(1+ )] and C =1 — (1 — v)AC..

To simplify the derivation, we can write the system generically and only focus on one
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shock at a time. That is, we can restate (60) as

. A . 1—v)A\C. . B; .
Yy = Est + %% + ?Xz‘t, (61)

where B; € {By, By:, By} relate respectively to Xu € {X¢, Xi;, X5:}, Where the parameters
are defined as B, = (1 —v)(1 — AC.), By: = v, and By; = —(1 —v)(1 - AC.).

Next, recall equation (33) from the main text (in its form from equation (51)):

A RH .

=4 62
St 1+KJHVWt’ ( )
and restate equation (34) as
. Kw N\ oa 1 . Kw
= — —(1-— — Dixi, 63
o= Ty + ) - o (awms — (L= )8~ T D, (09

where D; € {Dy, Dy+, Dy; } relate respectively to Xiu € {X¢, X1s) X54 )
J— u _ 1 _ _
Further Dy = 175, Dy = 15155 and Dyg = —175.

Thus, our generic equilibrium system consists of equations (61), (62), and (63).

To solve the system, first combine equations (62) and (63) to obtain

W= 1+ kgv) f(sw) (@y + @) §e — (1 + £uv) f(sw)DiXar, (64)

= Kw
= (4kw)(A+rgr)—(kwws—(1-v))kg

Next, plugging equation (62) into equation (61) yields

where f(kw)

oo (L=AC A kw . B
e = C Cltrgr)t T N

Inserting equation (64) into the previous equation and rewriting yields

[c _ ((1 _ G — A“—H) Flrw) (14 w0 (@ + @)} i

1+ kgv

_ {— ((1 —UAC, — Al“—H) F(rw) (1 + kgv)D; + B,} St
+ KV

Thus, yielding

U = i Xit, (65)
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— _ Bit(Asn—(1-)ACc(1+Kpv)) f(kw)Di
= CHArg—(1-v)ACe(1+kuv)) f(kw)(wy +6)

with a; and a; € {ay,af,a’}. O

Proposition 1. Whenever the parameters of the economy satisfy

1— 0 < (1—v)AC,, (36)

then an increase in wage flexibility amplifies the response of the economy to the shocks

{Xts X5 Xt }-

Proof. First note that ky = 1;:;‘” il +;EW is monotonically decreasing in #y,. Thus, to under-

stand the effect of a change in the duration of the wage setting 6y, we can focus on how a
99t .
any‘;/ :

change in the slope of the Wage Phillips Curve affects the output response, i.e.

09 (Akg — (1 = v)AC(1 + kgv)) f'(kw) (Bi(wy + @) — CD;)

Orw — [(Arg — (1= )AC(1 + rav)) (wy + @) f (k) + CJ

)

1+ryg
[(A+rw)(A+rpv)—(kwws—(1-v))kn]
which makes it positive.

where f'(kw) = 5 > 0. The denominator is a squared term,

The sign of (B;(wy + @) — CD;) depends on the shock. We now examine the sign of this
expression under each type of shock and show that it is positive for all of them. If the sign
is positive for all three shocks, this implies that the sign of Axy — (1 — v)AC.(1 + Kyv)
determines whether increased wage flexibility stabilizes the output response.

Under a foreign demand shock the expression (B;(wy + @) — CD;) can be rewritten as
By:(wy +¢) —CDy: = 1% (u+9) + (1 - ’/))‘CC(l—a)VW' It is straightforward to show that
u € (0,1), given that v > 1, 0 < A < 1 and 0 < C. < 1. Therefore, it is easy to see that
Tt 9) + (1 =v)ACeg=7 > 0, as (1— 1), (1 —v) > 0.

