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Abstract

We investigate the redistributive effects of a disinflation experiment in
an otherwise standard medium-scale DSGE model augmented for Limited
Asset Market Participation, implying that a fraction of households do not
hold any wealth. We highlight two key mechanisms driving consump-
tion and income distribution: i) the cash in advance constraint on firms
working capital needs; ii) the response of profit margins to disinflation,
which is crucially dependent on the two most used pricing assumptions
in the New-Keynesian literature, i.e. Calvo vs Rotemberg. Results show
that disinflation softens the cash in advance constraint and raises the real
wage in steady state. This, in turn, lowers inequality. While under the
Calvo formalism this effect is reinforced by the fall of price markups, under
Rotemberg it is more than compensated by the increase of price markups
and, therefore, the opposite result obtains.
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1 Introduction

Recent years have witnessed increasing concern for the distributive effects of
monetary policies (see the discussion in Coibion et al., 2012, and references cited
therein). Empirical evidence in this regard is relatively limited and has produced
partly conflicting results. Romer and Romer (1998) find that contractionary
shocks increase inequality. Coibion et al. (2012) obtain identical outcomes for
persistent reductions in the Fed inflation target. By the opposite, Romer and
Romer (1998), Bulif (2001), Easterly and Fisher (2001) and Albanesi (2007)
document a positive cross country correlation between inflation and inequality
over relatively long time spans.

This paper investigates the distributional effects of disinflation in an other-
wise standard medium scale DSGE model augmented for Limited Asset Market
Participation (LAMP, henceforth), where it is assumed that a fraction of house-
holds (Rule of Thumb, RT hereafter) do not participate in financial markets
and only consume their current labor income. As a matter of fact, the empirical
evidence highlights that economies are not populated by representative agents!,
so distributional issues must be taken into account. Our contribution is akin
to Ascari and Ropele (2012), henceforth AR, who simulate a disinflation exper-
iment within a standard DSGE model with omogeneous and forward-looking
consumers. We depart from their paper in two aspects. First, we assume het-
erogeneity across households, namely LAMP, in line with the empirical analysis
and with a common tradition in the literature?. Second, we simulate the disin-
flation policy exercise comparing the two most commonly used approaches for
price and wage setting in the New-Keynesian literature?, i.e. the Calvo (1983)
probability of price (wage) adjustment and the Rotemberg (1982) quadratic cost
of price (wage) adjustment. As far as we know, this is the first paper analyzing
income distribution and welfare effects of disinflation in a DSGE model with
LAMP*.

Several papers show that Calvo and Rotemberg models imply the same dy-
namics up to the first order approximation®. By contrast, some other contri-
butions are really sceptical about the identity of the two frameworks®. Ascari
and Rossi (2012) show that once non linearities due to trend inflation are taken

I The presence of RT households has been detected and estimated by, among others, Camp-
bell and Mankiw (1989), Fuhrer(2000). Moreover, Iacoviello and Pavan (2013) show that the
40% of US households hold no wealth and no debt. Similar figures are observed for the Euro
area (Cowell et al., 2013).

2Earlier contributions that investigate the LAMP assumption include, among others, Gali
et al. (2004, 2007), Bilbiie (2008), Colciago et al. (2008), Motta and Tirelli (2012).

3 As in Ascari and Rossi (2012) in a simple sticky price model with only labor as productive
factor.

4Instead, two seminal papers have initiated the debate about the welfare implications of
Rotemberg vs Calvo price-setting mechanisms.

5See Rotemberg (1987), Roberts (1995), Ball (1994), Mankiw (2001).

6Kahn (2005) argues that despite both approaches imply the same reduced form New
Keynesian Phillips Curve, the impact of competition on the slope of the NKPC and on the
response of inflation and output to shocks differs between the two models.



into account the dynamics of the two specifications are different. Similar re-
sults show up in our disinflation experiment under the two price adjustment
mechanisms.

Disinflations are typically associated to short-run output contractions. Motta
and Tirelli (2012, 2013) document the redistributive effects of monetary con-
tractions, which unambiguosly penalize RT households who cannot smooth con-
sumption and are constrained to consume their labor income. The key mech-
anism behind this result is the combination of reduced labor incomes and in-
creased profit margins that follows a monetary contraction in the short run.
Our model replicates this outcome and provides new insights on the long-run
effects of disinflations.

In our model two key frictions have distributional implications and are also
affected by the long-run inflation rate: firms markups and the cash-in-advance
constraint on firms working capital (CIA henceforth)”. The CIA constraint im-
plies that asset holders obtain nominal interest rate payments on the funds that
firms borrow to finance their working capital needs (see Christiano et al., 2005).
Disinflation lowers the long-run nominal inflation rate and has a powerful effect
on labor demand. As a result we observe that in the long run both output and
the real wage increase, whereas the real rental cost of physical capital remains
constant. Thus a disinflation that lowers the cost of borrowing working capital
unambiguously reduces inequality. Moreover, the long run effect of disinfla-
tion on profit margins depends on assumptions made about the price-setting
mechanism, namely Calvo vs Rotemberg.

In a nutshell, we find that under Rotemberg framework, disinflation unam-
biguosly increases inequality, whereas results are ambiguous under Calvo pricing
according to whether the CIA channel is at work. As a matter of fact, in the
Rotemberg model disinflation causes an increase in the average markup that
benefits the asset holders and hinders the RT consumers®. In the Calvo model
disinflation implies a reduction in the average markup that penalizes Ricardian
households. In particular, when the CIA channel is in place, not only it works in
the same direction of the markup effect - because disinflation determines lower
interest payment to the asset holders - but it also produces a powerful increase
of labor income, thereby benefiting non Ricardian households. By the opposite,
when the CIA channel is shut off the effect of the increase in per-capita capital
takes over and increases inequality, although the markup reduction.

Our analysis also focuses on the welfare implications of disinflations. AR
obtain that disinflations unambiguously raise welfare. Differently, in our frame-
work redistributive effects might in fact reduce welfare for one of the two groups.
It should also be noted that, due to external habits in the households’ utility
functions, our analysis accounts for the welfare implications of changes in in-
equality. We find that in the Calvo model disinflation is welfare improving for

"The existence of the CIA constraint is controversial. Several contributions in the DSGE
literature present models emboding the CIA (see, for instance Christiano, Eichenbaum and
Evans, 2005; Schmitt-Grohé and Uribe (2005)) but this is inconsitent with the actual central
banks modelling (see, for instance, Christoffel, Coenen and Warne, 2008).

