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1. INTRODUCTION

Inequality in income and wealth is one of the defining features of our times
(Piketty, 2014). Such inequality makes specific household groups more exposed
to aggregate shocks than others, creating a large interest in understanding the
macroeconomic consequences of transfers to specific income and wealth groups
(Oh and Reis, 2012; Bilbiie, Monacelli, and Perotti, 2013). Figure 1 documents
the relationship between real fiscal transfers and real GDP over the business cy-
cle in the US.! During recessions, the government increases transfer payments as
a way to reduce the disproportionate impact of aggregate shocks across different
income and wealth groups. The presence of such countercyclical transfers raises
the question whether the systematic response of monetary policy to the business
cycle should focus on traditional inflation targeting and leave the inequality issue
to the fiscal authority. The central goal of this paper is to understand how opti-
mal monetary policy should look like in the presence of countercyclical transfers.

Toward this end, we construct a New Keynesian business cycle model that
incorporates income and wealth heterogeneity and transfer rule. The aggregate
shocks that we consider are the neutral technology shocks and the marginal ef-
ficiency of investment shocks. The model builds on two-agent New Keynesian
(TANK) models by Gali, Lépez-Salido, and Vallés (2007) and Debortoli and Gali
(2017) to generate a tractable model of households heterogeneity. The model
features non-Ricardian households that merely consume their labor income and
do not hold any financial assets and Ricardian households who intertemporally
optimize using capital and government bonds. Using the model as a laboratory,
we study the rich relation between transfer rules and differential consumption re-
sponses across households, and their normative implication for monetary policy.

We obtain two main results. First, complete price stability is no longer
socially optimal under the countercyclical transfer payments that is consistent
with the data. Because the consumption dispersion that emerges after aggregate
shocks is suboptimal, it is optimal for the Ramsey planner to give up complete
stabilization of inflation and the output gap and partially reduce consumption
inequality. Second, the cyclicality of transfers matters substantially for the prop-
erties of the optimal monetary policy. If transfer payments do not vary with the
business cycle, then it is optimal to deflate and reduce the output gap. In con-

IFiscal transfers correspond to government social benefits to persons. Both transfers and GDP
are obtained from FRED and are HP-filtered.
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Figure 1: Real GDP and real government transfer payments

trast, if transfer payments are much more countercyclical than the data, then it
is optimal to inflate (or deflate less) and have the output gap increased (or less
decreased).

The intuition for these results is that the cyclicality of transfers governs the
distribution of consumption in response to aggregate shocks. Consider a positive
neutral technology shock as an example. If transfer payments are constant, then
consumption of non-Ricardians increases more than that of Ricardians, which
calls for the real wage gap to fall to dampen the spending of non-Ricardians.
This leads to a fall in the inflation rate. If transfer payments are strongly coun-
tercyclical, then consumption of non-Ricardians increase less than that of Ricar-
dians, which calls for the real wage gap to increase to stimulate the spending
of non-Ricardians. Hence, a positive neutral technology is inflationary in this
scenario.

Most studies of optimal monetary policy that are restricted to economies
with a representative agent conclude that price stability is optimal in response to
neutral technology shocks (Gali, 2015). In this environment, transfers are irrele-
vant for policy prescriptions. In our representative agent New Keynesian model
which includes capital, we obtain the same result. Bilbiie and Ragot (2017),
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Nuno and Carlos (2016), Challe (2018), and Debortoli and Gali (2017) study
optimal monetary policy in economies with heterogeneity in wealth. These pa-
pers find that strict inflation targeting is not optimal like ours. However, what
sets our paper apart from theirs is that we emphasize the role of fiscal transfer
rules, which are absent in these papers, on distributional consequences and thus
in shaping the properties of optimal monetary policy.

The rest of the paper is organized as follows. Section 2 introduces the model.
Section 3 highlights the calibration and the solution method. Section 4 highlights
monetary policy trade-offs between consumption inequality and price stability
which depends on the cyclicality of transfers. Section 5 concludes.

2. MODEL

There are two types of households, a continuum of firms producing differen-
tiated intermediate goods, a perfectly competitive firm producing a final good, a
central bank in charge of monetary policy, and a fiscal authority.

