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A Expansionary demand shock

This appendix shows the responses to a positive demand shock, where the asymmetric unem-
ployment targeting rule does not kick in (unemployment falls in the case of a positive demand
shock)ﬂ Figures and show the euro area responses, and Figures to show the
country-specific responses. Recall, however, that the ASUT rule only makes sense when ¢ > 0
(if ¢y = 0, it is identical to strict inflation targeting rule). Therefore, for a fair comparison of
strict inflation targeting rule and an ASUT rule, one should compare the dashed red lines in the
left column of the charts with the full black lines (for a moderate response to unemployment,
¢u = 2) and the red dotted lines (for the more aggressive response to unemployment, ¢y = 3) in
the middle column of the charts. At the same time, one should keep in mind that in Figures 7?7
to 7?7 the performance of the ASUT rule is also identical to strict inflation targeting rule. This
makes it clear that the the ASUT rule preserves the benefits of expansionary demand shocks for
employment, while it mitigates the downturns in employment caused by contractionary demand

shocks, as demonstrated in the main text.

B Equalising labour markets only with respect to the replace-

ment ratio

In the counterfactual reported in the main text, we set all targeted quantities in the calibration
of the REA to be equal to those in Home. As explained in the main text, this involved many
changes, but most of them were small and turned out not to be material for model dynamics.
To demonstrate this, we report here the case where we set only the replacement ratio for the

HtM households in the REA equal to that in Home, while keeping all other deep parameters

unchangedﬂ The results are reported in Figures |A-6| |A-7| and |A-8] and are not materially

different from the figures reported in the main text. This indicates that it is indeed the case

that the change in the replacement ratio of HtM households is the main driver of the differences

!The shock has been calibrated to achieve a 1 p.p. decrease in the euro-area-wide inflation rate at the trough.

2Note that changing unemployment benefits in one country affects the steady state of all blocs in the model.
This opens a question of what to do with the ”deep” parameters that are calibrated to target a particular
variable (e.g., steady-state unemployment rate, which is matched by adjusting the separation rate). To perform
the counterfactual reported here, we first calibrated the model as in the benchmark case. We then collected all
”deep” parameters, in particular the quasi-shares in trade aggregators, vacancy posting costs, matching efficiencies,
bargaining powers and separation rates. We kept these at the same values as before the change in the replacement
ratio, and re-computed the steady state with the new replacement ratio in the REA.



F1cUre A-1. Expansionary monetary policy shock: area-wide demand components
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Horizontal axes: quarters; vertical axes: percent deviations from the steady state. All variables are in real terms.



FIGURE A-2. Expansionary monetary policy shock: area-wide variables
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F1GURE A-3. Expansionary monetary policy shock: country-specific demand components
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FIGURE A-4. Expansionary monetary policy shock: country-specific variables
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F1cURE A-5. Expansionary monetary policy shock: country-specific variables
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in the counterfactual experiment.

FIGURE A-8. Negative demand shock counterfact.: lower replacement rate in the REA
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F1GURE A-6. Demand shock counterfactual: lower replacement rate in the REA
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FIGURE A-7. Supply shock counterfactual: lower replacement rate in the REA
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C Expansionary demand shock, Home and REA labour markets

“equalis

ed”

FiGURE A-9. Demand shock counterfactual: Home and REA labour markets ”equalised”
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D Wage Phillips curve and inflation-unemployment trade-off

Labour market frictions in the model affect the trade-off between inflation and unemployment.
While the detailed investigation of the effects on Phillips curves is beyond the scope of this
paper (note that there are three price Phillips curves in the model - one for tradable goods,
one for non-tradable goods, and one for exports - there are also two wage Phillips curves - one
for Ricardian and one for HtM households), we show here how the trade-off works for the new
labour market features of the model. To do so, we consider the following experiment. Suppose
that wages were more flexible than in the benchmark calibration (where they are quite rigid
with the Calvo parameter at almost 0.9). We therefore lower wage rigidity for workers that
renegotiate wages to 0.75 (average wage duration of four quarters) in both blocs of the euro
area. This changes the slope of both wage Phillips curves (for Ricardian and HtM households)E]
We then re-run the inflationary supply shock with all three rules. The results for the euro area
are shown in Figure with dashed lines showing the benchmark case with more rigid wages
and dotted lines showing the case with more flexible wages.