8The effects are amplified without CIA.



both household types. However, the larger welfare gain accrues to RT house-
holds when the CIA binds while the opposite holds without CIA. In the Rotem-
berg model, the presence of CIA guarantees a welfare improving disinflation for
RT consumers, although the Ricardian households benefit more. Without CIA,
disinflation becomes even costly for the liquidity constrained households.

The paper adds to previous contributions on the welfare implications of
inflationary regimes which highlight the importance of different portfolio com-
position of different income groups, where the poor typically hold a relatively
large proportion of their wealth in non-interest-bearing assets (Erosa and Ven-
tura, 2002; Albanesi, 2007). Our focus here is clearly different as we investigate
the role of two different frictions, that is, price markups and the CIA constraint.

The rest of the paper is organized as follows. The next section describes
the main model features in particular focusing on the two price mechanisms.
Section 3 focuses on the disinflation experiment and results; section 4 shows
some robustness check and section 5 concludes.

2 The Model

Our model is an extended version of the NK-DSGE model developed by Schmitt-
Grohé and Uribe (2005), henceforth SGU (2005), and Christiano, Eichenbaum
and Evans (2005), henceforth CEE (2005). It embodies both nominal and real
frictions. Real frictions include: monopolistic competition in goods and la-
bor markets, external habits in consumption, variable capital utilization and
adjustment costs in investment decisions. As for nominal frictions, price and
wage stickyness is modelled according to the Calvo and Rotemberg alternative
frameworks.

Our model accounts for LAMP, i.e. the economy is populated by two differ-
ent household types: optimizing (Ricardian) households, who hold assets, and
the Rule of Thumb (RT henceforth) households, who consume their current
income and do not hold any wealth. Formally, we assume that all households
share the same utility function. In particular, their preferences are defined over
per capita and total consumption ¢! and c; respectively, and per capita labor
effort hi:

S » b1 (i (150
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where i = o, rt refers to optimizing and RT consumers respectively.
The model features a CIA constraint on the wage bill of firms. This implies
that, to pay workers in advance of the production, firms must borrow from
financial intermediaries® that, in turn, collect money balances from Ricardian

9Here we implicitly follow the financial sector characterization adopted in CEE 2005, who
assumes that a financial intermediary collects money balances from Ricardian households and
from the Central Bank. Such funds are then used to finance the working capital needsof firms,
and what is left returns to Ricardian households.



households, . Repayment occurs at the end of each period at the gross nominal
interest rate R;.

2.1 Rotemberg (1982) and Calvo (1983)

Monopolistic competition in good and labor markets respectively entails that
firms and unions are price and wage setters, thereby enjoying markets power.
The Calvo specification assumes that each period each firm faces a constant
probability of being able to reoptimize prices. Therefore monopolistic firms are
assumed to have different prices in different periods. A crucial implication of
that is a relative-price dispersion leading to a misallocation of resources. In
particular, price dispersion appears as an inefficiency loss in aggregate produc-
tion. As stressed in SGU (2005), the higher is the dispersion, the more labor is
needed to produce a given level of output.

The Rotemberg specification produces a symmetric equilibrium in which all
firms (unions) reoptimize the same price (wage) at each point in time, bearing
a quadratic adjustment cost.

2.2 Monetary Policy

We assume that monetary policy follows the non-linear rule:
Rt T ¢7r
7~ () @)
T
where R;, R, ¢, m respectively denote the current nominal interest rate, in-

terest rate target, current inflation and inflation target. ¢, > 1 is the parameter
governing the inflation stabilization.

2.3 Calibration

Structural parameter calibration follows CEE (2005)'°, with two exceptions: the
CIA and the indexation degrees parameters. CEE (2005) assumes that the full
wage bill is subject to the CIA constraint. Differently, we follow Rabanal (2007)
who finds that only 15% of workers must be paid in advance of the production.
Moreover, we depart from CEE (2005) to calibrate the price and wage indexation
degrees. As a matter of fact, they simply assume full indexation to past period
inflation in order to match the inflation persistence found in the post world war I1
U.S. data. This is in contrast with a large body of empirical evidence!! showing
that indexation is at best partial. Therefore, we allow for partial indexation in
line with the range of values found in the empirical evidence setting the price
indexation at 0.50 and the wage indexation at 0.75'2.

10Table B1 in Appendix B shows the parameters values with description. Notice that the
parameter governing the habit persistence under Rotemberg is calibrated at 0.6 following the
literature in the field, rather than 0.65 (as in CEE (2005), to avoid model instability problems.

11Gee, for instance, Sbordone (2006); Smets and Wouters (2007); Benati (2008), (2009);
Coogley and Sbordone (2008); Ascari, Castelnuovo, Rossi (2011); Hofman, Peersmann, Straub
(2012)

12See Smets and Wouters (2003).



We fix the share of Rule of Thumb consumers at RT = 0.3, according to a
conservative parametrisation of LAMP behavior.

Furthemore, in order to compare the two models (Calvo vs Rotemberg),
we refer to the paper by Keen and Wang (2007) providing the relationship
between the price (wage) adjustment cost parameter and the constant fraction
of reoptimizing firms (unions).

3 The Disinflation Experiment

The disinflation experiment entails a transition from high- to low-inflation steady
state.!? In particular, following AR (2012), we assume that the central bank
implements a credible cold-turkey disinflation aiming to disinflate the economy
from the annual level of 5% (77%,,) to the target of 2% 4 (n%.,,). Table 1 reports
the steady state percentage variations of output (y), consumption (c¢), average
firms markup (u?), real wage (w), hours (h), capital (K), price (s) and wage
(sw) dispersion under Calvo and price (§,) and wage (§,,) quadratic adjust-
ment costs under Rotemberg. In addition to the baseline calibration according
to which indexation is partial, the analysis takes also into account the full in-
dexation case where the markup effect vanishes and we can pinpoint the CIA
effect.

