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1 Introduction

Monetary Policy (MP) is a powerful tool to lean against fluctuations in aggregate
demand. But the episode of high and persistent inflation in the wake of the
pandemic has highlighted that it faces significant challenges when confronted
with other sources of shocks. Shocks to energy prices and disruptions in supply
chains and shocks to inflation expectations have introduced a trade-off for
central banks between letting inflation rise temporarily to preserve employment
or accepting a recession to stabilize inflation. Distributional conflicts, either
opportunistic increases in profit margins, known as “greedflation,” or persistent
wage-price spirals as emphasized by Werning and Lorenzoni (2023), have
further contributed to the challenges of managing inflation. Financial instability
triggered by a fast monetary tightening has also been a source of concerns
among central bankers and complicates the conduct of monetary policy.

In the perspective of broadening the set of tools to regulate inflation, this
paper analyzes the effectiveness of a tax on inflation policy (TIP), which would
require firms to pay a tax proportional to the increase in their prices or wages.
By giving direct incentives to firms to moderate their price increases without ex-
acerbating relative price distortions, we show that TIP is an effective instrument
to control aggregate inflation, especially in the face of markups and shocks
to inflation expectations. We do so by embedding a TIP in a workhorse New
Keynesian model that includes several exogenous drivers of inflation and by
deriving the optimal combination of MP and TIP in response to these shocks.

Starting with the proposal by Wallich and Weintraub (1971), TIP was widely
discussed in the 1970s in the U.S. and in Western Europe, at a time when
persistent inflation was the main concern of policymakers. In a few countries,
versions of TIP were even briefly implemented. Because TIP has been absent
from recent policy discussions and the recent literature, the paper reviews
in details these earlier proposals and attempts in section 2. Building on the
ideas developed at the time, we then leverage the tremendous advancements
of models with sticky prices made in the last decades to formalize TIP and
characterize the optimal conduct of TIP in a fully microfounded framework.

Our analysis yields several contributions.



We first show that combining TIP with conventional MP can implement
the first best allocation in which inflation is zero and the output gap remains
closed at all times under any path of shocks. This is in sharp contrast with a
setting where only MP is available, because markup and inflation expectation
shocks cannot be entirely addressed with MP. Then, we show that instruments
should completely specialize: MP should track the neutral rate of interest,
which varies with aggregate demand and productivity shocks, to keep output
at its efficient level, and TIP should rise with markup and inflation expectation
shocks. By introducing a wedge between the private and the social returns to
price increases, these shocks create an externality in the firms’ pricing decision.
By giving direct incentives to moderate price increases, TIP can re-align the
private with the social valuations and correct excessive inflation. In contrast
with the view of the 1970s which saw TIP as a substitute for MP, we stress that
TIP and MP are complement, each specializing in specific drivers of inflation.

We then formalize the equivalence between TIP and production or pay-
roll subsidies—the more traditional tools to address the distortion implied by
markups considered in the literature. While both instruments can help imple-
ment the first best, we show that subsidies entail large and persistent fiscal
costs. In addition, we show that the first-best allocation could be equivalently
implemented with other instruments that have a similar flavor as TIP, such as
a feebate combining a tax on inflation with a rebate to all firms, and a market
for inflation permits on which firms trade rights to increase their prices—a
proposal first made by Lerner (1978). The appeal of a feebate is to provide
incentives without increasing the average tax burden while the appeal of the
market is that it minimizes the involvement of the fiscal authority.

In stark contrast with price controls, we find that TIP does not exacerbate
distortions in relative prices. In an extension with sector-specific TFP shocks,
which requires adjustments in relative prices, we show analytically, that under
some conditions, TIP has no effect on relative prices across sectors and we
provide numerical evidence that this independence applies more generally.
Intuitively, this is because TIP is linear in price increases and symmetric across
tirms, contrary to price controls which are convex and asymmetric: in the pres-

ence of TIP, while firms that are hit by a negative productivity shock moderate



their price increases, firms that would otherwise not change their prices are
incentivized to decrease them to get a subsidy from TIP. The linearity of TIP
keeps relative prices across sectors broadly unchanged.

The stabilization properties of TIP continue to hold in a setting in which
MP follows a Taylor rule and TIP targets inflation. Based on simulations of
a calibrated model, we show that the stabilization gains from using TIP are
substantial. Consistent with the first-best setting, these gains are especially
large for markup and inflation expectation shocks: a reasonably calibrated TIP
could lower the variance of inflation by 45% and of output by 44%. Welfare
gains are smaller for TFP and demand shocks, because the lower inflation
volatility is partially mitigated by higher output gap volatility. Also consistent
with the first-best policies, we find that some specialization is desirable: TIP
should target inflation and MP should increase its focus on the output gap.

Finally, we address issues related to the implementation of TIP. First, a
feebate or a market for inflation permits could arguably be easier to implement,
the first one because it avoids increasing the tax burden on firms, the second
one because it avoids relying on the tax administration. As discussed above,
they can both achieve the same allocation as TIP. Second, a TIP restricted to
the largest 1% of firms, which would be easier to administer, would still be
very effective. Third, in an extension with sticky wages, we find that a TIP
on wages is very effective for markup and inflation expectation shocks arising
from the setting of wages (but not from the setting of prices independently
of wages). The conclusion highlights other implementation issues deserving
further research.

The remainder of this paper is organized as follows. Section 2 reviews the
brief history of TIP and the related literature. Section 3 introduces a conven-
tional sticky price model augmented with a TIP. Section 4 analyzes the optimal
design of TIP and MP and section 5 discusses the equivalence with other fiscal
tools. Section 6 analyzes the macro-implications of an inflation-targeting TIP.
Section 7 analyzes the implications of TIP for relative price distortion. Section 8

addresses several concerns related to its implementation. Section 9 concludes.



2 Brief History of TIP and Literature

Early Proposals of TIP during the Great Inflation.  In the context of high and
accelerating inflation due to the combined food and oil price shocks of 1973
and 1979, and persistent wage-price spirals, Wallich and Weintraub (1971) for-
mulated the first proposal for a permanent tax on wage increases. At this time,
TIP stood for “Tax-based Incomes Policies” and according to their proposal it
would be levied on wage increases in excess of a pre-announced target and it
would be paid by employers.

This proposal started a literature analyzing the theoretical rationale for a TIP.
Kotowitz and Portes (1974) build a microeconomic model in which a union sets
wages and firms set prices and find that imposing such a tax does reduce the
rate of change of wages. They show that this result is robust to assuming that
the union is myopic or forward-looking. Latham and Peel (1977) show that the
tax on wage increases is less effective when the firm is a monopsony. From a
normative perspective, Seidman (1978a) argues that when increasing their price,
tirms don’t take into account their economy-wide inflationary effects. Like a
tax on pollution, TIP would signal to firms the social costs of their actions and
would make them internalize the externalities of their price-setting behaviors.

A stream of papers studied other macroeconomic implications of TIP. In
a macroeconomic model, Peel (1979) shows how the tax could reduce the
likelihood of business cycles. Scarth (1983) finds that an employer TIP based on
price increases, and an employee TIP based on wage increases are destabilizing,
while an employer TIP based on wage increases is stabilizing. Oswald (1984)
discusses the conditions for an inflation tax to be equivalent to an employment
subsidy and to result in higher employment. Jackman and Layard (1989) show
how TIP could reduce the NAIRU and increase welfare even when the tax has

an effect on workers’ effort.

Issues of Implementation. The initial proposal by Wallich and Weintraub
(1971) also started a large literature on the most effective ways to implement TIP.
At the 25th Panel on Economic Activity organized by the Brookings Institution
in 1978 on how to cure inflation, TIP was the most debated issue and the



discussion was centered around its optimal design (Okun and Perry, 1978):
should TIP be based on price increases or on wage increases, paid by employers
or by employees, paid by all firms or only by large firms, be continuous or
discontinuous, be a penalty for large increases or a reward for moderation?

Dildine and Sunley (1978) argue in favor of taxing wage changes at large
private corporates to minimize administrative costs and in favor of a penalty
instead of a reward since rewards would have to apply to all firms to avoid
preferential treatment. They recommend against exemptions of overtime and
bonuses and support a hurdle which is easier to audit rather than a continuous
tax. On the contrary, Seidman (1978a), Seidman (1978b) and Seidman (1979)
argue that a continuous system with penalties and rewards which would reward
firms that pay wage increases below target would be more efficient than a
hurdle. Similarly, Layard (1982) and Jackman and Layard (1982) argue in
favor of a TIP on wage increases based on the average hourly earnings of a
tirm, which incorporates most of the relevant information and which is easy
to observe. Other papers in this literature include Slitor (1979) and Nichols
(1979). Overall, the idea of a tax on wage increases, levied on employers, and
on large firms seemed to receive broad support at the time as wages were easily
observable and large firms already filled a detailed tax return.

Lerner (1978) proposes a market-based plan that gives similar incentives
to firms to slow wage inflation through the issuance and exchange of permits.
Firms willing to grant wage increases could purchase permits. The government
would determine the total supply of permits and the price would be set freely
by the market reflecting the marginal value of wage increases at any given point

in time. This market plan is further developed in Lerner and Colander (1980).

Contributions to the Literature on TIP. It was acknowledged at the time that
a better understanding of price-setting behaviors and their macro implications
was required to design TIP effectively (Koford and Miller, 1992). Our first
contribution is to leverage the tremendous progress made in sticky price models
since then to re-assess the effectiveness of TIP.

We share with the earlier literature the conclusion that TIP is an effective tool

to control inflation, but while the earlier literature saw TIP as a substitute for MP,



we find that MP and TIP are complementary instruments, each specializing in
their area of comparative advantage. TIP should focus on markup and inflation
expectation shocks, and MP should focus on demand shocks. We also confirm
the idea that a TIP in steady-state increases welfare by decreasing markup and
increasing employment, but we find that TIP should vary over time. It should
increase when inflation rises, and decrease as inflation reaches its long-term
target.

On implementation, we contribute by analyzing the robustness of TIP to
several alternative instruments (feebate and a market for inflation permits),
to the use of targeting rules for MP and TIP and to alternative tax bases (tax
on wage increases, or tax on large firms), which could be easier to administer.
We discuss in conclusion a few other important issues of implementation that

deserve more attention in future research.

Optimal Tax Policies. Our paper contributes to the rich literature on tax
policies in New Keynesian models, in settings where monetary policy can’t
implement the first-best allocation, in particular when it is constrained by the
ZLB. Papers have found a welfare-enhancing role for tax increases aimed at
restricting supply (Eggertsson and Woodford, 2006), tax cuts aimed by stimulat-
ing demand (Eggertsson, 2011), temporary government spending (Woodford,
2011), cuts in marginal labour tax rates that boost confidence (Mertens and
Ravn, 2014), and well-designed paths of consumption and labor taxes, import
and export tariffs (Correia et al., 2013; Farhi et al., 2014). We generalize the set
of fiscal instruments, showing that, like payroll subsidies in these two papers,
TIP helps implement the first best. We further argue that TIP is much less costly

for the government budget than traditional subsidies.

TIP in Practice. In the 1970s, versions of TIP were implemented. From 1974
to 1977, the French governments implemented the "prélévement conjoncturel”,
which covered the largest 1500 firms, representing 60% of the economy, and
was based on the excess increase in value-added in nominal terms relative to
an announced threshold, with an adjustments for fast-growing firms. Other

versions of TIP were implemented in Mexico, Belgium, Italy, as mentioned in



Paci (1988), and in the Netherlands as explained in OECD (1975). More research
is needed to analyze their institutional details and impacts.

TIP came close to be implemented in the U.S. as well. In 1978, the Carter
administration proposed to Congress the "real wage insurance" to supplement
the wage-price guidelines which included voluntary limits on nominal wage
and price increases of 7% and 5.75% respectively. This program meant to give
incentives to workers to enforce the guidelines: a worker belonging to an
employee group whose earnings increased by less than 7% in a year would
receive a tax-credit proportional to the difference between the realized inflation
rate and 7% (Colander, 1981).

Why have discussions around TIP stopped in the U.S.? We see three causes.
First, afraid of its uncertain costs for the Federal budget (the proposal was
more a feebate than a tax), Congress didn’t support the plan. Second, the
plan combined TIP with price controls which were unpopular, especially since
their use by Nixon in the early 1970s. Finally, and most importantly, with
Volcker’s successful anti-inflation policy in the 1980s, MP has emerged as the
sole legitimate instrument for achieving price stability up until the present day.
While these may explain why TIP was not further pursued at the time, this
paper reassesses its potential role as an additional stabilization tool.

In the context of the transition of formerly Soviet countries to market
economies, TIP came back to the forefront of policy discussions and versions of
TIP were implemented in Bulgaria, Poland and Romania. Koford et al. (1993)
put forward an anti-inflation plan and incentive policies to stabilize prices and
output in transition economies. Bogetic and Fox (1993) analyze the design,
implementation and enforcement of these policies in Bulgaria and Romania and
concludes that they helped stabilize output and prices. Enev and Koford (2000)
tind a fairly substantial inflation-reducing effect from the Bulgarian policy but
no significant results from the Polish policy. Another analysis of the effects of
the tax on inflation and on the employment behavior of Polish firms can be
found in Crombrugghe and de Walque (2011). These examples suggest that TIP
is implementable, effective, and not too costly to administer (Paci, 1988).



3 A Model with Sticky Prices and a Tax on Inflation

We start by introducing a tax on inflation policy in an otherwise conventional
New Keynesian model. After describing the households’ problem, we present
the one of firms maximizing their discounted sum of profits subject to Rotem-

berg (1982)-adjustment costs and a tax on price increases.

3.1 Households

There is a continuum of mass one of identical infinitely-lived households,
indexed by h. Households preferences are given by

1- 1+y
{ Cth 7 N th

U(B;—1,) = _ max
CinNin B

1_0—1+lp+5t5tu(3t)} 1)

where Cy;,, Ny, and By, denote consumption, labor supply and nominal
wealth in period t, B € (0,1) is the time discount factor, o and ¢ denote the
inverse of the elasticity of intertemporal substitution of consumption and labor
respectively.

Households choose consumption of good Cy;, > 0, labor Ny, > 0 and one-
period bonds in the next period By, subject to the following budget constraint:

PiCypy + QtBy, = Bi—_1p + Wiy Ny, + Tt (2)

where Q; is the price of one-period bonds, W, denotes nominal wages and T;
includes transfers from the government as well as the firms’ profits. We also
assume that households are subject to a solvency condition which rules out
Ponzi schemes lim7_, | o H].T:OQ]'BT;Z > 0.

Households are differentiated by their idiosyncratic labor type. When choos-
ing their labor supply, households take into account the firms” demand for their

type:

W —€ENt
N = (—”l) N 3)



The problem of the households is to maximize (1) subject to their budget
constraint (2) and the no-ponzi condition, the labor demand of firms (3) and

taking prices as given. The optimality conditions are given by

W,
—PZ*’ = MPCy,Ny, )
Con) 7 P
=E 5
Qr =k ﬁt( Cin Priq ©)

forallt = 0,1,2.... The first equation determines the optimal labor supply
given consumption Cy, and the real wage Wy,. The optimal markup on wages

by households, M} = €§f_f1, is allowed to vary over time and it is one of
the two distributional conflict shocks in the economy: it captures attempts by
workers to increase their real wage for a given supply of labor. The second
equation is the traditional Euler equation which determines the optimal path of
consumption given real returns on bonds. The discount factor f; is also allowed

to vary to capture demand shocks.

3.2 Final Good Competitive Firms

The final good is produced competitively by a continuum of firms. The produc-
tion technology uses a continuum of varieties of intermediate goods supplied
by monopolistic firms described in the next section, which we index by i € [0, 1]

1 €—1
Y; = (/ Ytli—l/etdi) t ©)
0

where €; is the elasticity of substitution across varieties. Taking the price of the
final good P; and the prices of inputs { P;;}; as given, final good firms maximize
profits maxy, P;Y; — fol P,;Yydi subject to the technology (6). The optimality

condition for variety i is given by

lti “t
Yy = | = Y, 7
ti <pt) t ()



In equilibrium, the free entry of firms implies a no-profit condition |, 01 Py Yydi =
P;Y;, which in turn, and after substituting out for Yj; using the demand from

final goods firm, gives the following expression for the consumption price index

P = ( [y P di) =

3.3 Intermediate Good Monopolistic Firms
3.3.1 Technology and Market Structure

There is a continuum of mass one of firms indexed by i € [0,1]. Each firm
specializes in the production of a single variety of good which they sell to
the final good firms. The technology to produce goods displays decreasing

marginal returns:
Y = AN (8)

where A; denotes total factor productivity, which is common across all firms,
and 1 — a is the elasticity of output to labor. Productivity shocks capture supply-
chain disruptions and technological progress, but also changes in the prices of
intermediate goods and energy. For example, increases in energy prices would
translate into negative TFP shocks.