2.1. HOUSEHOLDS

The economy consists of a continuum of infinitely lived households. A frac-
tion 1 — Q of households can invest in physical capital and have access to asset
markets where they can trade a full set of contingent securities. Following Gali,
Lépez-Salido, and Vallés (2007), we label them optimizing or Ricardian house-
holds. The remaining fraction Q of households are completely isolated from
asset and capital markets, and just consume their labor income. We refer to them
as rule-of-thumb or non-Ricardian households.

Optimizing (Ricardian) households Ricardian households maximize:

2 (CO0—1 N onl
E e —b NY 1
ot;)ﬁ ( l1-o i+n " )’ M

where 8 € (0,1) is the subjective discount factor and C7 is its period ¢ con-
sumption. N/ denotes their labor inputs, b the relative disutility of supplying
labor inputs, and 1) the Frisch elasticity.
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The capital accumulation by Ricardian households is as follows:
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where 0 denotes the depreciation rate. K is their installed capital, I denotes
their newly purchased investment goods, and K captures the convex investment
adjustment cost proposed by Christiano, Eichenbaum, and Evans (2005). ¢ is
the marginal efficiency of investment (MEI), known to proxy for disturbances
to the functioning of the financial sector (Justiniano, Primiceri, and Tambalotti,
2011). We assume the MEI shock follows the stochastic process

+(1-8)K? 2)
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where py and 0, denote the persistence and the standard deviation of the shock,

respectively. Ricardian households’ periodic budget constraint is given by

PCO+PI°+B°+T° <R, B’ | +W;N° +R‘K° + D;. (3)

fort =0,1,2,--- 0. Here, W, is the nominal wage, R¥ is the nominal rental rate
of capital, B, represents the quantity of one-period nominal bond purchased in
period ¢, R, is the gross nominal interest rate, D; is the dividend, and 7,° is the
lump-sum tax paid to the government.

Rule-of-thumb (non-Ricardian) households Non-Ricardian households choose
C/ and N/ that maximize:

) Crlfc -1 n N+t
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where 7" is the lump-sum tax levied on non-Ricardian households.

Wage schedule Because we are interested in potential welfare losses of con-
sumption heterogeneity, as in Debortoli and Gali (2017), we keep the labor sup-
ply side as simple as possible so that households’ wage schedule satisfies

W, 1

- =H'DCINT, (6)

t
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where C; is the aggregate consumption, N, the aggregate labor input, and yu" =
ef—il > 1 the wage markup. This wage rule would arise in a version of the
representative-agent New Keynesian models with an imperfect labor market, in
which a labor union sets the wage that maximizes the households utility. We

assume that the wage markup is sufficiently large so that the conditions %’ >

1
bCPP°° N, for type = o, r are satisfied for all 7, which guarantees that both types
of households are willing to supply labor demanded by firms at the prevailing
wage.

Aggregation Aggregate consumption and hours worked are given by a weighted
average of the corresponding variables for each household type. That is, C; =
QC + (1 -Q)C? and N, = QN + (1 — Q)N/. Aggregate investment and the
capital stock are [, = (1 —Q)I? and K, = (1 — Q)K?, respectively.

2.2. FIRMS

A continuum of monopolistically competitive firms, indexed by s € [0, 1],
produce differentiated intermediate products Y;(s). We assume the existence of
a representative final good firm that combines the differentiated products into a
final output Y;:

1 oy ET
Y,z[/o Yt(s)eds} , )

where € > 1 denotes the intratemporal elasticity of substitution across different
varieties of intermediate goods. Solving the cost minimization problem for the
final good firm yields the demand for each differentiated intermediate good:

no= (20 @

where P;(s) is the price of intermediate good s. Because the final good firms
operate in a perfectly competitive market, the aggregate price index F; can be
obtained by imposing the zero-profit condition:

1
1 =
p— [ / P,(s)l‘gds} . )
0
All monopolistically competitive firms that produce intermediate goods have
an identical production technology

Y;(s) = AK; (s)*N, (s)' (10)
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relation

logA; = palogA, | + €4, (11)

where &4, is i.i.d.N(0, 63).