Table 1 - Steady state percentage variations

Aggregate Variables Partial Indexation Full Indexation
Calvo | Rotemberg | Calvo/Rotemberg

Y 0.11 -0.02 0.02

c 0.08 0.07 0.02

P -0.03 0.02 0

w 0.28 0.17 0.20

h 0.02 -0.01 0.01

K 0.93 -0.25 0.19

i 0.02 -0.01 0.01

Price rigidity (s, &,) -0.04 -0.03 0

Wage rigidity (s, &,,) | -0.05 -0.04 0

Disinflation under Calvo reduces price dispersion that results as an ineffi-
ciency loss in aggregate production:

AKah(lfa)
= f

Y

13 This explains why the model cannot be analyzed by log-linearizing it around one of the two
steady states (see Ascari and Ropele (2012)). For the same reason, Ascari and Merkl (2009)
show that the use of log-linear approximation to study disinflation may imply misleading
results.

4 Therefore this experiment takes into account trend inflation values consistent with the
post-war history of the industrialized countries.



As a result, output and consumption increase following the rise in capital and
hours. Under Rotemberg, the policy comes with an output and employment
fall. In fact disinflation reduces the quadratic adjustment costs that appear in
the aggregate resource constraint:

ctitGHE N
&

In turn, since investments (¢) fall and public spending (G) is held constant,
this reduces the wedge between output and consumption. This explains why
consumption increases. In fact, the reduction in the fraction of output wasted
for adjusting prices and wages more than compensates the decrese in output!®.
Hence, disinflation implies output and consumption to move in opposite direc-
tions.

Importantly, the average price markup decreases under Calvo and increases
under Rotemberg. To make the point clear, the average markup in the Calvo
model reads as:

-1
1 n—1 1 — afr(=x)
P _ *
== () (e ®)

or, in other terms:

pP=(1—a)p* +ap? (4)

where « is the price stickiness parameter, u* and p°? respectively denote the

markup of optimizing firms and the markup of firms that are not able to reset

MCT T MCT
the marginal cost is more than compensated for by the reduction of p*, therefore
w* reduces and pP as well.
In the Rotemberg model the average markup is defined as:

P 1 Kn ; 1) L-B)E, (ﬂ.(l—x) _ 1) 7'&'(1_X):| - (5)

1
. . * —anrMm—DHA-=x) (1777) . .
prices. In particular, p* = 2 = (1 ‘M(lia) ) . The increase in

:MC'I‘:

and it’s straighforward to figure out that it increases after the disinflation policy.

Under full indexation the two mechanisms are equivalent. Under Calvo there
is no dispersion and under Rotemberg there is no adjustment cost because all
prices and wages are indexed to past inflation. Therefore we observe positive

variations of the aggregate variables and a constant markup, i.e. u? = (%)

Figure 1 shows the transition dynamics'® of the macroeconomic variables
defined above starting off from the initial annual level of 7%, = 5% achieving
the policy target 7% . = 2%.

new

15Gee Ascari and Rossi (2012).
16The transition paths are expressed in percentage deviations from the first steady state.
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Fig. 1 - Disinflation under Calvo and Rotemberg frameworks

During the transition, disinflation implies a deep recession and a reduction
of both consumption and employment under both price mechanisms. It’s im-
portant to notice the real wage path that under Calvo almost at once jumps to
the new and higher steady state. As a matter of fact, in this case the positive
long-run effect of the policy takes over the short-run dynamics.

3.1 Disinflation and Inequality

In our relatively simple framework, it is possible to obtain an analytical charac-
terization of inequali:cy focusing on the relative consumption and income shares
of RT households, - and wTh respectively!":

OIS R Q) At
wth(l—ﬁ){up [Hu(l—;)]}_l (™)

. e ; 1-9
where the investment ratio is given by 5 =9 (%)

, % is the public spending
ratio and the rental rate of capital is ¥ = & — 1 + §. Morever v denotes the
fraction of wage bill that firms must pay in advance of the production and R is
the nominal interest rate at which repayment to the asset holders occurs.
From (6) and (7) it is obvious that both %tand wh are affected by disinflation
through its effects on markups and the CIA constraint. Disinflation reduces the
nominal interest rate. Therefore the lower interest rate unambiguously raises

the real wage, boosting income and consumption ratios of RT households. A

1"Derivation of inequality measures is laid out in Appendix C.



fall in markups would provide similar effects on %and %, but from Table 1
we already know that the Calvo and Rotemberg price setting mechanisms have
opposite effects on markups. Table 2 presents numerical computations for our

inequality measures.

Table 2 - Inequality measures, steady state percentage variations

Inequality measures | Partial Indexation Full Indexation
Calvo | Rotemberg | Calvo/Rotemberg

0.07 | -0.04 0.1

wh 0.05 | 0.05 0.06

c® 0.06 0.08 -0.01

crt 0.11 0.04 0.07

Results suggest that disinflation decreases consumption inequality under
Calvo and increases it under Rotemberg. In fact Calvo price setting strongly
benefits non-Ricardian households and to a much lesser extent favors the asset
holders. Under Rotemberg the positive variation of optimizers’ consumption is
slightly larger than RT’s consumption increase. Analysis of the full indexation
case, when the markup remains constant, allows to discriminate the different
consequences of CIA and markup effects. Lower returns on loans to firms deter-
mine a powerful increase of real wages that benefits all households, but Ricardian
households loose interest payments from firms. Finally, Calvo and Rotemberg
have identical impact on the labor income share although different mechanisms

are at work in generating this outcome. In particular, note that U’Th = ¢

= &2
Under Rotemberg the relative consumption of the rule of thumbers (%) falls
but this is more than compensated for by the increase in the consumption ratio
(3)- The net effect is a positive variation of (“’Th) equal to 0.05%. By contrast,

under Calvo the increase of (%) is accompanied by a modest increase of (1)

still determining the same positive variation of (%)

Figure 2 shows the transition paths of Ricardian and non Ricardian consump-
tion'®. During the disinflation process, the rule of thumb consumers bear the
disinflation costs under both price settings. In fact, while Ricardian consump-
tion achieves the bottom value at -0.20 under Calvo and -0.15 under Rotemberg,
non Ricardian consumption achieves the bottom at -0.27 under Calvo and -0.49
under Rotemberg!®. This is because the rule of thumb consumers cannot smooth
consumption and their labor income falls more under Rotemberg.