Firms are in monopolistic competition and choose the price P; at which
they sell their good taking into account the final good firms” demand given by
(7). They also face adjustment costs to price changes, described by a function
C(P;_1;, P;;) which is differentiable, strictly convex and equal to 0 when prices
are unchanged, C(x,x) = 0 for all x > 0. A firm’s i gross profit is given by

PyiYyi — WiNyi — Cr (P14, Pyi) -

Following Rotemberg (1982), we assume that adjustment costs are quadratic:

0 ( Py 2
Ct (Pro1i, Pri) = AR 1) BY; )
—1i

where the assumption that the adjustment costs scale with the nominal level

10



of output P;Y}, is made for tractability and captures in a reduced-form way the
notion that firms need to buy the final good to change their prices.

An alternative microfoundation of price rigidities is the time-dependent
Calvo (1983) frictions whereby firms are allowed only occassionally to reset
their price. While both microfoundations are used in the literature, Rotemberg
adjustment costs turn out to be more tractable in our setting. In addition, it
is appealing to introduce TIP in a framework with adjustment costs to price
changes because it will allow us to shed light on how TIP resembles but also
differs from the technological adjustment costs. We show in Appendix C that
our results hold with time-dependent Calvo-type frictions.

3.3.2 The Firm’s Problem with a TIP

The key novelty of our framework is that firms pay a tax proportional to the
increase in their price 7;(Py; — P;_1;) where 74 € R is the tax rate which is
allowed to vary over time. In addition, we specify that a firm pays the tax on
the price increase of each unit of goods sold so that a firm’s total tax payment
scales with its output, Y};. Hence profits net of taxes are given by

I1(P;_1j, Pti) = P Yyi — WiNy — T(Pi — Pr—1i) Y4i — Ci (Pr—1i, Pri) - (10)

where labor demand Nj; is given by the technology (8) and output Y}; by (7).
Because the adjustment costs and the tax payment depend on a firm’s current

and past prices, the firm’s problem is dynamic. In recursive form, it is given by

V(Pr1i) = maxT1(Py, Proy) + Ef [QiV(Py)] a1
ti

where profits are given by (10). After substituting for labor using the production

function, and for output using the demand schedule, one can take the first order

condition for the optimal price. After imposing that all firms are identical in

equilibrium, P;; = P;, and defining the rate of inflation 7t; = P;/P;_1 — 1, the

11



optimality condition is given by

Y,
(€t — 1) (./\/ltMCt — 1) + E{ { ;trl (Tt+1 + 9(7Tt+1 + 1)7Tt_|_1):|

=17 (1 € m) +0m(m+1)  (12)

Yl

where the marginal cost is given by MC; = % : and the ideal markup in
Ali

t
—“+. The markup is allowed to

the flexible price equilibrium is given by M; =
vary over time and it is the second distributional conflict shock in the economy:
it captures attempts by firms to increase their prices for a given marginal cost,
as in Clarida et al. (1999). Together with the time-varying wage markup, it is a
reduced-form way to model conflicting aspirations of workers and firms over
relative wages and prices, as in Werning and Lorenzoni (2023).

Finally, we allow the firms’ expectations, Ef(), to deviate from rational
expectations, E(), to capture the idea that exogenous shifts in inflation expec-
tations may drive inflation. We model these deviations in a very simple way:
for any function g, we denote the inflation expectation shock uf such that
E{ [g(7tt41)] = E¢ [g(7ti41 + uE)].} Condition (12) can thus be rewritten as

Y,
(et —1) (MiMCy — 1) + E; {Qt;—tl (Teg1 +0(7T 41 + 1)7Tt+1)]

Y,
+ Et Qt H_l Gut (27Tt+1 + 1):| =T <1 — €t ) + 97'(,}(7'(1} + 1) (13)

Tt
1—|—7Tt

3.3.3 The Mechanics of TIP at the Micro-level

To see how TIP works at the micro-economic level, we look at the version of the

tirst-order condition (13) linearized around a zero inflation steady-state:

(6 — 1)1’ﬁCt + ur + OutE -+ BE; [Tt+1 + 97Tt+1] =717+ 0m (14)

'We are not the first ones to introduce inflation expectation shocks. For example, Hazell et al.
(2022) rationalize the drop in inflation in the 1980s with similar shifts to inflation expectations
(see p.1339).
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where u; is the firm’s markup shock. To get more intuition on how TIP
operates, we consider a simple case in which TIP is positive at the initial period
and zero forever after—1; > 0, and 7; = 0 for all f > 0. In addition, we assume
that there is no inflation in the future 77,1 = 0 and no change in the marginal
cost so that ric; = 0.2 Using equation (14) we obtain

Ug -I-ng — T

; 15)

po=p-1+
which shows that the optimal reaction of firms to an increase in TIP T is to
decrease their (log) price pg. This reaction is very intuitive: with a tax on price
increases, firms have an incentive to moderate their price increases. If there is
a positive markup, or an inflation expectation shock u, ug > 0, TIP can thus
be used to give firms incentives to attenuate the pass-through of these shocks
to prices. Consistent with this intuition, in the absence of shocks, 1y = ug =0,
a positive TIP would lead firms to lower their price to receive a subsidy, and
hence to deflation. Interestingly, the smaller the adjustment cost 6, the stronger
the disinflationary effect of a given level of TIP, 1.

3.4 Equilibrium

Definition and linearized equilibrium. The market clearing conditions and
the definition of equilibrium are given in Appendix A.1. In Appendix A.2,
we derive the log-linear approximation of the model which we will use to
illustrate the optimal policies in the next section and to simulate the economy
when policies follow targeting rules in section 6. We denote 7§ = log(y:/v$)
the log-deviation of the output gap from its value y° in the efficient flexible
price equilibrium. The efficient flexible price equilibrium is the allocation that
would arise if there were no adjustment costs to price changes, 6 = 0, and no
markup and inflation expectation shocks. In this equilibrium, the only sources
of disturbances are the productivity A; and discount factor shock B;. In our

economy, prices are sticky 8 > 0, and there are firm’s and worker’s markup

These assumptions are consistent with an equilibrium of the model where there is no shock
other than #; and where monetary policy sets the real rate equal to the neutral rate.

13



and inflation expectation shocks, us, u%, uf.

Lemma 1. The linearized Euler equation and the Phillips curve are given by:

R . 1.
Ui = Eifi g — p (it — E¢mtpqq — 14) (16)

o 1 -
T = BEiTT 1 + K + 9 [BEtTt1 — T + 4] (17)

_ 1
where k = % <0+ lf:ff), r{ = —log B + oE; [%(atﬁ — at)]
and dy = up + u® + Ouk.

In Appendix C, we show that Calvo-type frictions deliver the same first-
order approximation and macroeconomic dynamics. This implies that the
results on optimal TIP derived in the linearized model in the next sections are
robust to using these frictions instead.’

4 Optimal Tax on Inflation and First Best Allocation

In this section, we characterize the combination of MP and TIP that implements
the first-best allocation, with no inflation and no output gap. We show that TIP
should increase with markup and inflation expectation shocks, because they
introduce an externality in the firms’ pricing decision. TIP re-aligns private

with social valuations and corrects excessive aggregate inflation.

4.1 First Best: Complete Stabilization and Specialization

Social Planner’s First Best Allocation. The social planner seeks to maximize
the household utility given by (1) subject to the resource constraints (36), the
technology (8), and (37). The optimal condition is that at any time ¢ the marginal

rate of substitution between labor and consumption is equal to the marginal

3The equivalence holds for a first-order linearization around a zero inflation steady-state
and no indexing. The same Phillips curve also arises as a linear approximation of the model of
staggered price contracts by Taylor (1979, 1980) and the state-dependent pricing model with
Ss foundations by Gertler and Leahy (2008). The exact equivalence breaks when inflation is
strictly positive in steady-state or there is incomplete indexing (Ascari and Sbordone, 2014).

14



product of labor: (C¢)7(Nf)¥ = (1 — a) A¢(Nf)~*. After substituting Nf using
the technology one obtains the optimal consumption and output:

1+¢

ol
Cf — (1 _ 0() (1-a)o+¢+a At(lf’x)‘fﬁpﬁl and Yf = Cte (18)

Externalities of Price Changes and Limitations of Monetary Policy. If there
are no markup or inflation expectation shock, it is well-known that monetary

policy alone can implement the first best by tracking the neutral rate of interest

o(1+y)

_( —a)o o
it = (Qf)_l —1 with Qf=E: |B: (AXT) T—a)o+y+ 19)

for all t. This policy closes both the output gap Y; = Y and maintain price
stability Py = P;_; at all times. In this case, there is naturally no role for TIP.
However, when firms’ inflation expectations rise beyond their rational levels,
uF, or when firms (workers) would like to increase their markup, M; (M),
at the expense of consumers, the firms’ returns to increasing prices are larger
than their social returns. Distributional conflict and inflation expectation shocks
open a wedge between the private and the social returns to increasing prices
and thus create an externality in the pricing decision of firms. This wedge can
be seen by taking the difference between the private—the left-hand side of the
tirst-order condition of firms (13)-and the social planner’s returns, equal to 0,

of price increases:

(+¢)

Apiq )\ Towlrig
Private — Social = (e — 1) (MM} — 1) + E:Qf ( X;l) " Ouf  (20)

where we set N; and C; equal to their first-best value given by (18) and ;41 =0
for conciseness. The wedge (20) is clearly positive for M; > 1, M¥ > 1 or
uf > 0, or any combination of the three. If in addition, economic agents expect
excessive inflation in the future, 77;,1 > 0, it would generate excessive inflation
in the current period as well.

Monetary policy alone cannot address these externalities and as a result
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cannot implement the first best and fully stabilize inflation and the output
gap. This limitation is more commonly known in the literature through its
macro-policy implication: the trade-off between inflation and output in the
tace of cost-push shocks. To correct these externalities giving rise to excessive
inflation, policymakers need an instrument that directly affects the price-setting
behavior of firms.

First-Best Implementation with TIP. By giving direct incentives to moderate
price increases when these shocks hit, TIP can re-align the private with the
social valuations of price increases and therefore correct excessive aggregate in-
flation. Using the Euler equation (5) and the Phillips curve (13), the proposition
below derives necessary conditions on MP and TIP such that the decentralized
equilibrium coincides with the first best allocation with no inflation and no

output gap.

Proposition 1 (First Best Policies). For any paths of distibutional conflict My, MY
and inflation expectation uk, aggregate demand By and TFP shocks Ay, there exists
a combination of TIP and MP that can implement the first best. The nominal policy
interest rate is given by (19) and TIP is given by

(1+9)

A (I—a)o+y+a
T = (€t — 1) (/\/lt/\/lﬁ” — 1) + E:Qf ( ;C—l) " |:Tt+1 + 91/15} (21)
t

This proposition highlights two important results. First it says that with TIP
and MP, policy makers can completely stabilize the output gap and inflation.
This is in sharp contrast with an economy where only MP is available. Second, it
says that MP should specialize in shocks that affect the neutral rate of interest—
aggregate demand B, and TFP shocks A; 1/ A¢, and that TIP should specialize
in markup M;, M¥ and inflation expectation shocks uF.*

It is also clear from equation (21) that TIP is most effective at mitigating
current markup and inflation expectation shocks when it is expected to decrease

in the future. When these shocks hit, the government should temporarily raise

4The combination of TIP and MP that implements the first-best allocation in a setting with
time-dependent Calvo frictions is given in Appendix C.
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TIP and announce it will decrease it later (if no new shocks occur). This commit-
ment makes it very appealing for firms to postpone their price adjustments to
avoid the tax in the current period. If firms expected the policy to be permanent,
these incentives would be significantly weaker and the short-term pass-through

of the shock to inflation would be stronger.

First-best with TIP in the Linearized Model. To build intuition, we now give

a simpler expression for the optimal TIP in the linearized model.

Corollary 1 (First Best Policies in Linearized Model.). In the linearized model, the
first best allocation and policies are characterized by

o Complete stabilization of the output gap and inflation §¢ = 71, = 0.°

» Complete specialization of MP and TIP

i =71{ and T = BEiTp1 + ur +up + —I—Guf

The corollary makes it clear that the optimal TIP rises with current and future
markup and inflation expectation shocks. To be concrete, suppose all three
shocks uy, uy’, uf are AR(1) processes with identical auto-regressive coefficient

pu < 1 and with disturbances distributed jointly normal with mean zero.

Example 1. The optimal TIP is given by

. up+ul 4 Ouf
a 1= Bou

(22)

It increases with the current level (u; + u? + 0ur) and the persistence (p,,) of the shock.

The more persistent the shocks the stronger the reaction to give sufficient
incentives to postpone raising prices into the future. On the contrary, if the
shocks are i.i.d. over time, TIP should simply match the current ones ©; =
up + ul + Ouk.

SRecall that a second-order approximation of the loss function of the households’ utility
functionis givenby £ = Y 3°  Eop' [ntz + 11y (yAf)Z} for a positive constant 77, > 0. The allocation
with zero inflation and no output gap thus achieves the first best.
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The set of policies described in corollary 1, although necessary, may not be
sufficient to implement the first-best allocation. These policies may be consistent
with several equilibria that are not all first best. To ensure uniqueness, we add
the requirement that the central bank reacts strongly to inflation, which is the
usual condition for determinacy in this class of model: i; = r{ + ¢, 71, with
¢ > 1. With this rule, inflation is always zero in equilibrium, 77; = 0, and the

interest rate tracks the neutral rate of interest, i; = r§.6

4.2 Remarks

An Efficient Steady-state. In steady state, the market power of firms and
workers introduce two wedges between the rate of substitution of consumption
and labor and the marginal product of labor which distorts the allocation and
lowers output and consumption. While it is usually argued that a production
or payroll subsidy a,, such that MM®(1 — ay,) = 1 can address the distortion,
we find that TIP can also correct it with

e—1

T =

(MM —1). (23)

—_
oS

The mechanism behind this result is intuitive. Start from a steady state in
which TIP is zero and firms markup M > 0 is optimal, and suppose that the
government increases TIP forever. Firms now face an incentive to decrease
their price, expand production and hire more labor. In general equilibrium,
this leads to an increase in production and in the real wage. But the firms’
original incentive to decrease prices is now exactly counterbalanced by their
lower-than-optimal markup, which implies that the economy settles in a new

steady state with higher output.

Time-consistency of TIP. An appealing property of using TIP is that the
combination of MP and TIP is time-consistent. The best MP and TIP under
discretion are identical to the best policies under commitment, and therefore

®In a setting with TIP, the Taylor principle may not be the only way to ensure determinacy.
We investigate whether TIP can provide new ways to ensure uniqueness in section 6.
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also deliver full stabilization of the output gap and inflation. This is in sharp
contrast with a setting without TIP, where discretionary policies deliver higher
inflation, larger output gap and lower welfare (Clarida et al., 1999). To see why,
recall that committed policies are more effective than discretionary ones only
when commitment about future actions can help alleviate current trade-offs.
But given that TIP eliminates the trade-off between output and inflation in the

short-run, discretionary policies become as good as committed ones.

Policy Coordination. Although we solved jointly for the optimal MP and
TIP, coordination is not required to implement the first best. In other words,
the policies described in proposition (1) are also a Nash equilibrium of a game
between two hypothetical authorities controlling MP and TIP separately.”

Second-best and TFP Shocks. According to the previous analysis, there is no
role for TIP when inflation stems from TFP shocks. But if one were to incorpo-
rate additional realistic frictions, such labor market imperfections, or financial
stability concerns, the clear specialization result we obtained previously may
need to be amended and TIP could supplement MP even in the face of demand
and TFP shocks. If for example the central bank couldn’t increase its interest
rate enough to implement the first best after a negative energy price shock due
to financial stability concerns, firms would pass through too much of the cost
increase. In that situation, it would arguably be valuable to use TIP besides MP
to make firms internalize the social gains of a temporary price moderation and

thereby limit an excessive inflation.

5 Equivalence with Alternative Fiscal Instruments

Production subsidies are the traditional tools employed in the literature to
address the distortion caused by the firms” markup. In this section we formalize
the equivalence between these instruments and TIP, and discuss their relative

7 An important underlying assumption for this result is that both authorities share the same
objective of maximizing the households’ welfare.
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strengths and weaknesses. We then show that a feebate on inflation, and a
market for inflation permits could also implement the first best allocation.