Intermediate-good firms are subject to nominal price rigidity. As in Calvo
(1983), in every period, a fraction 6 of these firms cannot optimally choose their
prices and keep their prices unchanged from the previous period. The remaining
fraction 1 — 6 of these firms reset their optimal price F"(s) by maximizing their
current and the present value of their expected future real profits

= Ay |
max E; vgb(ﬁe) W P
subject to the sequence of demand constraints (8). Here A, is the marginal
utility of real wealth of a Ricardian household that owns the firm. 7 denotes
the rate at which the cost of labor and capital is subsidized and is introduced to
eliminate the distortions arising from monopolistic competition. These subsidies
are financed by means of lump-sum taxes 7,° and 7,". The inefficiency resulting

from the presence of market power can be eliminated by setting T = %

(B Frv(9) = (1= 0) (R Kio () +Weui ()|

Moreover, as in Gali, Lopez-Salido, and Vallés (2007) and Debortoli and
Gali (2017), we assume that intermediate-good firms hire labor uniformly across
household types so that

Nji(s) =N7,(S) =Nj,(s) (12)
holds for all ¢.

2.3. FISCAL POLICY

Because the marginal propensity to consume differs across households, there
is a non-negligible role for fiscal transfers on aggregate fluctuation. Following
Leeper, Plante, Traum (2010), we consider a transfer rule which is given by

log(trans; /trans) = ¢,log(¥;/Y), (13)

where trans; = —Q% denotes the total real government transfer payments, and
¢, determines the cyclicality of transfer payments.? trans and Y are the steady

*More precisely, their fiscal rule takes the form of log(trans,/trans) = ¢ylog(¥,/Y) +
log(B;/B). However, because we assume net bond holdings are zero in equilibrium (B, = 0),
we omit terms that capture government debt.
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state real transfer and output. If ¢, < 0, transfers to non-Ricardian households
are reduced during booms, which works to dampen an increase in their consump-
tion and thus aggregate consumption. So, (13) can be interpreted as automatic
stabilizers.

2.4. MARKET CLEARING

In equilibrium, net bond holdings are zero, B; = 0. Marketing clearing in
the goods markets requires that the quantity produced matches the quantity de-
manded for consumption and investment. Thus, in equilibrium, ¥, = C, + 1.

Using the labor market equilibrium condition, N;;, = jol Nj,;(s)ds and de-
mand equation (8), it can be shown that the aggregate output can be expressed
as:

1
Y, = A,K,“N,H‘K (14)
!

—&
1 (Bl . . .
where A, = |, (%) ds is a measure of price dispersion across firms.

3. PARAMETER VALUES AND THE SOLUTION METHOD

Table 1 summarizes our baseline parameter values used for deriving the op-
timal policy under commitment. It is assumed that the discount factor f3 is 0.99,
implying a steady state real annual return of 4%, and the relative risk aversion
coefficient o is 1 (log utility). Following Chetty (2012), the Frisch elasticity of
labor 7 is set to 1/2. The preference parameter b is set to match the steady state
value of N, which is 1 for analytical convenience. It is assumed that there are no
costs associated with changing the level of investment (k = 0).> The annual de-
preciation rate is set to 10 percent (6 = 0.025). Capital income share « is set to
0.33. Following Gali, Lépez-Salido, and Vallés (2007), we set 0 to 0.75, which
corresponds to a price adjustment frequency of 4 quarters. It is also assumed
that the degree of intratemporal elasticity of substitution between intermediate
goods € is 6. Elasticity of substitution between labor types €, is set equal to 6,
implying a wage markup of 1.2. As for the parameter describing the government
transfer rule ¢,, we use OLS estimates of equation (13) by regressing the HP fil-
tered real government social benefits to persons on the HP-filtered real GDP. The

3All the qualitative properties of the optimal policy presented below are not affected by the
presence of the investment adjustment costs.
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share of non-Ricardian households € is 0.3, which is consistent with the fraction
of hand-to-mouth households in the US over the period 1989-2010 estimated by
Kaplan, Violante, and Weidner (2014). The persistence and the standard devia-
tion of aggregate shocks are assumed to be 0.9 and 0.01, respectively.

Because the focus of our paper is the welfare implication of the differential
consumption responses to aggregate shocks, as opposed to steady state consump-
tion differences, we assume steady state consumption is the same across house-
hold types, that is, C, = C, = C, as in Gali, Lépez-Salido, and Vallés (2007) and
Debortoli and Gali (2017). This outcome can always be guaranteed by an ap-
propriate choice of steady state lump sum tax on non-Ricardian households, 7.

Table 1: Benchmark calibration

Parameter Description Value
B Discount factor 0.99
n Frisch elasticity 172
o Relative risk aversion 1
K Investment adjustment cost 0
o Depreciation rate 0.025
a Capital income share 0.33
0 Calvo price stickiness parameter 0.75
€ Elasticity of substitution across intermediate goods 6
ev Elasticity of substitution across labor types 6
Q Share of non-Ricardian households 0.3
0y Cyclicality of transfer payments -1.27
Pa Persistence of the neutral tech. shock 0.9

Pu Persistence of the MEI shock 0.9
o4 Standard deviation of the neutral tech. shock 0.01
oy Standard deviation of the MEI shock 0.01

4. OPTIMAL MONETARY POLICY

In this section, we show that the presence of consumption heterogeneity
leads to an optimal monetary policy prescription that deviates from perfect price
stability. We then discuss how different transfer rules call for different optimal
monetary policies. We assume that ex-ante commitment is feasible. For each
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process of aggregate shock, we assume that the Ramsey planner maximizes the
following weighted utility function:

> col=o 1 n o
Wo=(1-Q gt —b N; 7
o= (- Ep (Tt —pon™)
> cri-o—1 no_an
QY pr( = —b N, 15

by choosing plans for C;, C7, C/, I;, I7, Ny, Ri, A, W, 11, MRS;, I1;, wy, Ky,
K%, Y, v, ©, 0, x!, x2, A;, TI} subject to the constraints from (A.1) to (A.22)
fort =0,1,---,00. We compute the equilibrium path under the optimal policy
by applying a second-order approximation around a steady state of the Ramsey
problem, following the approach pioneered by Schmitt-Grohé and Uribe (2004).

Neutral technology shock Figure 2 compares the impulse responses to a one
standard deviation neutral technology shock in a RANK and a TANK model
under the baseline fiscal rule. When prices are flexible in a TANK model (NT-
Flexible (TANK)), consumption level of Ricardians (O. Consumption) and non-
Ricardians (R. Consumption) rises due to an increase in factor prices. Because
non-Ricardians cannot use assets to smooth out consumption as Ricardians can,
their consumption level increases more than that of Ricardians causing a disper-
sion in cross-section consumption. This heterogeneous consumption response
is the first distortion. When prices are sticky, there is an additional distortion
that arises due to countercyclical markups which poses a further challenge for
the Ramsey planner. The latter distortion, which manifests itself as the time-
varying output gap, can be completely eliminated in a RANK model by keeping
the inflation rate fully stable. However, in a TANK model, such strict inflation
targeting would lead to a flexible price equilibrium, which involves consumption
inequality. Therefore, the Ramsey planner strikes a balance between stabiliz-
ing the inflation rate and reducing consumption dispersion between Ricardians
and non-Ricardians. Because non-Ricardians are more income-sensitive than
Ricardians, in order to reduce the consumption dispersion, it is easier to bring
non-Ricardians’ consumption close to Ricardian’s consumption than to bring Ri-
cardians’ close to non-Ricardians’. Therefore, the Ramsey planner seeks for an
allocation that involves a smaller increase in real wages than its flexible equi-
librium counterpart — a negative real wage gap — which induces a fall in real
marginal costs and in turn the inflation rate (NT-Ramsey (TANK)).
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Figure 2: Effects of a neutral tech. shock in a RANK and a TANK with the base-
line transfer rule (¢, = —1.27) under flexible prices and under Ramsey policy
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Figure 3: Effects of a neutral tech. shock in a TANK with different fiscal transfer
rules under Ramsey policy
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Figure 3 plots the Ramsey equilibrium in TANK models under two extreme
fiscal transfer rules in response to a positive neutral technology shock. In the
absence of fiscal transfers (¢, = 0), the responses of prices and quantities are
qualitatively the same as those observed under the baseline transfer rule. The
only difference is that, under no transfer, the Ramsey planner is more willing
to bring down the real wage gap by allowing a larger fall in the inflation rate
and the output gap because the consumption dispersion is larger due to the ab-
sence of automatic stabilizer. However, when transfers are more countercyclical
than in the data (¢, = -3), the Ramsey planner seeks for an increase in the real
wage gap by inducing inflation and an inefficient boom. This is because the
more powerful the automatic stabilizer is, the more income of non-Ricardians
is redistributed to Ricardian households. Thus, non-Ricardians’ increase in con-
sumption is dampened more. With ¢, = —3, non-Ricardians’ consumption is
lower than Ricardian’s. As a result, the Ramsey optimal allocation is to have
non-Ricardians’ consumption closer to Ricardians’ by raising the real wage gap.