18The transition paths are expressed in percentage deviations from the first steady state.
19The bottom value is expressed in percentage deviation from the first steady state.
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Fig.2 - Ricardian and non Ricardian Consumption

3.2 Welfare Effects of Disinflation

We carry out the welfare analysis under the two price- and wage-setting mecha-
nisms. We also analyse the welfare implications of the external habit assumption
(catching up with the Jones) by considering the alternative internal habit hy-
pothesis, where concern for relative income disappears. We define V{ and Voild
as the expected values of (1) , respectively at time zero (when disinflation ex-
periment is actually implemented) and at the initial steady state (before the
disinflation experiment).
Determining V}, is straighforward:

; 1 , ) .
Vo = (1-5) [ln(l —b) Cota — (1i1¢) (hf)zd)(lw)} ;i =o,71t

where cf)l 4 and hzl 4 are respectively the initial steady state values of consumption
and hours. Note that V{ accounts for both the new steady state and for the
transition phase.

Vi, and Vi allow to compute the welfare-based ratio, W R':

O
WRi:_< Vo = Voua )
7rZlcl - Tr;kzew
where the denominator 7},;, — 7 ..,
size of disinflation.

Since the utility function is not cardinal, the numerator of the ratio needs to
be transformed in a measure which actually can “quantify” the welfare cost (or
gain) of disinflation. Following Ascari and Ropele (2012 a, b), the analysis is
based on the consumption equivalent measure which is defined as the constant
fraction of consumption that households must give up to permanently reduce
inflation. The consumption equivalent measure reads as:

allows to weigh the welfare change by the

10



v =1—exp [(1-5) (Vo1 - Voild)] (8)

and the welfare-based ratio is:

WRi:(* T ) )
Totd — Tnew

Since 7' denotes a welfare cost, disinflation is welfare improving when the
welfare-based ratio is negative. Therefore, we read the negative values as welfare
gains.

Table 3 reports the results.

Table 3 - Welfare Effects

Calvo W R?
Ricardian H. -1.41
Non Ricardian H. | -11.44
Rotemberg

Ricardian H. -6.63

Non Ricardian H. | -0.42
Full Indexation
Ricardian H. 3.5
Non Ricardian H. | -9

All the values are expressed in percentage terms

Although disinflation is welfare improving for both household types, the
larger welfare gain accrues to RT consumers under Calvo while the opposite
occurs under Rotemberg?®. In fact, the welfare gain is equivalent to only an
extra 1.41% of consumption for Ricardian households and to an extra 11.44%
of consumption for rule of thumbers. However, consistently with the inequal-
ity effects, disinflation becomes costly for Ricardian households under the full
indexation case where the CIA channel alone benefits RT households and prej-
udices the asset holders’ welfare. In fact, while Ricardian households give up
an extra 3.5% of consumption, liquidity constrained agents gain an extra 9% of
consumption.

3.3 The Role of the CIA Channel

In this section we shut off the CIA channel and compute the inequality measures
and the welfare effects.?! Inequality and welfare results are reported in Table 4
and 5, respectively.

20Results hold even under the internal habit specification.
21 Current DSGE models developed by the central banks do not embody any cash in advance
constraint (see, for instance, Christoffel, Coenen and Warne, 2008).

11



Table 4 - Inequality measures, steady state percentage variations

Inequality measures | Partial Indexation Full Indexation
Calvo | Rotemberg | Calvo/Rotemberg

e -0.03 | -0.14 0

wh -0.001 | -0.001 0

c® 0.13 0.09 0

crt 0.04 -0.03 0

Relative to Table 2, results confirm that under Rotemberg disinflation in-
creases inequality while we reject the conclusion that under Calvo inequality
falls. As a matter of fact, when the CIA channel is closed other effects take
over, apart from the markup behavior. In particular, in the Calvo model, the
lower markup is associated to greater output and to an increase in the stock of
capital and in interest payments that entirely accrue to optimizing households.In
the Rotemberg model, the markup increase still implies a drop in the consump-
tion of the rule of thumbers and an increase in the asset holders’ consumption.
However, with respect to the Calvo model, the output fall causes also a drop in
the per-capita capital, thereby restraining the Ricardian consumption growth.

Table 5 - Welfare Effects (CIA=0)

Calvo W R
Ricardian H. -5.50
Non Ricardian H. | -1.76
Rotemberg

Ricardian H. -10.79

Non Ricardian H. | 9.12
Full Indexation
Ricardian H. -0.55
Non Ricardian H. | 0.64

All the values are expressed in percentage terms

Compared to the case with CIA, Table 5 shows that under Calvo the welfare
gain of Ricardian households increases while the welfare gain of RT households
notably falls. Contrary to the case with CIA, the disinflation policy benefits
more the optimizers than the liquidity constrained households. Under Rotem-
berg, disinflation strongly benefits asset holders and is very costly for non-
Ricardian households.

4 Conclusions
This paper investigates the distributional welfare effects of disinflation in an

otherwise standard medium scale DSGE model augmented for LAMP, taking
into account the two most commonly used approaches to set prices and wages

12



in the New Keynesian literature, i.e. Calvo (1983) staggered price scheme and
Rotemberg (1982) price framework.

Results can be summarized as follows. A disinflation policy unambiguosly
increases inequality under Rotemberg mechanism. By contrast, under Calvo
this effect may obtain only if the CIA constraint doesn’t bind firms ability to
finance their working capital.

13
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5 Appendix A: The Model

In this Appendix we lay out the full model structure.

5.1 Households

There is a continuum of households indexed by i, ¢ € [0,1]. RT (rt) and
Ricardian (o) agents are respectively defined over the intervals [0, ] and [, 1].
All households share the same utility function. Each household has preferences
defined over consumption ¢ and labour effort h. Hence, the period household’s
utility function is:

; S - ¢ i\ (1+6)
U =Ey» p {m ch—beyq) — —+— (hi } (A1)
t Otz:; ( t t 1) (1 +¢) ( t)

where ¢! denotes total individual consumption, b represents the degree of ex-
ternal habit formation in consumption, h! denotes individual labor supply of a
differentiated labor bundle. As for preference parameters, ¢ is the inverse of
the intertemporal elasticity of substitution of labour and ¢; accounts for the
relative importance of disutility of work and utility of consumption in the total
utility.