5.1 Production and Payroll Subsidies

Traditionally, the literature has emphasized the role of production or payroll
subsidies in implementing the first-best allocation.® Denoting a,, the rate of
payroll subsidies,

IT(Pt—14, P, Yti) = PyiYyi — (1 — af’ )WiNy; — C (Pe_1j, Pyi) . (24)

the following proposition formalizes the equivalence with TIP:

Proposition 2. Given a path of exogenous shocks, the equilibrium paths of outputs Yy,
employment N, wages Wy, profits I1; and prices Py are identical in the economy with a
payroll subsidy and in the economy with TIP if and only if the path of subsidies follows

o\
1-a)o+¢p+a
L T EQp <A—Tl) Ti11

4 = (61 — 1) MM

This proposition directly stems from the comparison of the first-order condi-
tion (13) with the one with a payroll subsidy:

(+¢)

(et — 1) ( MMF(1 —ay) — 1) + E+Qf (AAH) e Guf =0. (25)
t

The advantages of payroll and production subsidies is that they are more
conventional and easier to communicate. However, we highlight three weak-
nesses. The most important one is that subsidies imply large and persistent
tiscal costs for the government’s budget. Using the calibrated version of the
model of section 6, we show in Appendix A.3 that the fiscal costs associated
with a production subsidy that achieves the same macroeconomic path as

8Beyond the traditional optimal payroll subsidy to correct the distortion implied by the
firms” markup, Correia et al. (2013) and Farhi et al. (2014) show that a payroll subsidy can help
achieve the first best in combination with other conventional fiscal instruments when monetary
policy is limited by the ZLB or a fixed exchange rate in an economy subject to demand shocks.
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TIP following a markup or inflation expectation shock are very large, and an
order of magnitude higher than the fiscal revenues—the tax burden for firms—
implied by TIP. In addition, subsidies need to be much more persistent than
TIP to achieve the same inflation path.

A second limitation is that in practice these subsidies usually cover a limited
set of inputs, such as energy consumption or labor, which leads firms to over-
consume these inputs relative to others, and distorts the efficient allocation of
factors of production. A third issue is the political acceptability of subsidies:
policy-makers may find it hard to justify transferring resources to firms that are

already extracting monopolistic rents.

5.2 Feebate on Inflation Policy (FIP)

TIP increases the tax burden on firms in periods of high inflation. Although
we find in the calibrated version of the model in section 6 that the tax burden
on firms implied by TIP is small, we now show that it is possible to design a
system that is budget-neutral on average, in which firms whose prices increase
less than the average firm would receive a subsidy and firms whose prices
increase more would pay a tax. Such combination of a tax on inflation with a
well-designed rebate, which we call a feebate on inflation policy (FIP), would
preserve firms’ profits on average.

We now formally show that FIP can implement the same macroeconomic
outcomes as TIP. Denoting F; the lump-sum rebate, firms’ profits are given by:

II(Pr_1j, Pri, Y4i) = PiYsi — WiNy — w(Pri — Pr—1i)Yei — C (Pi—1i, Pri) + Fr (26)
with Ft = Tt(Pt — Pt,1>Yt. (27)

It is easy to see that firms whose prices increase less than the average firm
would receive a subsidy and firms whose prices increase more would pay a tax.
In addition, the FIP is by construction budget neutral, i.e. all the receipts from

the TIP are given back to firms, and households’ transfers are net of the rebate:
1 . 1 .
Ty = /0 it + (P — Pro1i) Yy — Brdi = /o I1;di (28)
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The definition of an equilibrium is the same as before except that firms now
maximize (11) subject to the new definition of profits (26) and the definition of
transfers to households is given by (28). The following proposition establishes
that the allocation in the economy with FIP is exactly the same as in an economy
with TIP, except for profits. In the proposition, we denote x/'F' the value of

variable x at time t in the economy with a TIP.

Proposition 3. Given a path of shocks and of TIP 1, the equilibrium paths of output
Y;, employment Ny, wages Wy and prices Py are identical in the economy with a FIP
and a TIP, i.e. YTIP YFIP NTIP NFIP WTIP WFIP and pTIP PFIP In
addition, the path of profits in FIP is higher than in TIP by F; : TIFIP = T11'1P 4 F,.

To understand this proposition, it is important to see that the rebate F doesn’t
affect the firms’ behaviors since it is lump-sum and that it doesn’t affect the
households’ income since the lower receipts from the tax on inflation are exactly
offset by the higher profits they receive from firms. As a result, no behavior is
changed and the equilibrium allocations are the same in both settings. However,
profits are higher, which is exactly why FIP is appealing.

5.3 Market for Inflation Permits (MIP)

An alternative instrument, initially proposed by Lerner (1978), is the market for
inflation permits (MIP), where firms would issue and trade rights to increase
their prices. With a MIP, the quantity of permits is controlled by the government
and the price for a firm to change its price is an endogenous clearing price
instead of an exogenous tax rate. Relative to a tax on inflation, a MIP could
provide more certainty on the level of inflation and would not require approval
from the fiscal authority, allowing for quicker reaction when inflation rises. It
turns out that, like the FID, a well-designed MIP may achieve exactly the same
macroeconomic outcomes as a TIP.

Let’s denote g; the price of one permit and H; the quantity of such permits.
We assume that H; is issued every period by the government and that firms
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can’t accumulate permits over time.” Under a MIP, profits net of taxes are
II(Pr—1i, Pri, Yii) = PriYyi — WeNg — qe(Pri — Pr—1i)Ysi — C (Pr—1i, Pri) .~ (29)

In addition, the market for permits should clear

1
/0 (Pti - Pt—li)Ytidi = H; (30)

and the receipts from the sale of permits are given back to households T; =
fol I'l;di 4 q:H;. The definition of an equilibrium is the same as before except
that firms now maximize their discounted sum of profits (11) subject to the
definition of profits (29). All markets clear including the MIP (30). The following
proposition establishes that the allocation in the economy with a MIP is exactly
the same as in an economy with TIP, provided that the path of permits issued

by the government is appropriate.

Proposition 4. Given a path of shocks, the equilibrium paths of outputs Y;, employment
Ny, wages Wi, profits I1; and prices Py are identical in the economy with a MIP and in
the economy with TIP if and only if the path of permits follows

n.TIP
t PtTIPYtTIP

H=—t __
YAl

To understand this proposition, first observe that the definition of profits in
MIP (29) is the same as its definition in TIP (10) if and only if 7; = g;. In turn,
this equality is true if and only if the supply of permits in the economy with
MIP H; is equal to the total units of price changes in the economy with a TIP,
which is equal to

v TP TIP\+/TIP ! NI;IP TIP~/TIP ”;T P TIP~/TIP
Ht:/ pIit _ pIiPyyl di:/—l pIiPyTiPg; — _t ___pliPy
0 ( ti t 11) ti 0 1_|_niTt[p it it 1+7TtTIP t t

where the last equality used the fact that in equilibrium all firms are identical.

9The allocation of permits at the beginning of each period across firms and between the
government and firms doesn’t affect the equilibrium level of output and inflation, it only affects
the distribution of profits across firms.
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This shows that the allocation with TIP can be replicated by issuing the value

of permits equal to the increase in nominal output in the economy with TIP.

6 Macro Implications of an Inflation-Targeting TIP

The model analyzed in section 4 assumed that policymakers perfectly observe
the underlying shocks driving inflation. We now relax this assumption and
suppose instead that both TIP and MP follow rules targeting inflation and the
output gap:

it = 0+ PnTtt + Py (31)
T = @nTl + Pyi. (32)

We analyze their macroeconomic implications using simulations of the
linearized model. When evaluating social welfare and characterizing optimal
policies, we consider the following loss function:

L= Eop | + 1y (95)° + i (33)
t=0
for some 1y, Mi = 0. A second-order approximation of the household welfare
loss around the efficient steady-state is consistent with this objective function
for #; = 0 as shown in Rotemberg and Woodford (1999).

6.1 Calibration.

In our calibration, a period is a quarter. The list of parameters is in Table
1. We follow Gali (2015) to calibrate the elasticity of output to labor (1 — ),
the discount factor B, the elasticity of intertemporal substitution ¢, the Frisch
elasticity 1 and the elasticity of substitution e.

We choose the adjustment cost parameter 6 such that the slope of the lin-
earized Phillips curve, k, in our model is equal to the slope in Gali (2015).
If ¢ denotes the Calvo parameter, the slope with Calvo pricing is given by
K= (1_@;—)1_4_’5) -2 (U’ + IPM). In our model, the slope of the Phillips curve

1—a+ae 1—a
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Parameters Description Value

« One minus the elasticity of output to labor  0.25
B Time discount factor 0.99
o Elasticity of intertemporal substitution 1

P Inverse Frish elasticity of labor 5

€ Elasticity of substitution across varieties 9
EN Elasticity of substitution across labor types oo
0 Adjustment cost 372.8
Oa Autocorrelation of productivity shock 0.5
Ou Autocorrelation of markup shock 0.5
Pmp Autocorrelation of monetary shock 0.5
My Preference for output stability 0.113
1 Preference for interest rate stability 0.687

Table 1: Model parameters

is instead given by x = &1 (o + lpf“ . Equating the two gives:
g y 0 T—a q & &

¢ 1—a+ae
I=9)1—3p) 1-a

A Calvo parameter of 0.75 which corresponds to an average price duration

0=(c—1) (34)

of one year implies ¥ = 0.17, and a Rotemberg parameter of 372.8.

To calibrate the parameters in the welfare loss function 7y, 17;, we choose
17y and 7; such that the Taylor rule with coefficients ¢, = .125 and ¢, = 1.5
minimizes welfare losses (33) in the absence of TIP. Both 7, 77; depend on the
persistence of the shocks, and for an interior solution to exist, the persistence of
the shocks cannot be too high (Giannoni and Woodford, 2003; Giannoni, 2014).
Therefore, we set all persistence parameters to 0.5.10

6.2 Determinacy with TIP

To ensure uniqueness of the equilibrium path, it is well-known that in the
baseline New Keynesian model, MP should implement the Taylor principle

19%We have checked that the impulse response functions and welfare implications of TIP are
similar when p is larger, even when there is no interior solution for the optimal MP.
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according to which the policy rate reacts strongly to inflation. Without determi-
nacy, the economy is subject to coordination failures: for example, if all firms
expect high inflation and high output gap, the economy could shift to a self-
tulfilling equilibrium with excessive inflation. These coordination failures are a
potential source of excessive inflation that is distinct from inflation expectations
shocks, uf, in that they are consistent with rational expectations.

A natural question is whether TIP could guarantee the uniqueness of the
equilibrium path. We show in Appendix A.4 that theoretically it is possible
to obtain determinacy if TIP reacts strongly to the output gap, and MP reacts
passively to inflation. However, in the calibrated version of the model, we
also find that the necessary strength of the reaction is beyond what could
be realistically implemented. This leads us to the conclusion that the Taylor

principle remains the only way to ensure determinacy in practice.

6.3 Stabilization Properties of TIP

To assess the effectiveness of TIP in reducing the volatility of inflation and the
output gap, we start by drawing the IRFs of (annualized) inflation, the output
gap, the (annualized) policy rate, the TIP rate 7; and TIP as a percent of total
sales following three types of shocks: markup, monetary and productivity
shocks. We report the TIP tax normalized by sales because it is a better measure
of the effective tax burden on firms than the tax rate. In a separate exercise,
we also evaluate the implications for the volatility (standard deviations) of
inflation, the output gap, the policy rate, TIP and the total welfare losses in an
economy that is stochastically hit by these shocks, one type of shocks at a time.
Unless otherwise mentioned, monetary policy follows a standard Taylor rule
(31) with ¢ = 1.5 and ¢, = 0.125 and TIP only targets inflation, i.e. ¢, = 0.
We explain at the end of the section that setting this parameter to zero is a

reasonable assumption.

6.3.1 Markups and Inflation Expectation Shocks

Impulse Response Functions. Figure 1 shows the IRFs for different values of

¢, following a 0.25pp distributional or expectation shock % = 0.25pp).
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Unlike monetary policy, TIP can very effectively reduce both inflation and
the output gap after such shocks. This result is analogous to the “divine
coincidence” for monetary policy after a shock to the neutral rate of interest. In
the absence of TIP, inflation initially rises to 1.3% and output drops by slightly
over 0.51%. A moderate TIP with ¢ = 150 reduces the initial inflation response
to 1.0% and the decline in output to -0.40% by imposing a 38% tax on price
changes in the first quarter. A stronger TIP with ¢, = 300 brings down the
initial inflation response to 0.84% and the output gap to -0.34% by imposing a

63% tax on price changes.

Inflation (ann.) Output gap Policy rate (ann.)
s 2
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Notes: The initial markup or inflation expectation shock is 0.25pp. Inflation and the policy rate
are annualized.

Figure 1: Effects of TIP following a markup and inflation expectation (i) shock

The mechanism behind this divine coincidence is intuitive. The impact of
TIP on inflation reduces the need to increase the policy rate, which mitigates
the negative impact on output. Relative to a baseline situation with no TIP
where the policy rate increases by 170 basis points on impact, a strong TIP with
@7 = 300 reduces the increase in the policy rate to 110 basis points.
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While tax rates of 38%, 63% and 94% may all seem very high, even if
temporary, the actual tax burden on firms is extremely low as a percent of sales
because the tax only applies to price changes. For example, the tax burden of
the strong TIP represents 0.13% of sales in the first quarter (or 0.04% in the first
year). Interestingly, the tax burden relative to sales does not increase linearly as
¢ increases. This can be seen by looking at expression for the tax burden

T (P — Pr_1i) Yy U 2

= ~ 7Tr,
Ptthi 1 + 7Tt §07r f

and its expectation, Ert; s = @V (71t). As ¢ quadruples from 150 to 600, both
77 and V(71¢) decrease, yielding a small increase in taxes relative to sales.!!
TIP affects corporate profits not only through its direct effect on the tax
burden, but also through the general equilibrium changes in inflation and
aggregate demand. Figure 2 displays the change in the corporate profits from
its steady-state as a percentage of steady-state output, (53—1: — %) Y~!, after the
two types of distributional shocks.!> When inflation is driven by the firms’
desire to increase markups, firms obtain higher profits as a share of output
in equilibrium as shown in the left panel, and TIP effectively moderates the
increase in profits. When the rise of inflation is driven by an increase in wage
markups, profits decrease due to the increased labor cost as shown in the right
panel, and TIP further worsens firms’ profitability. Finally, when the rise of
inflation is driven by inflation expectation shocks, uf, firms expect ex ante their
profit share to fall like after a wage markup shock but ex post profits actually
rise like after a firm markup shock. This wedge between expected and realized

profits reflects the fact that firms’ expectations are not fully rational.

Sensitivity to the Degree of Price Flexibility. Contrary to monetary policy,
we find that the effectiveness of TIP is increasing in the degree of price flexibility.

To see this, we decrease the Rotemberg parameter 0 such that it implies the

'While these issues are outside of the scope of the paper, the result that the tax burden of TIP
is very small has an important implication: it should lead firms to comply with the tax, because
the costs and legal risks of tax evasion are likely to outweigh the reduction in the tax burden.

12An approximation of the share of profit in output is derived in Appendix A.2.
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u; shock uy’ shock

Quarter Quarter

Notes: The figure plots the deviation of corporate profits from steady state as a
percentage of the steady-state output, following a price (left-hand side) and a wage
(right-hand side) markup shock.

Figure 2: Profits following markup shocks

same slope of the Phillips curve as a decrease in the Calvo parameter ¢ from
0.75 to 0.5. We also re-scale the ii;-shock so that the inflation response in the
baseline without TIP is the same as in Figure 1. Figure F3 reports the results.
The intuition behind this result is that when the adjustment cost parameter 6
is lower, firms find it less costly to adjust prices, which implies that TIP becomes
a relatively stronger obstacle to price changes. Conversely, if prices changes are
already very costly for technological reasons, TIP is relatively less important in

the decisions of firms to adjust prices.

Stochastic Simulations. In Table 2 we report the results of a stochastic sim-
ulation with markup and inflation expectation shocks. Consistent with the
IRFs just discussed, the standard deviations of inflation and the output gap
uniformly decrease as ¢, increases. With a standard Taylor rule and a strong
TIP (¢, = 300), the variance of inflation and the output gap shrinks from 2.52
and 1.26 to 1.87 and .94, respectively. As a result, the welfare losses (£) shrink
by 47% from 7.91 when there is no TIP to 4.38. Based on unreported simulations,

we confirm that this holds across many Taylor rules.
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No TIP Moderate TIP Strong TIP Extreme TIP

@ 0 150 300 600

P 1.5 1.5 1.5 1.5

Py 0.125 0.125 0.125 0.125
o (7rimm) 0.74 0.59 0.49 0.36
o (9¢) 0.59 0.47 0.39 0.29
o (i) 0.96 0.76 0.63 0.47
o(7) 0 441 73.0 108.8
E(rti7t) 0 0.13 0.18 0.20
L£* x 10* 1.22 0.77 0.53 0.29

Notes: Markup and inflation expectation shocks only. The standard deviation of % is
0.25pp, as in Figure 1. L£* is defined in equation (33) using quarterly variables (i.e.,
not annualized). All standard deviations and E(71;7;) have been multiplied by 100.

Table 2: Evaluation of rules under markup and inflation expectation shocks

6.3.2 Aggregate Demand, Productivity and Monetary Shocks.

Impulse Response Functions. In Figure F1 in Appendix, we report the IRFs
corresponding to an aggregate demand or a productivity shock. The size of the
shock is chosen such that the inflation response in the baseline without TIP is
the same as in Figure 1.

We find that TIP mitigates the inflationary effect of the shock to the same
extent it does for markup and inflation expectation shocks. Similarly, it also
reduces the need to increase the policy rate. With a strong TIP (¢, = 300),
inflation is 0.34pp lower and the hike in the policy rate is about 57 bps smaller.

However, the presence of TIP amplifies the initial widening of the output
gap which becomes 0.18pp larger relative to a setting without TIP. This is a key
difference with the conflict and inflation expectation shocks: TIP faces a trade-
off between inflation and output under aggregate demand and productivity
shocks (just as monetary policy faces a trade-off under conflict and inflation
expectation shocks). As discussed in the section on first-best policies, ideally,
aggregate demand and productivity shocks should be addressed with monetary
policy. When both TIP and MP follow targeting rules, TIP can still complement
MP in stabilizing inflation, but it faces a trade-off.'3

13Figure F2 reports the IRFs corresponding to a monetary policy shock. TIP has a qualitatively
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While we have treated aggregate demand and TFP shocks symmetrically,
there are reasons to think that in reality they should not. Policy-makers typically
don’t want to trigger an aggregate consumption fall by raising the interest rate
when a large negative TFP shock, for example an energy price surge, occurs.
If instead of targeting the output gap relative to the efficient level of output,
policymakers were targeting the output gap relative to the steady-state level,
TFP shocks would be more akin to markup or inflation expectation shocks than
to aggregate demand shocks. In this case, the divine coincidence shown for

markup or inflation expectation shocks would also apply to TFP shocks.

Stochastic Simulations. Table F1 reports the results of a stochastic simulation
with aggregate demand or productivity shocks. It confirms that TIP faces
a trade-off between inflation and the output gap when these shocks hit the
economy. Increasing ¢, to 300 lowers the variance of inflation from 2.52 to 1.87
but raises the variance of the output gap from 0.94 to 1.27. Because inflation
is more volatile than output in the baseline without TIP, the reduction in the
variance of inflation outweighs the increase in the variance of the output gap,

resulting in higher welfare (lower £).

6.4 Optimal Monetary Policy with TIP

How should the introduction of TIP change the design of the Taylor rule?
Should it lead to specialization and a stronger emphasis on the output gap? To
answer this question, we now simulate many economies that differ in the four
weights in the rules (¢r, ¢y, ¢, ¢y). For clarity, we report results for a small
subset of these parameters, but the full matrices are available upon request.
In particular, we focus on rules for TIP that put no weight on the output gap,
¢y = 0. We explain at the end of the section why this is reasonable. In each
simulation, economies are stochastically hit by demand and markup shocks
with the same standard deviation equal to .25.

similar effect on inflation and on the gap between output and its efficient level in the case of a
monetary and productivity shock. This suggests that when monetary policy needs to deviate
from the standard targeting rule (31) to address financial markets disruptions, or to manage the
exchange rate, TIP can greatly mitigate the cost of these interventions.
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Consistent with the first-best policies, we find that some specialization of
monetary policy is desirable. Table 3 gives the optimal weights on inflation
and the output gap in the Taylor rule for different specifications of TIP when
demand shocks and markup shocks are independently distributed and have
equal variance. Monetary policy should focus relatively more on output and
less on inflation. The Taylor coefficient ¢,; decreases from 1.5 to .99 and .98 for
a moderate and strong TIP, respectively. By contrast, the coefficient on output
increases from .125 to .126, and .162 for a moderate and strong TID, respectively.
Monetary policy should focus relatively more on the output gap when TIP is
used because it is its comparative advantage: the interest rate directly affects
aggregate demand, hence output, while it affects inflation only through changes
in output. TIP on the other hand gives direct incentives to firms to moderate

their price changes, and thus directly affects aggregate inflation. It is natural

that each instrument should specialize in their area of relative effectiveness.!1°
No TIP Moderate TIP Strong TIP Extreme TIP
Pr 0 150 300 600
b 1.500 0.990 0.983 0.980
Py 0.125 0.126 0.162 0.134
o (ramm) 0.77 0.71 0.58 0.41
o (§°) 0.66 0.47 0.43 0.44
o (i) 1.03 0.67 0.55 0.41
o (1) 0 53.3 86.3 124.0
E(mty) 0 0.19 0.25 0.26
L* x 10* 1.38 0.84 0.56 0.31

Notes: Demand and markup shocks are independently distributed with the same
standard deviation equal to .25. Monetary policy (¢7, ¢y) is determined by minimizing
L* in equation (33) conditional on TIP. All standard deviations and E(7t;7;) have been
multiplied by 100.

Table 3: Optimal MP

14Specialization becomes more desirable as the variance of markup shocks increases. In Table
F3 where we double their standard deviation, ¢~ decreases to .96 and ¢, rises further to .38 for
a strong TIP.

15¢, does not necessarily increase monotonically with ¢. When TIP goes from strong to
extreme in Table 3, we find that the optimal ¢, decreases slightly. Similarly, when we reduce
the markups shocks variance in Table F4, stronger TIP lowers both ¢ and ¢, substantially.
This is because it leads to a lower cost of i? in the loss function.
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On the Choice of the Weight on the Output Gap in TIP (¢,). We now explain
why it is reasonable to focus on settings with ¢, = 0. In the presence of markup
and inflation expectation shocks, we find in unreported simulations that TIP
should react strongly and positively to inflation and strongly but negatively
to the output gap. This result stems from the divine coincidence we discussed
earlier. However, it is unlikely that in the real world, policymakers would ever
adopt a rule with ¢, < 0 and it is thus reasonable to restrict our attention to
policy rules with ¢y > 0. Given this restriction, it is best to set ¢y = 0.

In the presence of aggregate demand or productivity shocks, we find that for
the standard Taylor rule, there is a range of optimal TIP that delivers the same
outcome: a TIP that reacts strongly to inflation and weakly to the output gap
would generate the same outcome and equivalent to a TIP that reacts strongly
to the output gap and weakly to inflation. It is therefore always possible to
design a TIP with ¢, = 0 as long as the reaction to inflation is strong enough.

7 TIP and Relative Price Distortions

One concern with TIP is that it could impede the adjustment of relative prices
leading to a misallocation of resources. To assess these effects, we extend the
model to include a large number of sectors facing specific TFP shocks that
require relative price adjustments. In contrast with price controls, we find that

TIP doesn’t exacerbate relative price distortions across sectors.

7.1 An Extended Model with Multiple Sectors

The economy is made of a continuum of sectors, indexed by s € [0,1]. The
production technology for final goods combines sector goods, with an unitary
elasticity of substitution, Y; = exp ( fol 7sIn Ytsds) with fol vsds = 1. Each
sector is populated by a continuum of firms in monopolistic competition and

sector goods combine varieties produced in their sector with a CES production

€

St
funCtion Yi’S e <f y}l;l/etdl) e—1 '
Firms face sector-specific TFP shocks. The production technology of a

monopolist producing variety i is sector s is given by, Yj;s = AN tll.s_“, where
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Ays is sector-specific and stochastic. Sector prices change over time, because
of aggregate and sector shocks and for future reference, we denote the (log)
relative productivity of sector s, ;s = log(Ast/Ar) where A; is the average
productivity. Relative to the setting in section 3, the equilibrium now features a
non-degenerate distribution of relative prices across sectors, which we denote,
in log, fiss = pst — p1.'® We give more details in Appendix B.

Firms would ideally like to pass through variations in productivity to prices
but they face quadratic adjustment costs. This implies that, even without TIP,
relative prices depart from their values in the flexible price equilibrium because
nominal frictions slow down their adjustment. Furthermore, and consistent
with empirical evidence, we allow pricing frictions to differ across sectors and
we denote 05 the sector-specific degree of price stickiness.

The distortions in relative prices implied by nominal frictions misallocate
sector outputs which decreases welfare. The lemma below shows that besides
the output gap (7¢)? and the average price changes, E(6;7t2), which captures
the costly adjustments of prices within sectors as in the previous sections, the
second-order approximation of the household welfare loss now also depends
on the deviation of relative prices across sectors from their efficient levels,
P = Pst — Pl

Lemma 2. The second-order approximation of the households’ welfare loss is given by

E[(3)"]
1

L-Y 8 (aﬁl‘f;’j) (9 + E[6s3] + (35)
t=0

where E denotes the cross-sectional mean under the density ys.

To investigate whether TIP amplifies price distortions, we proceed in two
steps. First we uncover conditions such that TIP has exactly no effect on relative
prices and the economy behaves like in the previous sections. Second, we
numerically simulate the model to assess the robustness of this independence

result.

16While in our setting "relative prices" unambiguously refer to relative prices across sectors,
in a setting with Calvo frictions, there are also distributions of relative prices within sectors
across firms. Later in the section, we discuss the robustness of our findings to Calvo frictions.
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7.2 Independence of Sector Relative Prices from TIP: an Ana-

lytical Result

Following Rotemberg and Woodford (1999), we start with evaluating TIP using
the definition of welfare (35) and the first order approximation of the economy.
It turns out that under some conditions, TIP affects welfare only through the

output gap and aggregate inflation, but not through changes in relative prices.
Proposition 5. Assume 6 is common across sectors and steady-state TIP is zero. Then

* Relative prices across sectors are independent of TIP. They depend only on the ad-
justment cost 8, other parameters (€, «, B), and on the sector-specific productivity

shocks process (dst).

* The responses of the output gap and inflation, 71y, to aggregate shocks and TIP are
the same as in the linearized economy of Section 4. The output gap and inflation,
mty, are sufficient statistics to evaluate the welfare impacts of TIP.

The proof is in Appendix B.

The independence of relative prices stems from the linearity of TIP. On the
one hand, firms that face a negative TFP shock, and would like to increase their
price, will moderate their price increases because of TIP. On the other, firms that
would not change their price without TIP, will lower their price to benefit from
the subsidy. The resulting effect on relative prices is ambiguous. But it turns
out that relative prices remain exactly unchanged when all sectors face the
same adjustment cost parameter §; = 6 and the steady-state TIP is zero.!” Price
controls, in contrast, distort relative prices, because they are akin to a convex
cost. This further highlights the importance of the linearity and symmetry of
TIP: if TIP were convex, or if it applied only to positive price changes and didn’t
subsidize price decreases, it would distort sector prices.

The fact that the aggregate economy behaves like in the linearized model
of the previous sections means that the TIP given in Corollary 1 perfectly
stabilizes inflation and the output gap in response to aggregate markup and

171f we had initially allowed for heterogeneous elasticities of substitution, €5, and hence
markups, they would have had to be equal across sectors for the independence result to hold.
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inflation expectation shocks. Similarly, all results derived in Sections 6 and 8
remain quantitatively exactly the same. Finally, the result that welfare varies
with TIP only through the output gap and average inflation stems from the
independence of relative prices from TIP. Indeed this independence implies
that the tax doesn’t affect the deviations of relative prices from their efficient
levels E ((ﬁst — ﬁgt)2>, and that it changes the cost due to price adjustments,

0E[74], only through its average effect on prices, §717.18

7.3 Independence Result: Numerical Simulations

Although Proposition 5 is quite general since it holds at and outside of the
steady-state, in deterministic and in stochastic settings, it relies on a first-order
approximation, and on the homogeneity of price stickiness across sectors. To
assess its robustness, we now turn to numerical simulations in the non-linear

version of the model.

Calibration. For parameters that are common across sectors, we closely follow
the calibration in section 6 (Table 1). In addition, we assume that (log) TFP in
each sector follows an AR(1) process log(Ats) = (1 —p)log As + plog(Ai—1s) +
Vst Where vg; are i.i.d. across time and sectors. The standard deviation of the
shock vy is set to .05 and the persistence of the sector-specific TFP, p, to .5.
To calibrate the values of 6;, we follow Nakamura and Steinsson (2008) who
document the heterogeneity of price stickiness across sectors. We start from
Table II in their paper and we group industries into three categories: durable,
non-durable and services. We compute the average duration of regular prices
within these categories. In the model, we split sectors into three segments, in
proportion to the expenditure weights of the three categories given in Table II.

18We show in Appendix C that proposition 5 also holds for time-dependent adjustment
frictions. With Calvo frictions, the cost E[571%] corresponds to the dispersion within sectors
between firms that get to reset their price and those that don’t. Under the conditions in
proposition 5, TIP affects welfare through within-sector distortions in prices E [6; 7'[3] —but not
through distortions across sectors—and this effect is the same across sectors and captured by the
average inflation rate 77. By using TIP, policy-makers can minimize the average within-sector
distortions implied by aggregate shocks, as in corollary 1.
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All sectors in a given category share the same Rotemberg parameter 65, which
we compute using the empirical average duration and equation (34).

In our main exercise, we simulate the effect of an unexpected one-period
markup shock in the fully non-linear model. Starting from a steady-state with
no TIP, we assume the elasticity of substitution decreases to ey = 7.5att =0
and goes back to its steady-state value ¢, = 9 for t > 0. We then compare
this baseline scenario in which TIP doesn’t respond (7p = 0) to two alternative
scenarios in which TIP responds moderately (19 = 10%) and more strongly
(t0 = 15%). Table F5 reports the values of the three terms in the loss function
(35) at time t = 0.

Results. We find that the average distortion of relative prices across sectors,
E ((ﬁst - ﬁgt)2> , remains broadly unaffected by the size of TIP, and if anything
it decreases very slightly with it. This confirms proposition 5: because it is a
linear tax, TIP doesn’t exacerbate price distortions across sectors, in contrast
with price controls.!? Consistent with the findings in sections 4 and 6, we find
that a higher TIP leads to lower aggregate inflation and lower average squared
price changes (E[0;7t%]), as well as a lower output gap which unambiguously
improves welfare.

To assess the role of the price stickiness heterogeneity, we do a first robust-
ness exercise in which we assume that all sectors face the same adjustment
cost parameter 6 = 372.8 as in Table 1. In addition, to make sure that our
results are robust to the steady-state level of TIP T, we do a second robustness
exercise with T = 15%. As shown in Table F5, our results are similar to what
we obtained in the main exercise: TIP has no effect on relative price distortions,

and improves welfare by reducing inflation and the output gap.

9To understand why the average distortion can even decrease, recall that TIP influences
the pricing decision through two channels which can be seen in the term t; (1 - et%) in

the optimal pricing condition (12): a linear first-order channel—raising one’s price increases
taxes owed—and a second-order channel—increasing one’s price reduces a firm’s demand,
which lowers the tax bill. Since the latter effect is proportional to the firm’s price increase, firms
that want to increase their price more see a stronger reduction in their tax bill as the demand
for their good decreases. This gives them more, not less, incentives to adjust prices, which
facilitates the overall relative price adjustments process and lowers price distortions.
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8 Robustness Analysis and Implementation

We now assess the quantitative importance of two concerns related to the
implementation of TIP. Would TIP be as effective if it covered only the biggest
firms in the economy? Would a TIP on wages be as effective as a TIP on prices?

8.1 Taxing Only Large Corporates

An argument against TIP is that it would be costly to implement because the
tax administration would have to collect additional information from all firms.
A solution that would limit these costs would be to apply TIP only to very large
corporations (Dildine and Sunley, 1978).

In this section, we extend the model in section 6 to allow for two types of
firms: small firms (S) don’t pay TIP and large firms (L) pay TIP. We solve the
problem of each type separately and give the full list of equations describing
the equilibrium in Appendix D. We calibrate the mass of large firms to match
the fact that the top 1% of firms in terms of size accounts for 75% of all sales in
the U.S. (Crouzet and Mehrotra, 2020). Figure F7 shows the IRFs for different
values of ¢, following a 0.25pp 7i-shock.

It is striking that TIP is almost as effective as in the baseline case, even if
the tax covers only 1% of firms. A stronger TIP with ¢, = 300 brings down
the initial inflation response from 1.7% to 1.3%, compared to 1.2% when TIP
covers all firms, and the output gap to -.65, compared to -.6%. This result is
not only driven by the fact that the TIP covers 75% of sales, but also by the fact
that large firms’ initial inflation response is more muted than in the baseline
economy. This muted response stems from a slightly higher tax rate, at 98% of
price changes, compared to 93% in the baseline economy, which is due in turn
to a slightly higher inflation rate than in the baseline economy.

8.2 Sticky Wages and Tax on Wage Increases

It was argued in the early literature on TIP that taxing wage changes would be
easier than taxing price changes because it is easier to observe the quantity of

days worked separately from wages and more difficult to mis-report wages.
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We now look at the effects of a tax on wage inflation. To introduce a meaningful
wage decision, we extend the model to a setting where households face an
adjustment cost when changing their nominal wages, in the spirit of Erceg et al.
(2000). We also use this extension of the model to assess the robustness of the
tax on price increases investigated in section 4.

Following the literature, we assume that households can change their wage
subject to a Rotemberg (1982)-type adjustment costs. We solve the model
and report the full set of equations describing the economy in Appendix E.
Following Gali (2015), we assume the elasticity of substitution across labor
types to be lower than the substitution across goods at ey = 4.5, and we set
the wage adjustment cost parameter 6;, to match the slope of the wage Phillips

curve implied by a Calvo parameter for wages of 0.75.

TIP on prices. Figure F8 reports the IRF following a shock to the price Phillips
curve and to the wage Phillips curve. It shows that a TIP on prices is as effective
when wages are sticky as in the baseline case. A stronger TIP with ¢, = 300
brings down the initial inflation response from 2.5% to 1.6% and the output
gap from -.1.1% to -.65% following a shock in the price Phillips curve. TIP
is effective at controlling price inflation independently of the sources of the
shocks because it affects directly the incentives of firms to changes their prices.
However, TIP on prices is effective at controlling wage inflation only when the
shock is to the price Phillips curve.? The reason why it is ineffective when the
shock is to the wage Phillips curve is that the feedback effect of prices on wages

is small relative to the direct effect of the shock on wages.

TIP on wages We now turn to the effectiveness of a TIP on wages. Figure
F9, which reports the IRF following a shock in the price Phillips curve and
following a shock to the wage Phillips curve, shows that the effectiveness of
TIP on wages at controlling price inflation crucially depends on the source of
the shock. When the shock is in the wage Phillips curve, a stronger TIP on

2In a setting with sticky wages, the welfare loss function includes wage inflation besides
price inflation and the output gap (Erceg et al., 2000). A lower wage inflation thus improves
welfare.
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wages with ¢, = 300 is as effective as a TIP on prices. It brings down the initial
inflation response from .94% to .75% and the output gap from -.65% to -.55%.
The reason why TIP is effective is that it offsets the transmission of the shock to
wage inflation. In turn, a lower wage inflation implies a lower price inflation
given that wages are the main component of firms’ costs.

However, when the shock is in the price Phillips curve, TIP on wages is
ineffective at controlling price inflation or at reducing the output gap. Although
a stronger TIP on wages with ¢, = 300 is effective at controlling wage infla-
tion, it is not sufficient to reign in price inflation. As in the case of a TIP on
prices with a shock on wages, the reason is that the feedback effect of wages
on prices—the wage-price spiral—is small relative to the direct effect of the
shock. In unreported simulations, we find that this weak wage-price spiral is
sensitive to the calibration of the elasticity of substitution across labor types €r:
the relatively low elasticity implies a high wage markup, and in turn a slow
response of wages to changes in the economy.

9 Conclusion

In the face of markup and inflation expectation shocks, policymakers have only
imperfect instruments to stabilize inflation. In this paper, we put forward a tax
on inflation policy (TIP), which would require firms to pay a tax proportional
to the increase in their prices or wages. By giving direct incentives to firms to
moderate their price increases without exacerbating relative prices distortions,
we find that TIP is an effective instrument to control inflation. We show that
combining TIP with MP can significantly lower the volatility of inflation and
output relative to an economy where only MP is available and that TIP should
specialize in addressing markups and inflation expectation shocks, and MP
in addressing demand shocks. These results are robust to several alternative
designs of TIP.

Our paper opens avenues for future research. First, our analysis has focused
on how TIP can complement MP in the face of markups and inflation expec-
tation shocks, but there are other challenges faced by MP that TIP could help
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address. For example, a negative TIP could help avoid a deflationary spiral at
the ZLB.

Second, a few implementation issues deserve a more in-depth quantitative
inquiry. Tax avoidance, for example, warrants more attention. The main risk is
that firms relabel old products as seemingly new ones, or that they shrink their
quality. The paper has argued that these risks are small given the remarkably
low tax burden implied by TIP. To further mitigate these concerns, one approach
could involve taxing wages as analyzed in the paper, or taxing changes in a
price index at the firm-level. Quantifying the effects of alternative designs of TIP
in a framework with endogenous product creation, information asymmetries
about product quality and costly monitoring by the tax administration is an
important next step. This framework could also help assess the related concern
that firms may postpone quality innovation if tax authorities fail to distinguish
price increases from quality changes. Although this issue is confined to periods
of elevated TIP (i.e. of high inflation) and may not significantly impede long-run
growth, future research should investigate it further.

Delving into the political economy of TIP is another important avenue for
future research. What are the risks that TIP be used for objectives other than
macroeconomic stabilization? Could it lead to less independent monetary
policy in countries with weak institutional frameworks? To ensure that TIP
is dedicated to inflation stabilization, it seems natural that its conduct should
be given to an independent committee. This governing committee could be
appointed by elected representatives but conduct its policy independently, like
central banks or energy and telecommunication commissions which in many
countries have discretionary power to set interest rates, prices and regulations.
This independence from elected officials would be justified on the ground that
revenues generated by TIP are very small (a feebate would even be fiscally
neutral) and that it has a clear and narrow mandate, like central banks.
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For Online Publication - Appendix

A Baseline Model with TIP

A.1 Market Clearing and Equilibrium Definition

Market Clearing We now show the market clearing conditions. In equilib-
rium, the markets for each intermediate good Y}; and for the final good should

clear

1 ) 2
Y, = ct+/ 0 (i - 1) Y,di (36)
0 2\ Py

The sum of labor hired in all firms should be equal to the supply of labor by
households:

N
( / N~ 1/‘7Ndh> TN = / Nidi (37)

With no government debt, holdings of bonds by households are zero: B; = 0.

Finally, transfers received by households include profits and tax receipts:
1 .
T; = /0 it + T (Pri — Pe1i) Yeidi. (38)

Equilibrium. An equilibrium is a path of output, labor, bonds, wages, price
level, bond prices and TIP {{Cy;, Ny, By, Wi b, { Yti, Nii, Pri }i, We, Pr, Qt, T b =012,
such that

¢ Taking TIP as given, intermediate firms maximize their discounted sum
of profits (11) subject to the definition of profits (10), the technology (8)
and the demand schedule (7).

* Taking prices as given, final good firms maximize their profits subject to
the technology (6).
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* Taking prices and transfers (38) as given, households maximize their
utility (1) subject to their budget constraint (2), no-ponzi condition (??)
and demand for labor (3).

* The markets for final good (36), intermediate goods, labor (37) and bonds

clear.

A.2 Linearization

Firms’ First-Order Condition The first-order conditions associated with the

tirm’s problem are:

P\ Dy Py, (Pi\ ™"
1-— — Y, 1— — Y — Y;
( Et) <Pt) t— €t P, tT — Tt€¢ P, Pt
1
n €t m Pti _eﬁ 0
1—0(Ptl Pt At

and

< P _ 1> PY; + EQ;V'(Py) =0

Py \ Py

P\ P by
V(P ) =1Y | =2 + 19< L 1) DPY;.
( t 11) t (Pt> Ptz y Pt_li t1t
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Assuming symmetry gives

1

Pt—l €t [/Vt Yt 1-
1—€)Yr— (1 —€)Yii — Y + — | — — T PY
(( €)Y — ( €)Yt — Ti€t P, T x P, [QJ P, 17Tt t t>

+E1 Qs [Tt+1Yt+1 + (41 + 1) 67Tt+1Yt—|—1}

< (1_€t_Tt(1_€t dli >—|—€tMCt 97Tt 7Tt—|—1>
14

Y
+E: Q¢ {Ttﬂ;—tl + (1 + 1) 97Tt+1—tl] =

B €t B . 7Tt _ 2
< ((1 €t) (1 o — 1MCt) Tt (1 €t1 T 7Tt> 97Tt(7'[t + 1) >

Y, Y,
+E; Q¢ Tt+1t—+1 + (M1 + 1)%0m1—— Hll =0
Y: Y:
< 1 (1—6}) (1—MtMCt)—Tt 1—e¢ i —7Tt(7'(t+1)
0 1+
Tia1 Y] Y,
+E: Qs [t—ﬂ;—ﬂ + (71 + 1) 7Tt+1t—Jrl =
W, YTe
with MC; = d t — and M; = i .
Pt(l—l)é) Am €t—1
t

We denote the steady-state markup M. The next step is to linearize this
optimality condition around a steady-state with no inflation, constant output,
a zero tax on price changes, a flexible price markup and no markup shocks,
1=071=0Y=Y MC =1/ M. Denoting mc the log of the real marginal
cost MC and u the log of M, we obtain:

1 1
gl =€) (1 =1 (L mee —me+p — p)) — T + ErQr [Tt+1§ + Tpy1| = T
1 . . Tri1 1
< é((e—l)(mcﬁ—yt) —Tf)—FﬁEt [T—l—TL'H_l = 71
1
<— 9((6—1)mct+ut—"q)+,6E [T-I—ntH = 714
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where ric{ = mcy — mc is the gap between the effective marginal cost and
the desired marginal cost under flexible prices in steady-state, and u; = (e —
1)(pe — ) = (e —1)(mc — mc}') is the markup shock, where mc} is the marginal
cost under flexible price. We thus obtain

1 R T
T = 9 ((e — 1)micy — T + us) + BE; [tTH + 7Tt+1:|
e—1 | 1
= BEimi 1 + ——mict + — [BEtTi41 — T + U]

0 0

Equilibrium From the labor market clearing condition N; = fol Nyidi, we get

N
N; = / —“') di
o ( Ay
1
B ﬁ T—a
=7
where we used the fact that all firms are ex post identical Y;; = Y;.

Phillips Curve and Euler Equation Since all firms are idential in equilibrium,
the market clearing condition for the final goods market is given by

6
Y; (1 — Enf) =C;.
Taking logs

0
yt +log <1 — Enf) = Cy.
and approximating around the efficient equilibrium with zero inflation:

Yi+ 0 +0=ci+ & = ct =y
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We now turn to the first order conditions of the households given by
— pr = 0ct + Pny
1 .
ct = Epcpy1 — - (it — Etmti1 — p)

with iy = — log Q;. Combining them with the market clearing condition for the
final goods gives

= ¥ ¥
pt—(a+1—(x)yt g 084

1 .
e = Eyrin — (it — Emtii1 — p)

From the definition of markup, we obtain

mcy = Wy — py + yt —log(1l—a)

4 _ llJ o 1 _
—((7—1—1_ )y T logat—i—l_ayt T log(1 — «a)
_ pt+a 1ty _
= ((7+ T )yt T log(1 — «a)

where the second line uses the first order condition of the households and the

market clearing condition for labor.
Hence

4 + e
== (74 328) (s

where the flexible price and efficent (no markup shocks) level of output are
defined as follows

. mci+log(l—«) 1+
Ye = via + sray M
(0’-|— > (1—a) (0’-|— )
mc§ = mc
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From the Euler equation, we obtain the flex-price rate of interest:

ri =p+0E(yi 1 — i)
149
(1—uw) (0’+ %

ri =p+ 0k )(at+1_at)

Combining everything gives
ne ~e 1. e
i = Etfir — (it — Et7tpsq — 1)
o 1
7y = BE¢mq + ki + 0 [BE¢Tiy1 — T + uy]

with x = % <(7+

For future reference we also define the natural rate of output and the neutral

Pta
1—a ) °

interest rate, which are simply equal to their value in flexible price equilibrium:

a mc" +log(l—«) 1+
Yo = P+a P+a at
(U—f‘m) (1—0&)(0’+m>

1t =p+0E(yii1 — i)

rt =p+ 0k (ar41 — ar)
I <a+ %) (1—a) <a+ %)
Upp1 — Up 1+
=p+ 0Lk (ar11 —ar)
(-1 (c+¥2) -a)(c+ D)
mcy = —py

Firms’ profits. Real profits are given by

I1(P;_q;, Py 1
% =B [PriYti — WeNyi — (P — Pr—1i)Yei — Ct (Pr—14, Pyi)] -

In a symmetric equilibrium, P; = P;, and using the household’s first-order
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H(Pt 1,Pt) Wf 7Tt 0 )
O e A P WAL
4
Yt T-a Tt 0
— _ wyo [ 6 _ _ =
v\ 6
v pqwye [T i v 2
_Yt Mt ¢ (At) tl—l—ﬂ'Yt 271'th
v\ e 6
—Y wYa 1 Tt YV o
i |1 —-M (At> Ty - 57Tt

In the steady state, the efficient level of output is given by

ezmc+10g(1—zx)+ 1+
Yt (a+ 1/;+a) (1— a) (0+ ¢+a)

= ((T:#) [mc +log(1—a) + %ﬁt} ,

which solves the steady-state labor share

+1
e 1
MY (Yt)g 1 (Y) = N e(g 1+¢+ )yt (*lﬂlj)at

at

At EN — 1
=N (-
EN — 1
_ €N pmetlog(1—a)
EN — 1
S 1 (1—a)
en—1 € '

We can now derive the steady-state profit share:

IT _q_ ey €—1
PY eyn—1 €

(1-a)

(Pt 1/Pt)

It is natural to simplify the profit share by log-linearizing the labor
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share. Although TIP and the adjustment costs are negligible in the first-order
approximation around the zero-inflation steady state, we keep them in the
expression in order to clarify the different mechanisms at play

1p+1
Ht 1 Y 7Tt 9 2
—1- MY (ZE) - —Z
Pth M <A ) Ttl + 71t 271}
AN = v\ B w0
—1 _ t [ 2t wyeyo—1( “t _ )
Mw (Yte> MP(YY) A, Ttl—i—?‘Ct 27Tt
LY ey €—1 0
Mw (Yf) en—1 € ( a)] W o
e eml T 6
= |:€N 1 ¢ (1 ):| e TH7Tt 27Tt
~1 _ ey €—1 . . ¢+1 ~e M;U _ _Q 2
~ [eN—l - (1 oc)} {14—(0 1—|——1_“>yt+€_1 T~ 57T

The fourth equation uses the relationship between m}’ (In %) and u’: uy’ =
(e —1)m{. The approximated profit share allows us to analyze both the devia-
tion of the profit share,

ey e€—1 +1 u¥ 0
(1_“)1 [( _1‘|‘lf_ )yt+€_t1]—rtm—§m2

I

PY; PY

and the deviation of the real profit level normalized by steady-state output

I, Im\.,, ILYy II I - I
— — — 1Y = —  — — ~—1 ey _
(Pt P) PY;Y PY ptyt( + i)

A.3 Fiscal cost of subsidies
We first log-linearize equation 25,

c—1
0

(mey —me +pr — p —ay’) + EQimi1 = 1
e—1
6

u
(ric; —a}’) + gt +BEim1 =T
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To derive the fiscal costs of payroll subsidies, we assume a targeting rule for

ay’ similar to equation 31.
w __ W
ap = Pr7l

We choose ¢ such that the impulse response functions of inflation and the
output gap match the ones in Figure 1 after markups or inflation expectation
shocks.

Figures F4, F5, and F6 report the effects of wage subsidies following a
markup shock, a productivity shock, and a monetary policy shock. To achieve
the same macroeconomic outcome after a markup shock as a strong TIP (¢, =
300) does in Figure 1, wage subsidies would amount to 4% of total payrolls
(or 3.5% of output) in the first period. By sharp contrast, a strong TIP costs
below 0.15% of output in the same period. The persistence of the fiscal costs
also differs across the two instruments. The fiscal cost of wage subsidies, which
are proportional to 71, decreases much slower than the cost of TIP, because they
are proportional to 77 instead.

Finally, as we increase the strength of the instrument, wage subsidies grow
linearly while the fiscal costs implied by TIP increase at a decreasing speed.
This is because a stronger TIP can significantly reduce its own tax base by
moderating price changes, while a higher wage subsidy rate marginally raises
its base by raising the output gap.

A.4 Determinacy

Before turning to the properties of an economy with TIP, we analyze what are
the conditions ensuring the uniqueness of the equilibrium path. When there are
multiple equilibria, the economy is subject to coordination failures. For example,
if all firms expect high inflation and high output gap, the economy could shift to
a self-fulfilling equilibrium with excessive inflation. These coordination failures
are a potential source of excessive inflation which is distinct from the shocks to
inflation expectations, uF, in that they are consistent with rational expectations.