For the foreign interest rate shock, it needs to hold that —(By;(wy + @) — CDy;) =
—1=[av — (1 = AC.)(1 + ¢(1 — v))] > 0. Rearranging this equation, it therefore needs to
hold that v (u + ¢(1 — AC,)) < 1 =AC.+ (1 —AC.). This inequality is linear in v. Consider
the two limiting cases for the openness parameter v: as v approaches 0, it is obvious that the
previous condition holds, given that (1 — AC.) > 0. As v approaches 1, it needs to hold that
4 < 1 — AC,. Plugging in the definition of @ and rearranging the inequality, we obtain the
condition that 0 < (1 — X\)y~7 needs to hold. It is straightforward to see that the inequality
holds.

Lastly, for the domestic demand shock it needs to hold that By (wy + ¢) — CD, =

1-v)1-XC)(1—u) Y ((1—v) ' +u+p)—(1—(1—v)A\C.)u > 0. Rearranging, we obtain
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that this term will be positive whenever 1+ ¢~ — (1 + %(l_icc)) > 0. The LHS can be

expressed as LHS = (1—v)+ ¢ (1 — Vlj\oc ). As established above for the foreign interest

rate shock, we know that @ < 1 — AC,, which implies that LHS > (1 —v)+¢ (1 —v) > 0.
Thus, for all three shock the expression B;(wy + @) — CD; is positive.

Therefore, the sign of Aky — (1 — v)AC,(1 + kpv) determines whether increased wage
flexibility stabilizes the output response. Note that this term is independent of shock-specific
parameters. Using the definition of A, we can back out the condition under which a change

in wage flexibility amplifies the output response, i.e.

(I—v)|(1—=v)1—=XC,) +v(1+ %) kg — (1 —v)AC.(1 + kgyr) < 0.

Rearranging yields

- (1—-v)\Cc
T —v)ACe

K

Note that kg = 15? , which we can now substitute into the previous expression

1—-0 < (1 — V))\Cc.
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B Quantitative Results

B.1 Foreign demand shock
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Figure 7: Dynamic response of the economy to a foreign demand shock under two different levels of wage

rigidity 0.5 (blue line) and 0.8 (red line).
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Figure 8: Dynamic response of the economy to a foreign demand shock under two different levels of wage
rigidity 0.5 (blue line) and 0.8 (red line).
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B.2 Foreign demand shock - Sensitivity to trade elasticities

A Peak response: 6,=0.5 vs. 6,=0.8
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Figure 11: Trade elasticity parameters set to n = n* = 0.5. Peak difference in the response to a foreign
demand shock between an economy with relatively flexible prices (8 = 0.5) and an economy with rigid
prices (A = 0.8). Positive values indicate higher volatility under flexible prices.
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Figure 12: Trade elasticity parameters set to n = n* = 2. Peak difference in the response to a foreign
demand shock between an economy with relatively flexible prices (8 = 0.5) and an economy with rigid
prices (O = 0.8). Positive values indicate higher volatility under flexible prices.
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B.3 Interest rate shock
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Figure 13: Dynamic response of the economy to an interest rate shock under two different levels of wage

rigidity 0.5 (blue line) and 0.8 (red line).
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A Peak response: 6,=0.5 vs. 6,=0.8
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Figure 15: Benchmark calibration. Peak difference in the response to an international interest rate shock
between an economy with relatively flexible prices (fy = 0.5) and an economy with rigid prices (8w = 0.8).
Positive values indicate higher volatility under flexible prices.
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C Calibration to Eurozone countries

In section 4.3, we explore the scope for recessionary wage flexibility in the economies of the
EMU member states. The calibration in this analysis follows the strategy outlined for Table
1, except for four key parameters, which we calibrate to capture the specific properties of the
economies. Those parameters are: (i) the fraction of constrained households in the economy,
A; (ii) the trade openness of the economy, v; (iii) the price rigidity, 8y; (iv) the curvature of

the production function, a.

Table 2: Country-specific parameters

Country A v Oy Q

Austria 0.118 0.521 0.804 0.188
Belgium 0.186 0.794 0.705 0.168
Cyprus 0.377 0.690 0.764 0.330
Estonia 0.347 0.737 0.764 0.294
Finland 0.217 0.393 0.764 0.274
France 0.192 0.310 0.779 0.203
Germany 0.240 0.381 0.776 0.204
Greece 0.516 0.337 0.797 0.280
Italy 0.230 0.279 0.828 0.244
Latvia 0.634 0.607 0.703 0.302

Netherlands 0.181 0.734 0.764 0.198
Portugal 0.266 0.391 0.764 0.231
Slovakia 0.327 0.782 0.746 0.362
Slovenia 0.477 0.801 0.764 0.229
Spain 0.239 0.309 0.754 0.212

Table 2 presents the values of the parameters for our country sample. The fraction of
Hand-to-Mouth households is chosen based on the estimates from Almgren et al. (2022). We
restrict our analysis to the eighteen eurozone countries included in their study. The degree of
financial constraints varies substantially across the included countries, from as low as 10.3%
or 11.8% for Malta and Austria, respectively, to as high as 63.4% for Latvia.

We measure trade openness as the average of imports and exports to GDP, and we
evaluate the average value of this ratio over the period 2002-2024. This period captures
the years from the establishment of the euro area. For consistency, we do not differentiate
between early- and late-joining countries. We use OECD data. Trade openness ranges from
barely 28% for Italy to 80% for Slovenia. We dropped Ireland, Luxembourg, and Malta, for

which our measure of openness exceeds 100% of GDP.
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Similarly, we calculate 1 — a from the long-term average of the labor income share as
a percent of GDP corrected by the price margin of firms. We use data for the maximum
available period 2004-2024 provided by the International Labour Organization.

Finally, our calibration of price rigidity relies on the estimates in Gautier et al. (2024).
Their study does not include parameter values for six out of fifteen countries in our remaining
sample. Since the parameter values for the countries included in the sample do not differ
substantially — ranging from 70.3% to 82.8% — we decided to use the euro area average for

the countries not available in the sample. The imputed values are reported in italics in Table
2.

0.5 T P 0.5 GR T
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Figure 16: Difference in peak responses to a foreign demand shock between an economy with relatively
flexible wages (0w = 0.5) and an economy with rigid wages (0 = 0.8). Positive values indicate higher
volatility under flexible wages. The differences in peaks are plotted against the values of the four parameters
calibrated at the country level.

Figure 16 plots the relative difference in peak responses between an economy with flex-
ible and rigid wages against the values of the parameters calibrated at the country level.
There is a strong positive relationship between the effect of wage flexibility and the share
of financially constrained households (as shown in the upper-left subfigure). Countries with
more constrained households are more likely to exhibit recessionary wage flexibility. Simi-

larly, in the upper-right corner, one can observe a strong relationship between trade openness
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and the effect: less open economies are more likely to exhibit the amplifying effects of flex-
ible wages. The correlation of price rigidity with the studied effect (lower-left subfigure)
is smaller. A potential explanation of this might be the reliance on imputed data and the
relatively low dispersion of this measure. In general, euro area countries face a similar degree
of price rigidity. Finally, our effect correlates only weakly with the labor share (lower-right

subfigure).
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D HANK Model

The baseline setup of this small open economy model follows Gali and Monacelli (2016) and
Auclert et al. (2021). Relative to Gali and Monacelli (2016), international asset markets
are incomplete. Further, dividends are not directly allocated to households but impact the
return on assets of households as in Auclert et al. (2021). Relative to the benchmark setup
in Auclert et al. (2021), prices are sticky, individual income risk can depend on the business
cycle, and the production function possesses decreasing returns to labor. Further, domestic

monetary policy ensures a currency peg vis-a-vis the rest of the world.