5.2 Consumption bundles

The consumption good is assumed to be a composite good produced with a
continuum of differentiated goods ¢} via the Dixit-Stiglitz consumption basket

of household i:
) 1 n—1 n%l
cp = [/ c(z),” dz}
0

where 7 > 1 denotes the elasticity of substitution across different varieties of
goods.

In particular, the household decides how to allocate its consumption expen-
ditures among different goods. This requires that the consumption index ¢! is

maximized for any given level of expenditures X; = fol P (z),c(z),dz. Solving
the intratemporal goods allocation problem, the set of demand equation is:

1

1 T-n
P, = </ p(z)ilfﬁ) dz)
0

is the aggregate price consumption index.

where
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5.3 Labour market structure

It is assumed a continuum of differentiated labour inputs indexed by j, j €
[0, 1]. Following Schmitt-Grohé and Uribe (2005), household i supplies all labour
inputs. Moreover, labor type-specific unions indexed by j € [0,1] have some
monopoly power in the labour market and make wage-setting decisions. Given
the wage Wy fixed by union j, households are assumed to supply enough labour
hl to satisfy demand. That is,

N\ " Mw
. W
hl = (th> hd

where n,, > 1 is the elasticity of substitution across different labour inputs,
1
N (1=7,,) (T=nw)
h{ is the aggregate labour demand and W; = ( fol (Wtj) dj) is the
aggregate wage index. Asin Gall (2007), it’s assumed that the fraction of Ricar-
dian and non-Ricardian households is uniformly distributed across unions and
the aggregate demand for each labor type is uniformly distributed across house-
holds. Therefore optimizers and rule of thumbers work for the same amount of
work. Therefore the labour supply, which is common across households, must
satisfy the resource constraint hi = fol hldj. Combining the latter with equation

(5) we get:
1 j —MNw
W,
hi = h - dj
t t /0 ( W, ) )

d wi “Nw
Therefore, the common labour income is denoted by h{ fo (Wf ) dj.

5.4 Ricardian Households

Ricardian agents are assumed to have access to market for physical capital
and to contingent nominal assets. In particular, each period asset holders can
purchase any state-contingent nominal payment X, in period ¢+ 1 at the cost
Eyry 441Xy 41 where ;11 is a stochastical discount factor between periods ¢ and
t+ 1.

Therefore, the ricardian household’s period budget constraint in real terms
reads as:

Euripp1Te41 +¢f +if = — —|— [rt U — @ (ut)] K? +

1 j —Nw
P w:
+q0KP + hf/ w] <t> dj +d? +ad"?
0

Wt
where 7t = );t is the real payoff in period ¢ of the nominal state contingent
assets purchased at t — 1. 42 denotes the real purchases investment goods at
time t.
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It is assumed that ricardian households own physical capital K7, accumu-
late it and then rent it out the firms at a real interest rate rf. Moreover, the
optimizers can control the intensity u; at which the capital is utilized. Hence,
the cost of capital depends upon the degree of utilization a (u;) and it is defined
as a(ug) = vy (ug — 1) + 2 (up — 1)%. Following CEE (2005) the function sat-
isfies a (1) = 0 and o’ (1),a” (1) > 0. Ricardian households also receive firms
dividends, d?, and returns from financing working capital of firms®?, d}V . The
gross rate of inflation is m; = Pil'

The capital stock evolves according to the following law of motion:

e
tr1 = (1= 0)K7 +if {1 —5<-2t )}
bi—1
where ¢ is the deprecion rate of capital. The function S introduces the adjust-
ment costs on investment and satisfies the following properties: S (1) = 5’ (1) =
0, S”(1) > 0.
Hence, the Lagrangean to the maximization problem, with Lagrange mul-
tipliers B'A\i(1 — 70, Jwi/py, BN and B'gi\:  respectively associated to the
constraints (6), (7) and (8), reads as:

U (. (i)k* bef s 1 hivs (1)) +
T [t s — a(uers)] Ko+
+qt+86Kf+s+

. e
d 17 iy, .
+hiys fo Wits \ wy dj+
L=F, E s
+diy s — Rits t+s+1Tt4s+1 — Clpg — 17
s=0 t+s t+s,t+s+ t+s+ t+s t+s

el

+)‘to-|-sqt—~-s [(1 - 5) Kz?-s-s + i?—&-s [1 -8 (l:ti)} - to+s+1:| +

t+s—1

SN
>\to+s(1_‘r?+s)wt+5 s d 1 wi+s
+ ht+s - htJrs fo

+)‘?+s

Hits Wits

The Ricardian household’s first order conditions with respect to cf, z:11,
K7, 12, and u; are respectively:

1
—— —)° A2
cf —berq t (42)
o __ )\t0+1
A = PRt 41 (A3)
Tt+1
)\0
q = ﬂiﬁ\tl (qes1 (1= 6) + rfyurgr — a(upgr)] (A4)
t

22Here we implicitly follow the financial sector characterization adopted in CEE 2005, who
assume that a financial intermediary collects money balances from ricardian households and
from the central bank. Such funds are then used to finance the working capital needs of
firms, and what is left returns to ricardian huseholds. Given that the Central Bank follows
an interest rate policy, explicit modelling of the money market is unnecessary.
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)\g = qt)\g |:1 -5 (

&) -1s (5] )+
-1 -1

o 7;0 -0
—Bai+1A¢ 41 Si <t;1) T (A5)
t

ay (ug) =8 (A6)

Following CEE (2005), the adjustment cost function and the capital utiliza-
tion function are given by:

. . 2
n k n
(Zt—l) 2 (Zt—l )
alur) =7 (= 1)+ 22 (= 1)’

5.5 Rule of thumb households

As pointed out above, Non-Ricardian agents just consume current labor income
because they cannot save neither invest. Since they don’t have access to capital
markets, they only pay taxes on labor income and receive transfers from the
government. Therefore:

&t = whd (AT)
The marginal utility of consumption for rule of thumbers is:

1

Tt
¢t —berq

=X (A8)

5.6 Wage Setting: Calvo framework

According to the Calvo (1983) framework, each period a union faces a constant
probability (1 — «,,) of being able to reoptimize wages. In other words, a, de-
notes the degree of wage stickiness. The unions which are not able to reoptimize
the wage index it to past inflation according to the following rule:

i _ri (P x
Wi =Wwi, <Pt 2) = Wi
where the parameter x,, € [0,1] is the indexation parameter.