Marginal efficiency of investment shock Figure 4 compares the impulse re-
sponses to a one standard deviation marginal efficiency of investment shock in
a RANK and a TANK model under baseline fiscal rule. When prices are flexi-
ble in a TANK model (MEI-Flexible (TANK)), consumption of Ricardians falls
whereas that of non-Ricardians rises in response to a positive marginal efficiency
of investment shock. Ricardians exploit the increased expected return on capital
by investing more and reducing consumption. This works to reduce aggregate
consumption and so the marginal rate of substitution between labor and con-
sumption, which induces an increase in aggregate labor input. This increases the
labor income of non-Ricardians due to assumption (12) and so their consump-
tion. The optimal policy is to bring non-Ricardians’ consumption level close
to Ricardians’ consumption. Therefore, the Ramsey planner seeks for a policy
that reduces the real wage gap to depress non-Ricardians’ consumption, which
induces deflation (MEI-Ramsey (TANK)).

Figure 5 plots the Ramsey equilibrium in TANK models under two extreme
fiscal transfer rules in response to a positive marginal efficiency of investment
shock. As in the case of the neutral technology shock, in the absence of fis-
cal transfers (¢, = 0), the Ramsey planner is more willing to bring down real
wages by allowing a larger fall in the inflation rate and the output gap than un-
der the baseline transfer rule. When ¢, = —3, unlike the scenario of the neutral
technology shock, the optimal policy still calls for deflationary policy. This is be-
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cause the neutral technology shock directly affects the consumption of both non-
Ricardians and Ricardians through changes in real wages, whereas the marginal
efficiency of investment shock only directly affects the intertemporal decision of
capital holders, Ricardian households. As a result, the consumption dispersion is
larger under positive MEI shocks than under positive neutral technology shocks.
Therefore, in order to have the consumption level of non-Ricardians fall below
that of Ricardians and thus have an inflationary policy as the optimal policy,
more countercyclical transfers are needed under MEI shocks than under neutral
technology shocks.

Consumption 0. Consumpition 04 R. C i 4 Inv
0
o M‘
0 005} =7 3
02 = = ol ! 22
04 05
-0.05 1
06
-1 0.1 o
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
Nominal MC %103 i Real rate Transfer
bt 5 015 04
) ; of . 3
0.05 : . 0.1 06 5 |
® 04t i BRI = = \\_/
H : 005 08 !
015} ot £
B — A5 — - o 4
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
Real wage gap Ouput gap «10* Real rate gap 4 MEI shock
of LT
R i 0f m——
0.05 0.01 h
= = 2 40 =05
0.1 0.02
15
015 00341 20 0
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
——MEI-Flexible (TANK) ===+ MEI-Ramsey (TANK) —— MEI-Flexible (RANK) === MEI-Ramsey (RANK)

Figure 4: Effects of a MEI shock in a RANK and a TANK with the baseline
transfer rule (¢, = —1.27) under flexible prices and under Ramsey policy
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Figure 5: Effects of a MEI shock in a TANK with different fiscal transfer rules
under Ramsey policy

Suboptimality of inflation targeting The impulse responses from Figure 2
to Figure 5 are suggestive that the behavior of the consumption distribution is
relevant both for welfare and the characteristics of the optimal monetary policy
under various transfer rules. This intuition is confirmed in Table 2, which reports
welfare losses under inflation targeting relative to those under Ramsey optimal
policy. The welfare loss reported in the table are computed for our benchmark
calibration of the model in which inefficient fluctuations are driven by both the
neutral technology and the marginal efficiency of investment shocks, and is ex-
pressed as a percentage of steady state aggregate consumption. The table clearly
indicates that a monetary policy that ignores consumption distribution perform
more poorly than Ramsey optimal policy.
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Table 2: Welfare under inflation targeting

Welfare loss relative to Ramsey optimal policy
0.0024 0.0010 0.0053

Note: The welfare loss is expressed as a percent of steady state consump-
tion.

5. CONCLUSION

This paper departs from the representative-agent assumption and explores
how the presence of consumption distribution alters the optimal plans for the
Ramsey planner who uses the nominal interest rate as an instrument. Rela-
tive to a price stability motive that typically appears as policy prescriptions in
representative-agent New Keynesian models, heterogeneity adds a quantitatively
important motive to spread aggregate fluctuations equally across all households.
The latter motive crucially depends on how the fiscal transfer rules are con-
structed. The message of our finding is that monetary policy prescription is
connected to redistributive fiscal policy.

A fruitful area for future work is the optimal design of both redistributive
policy (or automatic stabilizers) and monetary policy. McKay and Reis (2016)
argue that automatic stabilizers are effective given a suboptimal monetary pol-
icy rule. They continue to show that automatic stabilizers may be less effective
when monetary policy rule becomes close to optimal. In contrast, we character-
ize optimal monetary policy given a suboptimal transfer rule and conclude that
monetary policy prescription may look differently depending on fiscal rules. If
automatic stabilizers and monetary policy are both optimally designed, then the
outcome could be that automatic stabilizers focus on eliminating inefficiencies
generated by the changes in the consumption distribution, and monetary policy
concentrates on conventional price stability.
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APPENDIX

A. FULL SET OF EQUILIBRIUM CONDITIONS
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Price setting

Consider a price-setting problem faced by an intermediate-good firm which has
the opportunity to reoptimize its price in period ¢. This price, which we denote
by P (s), is set so as to maximize the expected present discounted value of prof-
its. The first- order condition for price setting problem for each sector can be
expressed as follows.

(e 1)E Y (0B) sy (B () P Yon) = €Er Y (8B)" Auv Wy (5)B (5) ' B2,

v=0 v=0

where ¥, = y; X P, denote nominal marginal costs. We introduce auxiliary
variables XCIJ and Xch.

oo

le =E Z (eﬁ)vszv (PifleH-v)

v=0
th =E Z (9[3) a't+v (\Pt+v( ) z+v Yt+v)
v=0

Using these auxiliary variables, the first-order condition can be expressed recur-
sively:

X\ =AY, +(0B) EITE, /x| (A.14)
Xt =LwY, + (0B) ETIE x7, (A.15)
2
* € Xt
=T (A.16)
' =(1-0)I'"*+0 (A.17)
where IT" = P* /P, is reset price inflation, and where x; = P}f rand x? = jf,ﬁ

t
Log-linearizing these equations around zero steady state inflation and putting the
results together yield the usual Phillips curve.

Fiscal and monetary policy

Subsidies given to intermediate good producing firms are covered by lump-sum
taxation collected from households. Moreover, the fiscal transfers vary with the
macroeconomic condition.

W, R

Q'+ (1 - Q)t? = T(—N, + -1 K;) (A.18)
k k

log(trans, /trans) = ¢,log(¥;/Y) (A.19)

7o

where 10 = .
t P
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Market clearing

Yy=C+1 (A.20)
1
Y, = (A,K;”N}—"‘)Z (A.21)
1
A = (1—0)IT°IIE + OTTPA, (A.22)

—&
1/P . . . .
where A; = |, ( ’é”) ds is a measure of price dispersion across firms.
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