To ensure determinacy, it is well-known that in the baseline New Keynesian
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model, MP should implement the Taylor principle according to which the
policy rate reacts strongly to inflation. A natural question is whether TIP could
guarantee the uniqueness of the equilibrium path. Substituting out the Taylor
rule (31) into the Euler equation (16) gives

. . 1 .
9t = Efinr — - (0 + ¢nrt + ¢y — Evtign —11)
and substituting out the rule for TIP (32) into the Phillips curve (17) gives

(105 mmp () s (= )+ G+

To analyze the uniqueness of the solution to this system of two difference
equations, we compute its eigenvalues. This system with two non predeter-
mined variables is determinate if and only if both eigenvalues are inside the
unit circle (Blanchard and Kahn, 1980). We derive the necessary and sufficient
conditions for this to hold in appendix, and show sufficient conditions in the

following proposition which turn out to be more intuitive.

Proposition 6. The equilibrium path is unique if one of the following conditions holds

- — P
* ¢ >1 and ¢y < min (19_—'([5, b9t m(‘;g}_;)*‘l’y)(hr 0 ))

0pk+0(1—B)(c(1—B)+¢,) (1+2X
* B<pr <1 and 19—_K,B<(Py< b y) (1+%°)

* ¢ <P and 19_—"5<(py

Proof.
A A 1 A
9% = Effivr — = (0 + @nt + ¢yl — Eirten —77)
¢ _ % Py e PYpr o 1
(15 e =B (145 ) Evms o (k= ) 96+ 5 BEGE L+ g
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We first rewrite this system in matrix form

A<73> :B<Ef2+l>+c(r;~—p)

Yi Eifiq Uy

with A:( b Zf"’y), B:( b ;;) and cz<1
I+ F—«x B(1+%) B 0

We now solve for the eigenvalues of this system. We first invert A

= O
N—

Al 1 (%—K —c7—<py>
o (%)~ (0 +o) 1+ F) \T1-F

and then multiply it by B:

Al — 1 (%—K —a—c[)y)( 1 0’)
on (G )=o) +5) \Z1=F  9x ) \BO+%T) GP

:Q(%—K—wwy)mw%) o (% —x) - (0 +9)8%
(1+ %) [Bpr — 1] —0 (1+ %) + ¢4 p
__0 <_%+K+(‘7+4’y)5(1+%) ‘7<K_%>+(‘7+4’y)/5%)
(1+ %) [1— Bnl o (1+ %) —¢rgPp
with Q) = 1

. We denote this matrix A/, and we now
0n (5 =) ~(790) (13 7)
compute its trace and determinant.

=0 s (14 5) (45 0%
1 Py . o
(H%)(H%H%(K_%)[ o (14 Bon) +x+ (0 (B+ 1) +9up) (1457

0
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detA' =
((U+¢y) +477'[ K—ﬂ )

< [[- (Zy+x+ T+ ¢y)B (1+—) o (1+ ) qbnq)yﬁ]
[a(x—ﬂ) (@ +9)82] [(1+25) (1 - pgal]

(‘7+4’y +4’7r K_ﬂ )

|~ (1+%) = [~ D] 056+ 0+ gu1op (1+ %)’
~ @+ 90)p (”—)%%ﬁ "( ?) (1+%)
+U(K %)( 9),3% (0+¢y)ﬁ <1+ )[1 Bpr]

1

2
((a+¢y)(1+%)+¢n(xﬂ))
x [— - ﬂ] qbnﬁﬁ + (o +9y)0p (1+ %)
+o (k- %)(H%)&pn (0+¢y)ﬁ (1+%)

detA' =

((‘7+4’y)(1 )‘HPn(K%))

<Blieron (14 5) +or (= )] [ (14 57) - 7]

_ 1 o\ Py
((U+¢y)(1+%)+¢n<x%>)ﬁ[ <1+ 9> 6]
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Let’s assume ¢y, ¢, ¢r, ¢y > 0 and restrict our analysis to the case where
the determinant is positive (both eigenvalues have the same sign and are non-
imaginary), i.e. assume that (0’ (14 %) — %) ((0’ +¢y) (1+ &) + prrc — qbn%) >
0. These restrictions are consistent with any empirically reasonable parametriza-
tion.

This system with two non predetermined variables is determinate if and
only if both eigenvalues are within the unit circle (Blanchard and Kahn, 1980).
There are then two sufficient and necessary conditions for both eigenvalues to
be within the unit circle: detA’ < 1 and TrA < 1+ detA’. The latter condition
can be derived from the condition that both eigenvalues are strictly below 1
(1 —A1)(1 — Ay) > 0 when both are positive, or both strictly above -1 (—1 —
A1)(—1 —Ay) > 0 when both are negative. The condition detA’ < 1 gives:

5 (@ —B) < par+ (01— B) +9y) (14 57)

This condition is always true if ¢ < B (recall that we assumed ¢, > 0). If
¢ > B, then it requires ¢, to be small enough:

gy < 20 9(0(14;/:3_) ; ¢y) (1+ %)

The second necessary and sufficient condition is that TrA" < 1+ detA’

which gives

[0+ Bpr) x4 (0B +1) +048) (14 5)] Blo 1+ o) - %)

(‘7+4’y)(1+%)+4’7r<"_%> (‘7+4’y)(1+%)+4’n<’<—%>
D14 B+ (B 1)+ ) (14 28] <

0
o () 0 (= ) 1o (04 ) %]
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B4 )+ - (14 25) (1= gy < 9 (- B ) — p
(9= D+ 2[4 Bpr) = = gl + (14 55) (1= )y > 0
(=1 [k 2a-p]+(1+ L) 1-p)g, >0
This ends the proof. O

The first bullet point corresponds to the traditional Taylor principle accord-
ing to which the reaction of monetary policy to inflation is strong enough so
that the path of inflation is always unique. In this case, the reaction of TIP to the
output gap can’t be too strong. The second and third cases correspond to a new
principle according to which the reaction of the monetary policy to inflation is
weak but the reaction of TIP to the output gap is strong.

This finding that a high enough ¢, can ensure determinacy is intuitive
and the mechanism is analogous to the Taylor principle. Assume that agents
expect the economy to jump to a situation of high inflation and high output gap.
Following the TIP rule, policymakers set a very high tax on inflation which
leads to deflation, which in turn triggers a recession. This outcome contradicts
the initial expectation. This ensures that the economy always stays on a unique
equilibrium path.

However, in practice, only the Taylor principle can realistically be imple-
mented for any reasonable calibration of the model’s parameters. Following
the calibration laid out in the quantitative section, the value of the coefficient
¢y necessary to ensure determinacy, 1(1—"!5, is slightly above 6300. This coefficient
implies a reaction function that is too strong to be realistically implemented.
For this reason, in the rest of the paper, we restrict our attention to targeting
rules where the Taylor principle applies and the reaction of TIP to the output

gap is not too strong.

Full system for simulations The system of equations representating the econ-

omy used in simulations is given by
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. N 1 .
Ui = Etfi 1 — - (0 + e + ¢yif — Errrepq —1%)

¢ _ ¢ Py\ e | PYop o 1
<1 + 77[) T = [‘3 <1 + 77-[) Etﬂt—H + (K — ?> yf + 7/5Etyf+1 —+ Eut
U = puty—1+ €

a
ap = Padt—1 + €;

Upp] — Up 1+9¢
(-1 (c+¥2) (-a)(o+$s

ri =p+ 0E;

) (at+1 - at)

B Distortion of Relative Prices

B.1 Model

Setting. We extend the model to include a continuum of sectors indexed by
s € [0,1]. There is also a continuum of firms within each sector which are in
monopolistic competition. These firms produce differentiated goods which
are used in the production of a new type of goods: the sector goods, which
we denote Cs. Sector goods are used for the production of final goods. They
are also used by intermediate firms to pay for price increases in their relevant

sector. The final good firms have the following technology:
mm:/%m%@

where [ 75 = 1. There are also aggregator firms in each sector with the follow-

ing technology:

=1
Yis = (/ y}s_l/eds)

Denoting C(Py;s, Pi—1is) the nominal adjustment costs of firm i in sector s at
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time ¢, the market clearing condition in each sector is given by:
Yis = Cis

The adjustment cost needs to be paid in terms of final goods.

0
YtZCt—i-/—sﬂths
s 2

Firms’ First-Order Condition Consider firms in sector s. The first-order
conditions associated with these firm’s problem are:

P\ 6t P\ ¢ Pr_qi AN
(1—eq) (P_Z) Yo — (1 — €est) (P_Z) Yot Tt — Ti€st ;’t:ZYSt (F—Z)

1
est Wi | [P\ ™ Yo | 7" 05 Py /
— — — — 1| PY. EOV'(P;) =0
+1—0¢Pti [(Pst) A tYst + EQi V' (Pyi)
and

Pr_1; \ Pr_1;

P\ St P, P.:
/ _ ti ti t
VI(Pi_1i) = ©Yet (P_st> + Pﬁlies ( B 1) P Y.

A-16



Assuming symmetry gives

€st Wi {Yst}ll‘"_ 0

P
((1 —€st)Yst — (1 — €5¢) Yar Tt — Tt —— Yot + A
S

Pst 11—« Pst

P
+E:Q; {Tt—&-lYt—l—ls + (115 + 1) It):rle 7Tt+let+ls:|

1
<~ (1 —€st — Tt (1 — estl + ) + estMCst — 9 Tlgt——=—— TCSt T >
Yigrs . (Megrs + 1) Yt+1s:|
+E T + _ =
Q¢ { 1y Bt 57Tt 115 Y,
TUst 7Tst + 1
S 1-— 1-— MC — 1-— —
(( €st) ( - 1 st) T ( €t ﬂst) )
Yirs | (715 +1)2 Yt+1s:|
+E T, + ~ 0s7T441s—~——| =0
tQt { t+1 Yst Pst+1 s/tt41s Yst
1 Test (7tst +1)
S (1= eq) (1= MyMCy) — 7 (1— _ s+ 1)
= <( &) (1~ MyMCyt) — 7 ( . ngt)) L
Tr1 Yidts (7Tt+1s + 1)2 Yt+1s]
tQt 95 YSt Pst+1 t+15 Yst
W, yI® P
with MCst = i Stl and Mst = Est and Pts — _St
Pst(l—Dé)A1 x €st — 1 P

The optimal real marginal cost in the flexible price equilibrium is equal to
the inverse of the markup. We denote the steady-state markup M. The next
step is to linearize this Phillips curve around a steady-state with no inflation,
no dispersion in productivity, constant output, a zero tax on price changes,
a flexible price markup and no markup shocks, 7 = 0, b=171=0Y =
Y’, MC = 1/ M. Denoting mc the log of the real marginal cost MC and yu the
log of M, we obtain:
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1 1 ]
o [(1—€) (1 =1 (14 mes —me+ pe — ) — 0] + EtQr [Tt+lg_ + TTy1s| = TTst
s s i
1 R R T, 1
= g (e 1)loic+ ) =)+ BEr | B | = g
S 5 J
1 . Tr+1 ]
— 6—((6—1)mc5f+ut—n)+ﬁEt . T = Tt
S S J

where nic, = mcs — mc is the gap between the effective marginal cost
and the desired marginal cost under flexible prices in steady-state, and u; =
(€ —1)(pur — p) = (e — 1)(mc — mcl,) is the markup shock, where mc, is the
marginal cost under flexible price. We thus obtain

1 A T
Tl = o ((e — 1)micst — T + ut) + BE; [ Zl

S

+ 7Tt+1]

e—1
05

R 1
= BE;7Ti415 + mcst + o [BEiTi41 — T + U]
S

Final goods optimal demand for sector goods From the FOC of final goods

firms,

Pth
Pts '

Yis = s
we take the logs and obtain

Yis = log vs + pr + Yyt — Pis
= Yts — Yt = logvs — (pts — pt)
= Tts = log vs — Pis

where ¥ = x; — x and

wz/%%%

pr = /'ys (pts — logs) ds
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We can obtain the log change in the aggregate consumer price index by taking
the time difference of the last equation

T = Pt — Pr—1 = /’Ys?Ttst

Market clearing Since all firms are identical within each sector in equilibrium,

the market clearing condition for the sectorial goods market is given by
Yst = Cst.

where Cs; denotes the consumption of sectorial good s by final goods firms.

Taking logs

Cst = Yst

The market clearing for the final goods market is simply given by
95 2
m:g+/§@%
S

At first order the approximation is given by

Ct = Yt.
and at second order the approximation is given by

1
Ct =Yt — EE[GSns%t]'
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From the labor market clearing condition N; = f s fl s Nydids, we get

N; = // (Yh) dids
s Ji€s st
_/(Yts>
L
_/(’)’spth)1 Js
PstAst
1
ﬂ T—a
)G
At S PstAst
1
= ()
1

where A = [, (Eﬁ’:) " ds captures the costs entailed by price distortions and

misallocation of sector goods, and where we used the fact that all firms are
ex post identical Y}; = Y5 in each sector and the FOC of the final goods firms

Yst = s I;QYf, and where we define A; the geometric mean of sectorial TFPs, Ag;:

= [, ysasids.
We then approximate A;. We need to first obtain an expression of relative
prices under flexible prices. We start from the optimal markup of a firm in
sector s given by

= foof\Toa
M= wh (s _wir (wP/Y//P2)
st 1

f = f f
Po 1—wal™ B P (1-w)Af”

which implies

a—1

-
1 Vs

Pl As p/ 1—a)A"

st

pla _ (Msthf> (/)=
(

We next take this ratio at the power 7, take the product over all sectors:
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Ys a a—1 Ys
HS ( Ptht ) — HS (MStWt ) (th) - ,)/—rx
s f s f 1 s
PgAst Py (1—a)A™
r qa—1
P{At _ m{‘f (Y{)Ta HSM'YS(‘X_D —&Ys
s s11S ((pf Ts 1S A% f = s st s
TI3ys 115 (Pst/’)’s) II2AS i Py (1 —(X)Atl_“_
r qa—1
P{At _ (mtf) (Yif)j HSM’YS(“*D —Ys
S vspf o f 1 s Vst Vs
Hys*PrAe |\ P/ (1—a) P
r a—1
1= (MtWtf ) (Y]
_ 1
\ P a—ware
with M; = ITS (%)75. Hence
f f fre 1470 !
Pt A _ </\/lst/\/l,th > (Yt )ﬂ L {Mst} a— a
1 S S
Pl A M/ (1—a)A ™ M
f

We can now go back to A and linearize it around the efficient steady-state with
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At = [%} 75 = [T ' 7 where we used M, = 1 for all .

1
’)’sPtAt>1‘“
A :/ ds
i S (PstAst
U vsPA =
Aexp(0t) _/(PsAs> <
= ')’s /')’sex (
&: 1—0(/% ﬁ ﬁ

At second order this gives

i) ) ds
i) ) ds

a 1 2 2 1 2 2 \2
or = /S'Ys <—m (Pst +ﬂst) + m (Pst +ﬂst) ) ds

(N (PO E((ﬁstﬁif)2>]

=T | B Pt g

S o2
_ 1 _m(ﬁst)f((p“ m)]

2(1—a)

where we used ﬁst + g = ﬁgt and the expectation is taken across sectors under
the weights ;. Note that 5; is zero at first order

~ 1 ~ ~ - - - -
5t:_m/s')’s (Pst+ﬂst)dsz_1_a/s7s(Pst_Ps+ﬂst_ﬂs)ds

1 ~ ~ ~e ~e _
——1_“/Svs(pst—;9s—pst+ps)ds—0

where the last line uses the definition of the price index p = [ ysps. For future

reference we denote fagt = Pst — Ps — Pey + Pe-
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Phillips Curve and Euler Equation We now turn to the first order conditions
of the households given by

— pt = 0¢t + YPny

1.
ct = E¢cpp1 — p (it — Etmti1 — p)

with iy = —log Q;. Combining them with the market clearing condition for the
final goods gives

(54

1 .
Yo = Eyri1 — - (it — Etmtep1 — p)

with 6; = log A;. From the definition of markup, we obtain

— Wy — P pr— pet —1a—lo(1—¢x)
MCst = Wt — Pt T Pr — Pst 1_a]/st 1—& st g

« 1
:(0+%)yt+¢5t+pt—pst—1f“at+1 Vst = 7 “ast—log(l—ac)

+ 1+ 1
= (U+1’b—z) ye+ 9o — (pst — pt) — 1_Zﬂt—1_“(ﬂst—ﬂt)

+ = (s = ye) ~log(1 - @)

+a 1+ 1
z( ‘b )yt+¢5t Pst — _ll} Tt T

1 o
= mcy + lIJ5t Pst — ast + 1_ a]/st

o
T st —log(l—a)

where the second line uses the first order condition of households and the

market clearing condition for labor, Where the third line uses ¥s = xs — x and

oy e L,

the last line uses mc; = ) Vi — —log(1 — a). Finally we can use

the first order condition of the final goods flrms to substitute for s

1 1
mese = mcy + oy — o Ast — | 7 | Pt
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We next take the difference with the steady-state:

. . ¢ 1 o A s
MCgt = MCt + ll]5t — (m) (pst — Ps —+ dgt — lls)
A~ A 2 1 2

mcst = nicy + Po — T—a ) Pst

Using this to substitute for the marginal cost in the sector-level Phillips

curve:

e—1 1 2 1
st = BEtTti1s + —5— |mici — | —— | Po| + 5 [BErTy1 — T +ue]  (39)
95 1 - D( 95

where we used the fact that at first order é; = 0. Taking the (ys-weighted)
integral of the Phillips curves over all sectors gives:

. e—1 1 ec—1 s
T = ’BEﬂTH_l -+ mct/ Ys — / ( )’)’5 pgt -+ [ut -+ ﬁEtTt—H — Tt] /Eds
s 65 11—« s 95 s 95
(40)

Second-order approximation of welfare (proof of lemma 2) We next show
that the welfare loss function of the household depends on the dispersion of
relative prices around their efficient levels and on the average inflation rates

across sectors.