Unions, in choosing the optimal wage w;, have to take into account that
they might not be able to do the same after s periods. If this is the case, taking
into account that all unions resetting at time ¢ choose the same wage, the real

wage at the generic period t + s will be:
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X
N Titk—1
k=1 Tt+k

Hence, to derive the households’ first order conditions with respect to the
optimal wage, it is possible to pull out the part of the Lagrangean which is
useful for this purpose. In particular, a weighted average of the two households
types utility function is maximized by the optimizing union which will take
into account of not being able to reoptimize in the future. Therefore the union
objective is:

s X (1—=74,)
d n * Tyth—1
Atts ht.;_swtfﬁs (wt THean +

oo Tt+k
s k=1
By (Bouw) . (<i1)
s=0 wfwvi
s (B i (wz )
k=1
where, importantly,
>\t+s = [(1 - Q) g—&-s + QA:—ti-e] (Ag)

is the average marginal utility between the ricardian and non ricardian’s mar-
ginal utilities.
The first order condition with respect to the optimal wage is:

o0 wr \ ) [\
EtZ(ﬂaw)Shfﬂ( t) IT == Atgs X

w T
5=0 s k=1 itk
S
(=1 e Hﬂgi”kfl "
X Mw t+k =0
k=1
Nits
Atts

The term (7"7“7771) is the markup which would prevail in absence of wage sticki-
ness??.
It’s now convenient to write the wage setting equation in recursive form by

defining:

_ oo * (=)
fii. = [%Dwz‘EtZ(ﬂaw)sh‘Ls( o )

w s=0 Wets

s X (1—=74,)
H Thik—1
>\t+s

™
k—1 t+k

23In the deterministic steady state it also denotes the wage murkup in absence of trend
inflation or in case of full indexation, (this is the case in this paper).
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and

(=Nw)
. s ﬂ-Xw w
fo, = —w, e nw)EfZ(ﬂaw) Wit Uns., <H T

T
s=0 k=1 |tk

In recursive form:

(M)
-1 w
fuo= B D (2
w wt
* (nw—1) Xuw \ (1=71)
w s
+BawEt( til) ( L ) Fron (A10)
wy Tt4+1

and

wy (M) J Wiy (M) Wiau (=)
f2t = — (*> h Unt + BawEt ( ) ( > f2t+1 (All)
Wy wy 41

Hence, the wage setting equation reads as:

flt = f2t (A12)

5.7 Wage Setting: Rotemberg framework

In choosing the optimal wage, the unions have to take into account to face a
quadratic adjustment cost of the form:

) 2
£ Wy )

2t 1] h
2 ((7‘} 1)WtJ 1 t

where &, denotes the degree of nominal wage rigidity.
The union objective function in real terms reads as:

(1+¢)

(=1.)
>0 1+¢ {htfo (wt) } T
LU=E ) (1-n,,) e ( wi ?
B w T e () 0

Since unions choose the same wage, they face the same problem. Therefore
a symmetric equilibrium takes place.
From the first order condition the wage setting equation comes out:

Ny —1 &w Wy T q
na Wt =+ N \ W1 X wt 1 ﬂ_xW +
t—1
mrsg = A n
— A Ew (wt+1 Tepr ) Peen wepn T

X X
At My we W he we wFw

(A13)
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where, importantly:

A= [(1— Q)N + Q)] (A14)

5.8 Firms

Intermediate firms compete monopolistically by producing good z according to
the following technology:

yi () = (K¢ ()" (he ()77

where K (z) is the physical capital stock that firms rent by ricardian households
and h; (2) is the labor input used by each firm z. In particular it is defined as:

Nw

e (2) = ( [ (i)™ dj)

Firms must pay the wage bill in advance of the production. In other words
they are subject to a cash in advance constraint of the form:

mft = vwih,y (A15)

where mft denotes the real money balances by firm z and v is the fraction of

wage which is payed in advance. The wage is lent by ricardian households which

at the end of the period receive back money at the gross nominal interest rate.
Therefore the marginal costs the firms have to face reads as:

e () e (1- 1] "

5.9 Price Setting: Calvo framework

According to the Calvo (1983) framework, each period a firm faces a constant
probability (1 — ) of being able to reoptimize prices. In other words, a denotes
the degree of price stickiness. The firms which are not able to reoptimize the
price index it to past period inflation according to the following rule:

Py

t—2

X
Pi(z) = Pi—1(2) ( ) =0 = P, (2) 7},
where the parameter x € [0, 1] is the degree of price indexation.

The firms in choosing the optimal price P;* have to take into account that
they might not be able to do the same after s periods. If this is the case, by
taking into account that all firms resetting at time ¢ choose the same price, at
the generic period t + s it will be:

S
_ px X
Piiys =P kHI T k—1
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The optimal price P/ is chosen in order to maximize the discounted value
of expected future profits. Moreover, it’s important to remind here that only
ricardian households own firms. Hence, the firms’ maximization problem is:

o0 o
Py Ay 5
max F, Ba)y == P Tl 75y — Prasmeirs | Yetrs (2
5 t;( ) NP\ kl;ll tihe1 — Prrsmeiys | Y irs (2)

subject to:

Yt,trs (2) = T
S

where y¢ is the aggregate demand and /\f\t“ denotes the stochastic discount factor
t

of ricardian households.
The first order condition with respect to P/ is:

s (=n) X
s
o 0 H T k—1 P* (=n—-1) P i TR +
B ﬂ s M+s k=1 d 4t P s
t ( ) 0 s s\ p Tttk
s=0 t H Ti+k ¢ nk:l
k=1 @ MCits

(";1) is the markup which would prevail in absence of price stick-

The term
iness?4.
It’s useful to write the price setting equation in recursive form by defining:

(=m)

Pt* (_7]—1) ee} ] ?+ kI:I1 Tri)t(«I»kfl 4
T1, = (P) Etz (BO[) )\os _s Yt+sMCt+s
t s=0 t H 7Tt+k‘
k=1
and
s (1-n)
Py (—n) o Y kl;[1 Titk—1 .
Ty, = (P) Etz (Ba) o s Yits
s=0 ¢ IT mevn
k=1