D.1 Households

Domestic households are heterogeneous as they face idiosyncratic productivity shocks ey.
Domestic households maximize their utility over consumption. They derive utility from a
consumption basket ¢; that consists of domestic ("H”) and international goods ("F”) with

respective consumption cy; and cpy :

n
n—1 1 n=t|n-1

o= |vicp +(1—v)ncg] . (66)

The openness of the economy is determined by v. n > 0 is the elasticity of substitution
between domestic and international goods. Households’ labor supply is determined through
labor unions that ration labor supply such that all households provide the same amount of
labor N, at real wage %, let Z; = Nt%. Moreover, households are subject to idiosyncratic
productivity shocks e; and household income z; can depend on the business cycle. This
implies that individual household income is determined by

1+ log(Z:)
=Ty — (67)

E[e;;rclog(zt)] ’
following the set up in Auclert and Rognlie (2018). ¢ determines the cyclicality of income
risk, where ¢ = 0 implies acyclical risk (standard HANK setup and the calibration in the
additional results), ¢ < 0 implies countercyclical risk and ¢ > 0 implies procyclical risk.
Further, households can save into a domestic mutual fund, household ¢ optimally chooses
mutual fund position a;.1 in period ¢ that is paid back in the next period including its
return 7. Given the idiosyncratic productivity shocks and the borrowing constraint a that

households face, households differ in their optimal consumption and savings. The dynamic
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programming problem that households solve is thus given by

Vila,e) = max u(cp,cn) — v (Ny) + BE; Vi (d, €)] (68)
CF,CH,Q
P P
st e+ Lep+d =0+ a+z (69)
P, P,
a>a (70)

Households’ utility function is

() = 4 ()
u(cy) = )
t l1—0
and
N,te
N,) = k* . 72
o(N) =R (72

Pr; is the price of the Foreign good in domestic currency, Py, is the price of Home goods,

and the consumer price index is defined as

Po= [P+ (1—v)Py (73)

D.2 Domestic demand

On aggregate, consumers in the Home economy consume Home and Foreign goods according

to
P -n
Crr = (1—v) (ﬂ> C,, and (74)
P,
P -n
CFt =V (ﬁ) Ct (75)
Py

D.3 Labor Unions

Similar to the formulation in Auclert and Rognlie (2018) households supply their labor
services to a labor union. The labor union maximizes welfare of the average household in

the economy and all households are employed for the same amount of hours. A standard
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formulation of the wage Phillips curve is given by

v (N,
(Mwe — 1) = &" # — 1|+ B8(Ilwes — 1), (76)
M—wwtu (Ct)
where the slope is given by k"W = % as in a standard formulation derived from

a Calvo specification, where (1 — 6,,) is the share of unions able to adjust their wages in a
given period and €, the elasticity of substitution between different labor services. Nominal

gross wage inflation is

(77)

D.4 Foreign

The Foreign economies are symmetric to Home. For simplicity, we assume that monetary
policy abroad ensures price stability of the foreign goods in foreign currency, with Py, =1
and since the Home economy is small it also follows that the international consumer price
index is stable P/ = 1. Further, the law of one price holds, therefore Pr; = Pj,. The real
exchange rate is given by

Py

Q= B (78)

The terms of trade determine how many domestic goods the Home economy needs to give
up to obtain one Foreign good: S; = ﬁ_f,i- Foreign households’ consumption of the Home

good (the export demand) amounts to
Chy=v (P) " €, (79)

where C is the worldwide demand for goods. As in Gali and Monacelli (2016) and Auclert
et al. (2021) worldwide aggregate demand is exogenous. The Home economy is subject to
world demand shocks. 7n* is the elasticity of substitution between the different varieties of

international goods. The law of one price also holds for Foreign goods, implying that

Py = Ppy,. (80)
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D.5 Domestic Firms

Intermediate goods firms j € [0, 1] produce good j monopolistically subject to technology
with decreasing returns to labor. Productivity is constant at z¥ and used as a scaling

parameter.
Vi =2"Nj . (81)

Firms pay the nominal wage according to the effective units of labor supplied by households.

Intermediate goods firms are subject to price rigidities. Only a fraction of (1 — 0y) firms

can reset their price every period. Domestic output is aggregated through standard CES

technology by final goods-producing firms. The rigidities give rise to a standard formulation

of a New Keynesian price Phillips Curve for the Home good:
Ny P,

My — 1) = 6 [ gl —~=—(1-a)' =1
(= 1) = (s (1= )~ 1) +

II —1). 82
T (e =) (52

where the slope is given by £ = (U=0m)U01B) _1-a a5 in Gali and Monacelli (2016). PPI

On 1—a+aep
inflation is defined as Ily; = %. pt = Gfil is the steady state markup that monopolistic

firms charge over their marginal cost, which is determined by the elasticity of substitution

between different Home goods varieties in the aggregation of the final good. Lastly, real
dividends that firms obtain are given by the real revenues obtained from selling Home goods

to domestic and international households reduced by the effective real labor costs:

Dt = _}/t — tht- (83)

D.6 Financial sector

The setup of the financial sector closely follows Auclert et al. (2021). In the Home economy,
a risk-neutral mutual fund invests in three asset types: domestic nominal bonds that yield

interest 7;, foreign nominal bonds that yield ¢; , and domestic firm shares that yield return

pt+1+Dit1
pt

The mutual fund issues claims to households that yield a real return of 77 to households. The

, where p; is the end-of-period price of (a unit mass of) outstanding firm shares.
aggregate real value of claims at the end of period t is A;. The objective of the mutual fund

is to maximize the expected real rate of return r7,,. As shown in Auclert et al. (2021) this

implies that the expected returns on all assets are equal which implies that the uncovered
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interest parity condition holds:
(1+4¢) = (1 +1y). (84)
The Fisher equation defines the ex-ante real interest rate as
(1+4) = (1 4 r)ygq. (85)

The ex-post real return of the mutual fund is defined by (1 4 i/)II;* = (1 + ), This setup
implies that the ex-post real return that households receive on their mutual fund claims is
equal to the ex-ante real rate for domestic bonds, the ex-ante real return on domestic stocks,

and the international ex-ante interest rate adjusted for real exchange rate movements:

+ D .
_ Pt t+1 (1 +zt)Qt+1.
Dt Q:

(T+rip) =1 +7) (86)

Note that since international prices are held constant, the nominal and real international
interest rates are identical. Further, as in Auclert et al. (2021), the real net foreign asset

position is defined as
nfat = At — D¢, (87)

i.e. the difference between the overall value of assets held domestically minus the value of
assets that are in net supply in the Home economy. Further, the current account is given by

net exports plus valuation effects
nfa; — nfa, 1 = NX; + r,_infa,_q, (88)

where net exports are the difference between the real value of exports minus the real value
of imports NX; = %Cgt — %Cpt.
D.6.1 Monetary Policy

The central bank is assumed to adjust the domestic nominal interest rates to move one-to-one
with the international interest rate. Therefore, the nominal exchange rate in the economy is

fixed at e, = g, for all ¢.
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D.7 Market clearing

Market clearing for domestic goods implies that

Further, asset markets, labor markets, and Foreign exchange markets clear in equilibrium.

D.8 Additional Calibration

The calibration of the HANK model is identical to that in Table 1 for all values, except for
A and . For 8 the internal calibration of the model implies a value of 8 = 0.96. Further, we
choose ¢ = —0.5, as in Auclert and Rognlie (2018). However, figure 17 demonstrates that
recessionary wage flexibility in the HANK model does not hinge on the assumption that
income risk is countercyclical (¢ = 0). The minimum asset level on the grid is —0.1, the
maximum level is 200., and the number of asset grid points is 200. Following Auclert et al.
(2021), we choose a persistence of idiosyncratic productivity shocks to be 0.92, the standard

deviation of 0.60, and the number of income grids to 14.
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Figure 17: Dynamic response of the HANK economy to a foreign demand shock under two different levels
of wage rigidity 0.5 (blue line) and 0.8 (red line) with acyclical income risk (¢ = 0).
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