(ee]

L=y p

t=0

11—« 11—«

(o429 g o + L7 ﬁsﬁ]

The log deviation of the representative household is given by

ut_u_ ~ 1—0',\2 UNN ~ 1+1PA2
U.C _(C*+ 2 C*>+ucc (”f+ 2 M

We next use a second order approximation of the goods market clearing
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condition to get an approximation for the first bracket

|
N | —
™

We next use the labor market clearing condition to get an approximation for

the second bracket:

Combining both, and keeping only the terms of first and second order, we
obtain

u,—-u 1 1—-0
= (0 pEe + 5 @)

UyN [ 1 . 1+y (1 \*
T u.c (1—oc(y ) + 0+ 5 (1—0() (5 —a

Using also the fact that in an efficient steady-state — Uy N Q= 1, we obtain:

UcC(1—

U&C‘C” = —SEl6.] + (17" (At)z) - (—at + % (91 — at)z) —(1—a)d +tip
=) = (o + 5EE) @0 - gl - (- i i
- _%E[esngt] % (a+ "{fff) (5% = 29494] = (1= )3 + tip
= —gElbl = 3 (o T [0 - @] - - )i+ i
_ _%E[Q n2]— L (0’—1— "{*Z’) (992 — (1—a)d +tip

note that 4;, 42 and ({)? are in t.i.p. because they depend only on exogenous
TFP shocks. We used the definition of y}, the fact that = y;' — y" and that

Ui =9 Ui
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Substituting the second order approximation of &

E ((pst — 7%)°)
2(1—a)?

>

into the previous expression gives the resut

u-u_ 1 1 + E((Pst — %)’
e = —gEb - (o T ) - [ r)

Finally the term E[f;7t%] can be decomposed into an aggregate and sector-

specific components:

E[Hsnszt] = E[0s(rt: + (715t — nt))z]
= E [9571}2 + 95(7'[51} — 7'Ct)2 + 2657'[1}(7'[51} — 7Tt)i|
= (E [Gsnﬂ +E [957%54 -+ 2cov [m,@sﬁstD

= m7E [6s] + E [9 nst]
where the last line uses the fact that in the cross-section 7t; is constant.

Proof of Proposition (5). Taking the difference between equations (39) and
(40) to get an expression for relative price inflation 75y = 75 — 71 we get
a linear difference equation in fs; which depends in general on aggregates,
such as nict, T etc... A sufficient condition for the difference equation to be
independent of TIP if for s = 6. Indeed we show that if 65 = 0, the distribution
of relative prices depend, at first order, only on €,«, 8,6 and the process of
sector-specific productivity shocks:

e—1 1
Pst — Pst—1 = BEt(Pst+1 — Pst) — 0 m(ﬁst + dst) (41)

Relative prices are therefore independent of TIP.

Proof. Substituting 6; = 6 in the sector-s Phillips curve just derived we obtain

A-26



e—11, 1 A 1
st = PEtTt1s + —5— [mcf - (m) P?t] + 5 [BE T — T + ]

Taking the difference between with the aggregate Phillips curve, we obtain:

e—1 1
0 1—«

Ttst = BEtTt415 — (Pst + dst)

which gives

e—1 1

Pst — Pst—1 = ,BEt(ﬁsHl - ﬁst) - 0 m(ﬁst + ﬁst)

The solution to this is independent of aggregate inflation and of TIP.

Looking now at average (squarred) price changes E[0s7%] = 77E [0s] +
E [0;7t%], under the same conditions, the second term E [6577%] is independent
of aggregates and of TIP. Therefore E[0s7t%] varies with TIP only through its

effect on aggregate inflation 7t7. O

Note that if we had initially allowed for heterogeneous elasticities of sub-
stitution, €, they would have had to be the same across sectors as well for the

proof to go through.

B.2 Numerical simulations

Algorithm. We start with solving for the steady-state. In steady-state, we
normalize the nominal wage to 1. Starting from this steady-state, we then solve
for the response of the economy after an unexpected one-period increase in €

as described in the text. The following steps describe our algorithm.

1. Start from a guess for steady-state output Y* and price level P*

2. Solve for the firms pricing rule Bs(As, P; 1) given aggregate output and
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the price index using the following equation

l((l—es)(l—MsMCs)—Tt <1—es 7 ))—NSM

05 1+ 715 D,
T41 Ys +1 (7Ts +1+ 1)2 Ys —l—l]
+E 7 _|_ 7 — 7-( 7 — 0
Q [ 0 Y o1 Y

with 7t = log(Ps) — log(P;,—1) + log(P*) —log(P*,) and

W
MC; = d M= =
TP A—a) n M= p*

and where the only source of uncertainty is the sector-specific TFP shock
As.

For the sector-specific output, we use the demand from final goods firms:

y, = 5
Ps

3. Update output and the price index using the following expressions:

Y* — A(1+1p)k(1 . (X)(170()]((1"*)70’(170()k(A*)71,0(170()]{(./\/1*)7(170()](
1
v+ (1—a)rc+a

1
with TF=1-— /’ySTGSnSst
Ps

1
A*:/<75A>1ads
S psAs

M = exp (/ 7o log (M) ds)

1
MC;

with k=

Ms:

In steady-state, the price index is obtained by dividing the nominal wage
by the real wage ¥ = (Y*)‘”%A_% (A*)¥(T*)7.
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4. Iterate until output and the price index converge.

For the one-period markup shock, we assume that the shock happens at

t = 0, and that the economy returns to the steady state at t = 1.

1. Set Y7 equal to the steady state output Y*. Inflation only lasts for one
period, which implies that P; equals Py. Set the relative pricing rule at
t = 1 equal to the steady state rule Ps(A;, P _1).

2. Guess Py and I'y.

3. Compute Yj using the Euler equation and the Taylor rule

1
T (P 9|
o ()

4. Solve for the firms optimal pricing decision at t = 0, given Dy, Yp.

Yo
Y*

5. Use the optimal pricing decision to derive 77y and then to update P.

6. Go back to 2 and iterate until convergence

Calibration. Calibration is explained in Section 7.3. In particular, we include
three sectors: non-durable, durable, and services. The corresponding parame-
ters are {20.4,62.5,689.7} for 6;. Their sizes are given by {0.4,0.2,0.4}.

Results. Panel (A) in Table F5 shows the effects of TIP in an economy with
heterogeneous 6’s. For comparison, we show the effects of TIP in an economy

in which all sectors have the same 6 in Panel (B) in the same table.

C Time-dependent Calvo pricing

In this appendix we derive the TIP that can implement the first best in a
setting with time-dependent Calvo frictions and we show that the Phillips

curve implied by Calvo pricing is the same at first order as in the economy
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with Rotemberg adjustment costs. Following the notations in Gali (2015), the
maximization problem of a firm having the opportunity to reset its price is
given by

max Z GkE{ {Qt,t+k(Ptt'Yt+k|ti - Tt+k(Yt+k\ti))} — (P — Pro1i) Vs
I k=0

oo
k-1
= Y 011 = 0B, { Queestik (P = Pi) Yok |

k=1
where we denote () the cost function, P;,; the optimal price of firm i when it
gets the chance to reset the price in the future, and Y, ;;; is the output at period
t + k of firm i which resets its price in period t. Note that contrary to the setting
without TIP, the optimal price for a firm that gets to reset at t may differ across

tirms, depending on when they last reset their price. We thus need to keep the
i-subscript. The FEO.C. is given by

[ P* - Pt_l‘
Y oFE] {Qt,t+k ((1 — €)Yy ki + €t‘1’§+k(Yt+k|ti)> } - T <1 - €tﬂp—*l> Yt
k=0
+Y - Q)E{ {Qt,t+th+kYt+k|t+ki} =0
k=1

Dividing by (1 — €;), and multiplying by P};/P;_; we obtain

ad P T P — Pt—l' P
)3 QkE{ Qb pk Yokt o = MMCryppille—1 ik | 0 + 1—et—m— " Vi

[ee]

-) 11— G)E{ {Qt,t—l—k

k=1

Trrk Ptt Y )
€t _ 1 Pt—l t-‘rk‘t-‘rkl

with MCy i = $rik(ri/ Prox the real marginal cost in period £ + k for firm i
which last reset its price in period t.
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First-best implementation. Together with monetary policy TIP can imple-
ment the first best. TIP should follow

T =

ad T
Z ekE{ {QinYHk MtMt - } + Z Gk 1 Ef { tt+k t+k1 Yt+k}
k=0

and monetary policy should target the neutral rate of interest

___o(l+y)
At+1) (I—a)o+y+a

Ay

ir=(Q) 1 -1 with Q¢=E ,Bt(

First-order approximation. Going back to the first-order condition of firms

Ppi = 1, steady-state
output Y and 7 = 0.

o0 * N Tt
ZQkﬁkYEt {pti = Pt—1 = MCpyk|ti T Pryk — Pf*l} + €— 1Y

— Y 611 -0)p E {MY} =0
= e—1

We then show that the marginal cost is given by

o
My k|ti = 11—« (yt+k|ti — Yirk)

€x N
= MCtyf — m(Pti — Prik)

and substituting this expression into the optimal pricing decision yields

0 . A T
Y 0*B*E {p}; — pr—1 — Oricy i — (prok — pi-1)} - - 1
=0

_ Yy 6511 0)0p'E, { t+k1} _o.

k=1
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Rearranging the previous equation gives

* > n T
pii— po1 = (1= pO) Y (0B)“E; {Oricy  + (prox — pr-1)} — (1 — pOIO - 7
k=0
+(1-p80) Y 651 (1-6)OBFE, {ﬁ}
=1 e—1
where ©® = ﬁ We then rewrite the sum as a difference equation
* ~ > T
pii — pr-1 = (1— p0)@ricy + (1 — p6) Y (6B) (pt — pr—1) — (1 — pO)O - 7
k=0
_ 1
+ Bo(1 ‘59>®e —
ad _ N T
+ (1 BO)8B ) (6B) " Er {®riicysic + (prk — pr)} — PO(1 — pO)O %
k=1

+(1— BO)(1— 0)OBE {eTt_Hl }
_ o k-2 _ k—1 U+k
el 59)[&9}(;9 (1-6)08" 'E, {6 & 1}

Tt _ Tt+1
c_1 + Bo(1 ﬁ@)@e_l

pi: — pr—1 = (1 — pO)Omic; + 1 — (1 — pO)O
+ BOE:(pi1 — pr)
+(1—B6)(1— 0)OBE, {f_“l }

pii — Pi—1 = POEApi 1 — pe} + (1 — p0)Onic; + 7 — (1 — p6)©

(1 —59)[3@5{ T }

e—1

Tt
e—1
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We then use 71 = (1 —6)(pf — p1—1) to get

1736 = ﬁGEtfﬁg + (1 — pO)Oriic; + mr; — (1 — pO)O i + (1 BO)BOE: {ertﬂl}
= g + P Donie,— _9569)_(11)_ Dor,
= eéﬂe@)—( 1) )ﬁ®Ef {T41}

mt = BEymty 1 + Aricy — § (1t — BE; {Ti41 }]

with A = U900 @ and ¢ =

t we get

Finally, using ric; = ( + )

7y = BEimtiq 4«9 — C [T — BEr {Ti11}]

withx = A (a—l— IPJ”X) .

This shows that using time-dependent frictions instead of state-dependent
frictions leads to the same representation and macroeconomic dynamics at
tirst order as with Rotemberg-type frictions. Therefore the results on opti-
mal policies derived in the linearized model—corollary 1, section 6, section
8 and proposition 5—are robust to using Calvo-type frictions. The following

paragraph gives more details on proposition 5.

Relative price distortions and independence from TIP. In a setting with
heterogeneous sectors, we can follow the same reasoning as for Rotemberg

adjustment cost and derive the following Phillips curve for each sector:

N 1
st = PEt7Tr15 + As {mct - (1 ) pst‘| + s [BEf Tt — Tt + uy
with A = w@ and (s = ) Taking the difference between any
two sectors, we see that the suff1c1ent conditions for proposition 5 to hold, i.e.
for relative prices to be independent of aggregate and on TIP, are the same,
namely A; = A and {5 = { so ultimately §; = 0. The second bullet point of the
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proposition is a direct corollary of the first.

D Taxing large corporates

We now consider a generalized version of the previous model with two types
of firms, small (S) and large (L) which differ in two ways: L-firm face a TIP, and
L-firms face a different consumers taste shock, ¢. More formally, we assume
that the utility is given by:

€t
1 1-1 z1 1-1 el
C= </ ¢ ey e +/ gec, /et)
€S €L

with ¢ > ¢ is the taste for large and small firms respectively. The case
reported in the main text corresponds to § = ¢. A L-firm and S-firm faces two
difference demand schedules:

A
Ctizg(ﬁ? Cy, i€l

P\
Ctizé(ﬁ) C, i€S

where the aggregate price index is given by

1

_ 1—e

P: ( §P§_€t+/ C'Pi_et) t
ieS— ieL

We start by solving the dynamic problem of large corporates. Their FOC is
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given by
_ P\ ¢ P\ ¢ Py_q; Pyi
1—- B) v _(—e) (2) Evin— Y,
( €t)§(Pt> t— (1 —e) D, SYiT — Tr€y b, & B
0

Pti>€t—Yt ( Py )—
— — — — 1) ERY
(Pt é'At Pt 1i Pt 1i g F

LY, Py 7€t+Pt+119 Pri EPY
¥ | B P2 P, b1 Y141

€t Wt
1—DCPtl'

+ EQ;

=0

It is natural to focus on symmetric equilibria in which the prices of all goods
produced by large firms are identical, P; = P} for i € L. We define the real
~ L
price of goods produced by large firms, P} = l;,—ft We therefore get

(1—e)(PH)™% = (1 —e)(P) ™1t — wer 17T (Br)e

14 mp
1
et =_ 1Wt SL _et]' T-a 5 6 L L
o —_ Y - —(1
bttt (e g T - g

Yen | P L 29, L (pLyer Y+l
T (# 1+ 7)) mk + EQr |tii1—— | =~ |  + (14 7tk )?0mf  (PF)% -
(pi)i=e Ye | Py v " PraYi
1 €t = o
1—¢€)(1—1)— 1€ _ = MC
( £)( t) =T t1+7TtL (ptL)l—etth,xC t
% (1+ 7b)mk 4+ EQs | Try1—— Yir1 _pr ! + (1+ 7t )20rk  (BL)e Yit1
pLy1- B 5 t+1 1) 5
(Pf)t—e Y} PtL+1 + + PtL+1Yt
L
where we have defined MC; = % [A%} o Y, and denote 7t the infla-

tion rate of the aggregate consumer price index and 7t} the one corresponding

to the L-firms. The next step is to log-linearize around T = 7 = 7% = 0 and a
constant output:
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(1—e) -+ (ptL)i—tehL&glf“MCt — (PM) 10 + EQy [Tt+1 + 97T15L+1(15L)6t_1] =0
—T+ur+ (e — 1) (nﬁct — (1 —et e_t a) ﬁtL) — (PYye—tont
+EQ¢ [Tt+1 + 97TtL+1(pL)€t71] =0
with

micy = mcy — mcy = mcy — mc
ur = (er — 1) (mc§ — mcy')

pr=pr—p"

We can derive a similar pricing equation for small untaxed firms:

. € . o e
(o= 1) (= (1=t 750 ) 37) = ()0t + EQuoS, (PF) ! =0

The next step is to compute aggregate inflation, 7r. We start from the expres-
sion of the aggregate price index P, then take the log and then take a first order
approximation around the previous period set of prices:

pr = o tog (1= ) (B9)' 4 + (P )
1

T PL —€t
+ VL&( t—1) dPtL

<(1 —ur)&(PP ) e + ﬂLC_(PtL_l)l—et>

We then approximate this equation around a zero inflation steady-state,
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which gives:

1 1

S
14 AL §(A)1—€nt * (1—pr) (1/A)1—e+17t

1—pr ¢ HL
S_S L_L
T = X" + X7

T =

allen

where we have defined A = 1;—’; We now compute the relative price in the

flex-price equilibrium. The first-order condition of the L-firms is given by

D) =_Q ~ 1—a &
il [ R
N £t t
1

IN1—€r _ €t T Wi <1 7€ti T—« .

() (et—l)g Pi(1—a) {( ) AJ Yi
— €t I N B

(PtL>1 = (Gt—l)( tL) 17“6 7’XMCt

Taking the ratio of this expression with the same one for the S-firms gives

B ()T
poB ¢

The next step is to compute p- ad fi7. We start by deriving an expression of
Pl and P as a function of A; relative prices:

1

1—e; T Toe
P = % = ((1 —uL)g @—i) +m§)

Pr(8) = (1= p)Ea/8) < 4 )
and similarly P = % = ((1 — yL)ngyLC‘(A)let)_llet

We next take a first order approximation of these two expressions around
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the steady-state value of A:

I 1 . _
log P} = pf = = log (1~ p)&(1/80)' + i)

. A€—2
5L (1 _
Pt ( ‘ML)Q(l—‘ML)g(l/A)l_e—f—,uL
Ac1 .
(1/A)1—¢ + HL 5(5t
(1-pr)¢

_Ay

where we define § = log A (which implies 6= %).
Finally, we derive two expressions relating the change in relative prices &

and the change in real prices p', °. First by definition we have
5 =0t — 0 =log A —logA = ﬁtL—ﬁtS
Second, we also have:

6t — 6,1 = log At —log Ay_1 = log PF —log PY — log PF | +1log P} |

Y - s L s
=Pr — Pt — Pro1 TP = T — TG

Putting everything together we have three expressions for three variables as a

function of 7}, 73

>

e o
~ T o
I
<o =

wn
N

wh— 8

_ AL g
N 1
S:
L G A1—
1+1_m Al—¢€

Equilibrium We now derive an expression for the marginal cost. We start

from the equilibrium conditions:
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Taking the log gives

(1—a)ne =yt —ar+d;
= (1~ ) log (pu 5 (PF) ™7 o (1= pu)gr's () 715

We approximate d; near the steady-state:

We are now ready to derive an expression of the markup:

o 1
mct—wt—pt+1_ayt—1_“at—log(1—u¢)

o 1
= oct + Yn; + _[th—l_[xat—log(l—oc)

1
1

1-— 1—« 1
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The marginal cost relative to its efficient level is given by:

A +a\ . 2
mc§ = (0+—11P_a)yf+ 11’_[)“)(‘1&

where we used the fact that in the efficient equilibrium the relative price of L

and S-firms is constant. Substituting back into the Phillips curve gives:

L T L Tt+1 (e—1) (A ( €
ny+———=p|Eimpy+——= |+ ——= (et — (1 —€+
t Q(PL)E 1 [ t+1 G(PL)G 1] Q(PL)E 1 1—lx
+ L u
— g Ut
Tt4+1 Lne L% 1
=B |Emtfq + ————— | + x5 + oy o+ ————w
t+1 0 (pL)e 1 t 0 (PL)G 1
oL (e~—1)1 <U+1/J—|—oc)
9(pL)€* 11—«
L (e—1) LA Y € s
T e (e )
We have a similar result for small firms:
S T S Tit1 Sae | SE 1
P+ ———— =B |Eim}  +——— | + P+ 70+ ————us
t 9(P5)€ 1 [ tJFl G(PS)E 1 t (Ps)e 1
S ((—:~—1)1 (J+¢+oc)
9<p5)€_ 11—«
S (e—1) Y g _ L
v _g(psf*l [1—&7( 1 Sy R
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Complete system of equations Defining 6° = 0 (135)671 and 0L = 6 (PL)€_1

we have

1
v = Etyt+1 (lt — Et7ty 41 — 1)

Ti4+1 .
mF 4 eL — BE; [nm + 5t ] +1<Ly§+fyL5t+ Tl
. 1
= ﬁEt |:7Tf_'_1:| + K y? + r)/s(st + 05
(§t = 7TtL — 7'(;5 +St—1
= XL7T + XsTT}
Uy = pul—1 + €}
ar = PaAt—1 + €f
Upy1 — Up 1+ 1,0

=p+ 0k

(e—1) <0+lp+“> (1—a) (cH—%

it - ,0 +(P7T7Tt +(Py]2§

Calibration. Crouzet and Mehrotra (2020) report that in the U.S., the top
1% firms in terms of book assets account for 75% of total sales and 86% of
total assets. For the calibration, we assume that large firms account for 75% of
nominal output in the steady state. In the model, the relative sales of large vs

small firms is given by

pPLCt C_%
PSCS ~ g \ € '

To avoid having to calibrate four new parameters to calibrate, we consider
the following case: all goods have the same appeal { = ¢ = 1, which we see as
realistic but firms have different sizes because some of them sell more varieties
of goods than others. It is realistic to assume that large firms sell multiple
products. This gives y; = 0.75 and yg = 0.25, and 1./ g should be interpreted
as the ratio of the number of products produced by large firms relative to small

firms.
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E Sticky Wages
The problem of the households is given by
1- 1+y
G, % N

U(Bi—1, We—t(i)) = 5 1 e jw + BE:U (B, Wy;)

1 =1
Chi = ( / cl-v edi)
0

1
/0 PyiCyidi + E+Q¢By = Bt—1 + WiiNyi + Ty — C (W15, Wii) — e(Wyi — Wi_1;) Ny

Wi\~
Ny= = N,
t (Wt) t

with C; < 0,C; > 0,C11 > 0,Cyp > 0. Following Rotemberg (1982), we

assume that adjustment costs are quadratic

0 [ Wy 2
C((Wi—1i, Wy) = 5 (Wt tzl, - 1) WiN;
—1i

Finally the household is also subject to a no-Ponzi condition. The static

P' €
Cii = (Fttl) Ct

1
/ P,Cydi = P.C;.
0

tirst-order conditions are given by

The Lagrangian associated with the dynamic problem is

g () "N

C1-o0 11—

1+y

L +ﬁEtU,(Bt, Wti)

Wi\ M
—A [Ptct + EiQiBy — By — Wy (Wt) N; — T;

' 2 Wi\ M
— — 1] WiN, Wi — Wi_q:) | — N
+2 (Wt » ) Nt + (Wi t—1i) (Wt) t}
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The first-order condition are given by

C77 = AP,
BE/U = AE;Q;
Uy = A
3 149
ENt Wi\ M /
ene (D) Ty E U =
W, (( W, > t + BE:U,

Wi\ M Wi_1i€nt 0 Wi
() (v mm s e ) o (gt —1) w

Wy 6 Wi Wi\ M
- 1 't
e /\[Wt—li Wi _1i (Wt—li Wil + Wi Nt]

Assuming symmetry, the last two equations are given by

NENIHY L BEUS = A

Tt
W, p (GNt—l)Nt(l —Tf) + w€NtNt+9(1+7T§U)7T?]Nt}

1+ 7}
uz =A [(1 + 71'?])27'(;091\[1} + TtNt} .

Putting everything together gives
ENt A1+ Ct:ﬂ w \2 - w
o Ny T+ BEo— [(1 + 7441) 70 ON1 + Tt+1Nt+1] =
Wi Pry1

Ct_a
Pt (€Nt—1)Nt(1—Tt)+

Tt
1+ 7

€NtNt —+ 9(1 -+ ﬂfj)ﬂ';th]

€ C.AN,
HENY - BE L SEL (14 7 20 + Ta N | =

Wi Pry1 N
C” (ent —1)(1—1) + e+ 0(1 + mf’)rrf’
2 g 1+ £

The next step is to log-linearize this expression around constant consump-
tion, constant labor supply and elasticity of substitution across labor types, zero

inflation and zero tax on inflation.
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0

EN — . 1
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where we defined the log real wage w; = w; — p;, the real wage gap @f =
wt — wi and we used the fact in the flex price long-term equilibrium we have:

EN PNlP
(exn —1)W(i) C©

and we defined the wage markup shock u}’ = (ey — 1)1}’ (fourth line) and
that the fact that in the efficient equilibrium the marginal rate of substitution

=1

between consumption and leisure remains constant, yn§ + ocf — wi = ¢Pn +
oc — w (last line).
The next step is to use the aggregate production function
A~

(1—a)ny =y —ay = (1 — )it =G

which gives
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We next derive the price Phillips curve. In this framework, it is still true

that:

e—1 . 1
T = —p—mee + BEimt1 + 0 [BEtTi 1 — Tt + 1]

1
T log(1 —«)

x
and mct:wt—pt—i—l_“yt—

Combining the two gives:

e—1
T = 0

0 0

44 Ur — T T
(@4 gm) + Mg e [T ]

Putting the price and the wage Phillips curves together,

0
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where r{ is defined as in the previous sections.

Complete set of equations

e—17/ o Uy — T T
= S (0t + ) + M B [ )

@f = wy — wf

en —1 0 . up — 1 T
=g ((1—a+‘7)y§_w§>+ o PR | i
©Of = @f_1 + 1 — 1 — Awy

. . 1 .
9% = Eifiia — - (0 + nmt + ¢yl — Eemtigr — 1)

Calibration To match the slope of the Phillips and the wage Phillips curves
in Gali (2015), one calculates 6 and 6, in the following way, where ¢ is the
corresponding Calvo parameter. Other parameters are the same as in Gali
(2015).

~ (e — ¢ 1—a+ae
“EVTHaE T 1o
_ ¢

0w = (GN_l)(l—(]_?)(l—(]S‘B)(1+lI]€N)
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F Additional Graphs - Simulations
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Notes: The initial productivity shock is such that the response of inflation in the
baseline without TIP is the same as in the case of a markup and inflation expectation

shock.

Figure F1: Effects of TIP following a negative productivity shock
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Notes: The initial monetary policy shocks is 0.25p.p. (or 1p.p. annualized).

Figure F2: Effects of TIP following a monetary policy shock
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Notes: This figure corresponds to an economy with smaller adjustment costs. We set
the Rotemberg parameter such that the equivalent Calvo parameter is equal to 0.5

instead of 0.75.

Figure F3: Effects of TIP following a markup and inflation expectation shock
with lower price stickiness
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Notes: This figure corresponds to an economy with time-varying wage subsidies
instead of TIP. The shock is the same as in Figure 1.

Figure F4: Effects of wage subsidies following a markup or inflation expectation

shock
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Notes: This figure corresponds to an economy with time-varying wage subsidies

instead of TIP. The shock is the same as in Figure F1.

Figure F5: Effects of wage subsidies following a productivity shock
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Figure F6: Effects of wage subsidies following a monetary policy shock
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Notes: The initial markup and inflation expectation shock is 0.25pp. The shock affects

all firms. TIP targets overall inflation but only applies to large firms.

Figure F7: Effects of TIP on large firms under a markup and inflation expectation
shock
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targets price inflation.

Figure F8: Effects of TIP in a sticky wage model
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Figure F9: Effects of wage TIP in a sticky wage model
A-55



us shock w;” shock

04 01
— ¢, =0
0151 o, =150
Pk = O =300

- =600
-0.25 ¢

03¢ (. ——
-035r 52
0.1 : : : ‘ 04 : : : ;
0 2 4 6 8 0 2 4 6 8
Quarter Quarter

Notes: Changes in firms’ profit share corresponding to the two shocks in Figure F8.
TIP targets price inflation.

Figure F10: Effects of TIP on profits in a sticky wage model
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No TIP Moderate TIP Strong TIP Extreme TIP

Pr 0 150 300 600

P 15 15 15 15

by 0.125 0.125 0.125 0.125
o (7rnm) 0.74 0.59 0.49 0.36
o (§°) 1.09 1.21 1.29 1.39
o (18 1.38 1.18 1.05 0.89
o (1) 0 441 73.0 108.8
E(mmy) 0 0.13 0.18 0.20
£* x 104 2.00 1.47 1.19 0.90

Notes: Productivity shocks only. The setting is the same as in Figure F1.

Table F1: Evaluation of policy rules under productivity shocks

No TIP Moderate TIP Strong TIP Extreme TIP

Pr 0 150 300 600

P 1.5 1.5 1.5 1.5

by 0.125 0.125 0.125 0.125
o(rry") 0.20 0.16 0.13 0.10
o (7%) 0.30 0.33 0.35 0.38
o (if™) 0.20 0.25 0.29 0.33
() 0 12.1 20.1 29.9
E(mt) 0 0.01 0.01 0.01
L£* x 10* 0.08 0.08 0.09 0.10

Notes: Monetary policy shocks only. The setting is the same as in Figure F2.

Table F2: Evaluation of policy rules under monetary policy shocks
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No TIP Moderate TIP Strong TIP Extreme TIP

P 0 150 300 600
¢t 1.500 0.987 0.960 0.930
; 0.125 0.155 0.380 0.460
o (ramn) 1.49 1.39 1.16 0.83
o (9¢) 1.49 1.39 1.16 0.83
o (i) 1.96 1.24 0.94 0.68
o (1) 0 104.5 173.8 249.4
E(m7y) 0 0.73 1.01 1.04
£ x 10* 5.05 3.04 1.97 1.03

Notes: Demand shocks and markup shocks are independently distributed. Markup
shocks have higher variance (0.52), while demand shocks have lower variance (0.25%).
Monetary policy (¢7, ¢y) is determined by minimizing £* in equation (33) conditional
on TIP. All standard deviations and E(71;7;) have been multiplied by 100.

Table F3: Optimal MP with Higher Markup Shocks Variance

No TIP Moderate TIP Strong TIP Extreme TIP
Pr 0 150 300 600
¢ 1.500 0.991 0.992 0.992
¢y 0.125 0.105 0.076 0.050
o (™) 0.84 0.78 0.64 0.46
o(95) 0.84 0.84 0.89 0.96
o(if™) 1.23 0.83 0.68 0.50
o(T) 0 58.7 95.3 138.8
E(mt) 0 0.23 0.30 0.32
L* x10% 1.83 1.16 0.81 0.49

Notes: Demand shocks and markup shocks are independently distributed. Demand
shocks have higher variance (0.5%), while markup shocks have lower variance (0.25?).
Monetary policy (¢7, ¢y) is determined by minimizing £* in equation (33) conditional
on TIP. All standard deviations and E(71;7;) have been multiplied by 100.

Table F4: Optimal MP with Higher Demand Shocks Variance
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s \2
Statistics x100 78" §5  E[fs72] (a + ‘;‘tjj) )2 = {(1’”_5'2) ] Lo
A. Heterogeneous sectors: 6; {20.4, 62.5, 689.7}
1. One-period markup shock when T = 0%
Steady-state  0.00  -1.58 0.44 0.20 0.28 0.92
T = 0% 275  -2.02 1.52 0.33 0.29 2.14
T = 10% 1.05 -1.89 0.55 0.28 0.29 1.12
T = 15% 0.18  -1.66 0.39 0.22 0.29 90
2. One-period markup shock when T = 15%
Steady-state  0.00  -1.58 0.47 0.20 0.28 0.94
=T 2.87  -2.00 1.66 0.32 0.29 2.27
T = 25% 1.10 -1.89 0.59 0.29 0.28 1.16
T = 30% 023 -1.67 0.42 0.22 0.28 93
B. Homogeneous sectors: § = 372.8
1. One-period markup shock when T = 0%
Steady-state  0.00  -1.65 0.21 0.22 0.39 0.81
70 = 0% 087 -1.87 0.35 0.28 0.39 1.02
T = 10% 034 -1.76 0.20 0.25 0.39 0.84
T = 15% 0.03 -1.67 0.17 0.22 0.39 0.79
2. One-period markup shock when T = 15%
Steady-state  0.00  -1.64 0.21 0.22 0.39 0.81
=T 089 -1.87 0.36 0.28 0.39 1.03
To = 25% 033 -1.76 0.20 0.25 0.39 0.84
T = 30% 0.02 -1.66 0.17 0.22 0.39 0.78

Notes: In panels A and B, the economy is hit by an unexpected markup shock in the
initial period. TIP is used in the initial period and returns to its steady-state value
T after the shock. £ is defined in equation 35. In panels A.1 and B.1, we set the
steady-state level of TIP to 0, and in panels A.2 and B.2. we set it equal to 15%. All
columns are multiplied by 100. The figures on the lines "Steady-state" correspond to
steady-state values. All other figures correspond to the initial period t = 0 .

Table F5: Effects of TIP on price distortion
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