By writing recursively:
24Tn the deterministic steady state it also denotes the price murkup in absence of trend
inflation or in case of full indexation, (this is the case in this paper).
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o 2\° X (=n) « \ (—=n—=1)
Ty, :pt( ! l)ygm0t+Et{(50‘) 2 ( . > (pt ) T1o4q

AL\ T Pi1
(A17)
and
s A\° a0\ A=) w0\ (=m)

va =i Mt B o) St (L) (L) b ()

Ay Tt4+1 Pia

It’s possible to rewrite the price setting equation as:
l'gt = N SClt (Alg)

n—1

5.10 Price Setting: Rotemberg framework

The Rotemberg price setting assumes that each intermediate firm pays an in-
creasing and convex cost measured in terms of aggregate output. This cost is

given by:
SP ( P (2) _ 1>2 Ys
2 \ 1 P (2)

where ¢, > 0 measures the degree of nominal price rigidity.
Therefore each firm maximizes its present discounted value of profits for its
owners (Ricardian households, i.e. 0):

max F [Z BNy s
s=0

Diys (Z)]
Py (z)

Pt+s

P (2)\ "
5.L.Yrgs (2) = <t;;()) Ytts
t+s
where
Dits(2) _ Pys (2) &p ( Peis (2) >2
= s (2)—meipsyigs (2)— = -1 s
Prrs Prrs Yits (2) t+sYt+s (2) 9 Wi{+s,1Pt+s_1 (2) Y+

Substituting the constraint to the maximization problem into the objective func-

tion:
Piys(2) o +
Pt+s yt+s

Ps(2)\ " £y Piys(2) ?
- S - s T 5 - 1 A S
mci4 < Prrs Yt+ 9 71)5(+371Pt+571 (z) Yt+

Et Z Bs/\f—i-s
s=0
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The FOC to the problem is:

B (2) oy P; (2) -t Yt
0 = (1-n)X A 2\ gt
=g (B8 T e (PR2)
0 Py (2) ) Yi
N1 —F—-—+
St (#}_13_1 (2) T 1 Pie1(2)
Py (2) ) P (2) yea
LBE €0 ( ()
ﬁ t gp t+1 Wi(Pt (Z) chpt (2)2
Given the symmetric equilibrium:
0 = (=AY fmome e —g oo ) vy
K 'p e P, P Py X 1 Piq
Py Py
E pVe -1
+BE; [fp t+1 (W?Pt > W%(Ptg
Multiplying by P;:
o o o s ™
0 = (1—n) Ay +n \imerys — N <Xt - 1) Yt Xt +
1 T—1

Tt+41 Tt41
+BEE A 1 <; - 1) Y
i %

Dividing by :

¢ us T+1 Tt4+1 Y41
0= (1—-n)A+nX\, XN | — —1) —+8F, 2 -1
(L= m) ArnAimen =LA <7ri<_1 >7Tf_1+ﬂ % t+1< ¥ > T Y

Solving for marginal cost:

-1
mct<7777 )+5p< Tt 1) Zt BEt%Az},—l (7:1;10 Ti+1 Yet1

n \ Ty Ti-1 t T Yt
(A20)
5.11 Aggregation
The aggregate production function is:
ye = (k) hy0 ™ (A21)
and the aggregate absortion is:
Yl = ¢+ + gi + a (u) K (A22)
where:
ce=(1-Q)c+Qc" (A23)
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ip=(1—-Q) (A24)
K; = (1 - Q) Kto (A25)

5.12 Market clearing
5.12.1 Goods market equlibrium under Calvo

The expression warranting the equilibrium in the good market is:

Yy = seyf (A26)

where s; denotes the resource cost due to relative price dispersion in the Calvo
model. It evolves according to:

«(=m) ™\’
st=1—a)p; +a| —=—] s (A27)

1

where p}, in the light of the aggregate price index, must satisfy:
am” () 4 (=) =1

5.12.2 Goods market equlibrium under Rotemberg

The aggregate resource constraint accounts for price and nominal wage adjust-
ment costs, therefore:

; £ ™ ? w w ™ 2
yt:Ct+Zt+gt+a(Ut)Kt+7p TrXt —1 yt+£7 t t -1 ht

2\ 2 \we1 my
(A28)
5.12.3 Labour market equilibrium under Calvo
The equilibrium on the labour market is given by:
hi = 5.hd (A29)

where 5; denotes the resource cost due to relative wage dispersion in the Calvo
model. It evolves according to:

x\ (1) (=Mw) N
St =(1— ay) <:Zi) + vy <w;t1) (Wzt ) St—1 (A30)
t—1

where it must hold that:
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1— 1—n EiA ( w w
wg M) _awwi_l zw)( ¢ 1)

(1 —ay)

(A31)

*_
Wy =

5.13 Fiscal Authority

Public spending is financed through seigniorage:

mi—1

gt = My —
Tt

where m; denotes real money balances and ; is the actual gross inflation rate.
Government minimizes the costs of purchasing the composite good. Therefore,

-n
government’s absorption of a single type of good is g, = (%) gt.

5.14 Monetary Authority

Monetary authority sets the nominal interest rate according to the non-linear
rule described above:
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6 Appendix B: Calibration

Baseline calibration of the structural parameter values follows CEE (2005).