More flexible wages change the inflation-unemployment trade-off, so that for the same shock,
and for all the rules considered, both inflation and unemployment increase by less, with unem-
ployment increasing much less than inflation. The reason is the fall in wages, which reduces
inflation and at the same time shields unemployment, for the following reason. An inflationary
markup shock causes a recession, but in the case of more flexible wages, the labour market can
adjust better by lowering wages. The latter happens because in the recession, workers’ proba-
bility of finding a job falls. This means that also their value of being unemployed - which in part
depends on the probability of finding a job - falls. They are therefore willing to accept lower
wage in the wage bargaining process. On the other hand, lower wages mean that firms reduce
employment by less than they otherwise would, because labour is now cheaper. This mechanism
changes the inflation-unemployment trade-off, so that with more flexible wages, the outcomes
are more favourable both in terms of inflation and unemployment, under all monetary policy
rules considered.

However, more flexible wages also imply that wages of HtM households fall by more, and

this is not fully offset by the lower increase in unemployment of these households. Because HtM

3Note that we could also lower the rigidity of wages for newly-hired workers, which would have very similar
qualitative implications as the experiment shown here. Because wages of new hires are already more flexible in
the benchmark calibration, we focus on wages of existing workers.
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households’ consumption depends on their labour income, this means that their consumption
also falls by more than consumption of Ricardian households, who can smooth consumption and
therefore offset the temporary adverse shock. This can be seen in the last two rows of Figure
where consumption inequality increases by more when wages are more ﬂexibleﬁ This

holds for both blocs in the euro area and under all monetary policy rules considered.

“In Figure we only show wages and unemployment for HtM households, but the same applies for
Ricardian households.
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FIGURE A-10. Inflationarv supply shock: The role of wage Phillips curve
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E Lower bargaining power of hand-to-mouth households

The difference in the bargaining power of Ricardian and HtM households is potentially an im-
portant issue, as it influences the heterogeneity of wage (and therefore unemployment) responses
of the two types of householdsﬁ In the main body of the paper, we assumed the bargaining
power is the same across the two types of households. The reason for this assumption was that
the empirical evidence on the bargaining power of skilled and less-skilled workers is limited.
The problem is that wages are rarely or almost never available by skill level, see e.g. |Dumont
et al. (2012). Bargaining power is usually related to the degree of unionisation, which has tra-
ditionally been higher in low-skilled professions, which would suggest these workers had higher
bargaining power. However, this has been declining in recent years for many reasons, ranging
from globalisation (for an early overview, see Rodrik (1997))) to skill-based technological change
(Acemoglu et al| (2001)), among others. Given this evidence, it is likely that the bargaining
power of more unionised low-skilled workers used to be higher than the bargaining power of less
unionised high-skilled workers, but that it has since declined from the higher initial levels.

As a robustness check, we consider the case where the bargaining power of low-skilled workers
may be lower than in our benchmark calibration. To investigate whether this affects our results,
we recalibrate the bargaining power of HtM households to a lower level, n; = 0.2, compared to
the benchmark 7; = 0.5 and re-run the simulations. The results, compared to the benchmark,
are reported in Figures[A-11] (for the REA) and (for Home) for the contractionary monetary
policy shock and in Figures (for the REA) and (for Home) for the inflationary supply
shock.

Note that lowering the bargaining power of HtM households further lowers their steady-state
levels income and consumption (which is already low because these households do not receive any
income from capital and because their steady-state level of unemployment is higher). Moreover,
it also changes the dynamics of their wages and employment. Specifically, after a contractionary
demand shock (Figure for the REA and Figure for Home), their wages fall somewhat
more and the fall is more persistent. This increases the value of such workers for firms, as
they can pay lower wages for longer, and in response they keep more HtM workers employed,
resulting in lower increase in unemployment, but at the price of lower wages and also more

persistent unemployment (compared to the benchmark case, see the dotted lines in the last two

SWe thank the anonymous reviewer for pointing this out.
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rows of Figures and |A-12). Because lower wages and lower employment roughly offset each
other, our main results are not materially affected - output follows a very similar path as in the
benchmark case and the result regarding the disparity in consumption levels of Ricardian and

HtM households is also confirmed. The same is the case when we examine inflationary markup

shock, shown in Figures [A-T3] for the REA and for Home.
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F1GURE A-11. REA, contractionary demand shock: Lower bargaining power of HtM
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FiGURE A-12. Home, contractionary demand shock: Lower bargaining power of HtM
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FicUure A-13. REA, inflationary markup shock: Lower bargaining power of HtM households
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FIGURE A-14. Home, inflationary markup shock: Lower bargaining power of HtM households
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F Main model equations

This section reports model equations that are important for understanding parts of the model

not directly related to the labour market. It follows Gomes et al.| (2010]) and |Gomes et al.| (2012).

F.1 Households

Utility of two types of households in the model, Ricardian (s = ¢) and HtM (s = j) is:

iﬁk 1—k (csprr — kCs k-1 e 1 JREs (1)
e~ l—0o 1—k 14 ¢ stk

where ¢, ; is consumption, [ is the discount rate, o is the inverse of the intertemporal elasticity

E;

of substitution and ¢ is the inverse of the elasticity of hours worked, h,;, with respect to the
real wage. k is the degree of habit formation in consumption of each type of households, where
the habit depends on the aggregate consumption of the type, Cs;.

Ricardian households hold capital, domestic government bonds By, paying the rate R; set
by the central bank, and internationally traded bonds denominated in US dollars B}, paying
R} set by the US central bank. Investment in capital is subject to investment-adjustment costs
that give rise to the standard optimality condition (Tobin’s marginal ¢). The Euler equation
with respect to domestic government bonds is

(2)

wlest) =P <u/(cs,t+1)Rt(1_FB’t+l)> ’

Tt4+1
where I'g 141 is the transaction cost for the euro area traded bonds, which depends on the intra-

EA bond holdingsﬁ There is an analogous Euler equation for internationally traded bonds:

3)

U’(Cs,t) =7 <U,(Cs,t+1) t( B ,t+1) ?”ert+1>

*
ﬂ—t-i-l rerg

where rer; is the real exchange rate and I'g« is the international transaction premium for US-
denominated bonds, where StH US is the nominal exchange rate, expressed in terms of units of

Home currency per unit of US dollars:

SH’USB* SH,USB*
Twe ¢ t+1, — s ¢ 1 _pe | 1) — 4
B <Py,th ;D 7B+ | exp TR > Dy (4)

5The bond traded in the union is in euros and the transaction cost is needed to stabilise the model.
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where vp~ is a parameter, Bigk/ is the steady-state net foreign asset position, rp; is a risk premium
shock, Py; is the GDP deflator, Y; is the GDP in real terms. The term I'p ;41 in the Euler
equation for euro area bonds is analogous and depends on the target for intra-EA bond holdings.

For further details see the Appendix in |Gomes et al.| (2010).

F.2 Final goods

Final goods are consumption goods Q¢ and investment goods Q)+ (to save space, we list equa-
tions only for consumption goods, as the equations for investment goods are analogous). They
are assembled from tradable goods, T7¢; and non-tradable goods, NT¢; using the constant

elasticity of substitution technology:

e}
1 ro—1 N ro—1l | po—y

vECTTLC + (1 —ve)ie NT4C

Qe =

where:
e
1 ppo—1 MTc—ll HTC—1

_1
TTC,t = [U;gc HTC:;TC + (1 —_ VTC) vKel IMC:TC

(6)

Tradable goods are a composite bundle of of domestic tradable goods, HT¢;, and imports,
IMc,;. Imports, in turn, are also a composite of imports from other regions C'O, denoted by

IMc.co,, and H stands for the home country:

1 Rimc
BIMCT | Bppro—1

PV IMec.co :
IMcy = Z (y;[MCC'O> HIMC <IMC,CO,t <1 . F?MCCO (Q,,t) )) IMC %
COZH o

Parameters puo, pure, and prase are intratemporal elasticities of substitution between the

inputs in the production functions, while vc, vre, and vy, are weights (quasi-shares) of the

v =
Mc IMc Qg,

is the adjustment cost for bilateral consumption imports of country H from country CO, where

inputs into the production functions, with >0y .00 _ 1. The function TH¢9 <IMC'CO’t>

~vrpe determines the magnitude of the cost:

M M, ?
FH,CO ( C,CO,t> _ Yrmc < C,CO,t/QC,t - 1) ) (8)

Ime Qct 2 \IMccos—1/Qci—1

A firm chooses the combination of the tradable and nontradable bundles that minimizes the
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expenditure PyrH Tt + Prye (I Moy + PnriNTog subject to technology constraints and

@, taking the input prices as given, which yields the following demand functions:

P —HTC P —HC
HTcy = vreve < 2L > (TTCt> Qo 9)
Prre it P Gt
P —wre /P —ne
IMcy = (1-vre)ve <PIMC’t) <;TCt) Qo (10)
TTC t Ct
P —HC
NTC,t = (1 — Vc) < ;VT,t) QC,t (11)
C\t

PH,CO —HIMC M
IMocoy = vive? IMt L 2)
) 1-T

({
c {
Y (PIMC I IMeco4/Qes M0 (IMe,cos/ Qe

)

The term Fg\chT (IMS Oto t) in the bilateral import bundle is the derivative of the adjustment

cost.

The corresponding cost-minimizing prices are:

Poy = [chngCt +(1-ve) P]{f}!ftc} i (13)
Prrey = [VTCPET*;TC + (1 —vre) PIM%Tf} e (14)
p _ H,CO Pﬁfto e\ e 15

IMCt = COZ;,H Vine F?AfCOT (IMtC’CO (@) /Qcs (x)) . (15)

F.3 Intermediate goods

Non-tradable (Y ) and tradable (Y7+) intermediate goods are produced using a Cobb-Douglas

technologies:

Yne = aniKWNN Y — iy (16)
Yo = 2 K§EN T =g (17)

where ¥ and 7 are fixed costs. The inputs are homogenous capital services, Ky ; and Ky,
and labour services, Ny and Ny ;. Capital services are supplied by domestic households under
perfect competition, yielding that demand for capital is determined by its marginal product

being equal to the rental rate, while labour demand is determined by the marginal product
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of labour at intermediate goods firm being equal to the cost of labour determined by labour

packers, as described in the main text. zy; and 27, are sector-specific productivity shocks.
Note that the labour market clearing implies that the total labour services provided by

the labour packer (see equation ?? in the main text) must equal to the labour demanded by

intermediate goods firms:

ny = NNﬂg + NT,t- (18)

Goods markets for non-tradable and tradable goods clear by equating supply and demand.
Demand for non-tradable goods comes from demands for non-tradable consumption and in-
vestment goods, (NT¢; and NT7,), and from government (Gy), which is fully biased towards
non-tradable goods. Demand for tradable goods comes from demands for tradable consumption
and investment goods (HT¢y, HTr,) and from trading partners’ imports (IMco mt). SNt

SHT,t, and s)lgtc 9 are price dispersions in non-tradable, tradable, and export sectors:

Ynie = sni(NToy+ NTr;+ Gy) (19)

)

YTﬂg = SHT’t(Hcht-l-HT[,t)—f— Z ngtcochqu,t (20)
COZH

F.4 Price setting

Price setting follows the standard (Calvo| (1983)) framework. Intermediate goods firms, however,
set prices differently, depending on the market to which they are pricing their goods. This
applies to non-tradable, home tradable and to export goods, in the latter case also for each
export market separately (the so-called local currency pricing framework). Prices that are not

reset are indexed to a composite of past inflation and inflation target.

Price setting for non-tradable goods. All non-tradable goods firms that are able to reset
their prices, which happens with the probability 1 — &y, choose the same price ]BNTJ. Firms that
do not reset their prices index their prices according to P, = (IIn7¢—1)*N ﬁl_XNPt,l, ie., to
a geometric average of past sector-specific inflation, IInr;—1 = Pnr¢—1/PnNTt—2 and the (con-
stant) inflation target, II. The parameter y measures the degree of indexation. Reoptimising

firm maximizes the discounted sum of its expected nominal profits subject to the price-indexation
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scheme and taking as given the demand for its brand. The marginal costs M Cy; are symmetric

across producers. A; ;¢ is the stochastic discount factor of i-type households, who own firms.

) NTiik

Firms whose price contracts are re-optimized set prices to equate the discounted sum of expected

The implied first-order condition is:

o0

S () Ao (H wy,,, T

k=0

N
= 21
o 0@

revenues to the discounted sum of expected marginal costs.
With price setting as described above, the sector-specific price index Py is:
1-6 1-6 %
—1— —on ~ —OUNn [ 1-0N
Pnry = {EN (H?‘vNT’tle XNPNTJFl) +(1—¢&w) (PNT,t) } (22)
Price setting for home tradable goods. Price setting for home tradable goods is analogous

to that of non-tradable goods. The probability of resetting the price is (1 — £x). The sector-

specific price index Pgr ¢ evolves according to:

—1— 1-0r ~ 1—-6p 1-6p
Pyt = [SH (HXH}{F’t_IH XHPHT,tA) + (1 —¢&n) (PHT,t) ] (23)

Price setting for export goods. Firms discriminates across countries, by invoicing and
setting the price in the currency of the generic destination market CO (local currency pric-
ing assumption). The probability of optimally resetting prices (1 — £x), and all firms that
reset their prices choose the same price ﬁg ,tCO’ while the others index their prices to P)(g(t) =
(Hgg Ol> M PXt 1, Where HX’t 1= Pg tC? / Pg ﬁg is the sector-specific inflation. For-
eign inflation target is time invariant and equal to the Home inflation target, o =TI

The bilateral exports price index (of country H to the generic country CO) is:

PHCO [SX (( gfﬂ) - xxp)lzltc?>1—9T (1—§X)( HCO)1—9T}119T (24)

F.5 Labour market

We construct an enhanced labour market structure that we build onto the EAGLE model de-
scribed above. The labour market features search frictions as in Mortensen and Pissarides| (1999),

but adds sticky wages by means of staggered wage setting, and a potential to distinguish wage
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stickiness of new hires and existing workers. This approach follows broadly Bodart et al.| (2006)
and |de Walque et al.| (2009). In addition, we distinguish between labour market segments for
Ricardian and HtM households, each of which can have their own unemployment, hours worked,
wage setting, and different wage rigidities for new hires and existing workers.

The aim of this relatively complex structure is to capture the labour market more realistically
in an otherwise two-agent model, in particular the fact that it is likely that wages for new hires
are more volatile than wages for existing workers (see e.g. [Haefke et al.| (2013)) and Lydon and
Lozej (2018])) and that it is likely that poorer households are often those for whom employment
outcomes are more susceptible to business cycle fluctuations than for richer households. This
is in line with the evidence for several countries (see |Cair6 and Cajner| (2018) for the US, and
Broer et al.| (2022) for Germany).

More volatile employment outcomes for a particular segment of wealth distribution are not
important in a representative-agent framework, where income fluctuations can be smoothed by
risk sharing among the households. However, as outlined in the above papers, labour market
at the bottom of the income distribution is different than at the top. This is why we need this
relatively complex setup of the labour market to be able to capture the more volatile properties
of the labour market at the bottom of the income distribution, i.e., the labour market for HtM
households. This has broader implications, because the fluctuations in this labour market, due to
the inability to smooth consumption, affect aggregate consumption and aggregate fluctuations.

There are two labour market segments, one for Ricardian and one for HtM households.
There is a continuum of labour firms in each labour market segment, with each labour firm
employing one worker. Labour firms pay labour taxes, bargain with households over wages, and
post vacancies at a per-period fixed cost. If they find a worker, they sell homogeneous labour
services to a labour packer, which aggregates labour from the Ricardian and HtM labour market
segments and sells aggregated labour services to intermediate goods firms.

The flows on the labour market are as follows. The number of workers in segment s (s = ¢
for Ricardian and s = j for HtM households) that are employed after the matching process has

been completed, nde , evolves as follows:

ndes,t = (1 - 5:1:,5) ndes,tfl + Ms,tv (25)

where M, is the number of new matches formed in a period (with M,; > 0), and 6, ¢ is the
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fraction of existing employment relationships that have (exogenously) separated in each period
(i.e. it is the exogenous separation rate, 0 < d; ¢ < 1). The number of matches M, is defined

according to the following matching function:

Mt = ¢sar(uns ) (vacsi)l_“s = p?’iuns,t = pitvac&t, (26)

where ¢ s is matching efficiency, ung; is the number of searching workers in each segment,
vac ¢ is the number of vacancies, pg‘é is the matching probability for workers of each type, pi , is
the matching probability for firms, and ps, with (0 < s < 1), is the elasticity of the matching
function with respect to unemployment in each segment.

The probability for a searching worker to find a job is

M, vac
w o _ t — St\1—ps 27
Pl = ot = o () 1)
and the probability of a firm finding a worker is
M vac
Fo_ S,t _ St —pus 28
P = e = () (28)

The number of unemployed workers who search for work at the beginning of period t (i.e., the
number of workers who enter the matching process, uns +) is equal to those who were unemployed
at the end of period ¢ — 1 after the ¢ — 1 matching has been completed (i.e., unes;—1), plus the

newly separated workers (i.e., d; sndeg—1):

unsp = unes ;-1 + Oz sndes 1, (29)

These workers are the ones who receive unemployment benefits. The population of each bloc
in the model is standardised to 1, and so is the mass of households in each segment, so that
the number of unemployed at the end of the period in a segment s is unes; = 1 — nde,;. Total
unemployment in a bloc is a weighted unemployment across labour market segments, where w

is the share of HtM households: une; = w une;; + (1 — w)une; ;.

F.5.1 Value functions

We will require two sets of value functions. One set of value functions is for wages that have

been renegotiated in the current period, and one set for wages that have not been renegotiated.
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We assume that wages that have not been renegotiated are indexed to inflation. The notation

follows closely the notation used in Bodart et al.| (2006]) and |de Walque et al.| (2009).

Value functions for a labour firm Let A" (w};) denote the value of a job for a firm em-

ploying a worker from household type s € [i, j], where wy ; is the renegotiated wage, and i

J
stands for a Ricardian and j for a HtM household. Following |[Bodart et al.| (2006), it will be
convenient to use this value in marginal utility terms, so we define A" (w},) = u/(cs () AT (w,),

where u/(c,¢) is the marginal utility of consumption of household s. The value of a job with a

renegotiated wage for a labour firm can then be written as

Af (w3) = (eus) (BSF@as = hogwl (1 + 7))

+B(1 = 6z.5) [(1 - §w,8)~’4£r1(w:,t+1) + fw,sAt}jrl(w:,t)]

(30)

Here the term hg} denotes the effective hours that a labour firm produces from hours g,
supplied by the worker from household sm Zst is what the labour packer pays for such unit
of labour. The first term in equation [30| therefore measures earnings of the labour firm from
selling hours worked. But for these hours it has to pay to the household hourly wage, which
is in this case newly renegotiated, wyg ;. Because we assume that labour firms pay some labour
taxes (social security contributions), the cost for the labour firm is increased by taxes paid, at
the rate 7;" 7. In the next period, if the firm and the worker do not separate, which occurs with
probability (1 — 6, ), two cases can arise. In the first case, which occurs with the probability
(1—&,,5), wages are renegotiated and the value of the worker for the labour firm is again the value
of a worker with a renegotiated wage, just in the next period, Aﬂl(w;t +1)- With probability
&w,s Wages are not renegotiated and the firm is in next period stuck with the worker value at
the current wage, Af,  (w?,).

The value at t + 1 of the worker with renegotiated wage from time ¢ is

) 1+7)P,
Al (why) =/ (csup) (hg,f+193s7t+1 - h87t+1w:,t7( 2 1) L1+ Tﬁﬁ;))
t+

+B(L = Gas) [(1 = Eus) AL 2 (W] p42) + EwsATra (w5 )]

"Note that ag is very close to 1.
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The wage from the previous period has been indexed by the ratio of trend inflation 7™ and the
price level growth, P,/ P41 = (1 + 7Tt+1)E|
If we substitute equation |31|into equation and do this for every future period, we arrive

at the following expression:

Af(wz,t) = Z [6(1 - 5z,s)£w,s]k U,(Cs,t+k)h?,f+k$s7t+k
k=0
1+7m)kP, w
stz - a:s fw s]kul(cs,tJrk)(PtlthS t+k(1 + f) (32)
+

+ Z B(l - )( fw s) [B( - 5x,s)£w,s]k Alﬂ-k%—l(w:,t—f—k—&—l)

=0

B

As in Bodart et al. (2006), we can define auxiliary variables and write the infinite sums in

recursive form. For the first line in equation define

00
E Z — :13 s gw S]k u/(Cs7t+k)hZf+kxs7t+k = u,(Cs,t)h?fl's,t + 6(1 — 5x,8)€w,35’§7t+1 (33)
k=0

Similarly, for the second line, define

o0 —\k
1+7)*P,
S;Utf = E ws gw s]ku/(cs,t—i-k)hs,t( ) t(l +7-twf)
’ o Pk

= u/(C&t)hS,t(l + Ttwf) + ﬁ(l - 5x,5) (1(+ 7Tt+) )gw s:Fg t+1

Using these definitions, we can simplify equation [32] to

8Indexation can be with respect to trend inflation or any other inflation rate that has the same trend growth
as trend inflation. In the simulations we will assume that indexation is with respect to current inflation. The
reason is that if nominal wages are indexed to trend inflation, real average wages fall when current inflation rises,
even when newly negotiated wages rise. This makes only minor differences for the outcomes of our simulations,
but would unnecessarily complicate the explanation.
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Af(w )= (S:;Ct S;Utf ) + Z B(1 —&w,s) [B(1 — 5z,s)§w,s]k AﬁrkJrl(w:,tJrkJrl)

k=
(S:;E,t - S:,}{w:,t) — B(1 = 6z.5)8w,s ( S+l — S:j{-i-lw:,wrl) + 81— 5$15)A£F1<w:,t+1)
(35)

[e=]

To get rid of the infinite sum in the first line of equation [35 we used the fact that Al (w? s1) can
be multiplied by (1 — dz.5)&w,s, forwarded by one period, and the result subtracted from both
sides of the first line. After rearranging, we obtain the second line.

We can then similarly define the value of a worker with an average wage for a labour firm:

Af(ws,t) = ’U,/(Cs,t) (h?fxs’t — hs tWs t(l + T f))

+ 5(1 - 596,8) [(1 - fw,S)AErl( Wy t+1) + fw SAt+1(w5 t)]

(36)

Following the same steps as above, we obtain, after some algebra

Af(w&t) = (S:;E,t - S:,)tfws,t) — B(1 = 6z.5)8w,s (Sf,tJrl - S:,){J,-lw&t—kl) +B(1 - 5$,8)A£r1<ws,t+1)
(37)

Free entry condition A firm posting a vacancy for household type s must pay a per-period
constant cost s for having a vacancy open. If x,, ; denotes the probability that a firm cannot
renegotiate the wage for a newly hired worker from household type s, then the value of employing
a new worker is, in monetary terms (recall, A (w i) = u'(cs, ) AT (wk,), and the same for the
value at average wage), equal to the weighted average of the value of a worker at a newly-
renegotiated job and the value of a worker hired at average wage. The free-entry condition is

therefore:

by = pf B- (C(S :)1) [(1 = R ) AT (W p41) + K AY (wse41)] - (38)

Value functions for a worker Similarly as for labour firms, we can define value functions

for workers. Again we have two types of value functions, one for a newly-renegotiated wage and
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one for the average wage, for each type of household. The value of a job, net of the value of

unemployment, for a worker with newly-renegotiated wage is

hite
A () = (o) (howio(1 = 7) = by ) = G
+ B(1 = 6a5) [(1 = Ewys) ALy (Whyy 1) + Ew s ALty (w])]

- 51322 [(1 - “w,S)Az{il(w:,tH) + “w,sAgl(ws,tH)]

(39)

The first line of equation denotes, in utility terms, first the net gain of having a job,
which is hours worked times wage net of taxes paid by the household, at a rate T,}”h and net of
opportunity cost of having a job, which are unemployment benefits, bs,tﬂ The second term in
the first line is the disutility of hours WOI‘kedE The second line represents the value of having
a job in the next period, which occurs with the probability (1 — d,,). This job can be either
at the newly renegotiated wage or at the current wage. The last row of equation is the
value of the opportunity cost of having a job, which is the value of being unemployed. If a
worker is unemployed, then there is a probability p?ﬁ to find a job, which can be either at a
newly-renegotiated wage with probability (1 — k), or at an average wage, with probability
Kuw,s-

If we follow the same sequence of steps as we did for the firm and define additional auxiliary
variables to sum the utility obtained from wages, unemployment benefits, and the disutility of

labour terms,

wh N 14+ 7)kP, "
S = D180 — Sus)unal* oo T 1
=0 t+k (40)
! _ ~wh _ (1 + ﬁ) wh
=u'(cst)hst(1—7"") + B(1 — 6a,5) i+ ﬂt+1)’£w,SSS,t+17
b _ o (1 + f) b
Ss,t =u (Cs7t+k)bs,t + B(l 52,5)&4},5 (1 T 7Tt+1) Ss,t+1, (41)

9We assume that unemployment benefits are a fraction (replacement ratio) of average wage and are indexed
in the same way as the average wage.

10We assume that the household as a whole sends its members to work, so that the marginal disutility for the
household is the disutility for the worker.
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1+

Sh _ h&t 5 h
st = Xl T o +B8(1 - x,S)fw,sSs,tJrlv (42)

then we can write the net value of a job for a new wage for the householdﬂ

A (W) = Stwsy = Sh = B = 80,)6us (SEawhep — St )
- Sg,t + /8(1 - 51,5)611},532,154_1 (43)

+ [1 — 0z — (1= ”w,S)pg] Ag—l(w:,t—i—l) - 5“w,sp2§fv4g1(ws,t+l)

In a similar fashion, we can obtain the value of a job for an average wage for the household:

A (w54) = Stywss = S = B = 8,5)6uss (S2rwsiit — S )
- S?,t + 16(1 - 5x,8)€w,sS£L,t+1
+ 8 [(1 - 536’3)(1 - fw,S) —(1- ’{w,s}p?ﬂ Agl(w;t—i-l)

+ ﬂ [(1 — 5x,s)€w,s - ’{w,spgfé] Ag-l(ws,tJrl)

(44)

F.5.2 'Wages and hours

We assume that wages and hours are determined using Nash bargaining. Assuming standard
(efficient) Nash bargaining between households and labour firms, every period, wages and hours
worked are determined by maximising the following expression, where 0 < 7s < 1 measures the

bargaining power of workers of type s:

max (A (w3,)™ (AF (wl)) ™ (45)

w:,tvhs,t
The result is that wages are split according to the Nash sharing rule:
ns (1= ") Af (W) = (1= o) (1+ 7" A (w3p). (46)

The intuition for the above rule is that households and labour firms bargain over each other’s

matching surpluses, where the surplus of the firm is the value of the worker (because in equilib-

" Note that the only difference between Syl of the firm and S’;"? of the household is with respect to the relevant

tax rates and the fact that the labour tax increases costs for the firm, while it decreases wage revenues for the
household.
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rium the value of the vacancy is zero), and for the household the value of the match is the net gain
from being employed (relative to being unemployed), both evaluated at the currently-negotiated
wage. The above equation thus determines wy .

The average wage is a weighted average of the average wage from the previous period and the

wages of new hires, where the weights are the share of workers who have kept their employment

(1—0g,s)ndes t—1

ey , and the share of
s,

and wage from the previous period in total current employment,

M ¢
’ ndes,t

newly hired workers at the new wage . Note that only a fraction &, s of workers that have
kept their jobs are able to index wages to trend inflation. The average hourly wage is therefore

determined as follows:

1—6,5)ndesi—1 1+7 *
(1= 8o,s)ndesy bws T, Wot1 + (1= Gwswly

Wst = ndes’t (47)
Ms,t

ndes ¢

[Fwswst + (1= Kws)wi,]

where the first row is the average wage of existing workers and the second row is the average
wage of new hires, with the number of new matches M, ; counting the number of new hiresE
Similarly, hours worked are determined by per-period Nash bargaining, and after taking into

account the wage decision (equation [46|), hours worked expression is:

x (1+7)
u(csy) (1 — Tt“’h)

aHxs,t(hs,t)aH71 =

(hst)?. (48)

The term on the left is the marginal revenue from labour services brought about by an
additional hour worked and the term on the right is the marginal disutility of having to work
an additional hour, in after-tax consumption terms.

Note that throughout our notation we have assumed that hours worked do not depend on
wages. Equation shows that under the assumption of efficient Nash bargaining, this is
indeed the case[5]

121f indexation is with respect to current-period inflation, the ratio of inflation rates that multiplies the previous-
period wage drops out, because previous-period wage is indexed to previous-period inflation.

13There are other cases, which change the relation between hours and wages and open the so-called wage
channel, see |Christoffel and Linzert| (2010) and the application in |Bodart et al.| (2006) and de Walque et al.
(2009).
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F.5.3 Labour packer

Labour from Ricardian and HtM households is aggregated by a labour packer using a CES

technology, as follows:

1

e -1 1 1—L
n, "= [(1 —w)n (ndei,thzf> "t wne (nde%th;"f) "L} , (49)

where n; are aggregate labour services and ndesih?f are total labour services provided by
labour firms in household segment s. Parameter w measures the share of HtM households in the

economy and 77, the degree of substitution between Ricardian and HtM households.

G Monetary policy rules

We consider three different types of monetary policy rules in the euro area.
Benchmark Taylor rule
e =@r o1+ (L — @) (7 + 7 + on (T — 7%) + 0y Gg) + € (50)

where 7 is the annualised nominal interest rate, * is the annualised long-run equilibrium real
interest rate, m; is the annual price inflation rate, 7* is the annual inflation target, and 4, is the

unemployment gap, i.e. the gap between the unemployment rate une; and its steady-state level,

W el is a shock.
Taylor rule with an asymmetric response to unemployment
e = or -1+ (L= @) (1 + 7 + @ (1 — 1) + Lysur U Ut) + €8 (51)

where I~y is an indicator function that takes the value 1 if the unemployment rate is above
its steady-state value u* and 0 otherwise. This rule follows |Board of Governors of the Federal

Reserve System (2022)) and |Bundick and Petrosky-Nadeau| (2021)).

“The monetary policy increases (decreases) interest rates when the unemployment rate is below (above) its
steady state value. For convenience purposes, the gap is defined such that the parameter ¢, is positive.
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Average inflation targeting rule

re=¢r 11+ (1 — ¢p) (7“* + 7+ or (7?? — 7r*) + @y ﬁt) + ef“ (52)

where 7/ is the annualised average inflation rate over the past T years (T is the averaging

window, which we set to be equal to 4 years).
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