Table B1: Parameter Values

Parameter  Value

Households

8 1.03¢-1/4)
b 0.65

1) 1

o3 1.1196
N 21

Q 0.30
Qi 0.64
Xw 0.75%
Firms

U 0.36

) 0.025
n 6

« 0.6

X 0.50*

v 0.15*
Monetary Authority
O 1.5

Description

Subjective discount factor

Degree of habit persistence

Inverse of intertemporal substitution of labor
Disutility of work

Wage elasticity of demand for a specific labor variety
Share of Rule of Thumb consumers

Calvo wage

Wage indexation

Share of capital in value added

Depreciation rate of capital

Price elasticity of demand for a specific good variety
Calvo price

Price indexation

Cash in advance parameter

Inflation stabilization

30



7 Appendix C: Steady State Solution and In-
equality Measures

7.1 Steady State in Calvo
From the wage setting equations A10 and A1l we get:

_( Nw — 1 w*hAMU W\ Mw
fl a ( Nw > (1 - Oéwﬂﬂ'(nwfl)(lew) (E) (Cl)
. AMDhR
w \ "Tw
fo=— (1 — awﬂwnw(le)> (E) (C2)

where the Average Marginal Utility is AMU = (1 — RT)\° + RTN and \° —
w5 and A= —7-. Therefore:

1—-RT RT
AMU = c® —be + c't — be (C3)

The Average Marginal Disutility is:
AMD = —¢,sh (C4)

In equilibrium A12 holds. Imposing equality between C1 and C2 we get:

« (1=RT RT
¢1§h N — 1 w <c"—bc + c""—bc)
1 — @y fBrme(1=Xw) N 1 — a1 xw)
Notice that:
¢t = wh (C5)
Therefore:
« (1—=RT RT
(blgh _ Nw — 1 w (c”—bc + wh—bc)
1— awﬁﬂ'nm(l_Xw) o Nw 1— awﬁﬂ'(nw_l)(l_Xw)

Dividing by ("’7“7—_1> * and multiplying by 1 — B (1= Xw):

¢,5h B (1—RT RT ) ( 1 — v B (1=Xw) >

(771;;—1) w  \¢®—bc  wh—bc) \1— a,Br=D0-xu)

Defining: T = (%) w* and T

w

¢,sh 1—-RT RT
= r
Iy c® — be + wh — be (C6)

( 1— g B w (1= xw)

1= Br(Mw =D A =Xw) ), we rewrite:
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Defining Al = (%)7 the average consumption ¢ = iy, where y = kYR(1=7) =
(%)ﬂh: Al’hand & = 1—%—5 =1-g— 25 =1-g—0A107Y reads as:
c::Alﬁh(1-g-5A1U*ﬂQ (C7)

Rewriting C6 and defining T's =1 — g — A1)

¢ﬁh:< 1—RT RT )>r

Ty~ \ o —b(AL9ATs)  wh—b(AL9AT,

Rearranging terms, we can get now an equation for ¢° as a function of h:

b ¢,5h RT
o (1= RT)+bA1"AI'3 ( T, wh—bAlﬂhm) o8
c = (¢1§h B BT ) ( )
FFl ’LUh*bAlﬂhrg

Recall that the aggregate resource constraint reads as:
Al’h=slc+ 1+ G+ a(u)k] (C9)

From the aggregate resource constraint it’s now possible to obtain steady
state hours, knowing that:

c (1 — RT)c® + RTc™ (C10)
k
I 0k = 6Eh = §Alh (C11)
a(u) = 0
Therefore, rewrite C9 taking into account C10, C8, C5 and C11:
(1= RT)+bA1" hlg (A5 — ——BL )
1—RT _ 1 wh—bA1VADg +
arn=s{ ) A~ o
+RTwh + dA1lh + G
In rearranging and collecting terms, rewrite S?}}zG as s¢>1§1i7,;fA179 and — h—sﬁle%;hrg
as %, having defined g = %
Therefore: )
F 2
h= <F;) (C12)
where:
A1RT  s(1— RT)bA1’T3RT  sRTgA1”  sRIT;
I';=s(1—RT)? - - -
r=s(l-RI)+ Iy Ty Iy Iy
=TI, IT, IT, IT,

I's = RTw + §Al
[y =w—bA1°T,
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7.2 Steady State in Rotemberg

The marginal rate of substitution in steady state is:

¢1h¢ o Nw — 1 (1 - 6) (1—=xw) _ (1=x4)
v T il Gl K (w 1) ™ (C13)

w
Recalling C3 and rearranging terms, we rewrite C13 as:

1—-RT RT
¢ _ QO
uh <c" —bc + crt bc>

where = (%) w + (ln;f)gw (W(lfxw) -1) a(1=xw) |

Recalling Cg and C7, we rewrite:

¢1h“’—{ 1 - RT RT }

c® —b(A1?hI3) + wh — b (A19hT'3)

Rearranging terms, we can get now an equation for ¢° as a function of h:

9 b, h? RT
o (1 - RT)+ bA1”hI's ( a - wh—b(mwﬁ) Cl4
c = ¢, h? RT ( )
Q wh—b(A1VAL;)

Recall that the aggregate resource constraint reads as:

S (00 _ 1)y 4 & (0% 1)
y-c—&—]—i—G—i—a(u)k—i—?(w —1) y—&—?(w —1)h (C15)

Recalling that:

y = A1%h
c = (1—RT)°+ RIc™
I = 0Alh
atu) = 0
o 1
Rewrite C15:
h
A1"nZy = (1-RT) (1 - RT) + bALAT: (% ~ %)
(% - m>
+RTwh + dAlh+ G+ ZZh

where: Z,=(1-2); 2= (r1=0) — 1)2 and ZZ = & (n0-xw) — 1)2.

2
¢ hG ¢1h2914119 RTG
o as o and Ty

In rearranging and collecting terms, rewrite

RTgA1”

aS L TB(A19TS) "
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Therefore:

Zs\
_ (% 1
- (2) 1o
where:

_ A1YZRT » (1= RT)RTbA1’T3 RT?*w RTJAL
Zs = TJr(lfRT) - T T, +

RTgA1Y RTZZ

T, I,

, _AVZg, (1= RT)VAUTs9,  ¢.RTw _ ¢,6A1 _ ¢ygAl” _ $,27
6= - - -

0 Q S Q 0 Q 0

7.3 Inequality Measures

In this Appendix we derive the following inequality measures: <" and wh

o Y
the Calvo price mechanism.
The relative consumption of rule of thumbers can be written as:

&t wh (c>_1 ( G [)_1 <h>“9
e = (1—-—=== w | =
c VAR Yoy k

From the cost minimization problem the marginal cost reads as:
(1-9)
M — (T;)ﬁ w[1+v<1—;g>]]

(1—v)
Recalling also that the average markup is defined as:

1
- MC

cn-a @) fefooe (-
Therefore:
£ ()-8 v afelon (B

1
where i =4 (%)1_19 and % = (—19;\';0)((071)).

It’s now straightforward to obtain:
w—h—(l—ﬂ) Pll1+v 1—l -
y : R
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I

the real wage is:



