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Optimal Taxation of Inflation

Damien Capelle and Yang Liu

A 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) formulated 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 (1978)
argues that when increasing their price, firms 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
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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.

Contributions to the Literature on TIP. It was acknowledged at the time
that a better understanding of price-setting behaviors and their macro impli-
cations was required to design TIP effectively (Koford and Miller, 1992). Our
first contribution is to leverage improvements 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 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. Correia et al. (2008) shows that a suffi-
ciently rich set of fiscal and monetary instruments, including labor taxes and
subsidies, can implement the first-best allocation. When monetary policy
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 stimulating demand (Eggertsson, 2011), temporary gov-
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ernment spending (Woodford, 2011), cuts in marginal labour tax rates that
boost confidence (Mertens and Ravn, 2014), and well-designed paths of con-
sumption tax and payroll subsidies, import and export tariffs (Correia et al.,
2013; Farhi et al., 2014). We generalize the set of fiscal instruments, showing
that, like labor subsidies, TIP helps implement the first best. Importantly, we
argue that TIP is much less costly for the government budget than payroll
subsidies.

TIP in Practice. In the 1970s, versions of TIP were implemented. From
1974 to 1977, the French governments implemented the "prélèvement con-
joncturel", 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 being 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 pro-
gram 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
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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 conclude that they helped stabilize output and prices.
Enev and Koford (2000) find 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).

B Baseline Model with TIP

B.1 Market Clearing and Equilibrium Definition

Market Clearing We now show the market clearing conditions. In equi-
librium, the markets for each intermediate good Yti and for the final good
should clear

Yt = Ct +
∫ 1

0

θ

2

(
Pti

Pt−1i
− 1
)2

Ytdi (36)

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

(∫
N1−1/σN

th dh
) σN

σN−1

= Nt =
∫ 1

0
Ntidi (37)
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With no government debt, holdings of bonds by households are zero:
Bt = 0. Finally, transfers received by households include profits and tax
receipts:

Tt =
∫ 1

0
Πit + τt(Pti − Pt−1i)Ytidi. (38)

Equilibrium. An equilibrium is a path of output, labor, bonds, wages, price
level, bond prices and TIP {{Cth, Nth, Bth, Wth}h, {Yti, Nti, Pti}i, Wt, Pt, Qt, τt}t=0,1,2..,
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).

• 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.

B.2 Linearization

Firms’ First-Order Condition The first-order conditions associated with
the firm’s problem are:

(1− εt)

(
Pti

Pt

)−εt

Yt − (1− εt)

(
Pti

Pt

)−εt

Ytτt − τtεt
Pt−1i

Pti
Yt

(
Pti

Pt

)−εt

+
εt

1− α

Wt

Pti

[(
Pti

Pt

)−εt Yt

At

] 1
1−α

− θ

Pt−1i

(
Pti

Pt−1i
− 1
)

PtYt + EQtV′(Pti) = 0
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and

V′(Pt−1i) = τtY
(

Pti

Pt

)−εt

+
Pti

P2
t−1i

θ

(
Pti

Pt−1i
− 1
)

PtYt.

Assuming symmetry gives(
(1− εt)Yt − (1− εt)Ytτt − τtεt

Pt−1

Pt
Yt +

εt

1− α

Wt

Pt

[
Yt

At

] 1
1−α

− θ

Pt−1
πtPtYt

)
+EtQt

[
τt+1Yt+1 + (πt+1 + 1)2θπt+1Yt+1

]
= 0

⇐⇒
(

1− εt − τt

(
1− εt

πt

1 + πt

)
+ εtMCt − θπt(πt + 1)

)
+EtQt

[
τt+1

Yt+1

Yt
+ (πt+1 + 1)2θπt+1

Yt+1

Yt

]
= 0

⇐⇒
(
(1− εt)

(
1− εt

εt − 1
MCt

)
− τt

(
1− εt

πt

1 + πt

)
− θπt(πt + 1)

)
+EtQt

[
τt+1

Yt+1

Yt
+ (πt+1 + 1)2θπt+1

Yt+1

Yt

]
= 0

⇐⇒ 1
θ

(
(1− εt) (1−MtMCt)− τt

(
1− εt

πt

1 + πt

))
− πt(πt + 1)

+EtQt

[
τt+1

θ

Yt+1

Yt
+ (πt+1 + 1)2πt+1

Yt+1

Yt

]
= 0

with MCt =
Wt

Pt(1− α)

Y
α

1−α
t

A
1

1−α
t

and Mt =
εt

εt − 1
.

We denote the steady-state markup M̄. The next step is to linearize
this optimality condition around a steady-state with no inflation, constant
output, a non-zero tax on price changes, a price markup, π = 0, τ = τss, Y =

Y′, MCtM = 1. Denoting mc the log of the real marginal cost MC and µ the
log ofM, we obtain:
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1
θ
[(1− ε) (1− ∗(1 + mct −mc + µt − µ))− τ̂t − τss + τssεπt]

+ β
τss

θ

[
1 + q̂t +

τ̂t+1

τss + ŷt+1 − ŷt

]
+ βπt+1 = πt

1
θ
[(1− ε) (1− 1 ∗ (1 + mct −mc + µt − µ))− τ̂t − τss + τssεπt]

+ β
τss

θ

[
1− πt+1 +

τ̂t+1

τss + (1− σ)(ĉt+1 − ĉt)

]
+ βπt+1 = πt

1
θ
[(1− ε) (−1 ∗ (m̂ct + µ̂t))− τ̂t + τssεπt]

+ β
τss

θ

[
−πt+1 +

τ̂t+1

τss + (1− σ)(ĉt+1 − ĉt)

]
+ βπt+1 = πt

πt

(
1− ε

τss

θ

)
= βEtπt+1

(
1− τss

θ

)
+

(ε− 1)
θ

(m̂ct + µ̂t) +
1
θ
[βEtτ̂t+1 − τ̂t]

+ β
τss

θ
(1− σ)(ĉt+1 − ĉt)

where m̂ct = mct −mc is the gap between the effective marginal cost and
the desired marginal cost under flexible prices in steady-state. Later we will
define the cost push shock ut = (ε− 1)(µt − µ) is the markup shock.

From this we see why τt = βEtτt+1 + ut + uw
t is the path of TIP that can

stabilize inflation as shown in corollary 1.
With log consumption σ = 1, the expression simplifies slightly:

(ε− 1)(m̂ct + µ̂t)− τ̂t + βEt [τ̂t+1 + πt+1 (θ − τss)] = πt (θ − ετss)

and dividing by θ on both sides

πt

(
1− ε

τss

θ

)
= βEtπt+1

(
1− τss

θ

)
+

(ε− 1)
θ

(m̂ct + µ̂t) +
1
θ
[βEtτ̂t+1 − τ̂t + ut]
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Alternatively, if τss = 0 then the expression simplifies to

πt =
1
θ
((ε− 1)m̂ct − τt + ut) + βEt

[τt+1

θ
+ πt+1

]
= βEtπt+1 +

ε− 1
θ

m̂ct +
1
θ
[βEtτt+1 − τt + ut]

Equilibrium From the labor market clearing condition Nt =
∫ 1

0 Ntidi, we
get

Nt =
∫ 1

0

(
Yti

At

) 1
1−α

di

=

(
Yt

At

) 1
1−α

where we used the fact that all firms are ex post identical Yti = Yt.

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

Yt

(
1− θ

2
π2

t

)
= Ct.

Taking logs

yt + log
(

1− θ

2
π2

t

)
= ct.

and approximating around the efficient equilibrium with zero inflation:

ye
t + xt + 0 = ce

t + (ct − ce
t)⇒ ct = yt.
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We now turn to the first order conditions of the households given by

wt − pt = σct + ψnt

ct = Etct+1 −
1
σ
(it − Etπt+1 − ρ)

with it = − log Qt. Combining them with the market clearing condition for
the final goods gives

wt − pt =

(
σ +

ψ

1− α

)
yt −

ψ

1− α
log at

yt = Etyt+1 −
1
σ
(it − Etπt+1 − ρ)

From the definition of markup, we obtain

mct = wt − pt +
α

1− α
yt −

1
1− α

at − log(1− α)

=

(
σ +

ψ

1− α

)
yt −

ψ

1− α
log at +

α

1− α
yt −

1
1− α

at − log(1− α)

=

(
σ +

ψ + α

1− α

)
yt −

1 + ψ

1− α
at − log(1− α)

where the second line uses the first order condition of the households and
the market clearing condition for labor.

Hence the deviation of the markup from steady-state is proportional to
the deviation of output from its flexible price level

m̂ct =

(
σ +

ψ + α

1− α

)
(yt − yn

t )

and its deviation from its efficient level is proportional to the deviation of
output from its efficient level

mct −mce
t =

(
σ +

ψ + α

1− α

)
(yt − ye

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

ye
t =

mce
t + log(1− α)(

σ + ψ+α
1−α

) +
1 + ψ

(1− α)
(

σ + ψ+α
1−α

) at

mce
t = mc

From the Euler equation, we obtain the flex-price rate of interest:

rn
t = ρ + σEt(yn

t+1 − yn
t )

rn
t = ρ + σEt

 1 + ψ

(1− α)
(

σ + ψ+α
1−α

) (at+1 − at)


Combining everything gives

ỹt = Etỹt+1 −
1
σ
(it − Etπt+1 − rn

t )

πt = βEtπt+1 + κỹt +
1
θ
[βEtτt+1 − τt]

where ỹt denotes the deviation of output from its flex-price level. In addition,
we have

xt = Etxt+1 −
1
σ
(it − Etπt+1 − re

t)

πt = βEtπt+1 + κxt +
1
θ
[βEtτt+1 − τt + ut]

where xt is the deviation of output from its efficient level, with κ = ε−1
θ

(
σ + ψ+α

1−α

)
.

For future reference we also define the natural rate of output and the
neutral interest rate, which are simply equal to their value in flexible price
equilibrium:
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yn
t =

mcn + log(1− α)(
σ + ψ+α

1−α

) +
1 + ψ

(1− α)
(

σ + ψ+α
1−α

) at

rn
t = ρ + σEt(yn

t+1 − yn
t )

rn
t = ρ + σEt

mct+1 −mct(
σ + ψ+α

1−α

) +
1 + ψ

(1− α)
(

σ + ψ+α
1−α

) (at+1 − at)


= ρ + σEt

 ut+1 − ut

(ε− 1)
(

σ + ψ+α
1−α

) +
1 + ψ

(1− α)
(

σ + ψ+α
1−α

) (at+1 − at)


mcn

t = −µt

Firms’ profits. Real profits are given by

Π(Pt−1i, Pti)

Pt
=

1
Pt

[PtiYti −WtNti − τt(Pti − Pt−1i)Yti − Ct (Pt−1i, Pti)] .

In a symmetric equilibrium, Pt = Pti, and using the household’s first-

order condition Wt
Pt

=Mw
t Y

(
σ+

ψ
1−α

)
t A

− ψ
1−α

t gives:

Π(Pt−1, Pt)

Pt
= Yt −

Wt

Pt
Nt − τt

πt

1 + πt
Yt −

θ

2
π2

t Yt

= Yt −Mw
t Yσ

t

(
Yt

At

) ψ
1−α

Nt − τt
πt

1 + πt
Yt −

θ

2
π2

t Yt

= Yt −Mw
t Yσ

t

(
Yt

At

) ψ+1
1−α

− τt
πt

1 + πt
Yt −

θ

2
π2

t Yt

= Yt

1−Mw
t Yσ−1

t

(
Yt

At

) ψ+1
1−α

− τt
πt

1 + πt
− θ

2
π2

t

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

ye
t =

mc + log(1− α)(
σ + ψ+α

1−α

) +
1 + ψ

(1− α)
(

σ + ψ+α
1−α

) at

=
1(

σ + ψ+α
1−α

) [mc + log(1− α) +
1 + ψ

(1− α)
at

]
,

which solves the steady-state labor share

Mw(Ye
t )

σ−1
(

Ye
t

At

) ψ+1
1−α

=
εN

εN − 1
e
(

σ−1+ ψ+1
1−α

)
ye

t−
1+ψ
(1−α)

at

=
εN

εN − 1
e
(

σ+
ψ+α
1−α

)
ye

t−
1+ψ
(1−α)

at

=
εN

εN − 1
emc+log(1−α)

=
εN

εN − 1
ε− 1

ε
(1− α).

We can now derive the steady-state profit share:

Π
PY

= 1− εN

εN − 1
ε− 1

ε
(1− α)

It is natural to simplify the profit share Π(Pt−1,Pt)
PtYt

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

Πt

PtYt
= 1−Mw

t Yσ−1
t

(
Yt

At

) ψ+1
1−α

− τt
πt

1 + πt
− θ

2
π2

t

= 1− M
w
t

Mw

(
Yt

Ye
t

)σ−1+ ψ+1
1−α

Mw(Ye
t )

σ−1
(

Ye
t

At

) ψ+1
1−α

− τt
πt

1 + πt
− θ

2
π2

t

= 1− M
w
t

Mw

(
Yt

Ye
t

)σ−1+ ψ+1
1−α
[

εN

εN − 1
ε− 1

ε
(1− α)

]
− τtπt −

θ

2
π2

t

= 1−
[

εN

εN − 1
ε− 1

ε
(1− α)

]
e
(

σ−1+ ψ+1
1−α

)
xt+

uw
t

ε−1 − τtπt −
θ

2
π2

t

≈ 1−
[

εN

εN − 1
ε− 1

ε
(1− α)

] [
1 +

(
σ− 1 +

ψ + 1
1− α

)
xt +

uw
t

ε− 1

]
− τtπt −

θ

2
π2

t

The fourth equation uses the relationship between mw
t (ln M

w
t

Mw ) and uw
t : uw

t =

(ε − 1)mw
t . The approximated profit share allows us to analyze both the

deviation of the profit share,

Πt

PtYt
− Π

PY
≈ −

[
εN

εN − 1
ε− 1

ε
(1− α)

] [(
σ− 1 +

ψ + 1
1− α

)
xt +

uw
t

ε− 1

]
− τtπt −

θ

2
π2

t

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

Pt
− Π

P

)
Y−1 =

Πt

PtYt

Yt

Y
− Π

PY
≈ Πt

PtYt
(1 + xt)−

Π
PY

.

B.3 Calibration of the three equation model.

Welfare is evaluated using the following ad hoc welfare function:

L =
∞

∑
t=0

E0βt
[
π2

t + ηy (xt)
2 + ηii2

t

]
(39)

for some ηy, ηi ≥ 0. This welfare function is ad hoc because in the calibration,
we will choose ηi > 0 so that the optimal MP implied by equation (39) is
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consistent with the standard Taylor rule observed empirically. Note however
that a second-order approximation of the household welfare loss around
the efficient steady-state would lead to a similar expression of this objective
function for ηi = 0 as shown in Rotemberg and Woodford (1999). One could
assume that there is a steady-state production subsidy in the background.

In our calibration, a period is a quarter. The list of parameters is in Table
B1. We follow Galí (2015) to calibrate the elasticity of output to labor (1− α),
the discount factor β, the elasticity of intertemporal substitution σ, the Frisch
elasticity ψ and the elasticity of substitution ε.

Parameters Description Value
α One minus the elasticity of output to labor 0.25
β Time discount factor 0.99
σ Elasticity of intertemporal substitution 1
ψ Inverse Frish elasticity of labor 5
ε Elasticity of substitution across varieties 9
εN Elasticity of substitution across labor types ∞
θ Adjustment cost 372.8
ρa Autocorrelation of productivity shock 0.5
ρu Autocorrelation of markup shock 0.5
ρmp Autocorrelation of monetary shock 0.5
ηy Preference for output stability 0.113
ηi Preference for interest rate stability 0.687

Table B1: Model parameters

We choose the adjustment cost parameter θ such that the slope of the
linearized Phillips curve, κ, in our model is equal to the slope in Galí (2015).
If φ̄ denotes the Calvo parameter, the slope with Calvo pricing is given by
κ = (1−φ̄)(1−φ̄β)

φ̄
1−α

1−α+αε

(
σ + ψ+α

1−α

)
. In our model, the slope of the Phillips

curve is instead given by κ = ε−1
θ

(
σ + ψ+α

1−α

)
. Equating the two gives:

θ = (ε− 1)
φ̄

(1− φ̄)(1− φ̄β)

1− α + αε

1− α
(40)

A Calvo parameter of 0.75 which corresponds to an average price dura-
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tion of one year implies κ = 0.17, and a Rotemberg parameter of 372.8.
To calibrate the parameters in the welfare loss function ηy, ηi, we choose

ηy and ηi such that the Taylor rule with coefficients φy = .125 and φπ = 1.5
minimizes welfare losses (39) in the absence of TIP. Both ηy, ηi 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 0.5.20

B.4 Fiscal cost of subsidies

We first log-linearize equation 26,

ε− 1
θ

(mct −mc + µt − µ− aw
t ) + EtQtπt+1 = πt

ε− 1
θ

(m̂ct − aw
t ) +

ut

θ
+ βEtπt+1 = πt

To derive the fiscal cost of a payroll subsidy, we assume that its rate, aw
t ,

follows a rule targeting inflation, similar to equation 23:

aw
t = ϕw

ππt.

We choose ϕw
π so that the impulse response functions of inflation and the

output gap match the ones in Figure 1 after a markup shock.
Figures C4, C5, and C6 report the effects of payroll 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 (ϕπ = 300) does in Figure 1, payroll subsidies amount to 4% of total
payrolls or 3.5% of output in the first period. In sharp contrast, the revenues
collected with TIP amount to about 0.15% of output in the same period. The
persistence of the fiscal cost also differs across the two instruments. The
fiscal cost of payroll subsidies, which are proportional to πt, decreases much

20We have checked that the impulse response functions and welfare implications of TIP
are similar when ρ is larger, even when there is no interior solution for the optimal MP.
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slower than the revenues from TIP, because they are proportional to π2
t

instead.
Finally, as we increase the strength of the instrument, payroll subsidies

grow linearly while the fiscal revenues implied by TIP increase at a decreas-
ing speed. This is because a stronger TIP can significantly reduce its tax base
by moderating price changes, while a higher payroll subsidy rate marginally
raises its base by increasing the output gap.

B.5 Determinacy

In this Appendix we analyze 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.

To ensure determinacy, it is well-known that in the baseline New Keyne-
sian 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.

Proposition 6. Assume τss = 0. The equilibrium path is unique if one of the
following conditions holds

• φπ > 1 and ϕy < min
(

θκ
1−β ,

θφπκ+θ(1−β)(σ(1−β)+φy)(1+ ϕπ
θ )

φπ−β

)
• β < φπ < 1 and θκ

1−β < ϕy <
θφπκ+θ(1−β)(σ(1−β)+φy)(1+ ϕπ

θ )
φπ−β

• φπ < β and θκ
1−β < ϕy

The first bullet point corresponds to the traditional Taylor principle ac-
cording 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
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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 ϕy 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 coeffi-
cient ϕy necessary to ensure determinacy, θκ

1−β , is slightly above 6300. This
coefficient implies a reaction function that is too strong to be realistically im-
plemented. 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.

We now provide a formal proof for the theorem. Substituting out the
Taylor rule (23) into the Euler equation (15) gives

xt = Etxt+1 −
1
σ

(
ρ + φππt + φyŷt − Etπt+1 − re

t
)

,

xt = Etxt+1 −
1
σ

(
ρ + φππt + φyxt − Etπt+1 + φy(ye

t − yss)− re
t
)

,

and substituting out the rule for TIP (24) into the Phillips curve (16) gives(
1− ε

τss

θ
+

ϕπ

θ

)
πt = β

(
1− τss

θ
+

ϕπ

θ

)
Etπt+1 +

(
κ −

ϕy

θ

)
xt +

ϕy

θ
βEtxt+1 +

1
θ

ut.

To analyze the uniqueness of the solution to this system of two differ-
ence equations, we compute its eigenvalues. This system with two non
predetermined 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
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conditions in the following proposition which turn out to be more intuitive.
We first rewrite this system in matrix form

A

(
πt

xt

)
= B

(
Etπt+1

Etxt+1

)
+ C

(
ũt

re
t − ρ− φy(ye

t − yss)

)

with A =

(
φπ σ + φy

1− ε τss

θ + ϕπ

θ
ϕy
θ − κ

)
, B =

(
1 σ

β
(

1− τss

θ + ϕπ

θ

)
ϕy
θ β

)
and C =

(
1 0
0 1

θ

)

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

A−1 =
1

φπ

(
ϕy
θ − κ

)
− (σ + φy)

(
1− ε τss

θ + ϕπ

θ

)
(

ϕy
θ − κ −σ− φy

ε τss

θ − 1− ϕπ

θ φπ

)

and then multiply it by B:

A−1B =
1

φπ

(
ϕy
θ − κ

)
− (σ + φy)

(
1− ε τss

θ + ϕπ

θ

)
(

ϕy
θ − κ −σ− φy

ε τss

θ − 1− ϕπ

θ φπ

) 1 σ

β
(

1− τss

θ + ϕπ

θ

)
ϕy
θ β


= Ω

 ϕy
θ − κ − (σ + φy)β

(
1− τss

θ + ϕπ

θ

)
σ
(

ϕy
θ − κ

)
− (σ + φy)β

ϕy
θ(

1 + ϕπ

θ

)
[βφπ − 1] + τss

θ (ε− φπ β) −σ
(

1− ε τss

θ + ϕπ

θ

)
+ φπ

ϕy
θ β


= −Ω

− ϕy
θ + κ + (σ + φy)β

(
1− τss

θ + ϕπ

θ

)
σ
(

κ − ϕy
θ

)
+ (σ + φy)β

ϕy
θ(

1 + ϕπ

θ

)
[1− βφπ] +

τss

θ (φπ β− ε) σ
(

1− ε τss

θ + ϕπ

θ

)
− φπ

ϕy
θ β


with Ω = 1

φπ(
ϕy
θ −κ)−(σ+φy)(1−ε τss

θ + ϕπ
θ )

. We denote this matrix A′, and we now

compute its trace and determinant.

TrA′ = −Ω
[
−

ϕy

θ
+ κ + (σ + φy)β

(
1− τss

θ
+

ϕπ

θ

)
+ σ

(
1− ε

τss

θ
+

ϕπ

θ

)
− φπ

ϕy

θ
β

]
=

1

(σ + φy)
(
1− ε τss

θ + ϕπ

θ

)
+ φπ

(
κ − ϕy

θ

)
[
−

ϕy

θ
(1 + βφπ) + κ + (σ(β + 1) + φyβ)

(
1 +

ϕπ

θ

)
− τss

θ
((σ + φy)β + εσ)

]
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detA′ =

 1

(σ + φy)
(
1− ε τss

θ + ϕπ

θ

)
+ φπ

(
κ − ϕy

θ

)
2

×
[ [
−

ϕy

θ
+ κ + (σ + φy)β

(
1− τss

θ
+

ϕπ

θ

)] [
σ

(
1− ε

τss

θ
+

ϕπ

θ

)
− φπ

ϕy

θ
β

]

−
[
σ
(

κ −
ϕy

θ

)
+ (σ + φy)β

ϕy

θ

] [(
1 +

ϕπ

θ

)
[1− βφπ] +

τss

θ
(φπ β− ε)

] ]

=

 1

(σ + φy)
(
1− ε τss

θ + ϕπ

θ

)
+ φπ

(
κ − ϕy

θ

)
2

×
([ [

−
ϕy

θ
+ κ + (σ + φy)β

(
1 + (ε− 1)

τss

θ
+

ϕπ − ετss

θ

)] [
σ

(
1 +

ϕπ − ετss

θ

)
− φπ

ϕy

θ
β

]

−
[
σ
(

κ −
ϕy

θ

)
+ (σ + φy)β

ϕy

θ

] [(
1 +

ϕπ − ετss

θ

)
[1− βφπ] +

τss

θ
βφπ(1− ε)

] ])

=

 1

(σ + φy)
(

1 + ϕπ−ετss

θ

)
+ φπ

(
κ − ϕy

θ

)
2

×
(

β

[
(σ + φy)

(
1 +

ϕπ − ετss

θ

)
+ φπ

(
κ −

ϕy

θ

)] [
σ

(
1 +

ϕπ − ετss

θ

)
−

ϕy

θ

]

+
τss

θ
(ε− 1)

(
(σ + φy)β

[
σ

(
1 +

ϕπ − ετss

θ

)
− φπ

ϕy

θ
β

]
+ βφπ

[
σ
(

κ −
ϕy

θ

)
+ (σ + φy)β

ϕy

θ

]))

=

 1

(σ + φy)
(

1 + ϕπ−ετss

θ

)
+ φπ

(
κ − ϕy

θ

)
2

× β

([
(σ + φy)

(
1 +

ϕπ − ετss

θ

)
+ φπ

(
κ −

ϕy

θ

)] [
σ

(
1 +

ϕπ − ετss

θ

)
−

ϕy

θ

]

+
τss

θ
(ε− 1)σ

(
(σ + φy)

(
1 +

ϕπ − ετss

θ

)
+ φπ

(
κ −

ϕy

θ

)))
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detA′ =

 1

(σ + φy)
(

1 + ϕπ−ετss

θ

)
+ φπ

(
κ − ϕy

θ

)
2

× β

[
(σ + φy)

(
1 +

ϕπ − ετss

θ

)
+ φπ

(
κ −

ϕy

θ

)] [
σ

(
1 +

ϕπ − ετss

θ

)
−

ϕy

θ
+

τss

θ
(ε− 1)σ

]

=

 1

(σ + φy)
(

1 + ϕπ−ετss

θ

)
+ φπ

(
κ − ϕy

θ

)
 β

[
σ

(
1 +

ϕπ − τss

θ

)
−

ϕy

θ

]

Let’s assume ϕy, ϕπ, φπ, φy ≥ 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(

σ

(
1 +

ϕπ − τss

θ

)
−

ϕy

θ

)(
(σ + φy)

(
1 +

ϕπ − ετss

θ

)
+ φπκ − φπ

ϕy

θ

)
> 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− λ1)(1− λ2) > 0 when both are positive, or both strictly above
-1 (−1− λ1)(−1− λ2) > 0 when both are negative. The condition detA′ < 1
gives:

τss

θ
((σ + φy)ε + βσ) +

ϕy

θ
(φπ − β) < φπκ + (σ(1− β) + φy)

(
1 +

ϕπ

θ

)
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This condition is that ϕy is small enough:

ϕy <
θφπκ + θ(σ(1− β) + φy)

(
1 + ϕπ

θ

)
− τss((σ + φy)ε + βσ)

φπ − β

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

which gives

[
− ϕy

θ (1 + βφπ) + κ + (σ(β + 1) + φyβ)
(
1 + ϕπ

θ

)
− τss

θ ((σ + φy)β + εσ)
]

(σ + φy)
(

1 + ϕπ−ετss

θ

)
+ φπ

(
κ − ϕy

θ

) <

1 +
β
[
σ
(

1 + ϕπ−τss

θ

)
− ϕy

θ

]
(σ + φy)

(
1 + ϕπ−ετss

θ

)
+ φπ

(
κ − ϕy

θ

)
−

ϕy

θ
(1 + βφπ) + κ + (σ(β + 1) + φyβ)

(
1 +

ϕπ

θ

)
− τss

θ
((σ + φy)β + εσ) <

(σ + φy)

(
1 +

ϕπ − ετss

θ

)
+ φπ

(
κ −

ϕy

θ

)
+ β

[
σ

(
1 +

ϕπ − τss

θ

)
−

ϕy

θ

]

−
ϕy

θ
(1 + βφπ) + κ −

(
1 +

ϕπ

θ

)
(1− β) φy

< φπ

(
κ −

ϕy

θ

)
− β

ϕy

θ
+

τss

θ
((σ + φy)β + εσ− (σ + φy)ε− βσ)

(φπ − 1)κ +
ϕy

θ
[(1 + βφπ)− β− φπ] +

(
1 +

ϕπ

θ

)
(1− β) φy +

τss

θ
φy(β− ε) > 0

(φπ − 1)
[
κ −

ϕy

θ
(1− β)

]
+
(

1 +
ϕπ

θ

)
(1− β) φy >

τss

θ
φy(ε− β)

This ends the proof.

C 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 shock. Inflation and
the policy rate are annualized. Output gap refers to the deviation of output from
its efficient level, xt.

Figure C1: 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). Inflation
and the policy rate are annualized. Output gap refers to the deviation of output
from its efficient level, xt.

Figure C2: 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. Inflation and the policy rate are annualized. Output gap refers
to the deviation of output from its efficient level, xt.

Figure C3: Effects of TIP following a markup shock with lower price sticki-
ness
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Notes: This figure corresponds to an economy with time-varying payroll subsidies
instead of TIP. The shock is the same as in Figure 1. Inflation and the policy rate
are annualized. Output gap refers to the deviation of output from its efficient level,
xt.

Figure C4: Effects of payroll subsidies following a markup shock
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Notes: This figure corresponds to an economy with time-varying payroll subsidies
instead of TIP. The shock is the same as in Figure C1. Inflation and the policy rate
are annualized. Output gap refers to the deviation of output from its efficient level,
xt.

Figure C5: Effects of payroll subsidies following a productivity shock
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Notes: This figure corresponds to an economy with time-varying payroll subsidies
instead of TIP. The shock is the same as in Figure C2. Inflation and the policy rate
are annualized. Output gap refers to the deviation of output from its efficient level,
xt.

Figure C6: Effects of payroll subsidies following a monetary policy shock
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No TIP Moderate TIP Strong TIP Extreme TIP
ϕπ 0 150 300 600
φπ 1.5 1.5 1.5 1.5
φy 0.125 0.125 0.125 0.125

σ(πann
t ) 0.74 0.59 0.49 0.36

σ(xt) 1.09 1.21 1.29 1.39
σ(iann

t ) 0.96 0.76 0.63 0.47
σ(τt) 0.00 44.06 73.02 108.77

E(πtτt) 0.00 0.13 0.18 0.20
L∗ × 104 1.32 0.91 0.70 0.50

Notes: Productivity shocks only. The setting is the same as in Figure C1.

Table C2: Evaluation of policy rules under productivity shocks

No TIP Moderate TIP Strong TIP Extreme TIP
ϕπ 0 150 300 600
φπ 1.5 1.5 1.5 1.5
φy 0.125 0.125 0.125 0.125

σ(πann
t ) 0.20 0.16 0.13 0.10

σ(xt) 0.30 0.33 0.35 0.38
σ(iann

t ) 0.20 0.25 0.29 0.33
σ(τt) 0.00 12.10 20.06 29.88

E(πtτt) 0.00 0.01 0.01 0.01
L∗ × 104 0.08 0.08 0.09 0.10

Notes: Monetary policy shocks only. The setting is the same as in Figure C2.

Table C3: Evaluation of policy rules under monetary policy shocks
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D Distortion of Relative Prices

D.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:

ln Yt =
∫

γs ln Ctsds

where
∫

γs = 1. There are also aggregator firms in each sector with the
following technology:

Yts =

(∫
y1−1/ε

ts ds
) ε

ε−1

Denoting C(Ptis, Pt−1is) the nominal adjustment costs of firm i in sector s
at time t, the market clearing condition in each sector is given by:

Yts = Cts

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

Yt = Ct +
∫

s

θs

2
π2

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

(1− εst)

(
Pti

Pst

)−εst

Yst − (1− εst)

(
Pti

Pst

)−εst

Ystτt − τtεst
Pt−1i

Pti
Yst

(
Pti

Pst

)−εst

+
εst

1− α

Wt

Pti

[(
Pti

Pst

)−εst Yst

Ast

] 1
1−α

− θs

Pt−1i

(
Pti

Pt−1i
− 1
)

PtYst + EQtV′(Pti) = 0

and

V′(Pt−1i) = τtYst

(
Pti

Pst

)−εst

+
Pti

P2
t−1i

θs

(
Pti

Pt−1i
− 1
)

PtYst.

Assuming symmetry gives(
(1− εst)Yst − (1− εst)Ystτt − τtεst

Pt−1

Pst
Yst +

εst

1− α

Wt

Pst

[
Yst

Ast

] 1
1−α

− θs

Pt−1,s
πstPtYst

)

+EtQt

[
τt+1Yt+1s + (πt+1s + 1)

Pt+1

Pts
θsπt+1sYt+1s

]
= 0

⇐⇒
(

1− εst − τt

(
1− εst

πst

1 + πst

)
+ εstMCst − θsπst

(πst + 1)
P̃st

)
+EtQt

[
τt+1

Yt+1s

Yst
+

(πt+1s + 1)2

P̃st+1
θsπt+1s

Yt+1s

Yst

]
= 0

⇐⇒
(
(1− εst)

(
1− εst

εst − 1
MCst

)
− τt

(
1− εst

πst

1 + πst

)
− θsπst

(πst + 1)
P̃st

)
+EtQt

[
τt+1

Yt+1s

Yst
+

(πt+1s + 1)2

P̃st+1
θsπt+1s

Yt+1s

Yst

]
= 0

⇐⇒ 1
θs

(
(1− εst) (1−MstMCst)− τt

(
1− εst

πst

1 + πst

))
− πst

(πst + 1)
P̃st

+EtQt

[
τt+1

θs

Yt+1s

Yst
+

(πt+1s + 1)2

P̃st+1
πt+1s

Yt+1s

Yst

]
= 0
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with MCst =
Wt

Pst(1− α)

Y
α

1−α
st

A
1

1−α
st

and Mst =
εst

εst − 1
and P̃ts =

Pst

Pt
.

We denote the steady-state markup M̄. The next step is to linearize
this optimality condition around a steady-state with no inflation, constant
output, a non-zero tax on price changes, a price markup, π = 0, τ = τss, Ys =

Y′s , MCstM = 1. Denoting mc the log of the real marginal cost MC and µ the
log ofM, we obtain:

1
θs

[(1− ε) (1− ∗(1 + mcst −mc + µt − µ))− τ̂t − τss + τssεπst]

+ β
τss

θs

[
1 + q̂t +

τ̂t+1

τss + ŷt+1 − ŷt

]
+ βπst+1 = πst

1
θs

[(1− ε) (1− 1 ∗ (1 + mcst −mc + µt − µ))− τ̂t − τss + τssεπst]

+ β
τss

θs

[
1− πst+1 +

τ̂t+1

τss + (1− σ)(ĉt+1 − ĉt)

]
+ βπst+1 = πst

1
θs

[(1− ε) (−1 ∗ (m̂cst + µ̂t))− τ̂t + τssεπst]

+ β
τss

θs

[
−πst+1 +

τ̂t+1

τss + (1− σ)(ĉt+1 − ĉt)

]
+ βπst+1 = πst

πst

(
1− ε

τss

θs

)
= βEtπst+1

(
1− τss

θs

)
+

(ε− 1)
θs

(m̂cst + µ̂t) +
1
θs

[βEtτ̂t+1 − τ̂t]

+ β
τss

θs
(1− σ)(ĉt+1 − ĉt)

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

Yts = γs
PtYt

Pts
.
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we take the logs and obtain

yts = log γs + pt + yt − pts

⇒ yts − yt = log γs − (pts − pt)

⇒ ỹts = log γs − p̃ts

where x̃s = xs − x and

yt =
∫

γsytsds

pt =
∫

γs (pts − log γs) ds

We can obtain the log change in the aggregate consumer price index by
taking the time difference of the last equation

πt = pt − pt−1 =
∫

γsπtsds

Market clearing Since all firms are identical within each sector in equilib-
rium, the market clearing condition for the sectorial goods market is given
by

Yst = Cst.

where Cst 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

Yt = Ct +
∫

s

θs

2
π2

stYs
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At first order the approximation is given by

ct = yt.

and at second order the approximation is given by

ct = yt −
1
2

E[θsπ
2
st].

From the labor market clearing condition Nt =
∫

s

∫
i∈s Ntidids, we get

Nt =
∫

s

∫
i∈s

(
Yti

Ast

) 1
1−α

dids

=
∫

s

(
Yts

Ast

) 1
1−α

ds

=
∫

s

(
γsPtYt

Pst Ast

) 1
1−α

ds

=

(
Yt

At

) 1
1−α
∫

s

(
γsPt At

Pst Ast

) 1
1−α

ds

=

(
Yt

At

) 1
1−α

∆t

where ∆ =
∫

s

(
γsPt At
Pst Ast

) 1
1−α 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 Yti = Yst in each sector and the FOC of the final goods
firms Yst = γs

PtYt
Pts

, and where we define At the geometric mean of sectorial
TFPs, Ast: at =

∫
s γsastds.

We then approximate ∆t. We need to first obtain an expression of relative
prices under flexible prices. We start from the optimal markup of a firm in
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sector s given by

M−1
st =

W f
t

P f
st

(Y f
st)

α
1−α

(1− α)A
1

1−α
st

=
W f

t

P f
t

P f
t

P f
st

(
γsP f

t Y f
t /P f

st

) α
1−α

(1− α)A
1

1−α
st

which implies

P f
t At

P f
st Ast

=

(MstW
f

t

P f
t

)
(Y f

t )
α

1−α

(1− α)A
1

1−α
t

α−1

γ−α
s

We next take this ratio at the power γs, take the product over all sectors:

ΠS
s

(
P f

t At

P f
st Ast

)γs

= ΠS
s


(MstW

f
t

P f
t

)
(Y f

t )
α

1−α

(1− α)A
1

1−α
t

α−1

γ−α
s


γs

P f
t At

ΠS
s γ

γs
s ΠS

s

(
P f

st/γs

)γs
ΠS

s Aγs
st

=

(W f
t

P f
t

)
(Y f

t )
α

1−α

(1− α)A
1

1−α
t

α−1

ΠS
sM

γs(α−1)
st γ

−αγs
s

P f
t At

ΠS
s γ

γs
s P f

t At
=

(W f
t

P f
t

)
(Y f

t )
α

1−α

(1− α)A
1

1−α
t

α−1

ΠS
sM

γs(α−1)
st γ

−αγs
s

1 =

(MtW
f

t

P f
t

)
(Y f

t )
α

1−α

(1− α)A
1

1−α
t

α−1

withMt = ΠS
s

(
Mst
γs

)γs
. Hence
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P f
t At

P f
st Ast

=

(MstMtW
f

t

MtP
f

t

)
(Y f

t )
α

1−α

(1− α)A
1

1−α
t

α−1

γ−α
s =

[
Mst

Mt

]α−1

γ−α
s

⇒ p̃ f
st = −ãst + (1− α)µ̃st + α log γs

We can now go back to ∆ and linearize it around the steady-state with
PA

Ps As
=
[
Ms
M

]α−1
γ−α

s =
[
ΠS

s γ
γs
s
]α−1

γ−α
s whereMs are equal for all s.

∆t =
∫

s

(
γsPt At

Pst Ast

) 1
1−α

ds

∆ exp(δ̂t) =
∫

s

(
γsPA
Ps As

) 1
1−α

exp
(
− 1

1− α

(
ˆ̃pst + ˆ̃ast

))
ds

=
[
ΠS

s γ
−γs
s

] ∫
s

γs exp
(
− 1

1− α

(
ˆ̃pst + ˆ̃ast

))
ds

δ̂t = −
1

1− α

∫
s

γs
(

ˆ̃pst + ˆ̃ast
)

ds

where ˆ̃xts denotes the log deviation of "relative x" from its steady state.
Importantly, δ̂t is zero at first order

δ̂t = −
1

1− α

∫
s

γs
(

ˆ̃pst + ˆ̃ast
)

ds = − 1
1− α

∫
s

γs ( p̃st − p̃s + ãst − ãs) ds

= − 1
1− α

∫
s

γs ( p̃st − p̃s − p̃e
st + p̃e

s) ds = 0

where the last line uses the definition of the price index p =
∫

γs(ps −
log γs)ds which implies

∫
γs( p̃− p) =

∫
γs log γsds which is the same for

the four components, hence they cancel out. For future reference we define
the log deviation of relative prices from its efficient level

ˆ̃pst = p̃st − p̃e
st.

Importantly, relative prices in the steady-state are the same as in the efficient
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steady-state. Hence we have

ˆ̃pst = p̃st − p̃s − p̃e
st + p̃e

s and
∫

γs ˆ̃pst = 0

which will be useful later.
Going back to δ̂, a second order approximation around the steady state

gives

δ̂t =
∫

s
γs

(
− 1

1− α

(
ˆ̃pst + ˆ̃ast

)
+

1
2(1− α)2

(
ˆ̃pst + ˆ̃ast

)2
)

ds

=
1

(1− α)

−Eγ

(
ˆ̃pst + ˆ̃ast

)
+

E
(
( p̃st − p̃e

st)
2
)

2(1− α)


=

E
(
( p̃st − p̃e

st)
2
)

2(1− α)2

where we used ˆ̃pst + ˆ̃ast = ˆ̃pst, the fact that δ̂ is zero at first order and the
expectation is taken across sectors under the weights γs.

Phillips Curve and Euler Equation We now turn to the first order condi-
tions of the households given by

wt − pt = σct + ψnt

ct = Etct+1 −
1
σ
(it − Etπt+1 − ρ)

with it = − log Qt. Combining them with the market clearing condition for
the final goods gives

wt − pt =

(
σ +

ψ

1− α

)
yt −

ψ

1− α
log at + ψδt

yt = Etyt+1 −
1
σ
(it − Etπt+1 − ρ)
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with δt = log ∆t. From the definition of markup, we obtain

mcst = wt − pt + pt − pst +
α

1− α
yst −

1
1− α

ast − log(1− α)

=

(
σ +

ψ

1− α

)
yt + ψδt + pt − pst −

ψ

1− α
at +

α

1− α
yst −

1
1− α

ast − log(1− α)

=

(
σ +

ψ + α

1− α

)
yt + ψδt − (pst − pt)−

1 + ψ

1− α
at −

1
1− α

(ast − at)

+
α

1− α
(yst − yt)− log(1− α)

=

(
σ +

ψ + α

1− α

)
yt + ψδt − p̃st −

1 + ψ

1− α
at −

1
1− α

ãst +
α

1− α
ỹst − log(1− α)

= mct + ψδt − p̃st −
1

1− α
ãst +

α

1− α
ỹst

where the second line uses the first order condition of households and the
market clearing condition for labor, where the third line uses x̃s = xs − x
and the last line uses mct =

(
σ + ψ+α

1−α

)
yt − 1+ψ

1−α at − log(1− α). Finally we
can use the first order condition of the final goods firms to substitute for ỹst:

mcst = mct + ψδt −
1

1− α
ãst −

(
1

1− α

)
p̃st

We next take the difference with the steady-state:

m̂cst = m̂ct + ψδ̂t −
(

1
1− α

)
( p̃st − p̃s + ãst − ãs)

m̂cst = m̂ct + ψδ̂t −
(

1
1− α

)
ˆ̃pe

st.

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

πst

(
1− ε

τss

θs

)
= βEtπt+1s

(
1− τss

θs

)
+

ε− 1
θs

[
m̂ct −

(
1

1− α

)
ˆ̃pe

st

]
+

1
θs

[βEtτ̂t+1 − τ̂t + ut] + β
τss

θs
(1− σ)(ĉt+1 − ĉt) (41)
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where we used the fact that at first order δ̂t = 0.
Taking the (γs-weighted) integral of the Phillips curves over all sectors

gives

πt

(
1− ε

τss

θs

)
= βEtπt+1

(
1− τss

θs

)
+ m̂ct

∫
s

ε− 1
θs

γs −
1

1− α

∫
s

(ε− 1)γs

θs
ˆ̃pe

st

+ [ut + βEtτ̂t+1 − τ̂t]
∫

s

γs

θs
ds + β

τss

θs
(1− σ)(ĉt+1 − ĉt) (42)

D.2 Second-order approximation of welfare

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.

L =
∞

∑
t=0

βt

1
2

(
σ +

α + ψ

1− α

)
(x̂st)

2 +
1
2

E[θsπ
2
st] +

1
2

E
(
( p̃st − p̃e

st)
2
)

1− α
−Φx̂t


The log deviation of the representative household is given by

Ut −U
UcC

=

(
ĉt +

1− σ

2
ĉ2

t

)
+

UN N
UcC

(
n̂t +

1 + ψ

2
n̂2

t

)
.

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

ĉt = ŷt −
1
2

E[θsπ
2
st].

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

n̂t =
1

1− α
(ŷt − ât) + δ̂t

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

Ut −U
UcC

=

(
ŷt −

1
2

E[θsπ
2
st] +

1− σ

2
(ŷt)

2
)

+
UN N
UcC

(
1

1− α
(ŷt − ât) + δ̂t +

1 + ψ

2

(
1

1− α

)2

(ŷt − ât)
2

)

Denote Φ the steady-state distortion implicitly defined by − UN N
UCC(1−α)

=

1−Φ. We obtain:

Ut −U
UcC

=

(
ŷt −

1
2

E[θsπ
2
st] +

1− σ

2
(ŷt)

2
)

− (1−Φ)

(
(ŷt − ât) + (1− α)δ̂t +

1 + ψ

2

(
1

1− α

)
(ŷt − ât)

2
)

Under the “small distortion” assumption (so that the product of Φ with a
second-order term can be ignored as negligible)

Ut −U
UcC

= Φŷt −
1
2

E[θsπ
2
st] +

(
1− σ

2
(ŷt)

2
)
−
(
−ât +

1 + ψ

2(1− α)
(ŷt − ât)

2
)
− (1− α)δ̂ + t.i.p

= Φŷt −
1
2

E[θsπ
2
st]−

1
2

(
σ +

α + ψ

1− α

)
(ŷt)

2 +
1 + ψ

(1− α)
ŷt ât − (1− α)δ̂ + t.i.p

= Φx̂t + Φŷe
t −

1
2

E[θsπ
2
st]−

1
2

(
σ +

α + ψ

1− α

) [
(ŷt)

2 − 2ŷtŷe
t

]
− (1− α)δ̂ + t.i.p

= Φx̂t −
1
2

E[θsπ
2
st]−

1
2

(
σ +

α + ψ

1− α

)
(x̂t)

2 − (1− α)δ̂ ++t.i.p

note that ât, â2
t and ŷe

t are in t.i.p. because they depend only on exogenous
TFP shocks. We used the definition of ye

t , xt, the fact that ŷe
t = ye

t − ye, xt =

yt − ye, x̂t = xt − x = ŷt − ŷe
t where x is the steady-state welfare-relevant

output gap.
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Substituting the second order approximation of δ̂t

δ̂t =
E
(
( p̃st − p̃e

st)
2
)

2(1− α)2

into the previous expression gives the result

Ut −U
UcC

= Φx̂t −
1
2

E[θsπ
2
st]−

1
2

(
σ +

α + ψ

1− α

)
(x̂t)

2 −
E
(
( p̃st − p̃e

st)
2
)

2(1− α)
+ t.i.p.

Finally the term E[θsπ
2
st] can be decomposed into an aggregate and sector-

specific components:

E[θsπ
2
st] = E[θs(πt + (πst − πt))

2]

= E
[
θsπ

2
t + θs(πst − πt)

2 + 2θsπt(πst − πt)
]

=
(

E
[
θsπ

2
t

]
+ E

[
θsπ̃

2
st

]
+ 2cov [πt, θsπ̃st]

)
= π2

t E [θs] + E
[
θsπ̃

2
st

]
where the last line uses the fact that in the cross-section πt is constant.

D.3 Proof of Proposition (5).

Substituting θs = θ in the sector-s Phillips curve just derived we obtain

πst

(
1− ε

τss

θ

)
= βEtπt+1s

(
1− τss

θ

)
+

ε− 1
θ

[
m̂ct −

(
1

1− α

)
ˆ̃pe

st

]
+

1
θ
[βEtτt+1 − τt + ut] + β

τss

θ
(1− σ)(ĉt+1 − ĉt) (43)

Taking the difference between equations (43) and (42) to get an expression
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for relative price inflation π̃st = πst − πt we obtain:

π̃st

(
1− ε

τss

θ

)
= βEtπ̃t+1s

(
1− τss

θ

)
− ε− 1

θ

1
1− α

( p̃st + ãst)

which gives(
1− ε

τss

θ

)
( p̃st − p̃st−1) =

(
1− τss

θ

)
βEt( p̃st+1 − p̃st)−

ε− 1
θ

1
1− α

( p̃st + ãst).

This is a linear difference equation in p̃st which depends only on θ,
τss, ε, β, α and the stochastic process for ãst. Importantly, it is independent of
the deviation of TIP from the steady-state τ̂t. We see that the condition θs = θ

is important to get this result, otherwise we wouldn’t be able to subtract the
aggregate and sector-specific Phillips curve.

If in addition, τss = 0 then the difference equation—hence relative prices—
is completely independent of TIP:

( p̃st − p̃st−1) = βEt( p̃st+1 − p̃st)−
ε− 1

θ

1
1− α

( p̃st + ãst)

Looking now at average (squarred) price changes E[θsπ
2
st] = π2

t E [θs] +

E
[
θsπ̃

2
st
]
, under the same conditions, the second term E

[
θsπ̃

2
st
]

is indepen-
dent of aggregates and of TIP. Therefore E[θsπ

2
st] varies with TIP only through

its effect on aggregate inflation π2
t .

Note that if we had initially allowed for heterogeneous elasticities of
substitution, ε, they would have had to be the same across sectors as well for
the proof to go through.

D.4 Stationary distribution of price distortions in the lin-

earized model

Using the following difference equation(
1− ε

τss

θ

)
( p̃st − p̃st−1) =

(
1− τss

θ

)
βEt( p̃st+1 − p̃st)−

ε− 1
θ

1
1− α

( p̃st + ãst)
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we can compute the stationary distribution of relative prices p̃st and distor-
tions, p̃st + ãst for a stochastic process for ãst. We assume it is drawn from
a normal distribution with mean 0 and standard deviation σa = 1 and i.i.d.
over time and over sectors:

ãst ∼ i.i.d.N (0, 1)

To solve the previous difference equation, we guess the following AR(1)
process for relative prices:

p̃st = χp ãst−1 + χa ãst

Replacing in the previous equation, we get:(
1− ε

τss

θ
+ (1− χp)β

(
1− τss

θ

)
+

ε− 1
θ

1
1− α

)
p̃st =

(
1− ε

τss

θ

)
p̃st−1 −

ε− 1
θ

1
1− α

ãst

We then solve for χp and χa using:

χp =

(
1− ε τss

θ

)
(

1− ε τss

θ + (1− χp)β
(
1− τss

θ

)
+ ε−1

θ
1

1−α

)
χa = −χp

ε−1
θ

1
1−α(

1− ε τss

θ

)
This gives

χp =
−B +

√
B2 − 4AC

2A

A = −β

(
1− τss

θ

)
B =

(
1− ε

τss

θ
+ β

(
1− τss

θ

)
+

ε− 1
θ

1
1− α

)
C = −

(
1− ε

τss

θ

)
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Note that we keep only the positive solution to the quadratic equation
because the other one gives a negative AR(1) coefficient, which isn’t econom-
ically sensible.

With this we can solve for the stationary distribution of price distortions:
ãst + p̃st

ãst + p̃st = χp(ãst−1 + p̃st−1) + (1 + χa)ãst − χp ãst + ãst−1

⇒E(ãst + p̃st) = 0 and V(ãst + p̃st) =
(1 + χa)2 + χ2

p

1− χ2
p

where we used the i.i.d. assumption across sectors and time periods.
Using the same calibration described in Appendix B.3, we can compute

the sum of squared price deviations V(ãst + p̃st) for different values of τss

ranging from 0 to 100%. Results are reported below. We see that a positive
steady-state TIP τss has no meaningful quantitative effect on price distortions.
If anything it slightly decreases price distortions by lowering the persistence
of relative prices χp and by increasing the response of relative prices to sector-
specific TFP shocks |χa|. We see that this result remains true when decreasing
β from .99 to .8 and when decreasing the adjustment cost parameter θ from
372 to 200.
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Figure D7: Steady-state distortions for different values of τss

D.5 Calibration

Our data used to calibrate the model is a panel of Personal Consumption
Expenditures (PCE) price indices for different types of product from the
Bureau of Economic Analysis, NIPA Table 2.3.4 and 2.3.5 (U.S. Bureau of
Economic Analysis, 2025b). Following the BEA classification, we group
products into 13 sectors, which are listed in the first column of Table D4. We
focus on core inflation and exclude food and fuel. We also exclude services
provided by non-profit institutions servicing households. We do so to be
consistent with the model’s assumptions that firms have monopolistic power
to set prices and seek to maximize profits. Our sample covers the period
1960Q1 to 2019Q4. We exclude the COVID-19 years because the large drop
and rebound of economic activity could bias our estimates.

For each sector, we compute the standard deviation and autocorrela-
tion coefficients of their relative price changes. We construct relative price
changes in the following way. Let’s denote Pst the price index of sector s at
the time t. We compute the log difference of the price index of each product
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Sector PCE Weight σ̂PCE
s × 100 ρ̂PCE

s
Simulated
σPCE

s × 100
Simulated

ρPCE
s

θs σs × 100

Durable goods
Motor vehicles and parts 5.2% 0.72 0.32 0.71 0.32 465.6 45.85
Furnishings and durable

household equipment 3.2% 0.53 0.26 0.51 0.24 146.8 7.99

Recreational goods and vehicles 3.6% 0.48 0.23 0.48 0.24 110.8 5.93
Other durable goods 1.8% 0.72 0.33 0.71 0.32 465.9 45.85
Clothing and footwear 4.4% 0.55 0.02 0.55 0.01 14.2 1.53
Other nondurable goods 9.1% 0.48 0.36 0.49 0.34 711.6 45.87
Housing and utilities 21.1% 0.37 0.33 0.38 0.33 538.2 17.32
Health care 17.7% 0.39 0.34 0.40 0.35 683.3 24.09
Transportation services 3.9% 0.58 0.12 0.59 0.12 32.5 2.84
Recreation services 4.4% 0.33 0.13 0.33 0.13 37.3 1.79
Food services and accommodations 7.4% 0.38 0.10 0.39 0.10 26.6 1.63
Financial services and insurance 8.6% 1.21 -0.05 1.20 -0.06 7.8 2.39
Other services 9.7% 0.42 0.14 0.42 0.14 39.7 2.36

Table D4: Empirical Targets, Model-implied Moments and Parameter Values

category, log(Pst/Pst−1), and then take the difference with the overall price
index: log(Pst/Pst−1) − log(Pt/Pt−1). Next we remove category-specific
trends by applying an HP filter. We use the resulting panel of de-trended
relative price log changes to compute both moments: the standard deviation
σ̂PCE

s and the autocorrelation coefficient ρ̂PCE
s .

Using a simulated method of moments, for each sector we look for the
pair of parameters (σs, θs) that generates the standard deviation and autocor-
relation coefficient (σPCE

s , ρPCE
s ) that best match their empirical counterparts.

Before doing so, we first need to set the persistence of productivity ρ. We then
draw random samples of θs and σs. We simulate the stationary distribution of
price changes and production in each sector. We compute the model-implied
moments (σPCE

s , ρPCE
s ) . We then use this initial set of moments to update

our guess for the parameters. We iterate until the simulated moments match
the target. Once convergence is achieved for all sectors, we manually update
our guess for the persistence parameter ρ until the weighted average of θs

across all sectors is of the same order of magnitude as in the representative
model in Section 3.3. In practice we obtain ρ = .425 and a weighted average
θs of 350.5.

Table D4 displays the empirical targets, the model-implied moments and
the resulting parameter values for each sector.
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D.6 Numerical simulations of non-linear model

We now describe how we solve numerically for the steady state and the
transitional dynamics. We start with describing the equilibrium conditions
used in the algorithm.

Policy function of firms. In each sector s, we solve for the firms’ pricing
rule P̃s,t(As,t, P̃s,t−1) given the paths of real wages {RWt} , aggregate outputs
{Yt}, aggregate inflation rates {πt} (normalize P−1 = 1 such that Pt =

exp ∑t
h=1 πh), aggregate markup shocks {µt}, and TIP rates {τt} using the

following first order condition:(
(1− εs) (1− µtMsMCs,t)− τt

(
1− εs

πs,t

1 + πs,t

))
− θsπs,t

(πs,t + 1)
P̃s,t

+EtQ
[

τt+1
Ys,t+1

Ys,t
+ θs

(πs,t+1 + 1)2

P̃s,t+1
πs,t+1

Ys,t+1

Ys,t

]
= 0, (44)

with P̃s,t =
Ps,t
Pt

, πs,t = log(P̃s,t)− log(P̃s,t−1) + πt and

MCs,t =
RWt

P̃s,t(1− α)

Y
α

1−α
s,t

A
1

1−α
s,t

, Ys,t =
γsYt

P̃s,t
, Ms =

εs

εs − 1
(45)

and subject to the following exogenous stochastic process for the sector-
specific TFP, As,t,

log(As,t) = (1− ρ) log As + ρ log(As,t−1) + νs,t

where vs,t is drawn from a normal distribution with standard deviation σs

and where As is chosen such that in the stationary equilibrium each sector’s
average relative prices is equal to one.
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Aggregate output and inflation. We next aggregate all sectors and define
aggregate output. It is given by

Yt = (At)
(1+ψ)k(1− α)(1−α)k(Γt)

−σ(1−α)k(∆t)
−ψ(1−α)k(Mt)

−(1−α)k, (46)

with k = 1
ψ+(1−α)σ+α

and

Γt = 1−
∫

γs
1
P̃s

θs

2
π2

s,tds (47)

∆t =
∫

s

(
γs A

P̃s,t As,t

) 1
1−α

ds (48)

Mt = exp
(∫

γs log (Ms,t) ds
)

(49)

Ms,t =
1

MCs,t
(50)

At = exp
(∫

s
γs log(As,t)ds

)
(51)

RWt =
Wt

Pt
= (Yt)

σ+
ψ

1−α A
− ψ

1−α
t (∆t)

ψ(Γt)
σ (52)

The aggregate price level and inflation are given by

Pt = exp pt (53)

pt =
∫

γs (ps,t − log γs) ds (54)

πt =
∫

γsπs,tds (55)

p̃t =
∫

γs p̃s,tds (56)
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Aggregate demand, monetary policy and TIP. We close the model with
the Euler Equation, the targeting rules for monetary policy and TIP:

yt = Etyt+1 −
1
σ
(it − Etπt+1 − ξt) (57)

it = ρ + φππt + φyŷt (58)

τt = ϕππt (59)

where ξt is a generic demand shock centered around ρ, and the Taylor rule
targets deviations of inflation and output from the steady state, ŷt and TIP
targets inflation.

Steady state. In steady-state, we normalize the aggregate price level to 1.
The algorithm is then as follows: (i) start from a guess for steady-state output
Y, (ii) using equation (44) solve for the firms’ pricing rule P̃s(As, P̃s,−1) given
aggregate output and the price index; (iii) using equation (46) update the
aggregate output Y′; (iv) iterate until output Y = Y′ converges.

Impulse responses. We next solve for the transition path of the economy
following a persistent shock to markup demand or productivity, starting
from and going back to the steady-state equilibrium. A transition is a set of
vectors xt = (x1, x2...xT) where T is the horizon of the transition and where
x ∈ {Y, RW, Γ, ∆,M, i, P, π, p̃, · · · }. The algorithm is as follows:

1. Guess a sequence of inflation rates. Let πt(i) be the guess for πt in the
beginning of the i-th iteration. We make use of the sequence-space Ja-
cobian approach developed by Auclert et al. (2021) to make an accurate
first guess πt(1). We give more details below.

2. Compute the path of output, interest rate and TIP. Using the Euler equation
and the targeting rules for monetary policy and TIP we compute the
implied paths for yt(i), it(i) and τt(i).
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3. Update the path of real wages, rw(i). We next use the equilibrium expres-
sion of real wages

rwt(i) =

(
σ +

ψ

1− α

)
yt(i) −

(
ψ

1− α

)
at + ψ ln ∆t(i−1) + σ ln Γt(i−1).

(60)

where we use Γt(i−1) and ∆t(i−1), which are already known from the
last iteration, instead of guessing a new sequence for Γt(i) and ∆t(i).

4. Compute the implied policy rules. Use the paths of {at, yt(i), πt(i), rwt(i), ut, τt(i)}
to solve for the firms’ policy rules recursively P̃s,t(As,t, P̃s,t−1) for all
periods t = 1...T using equation (44).

5. Compute the paths of aggregate variables. Use the paths of {at, yt(i), πt(i), rwt(i), ut, τt(i)}
and the updated policy rules to compute the paths of aggregate price
index. This gives a new path of inflation rates πt(i)∗.

6. Update guess of inflation path, πt(i+1) and iterate until convergence. We
update the path of inflation πt(i+1) based on the previous guess πt(i)

and the new path of inflation rates. Our updating rule is explained
below and uses the sequence-space Jacobian. We iterate until the path
of inflation and output are consistent with their guesses, πt∗ = πt. This
implies that the path of output yt(i) converges.

Sequence-space Jacobian. We make use of the sequence-space Jacobian
approach developed by Auclert et al. (2021) for two purposes. First we
use the sequence space Jacobian to compute the impulse responses of the
aggregate variables of the linearized economy. We use this response as
our initial guess of the path of inflation πt(1) in the loop to compute the
solution to the non-linear model. It turns out to be a very accurate first guess,
suggesting that the model is close to linear at the aggregate level.

Second we use the sequence space Jacobian to update our guess of in-
flation πt(i) at every iteration of the loop. Recall that the implied path of
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inflation at the end of iteration (i) is denoted πt(i)∗. We denote A the matrix
encoding the total derivative of πt(i)∗ with respect to πt(i): dπt(i)∗ ≈ Adπt(i).
Our updating rule is given by

πt(i+1) = πt(i) + ι(I−A)−1(πt(i)∗ − πt(i)), (61)

where ι is a parameter controlling the speed of adjustment and I is the
identify matrix.

D.7 Additional Graphs

Notes: The initial markup shock is calibrated to match the initial inflation response in Figure
1. Inflation and the policy rate are annualized. Output refers to the deviation of output from
its steady-state level, ŷt.

Figure D8: Effects of TIP following a demand shock in the multi-sector
economy

A-50



Notes: The initial markup shock is calibrated to match the initial inflation response in Figure
1. Inflation and the policy rate are annualized. Output refers to the deviation of output from
its steady-state level, ŷt.

Figure D9: Effects of TIP following a TFP shock in the multi-sector economy

E 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
with Rotemberg adjustment costs. Following the notations in Galí (2015), the
maximization problem of a firm having the opportunity to reset its price is
given by

max
P∗t

∞

∑
k=0

θkE f
t

{
Qt,t+k(P∗tiYt+k|ti −Ψt+k(Yt+k|ti))

}
− τt(P∗ti − Pt−1i)Yt|ti

−
∞

∑
k=1

θk−1(1− θ)E f
t

{
Qt,t+kτt+k(P∗∗t+ki − P∗ti)Yt+k|t+ki

}
where we denote Ψ() the cost function, P∗∗t+ki the optimal price of firm i when
it gets the chance to reset the price in the future, and Yt+k|ti is the output at
period t + k of firm i which resets its price in period t. Note that contrary to
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the setting without TIP, the optimal price for a firm that gets to reset at t may
differ across firms, depending on when they last reset their price. We thus
need to keep the i-subscript. The F.O.C. is given by

∞

∑
k=0

θkE f
t

{
Qt,t+k

(
(1− εt)Yt+ki|t + εtΨ′t+k(Yt+k|ti)

)}
− τt

(
1− εt

P∗ti − Pt−1i

P∗ti

)
Yt|ti

+
∞

∑
k=1

θk−1(1− θ)E f
t

{
Qt,t+kτt+kYt+k|t+ki

}
= 0

Dividing by (1− εt), and multiplying by P∗ti/Pt−1 we obtain

∞

∑
k=0

θkE f
t

{
Qt,t+kYt+k|ti

(
P∗ti

Pt−1
−MtMCt+k|tiΠt−1,t+k

)}
+

τt

εt − 1

(
1− εt

P∗ti − Pt−1i

P∗ti

)
P∗ti

Pt−1
Yt|ti

−
∞

∑
k=1

θk−1(1− θ)E f
t

{
Qt,t+k

τt+k
εt − 1

P∗ti
Pt−1

Yt+k|t+ki

}
with MCt+k|ti = ψt+k|ti/Pt+k the real marginal cost in period t + k for firm i
which last reset its price in period t.

First-best implementation. Together with monetary policy TIP can imple-
ment the first best. TIP should follow

τt =
εt − 1

Yt

[
∞

∑
k=0

θkE f
t
{

Qe
t,t+kYt+k (MtMw

t − 1)
}
+

∞

∑
k=1

θk−1(1− θ)E f
t

{
Qe

t,t+k
τt+k

εt − 1
Yt+k

}]

and monetary policy should target the neutral rate of interest

it = (Qe
t)
−1 − 1 with Qe

t = Et

βt

(
At+1

At

)− σ(1+ψ)
(1−α)σ+ψ+α

 .

First-order approximation. Going back to the first-order condition of firms
that get to reset their price, we then linearize around P∗t

Pt−1
= 1, steady-state
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output Y and τ = 0.

∞

∑
k=0

θkβkYEt

{
p∗ti − pt−1 − m̂ct+k|ti + pt+k − pt−1

}
+

τt

ε− 1
Y

−
∞

∑
k=1

θk−1(1− θ)βkEt

{
τt+k
ε− 1

Y
}

= 0

We then show that the marginal cost is given by

mct+k|ti = mct+k −
α

1− α
(yt+k|ti − yt+k)

= mct+k −
εα

1− α
(p∗ti − pt+k)

and substituting this expression into the optimal pricing decision yields

∞

∑
k=0

θkβkEt {p∗ti − pt−1 −Θm̂ct+k − (pt+k − pt−1)}+ Θ
τt

ε− 1

−
∞

∑
k=1

θk−1(1− θ)ΘβkEt

{
τt+k
ε− 1

}
= 0.

Rearranging the previous equation gives

p∗ti − pt−1 = (1− βθ)
∞

∑
k=0

(θβ)kEt {Θm̂ct+k + (pt+k − pt−1)} − (1− βθ)Θ
τt

ε− 1

+ (1− βθ)
∞

∑
k=1

θk−1(1− θ)ΘβkEt

{
τt+k
ε− 1

}

where Θ = 1−α
1−α+αε . We then rewrite the sum as a difference equation
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p∗ti − pt−1 = (1− βθ)Θm̂ct + (1− βθ)
∞

∑
k=0

(θβ)k(pt − pt−1)− (1− βθ)Θ
τt

ε− 1

+ βθ(1− βθ)Θ
τt+1

ε− 1

+ (1− βθ)θβ
∞

∑
k=1

(θβ)k−1Et {Θm̂ct+k + (pt+k − pt)} − βθ(1− βθ)Θ
τt+1

ε− 1

+ (1− βθ)(1− θ)ΘβEt

{
τt+1

ε− 1

}
+ (1− βθ)βθ

∞

∑
k=2

θk−2(1− θ)Θβk−1Et

{
τt+k
ε− 1

}
p∗ti − pt−1 = (1− βθ)Θm̂ct + πt − (1− βθ)Θ

τt

ε− 1
+ βθ(1− βθ)Θ

τt+1

ε− 1
+ βθEt(p∗t+1 − pt)

+ (1− βθ)(1− θ)ΘβEt

{
τt+1

ε− 1

}
p∗ti − pt−1 = βθEt{p∗t+1i − pt}+ (1− βθ)Θm̂ct + πt − (1− βθ)Θ

τt

ε− 1

+ (1− βθ)βΘEt

{
τt+1

ε− 1

}
We then use πt = (1− θ)(p∗t − pt−1) to get

πt

1− θ
= βθEt

πt+1

1− θ
+ (1− βθ)Θm̂ct + πt − (1− βθ)Θ

τt

ε− 1
+ (1− βθ)βΘEt

{
τt+1

ε− 1

}
πt = βEtπt+1 +

(1− βθ)(1− θ)

θ
Θm̂ct −

(1− βθ)(1− θ)

θ(ε− 1)
Θτt

+
(1− βθ)(1− θ)

θ(ε− 1)
βΘEt {τt+1}

πt = βEtπt+1 + λm̂ct − ζ [τt − βEt {τt+1}]

with λ = (1−βθ)(1−θ)
θ Θ and ζ = λ

(ε−1) .
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Finally, using m̂ct =
(

σ + ψ+α
1−α

)
ŷt we get

πt = βEtπt+1 + κŷt − ζ [τt − βEt {τt+1}]

with κ = λ
(

σ + ψ+α
1−α

)
.

This shows that using time-dependent frictions instead of state-dependent
frictions leads to the same representation and macroeconomic dynamics at
first order as with Rotemberg-type frictions. Therefore the results on optimal
policies derived in the linearized model—corollary 1, section 3.3 and propo-
sition 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:

πst = βEtπt+1s + λs

[
m̂ct −

(
1

1− α

)
ˆ̃pe

st

]
+ ζs [βEtτt+1 − τt] + ut

with λs =
(1−βθs)(1−θs)

θs
Θ and ζs =

λs
(ε−1) . Taking the difference between any

two sectors, we see that the sufficient conditions for proposition 5 to hold, i.e.
for relative prices to be independent of aggregate and on TIP, are the same,
namely λs = λ and ζs = ζ so ultimately θs = θ. The second bullet point of
the proposition is a direct corollary of the first.

F TIP in a Medium-Scale DSGE Model

In this Appendix we explain how we embed TIP into a Smets and Wouters
(2007)-type medium scale model (SW hereafter), estimate it and conduct
counterfactual analysis.
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F.1 Incorporating TIP into SW

NKPC with TIP. To make comparison with SW easier, in this section, we
follow their notation unless otherwise noted. Adding TIP to the SW model
changes only the price Phillips Curve. The original profit maximization
problem for intermediate goods producers (page 2 of SW’s online Appendix)
is given by:21

max
P̃t(i)

Et

∞

∑
s=0

ξs
P

βsΞt+sPt

ΞtPt+s

[
P̃t(i)Xt,s −MCt+s

]
Yt+s(i), (62)

s.t.

Yt+s(i) = Yt+sG′−1
(

Pt(i)Xt,s

Pt+s
τt+s

)
, (63)

Xt,s =

1 if s = 0

Πs
l=1(π

ιp
t+l−1π̄1−ιp) if s > 0

. (64)

where πt =
Pt

Pt−1
is the gross inflation rate; P̃t(i) denotes the newly set price;

Πs
l=1π

ιp
t+l−1π̄1−ιp captures partial price indexation, where the weights on

past inflation (πt+l−1) and trend inflation (π̄) are ιp and 1− ιp, respectively;
ξp is the Calvo probability of resetting prices; βsΞt+sPt

ΞtPt+s
is the nominal discount

factor; τt =
∫ 1

0 G′
(

Yt(i)
Yt

)
Yt(i)

Yt
di, where G(·) corresponds to the Kimball

aggregator; and MCt+s is the marginal cost, which is common to all firms.
Since the model has a constant trend inflation, we adjust the TIP rule such

that it is centered around trend inflation. Firms pay TIP taxes in two cases.
First, when they reset their price P̃t(i); second, when aggregate inflation
fluctuates around the trend due to partial indexation. However, as we shall
see below, the second one has no effect at the first order. Denoting the TIP rate
τTIP

t (since τt is already taken in the original SW notation), the maximization

21https://assets.aeaweb.org/asset-server/articles-attachments/aer/data/
june07/20041254_app.pdf

A-56

https://assets.aeaweb.org/asset-server/articles-attachments/aer/data/june07/20041254_app.pdf
https://assets.aeaweb.org/asset-server/articles-attachments/aer/data/june07/20041254_app.pdf


problem with TIP is given by

max
P̃t(i)

Et

∞

∑
s=0

ξs
P

βsΞt+sPt

ΞtPt+s

[
P̃t(i)Xt,s −MCt+s

]
Yt+s(i)− τTIP

t (P̃t(i)− π̄Pt−1(i))Yt(i)

− Et

∞

∑
s=1

ξs
P

βsΞt+sPt

ΞtPt+s
τTIP

t+s
[
P̃t(i)Xt,s − P̃t(i)π̄Xt,s−1

]
Yt+s(i)

− Et

∞

∑
s=1

ξs−1
P (1− ξP)

βsΞt+sPt

ΞtPt+s
τTIP

t+s
[
P̃t+s(i)− P̃t(i)π̄Xt,s−1

]
Yt+s|P̃t+s

(i).

(65)

As in Section E, the last term for output Yt+s|P̃t+s
(i) is a function of the new

reset price and is thus unaffected by the current reset price P̃t(i). The F.O.C.
is given by

0 = Et

∞

∑
s=0

ξs
P

βsΞt+sPt

ΞtPt+s

[
Xt,sYt+s(i) +

(
P̃t(i)Xt,s −MCt+s

) ∂Yt+s(i)
∂P̃t(i)

]
− τTIP

t

[
Yt(i) + (P̃t(i)− π̄Pt−1(i))

∂Yt(i)
∂P̃t(i)

]
− Et

∞

∑
s=1

ξs
P

βsΞt+sPt

ΞtPt+s
τTIP

t+s (Xt,s − π̄Xt,s−1)

(
Yt+s(i) + P̃t(i)

∂Yt+s(i)
∂P̃t(i)

)
+ Et

∞

∑
s=1

ξs−1
P (1− ξP)

βsΞt+sPt

ΞtPt+s
τTIP

t+s π̄Xt,s−1Yt+s|P̃t+s
(i). (66)

Define Gt+s =
1

G′−1(zt+s)

G′(xt+s)
G′′(xt+s)

= P̃t(i)
Yt+s(i)

∂Yt+s(i)
∂P̃t(i)

, xt = G′−1(zt), and zt =
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Pt(i)
Pt

τt. Multiply both sides by P̃t(i):

0 = Et

∞

∑
s=0

ξs
P

βsΞt+sPt

ΞtPt+s
Yt+s(i)

[
(1 + Gt+s)P̃t(i)Xt,s − Gt+sMCt+s

]
− τTIP

t P̃t(i)Yt(i)
[

1 +
P̃t(i)− π̄Pt−1(i)

P̃t(i)
Gt

]
− Et

∞

∑
s=1

ξs
P

βsΞt+sPt

ΞtPt+s
τTIP

t+s P̃t(i)Yt+s(i) (Xt,s − π̄Xt,s−1) (1 + Gt+s)

+ Et

∞

∑
s=1

ξs−1
P (1− ξP)

βsΞt+sPt

ΞtPt+s
τTIP

t+s P̃t(i)π̄Xt,s−1Yt+s|P̃t+s
(i). (67)

Following SW’s online appendix (equation 32), we detrend this FOC.
Let lower case variables denote de-trended real variables, e.g., mct =

MCt
Pt

,

ξt = Ξtγ
σct, yt+s(i) =

Yt+s(i)
γs , β̄t = βtγ−σct, p̃t(i) =

P̃t(i)
Pt

, xp
t,s = Xt,s

Pt
Pt+s

. The
de-trended FOC is given by:

0 = Et

∞

∑
s=0

ξs
P β̄sγs ξt+s

ξt
yt+s(i)

[
(1 + Gt+s) p̃t(i)xp

t,s − Gt+smct+s

]
− τTIP

t p̃t(i)yt(i)
[

1 +
P̃t(i)− π̄Pt−1(i)

P̃t(i)
Gt

]
− Et

∞

∑
s=1

ξs
P β̄sγs ξt+s

ξt
τTIP

t+s p̃t(i)yt+s(i)
(

xp
t,s − xp

t,s

(
π̄

πt+s−1

)ιp)
(1 + Gt+s)

+ Et

∞

∑
s=1

ξs−1
P (1− ξP)β̄sγs ξt+s

ξt
τTIP

t+s p̃t(i)xp
t,s

(
π̄

πt+s−1

)ιp

yt+s|P̃t+s
(i). (68)

We next linearize this FOC around τTIP
t = 0:

0 = Et

∞

∑
s=0

ξs
P(β̄γ)s

[
(1 + Gt+s) p̃t(i)xp

t,s − Gt+smct+s

]
−
[

τTIP
t − Et

∞

∑
s=1

ξs−1
P (1− ξP)(β̄γ)sτTIP

t+s

]
(69)

= Et

∞

∑
s=0

ξs
P(β̄γ)sG

[
1 + Gt+s

Gt+s
p̃t(i)xp

t,s −mct+s −
τTIP

t+s − (β̄γ)τTIP
t+s+1

G

]
(70)
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At first order, the denominator in the last term
τTIP

t+s −(β̄γ)τTIP
t+s+1

G is simply

G because we linearize around τTIP = 0. Define mc∗t = mct +
τTIP

t −(β̄γ)Etτ
TIP
t+1

G
the marginal cost including current and future TIP. Using this definition into
equation (70), we obtain an equation identical to equation 49 in SW’s ap-
pendix with mc∗t+s instead of mct+s. Therefore, following the same approach
as SW, we obtain the following fully linearized equation:

(1 + β̄γιp)π̂t = ιpπ̂t−1 + β̄γEtπ̂t+1 + A
(1− ξp β̄γ)(1− ξp)

ξp
(m̂c∗t + λ̂p,t),

(71)

where π̂t is the deviation of inflation from trend inflation π̄, and A = 1
1+λpε

captures the effect of strategic complementarities stemming from the Kimball
aggregator. The parameter λp is the steady state markup, λ̂p,t is the markup

shock and ε =
d
(

G′′
xG′
)

d(x) .

m̂c∗t =
dmc∗t
mc

=
dmct

mc
+

τTIP
t − (β̄γ)Etτ

TIP
t+1

Gmc
. (72)

In steady state, G = −ε(1) and mc = ε(1)−1
ε(1) , therefore,

m̂c∗t = m̂ct −
1

ε(1)− 1
(τTIP

t − β̄γEtτ
TIP
t+1 ). (73)

Therefore, the NKPC with TIP in the SW model is given by

(1 + β̄γιp)π̂t = ιpπ̂t−1 + β̄γEtπ̂t+1

+ A
(1− ξp β̄γ)(1− ξp)

ξp

[
m̂ct −

τTIP
t − β̄γEtτ

TIP
t+1

ε(1)− 1
+ λ̂p,t

]
.

(74)

A-59



Targeting rule for TIP. Since trend inflation π̄ is strictly positive, we mod-
ify the inflation-targeting rule 24 in Section 3.3 to center it around π̄:

τTIP
t = ϕππ̂t = ϕπ(πt − π̄). (75)

The trend-neutral targeting rule ensures the consistency between the non-
zero trend inflation and zero TIP when the economy is on its trend.

F.2 Data and Estimation

We extend the original time series from FRED used in SW to the most recent
available data point (U.S. Bureau of Economic Analysis, 2025a). Our final
quarterly sample covers the period from 1960Q1 to 2024Q3. We closely
follow their procedures to clean the data. Relative to SW, we make two
modifications before estimating the model.

To address both zero-lower bound periods in our sample during which
the Federal Funds rate was at zero and the Fed deployed unconventional
tools, we replace the Federal Funds rate with the shadow rate by Wu and
Xia (2016), as in Anderson et al. (2017), Wu and Zhang (2019), Avdjiev et al.
(2020). We also tried alternative measures for robustness, including the new
shadow rate by Jones et al. (2021), the 3-year Treasury yields, and keeping
the Federal Funds rate unchanged. Our counterfactual results are virtually
unchanged with these alternative measures of the monetary policy stance.
Results are available upon request.

We restrict the sample to 1960Q1-2019Q4 to exclude the COVID pandemic
whose extreme recession and rebound could bias our parameters’ estimates.
The model may indeed not be well suite to rationalize the dramatic shocks
that occurred during the COVID-19 pandemic, especially in 2020Q2, when
quarterly GDP collapsed by 31.6% (annualized) relative to 2020Q1 and then
rebounded by 31.3% in 2020Q3. We then back out the seven structural shocks
from the entire sample period, from 1960Q1 to 2024Q3.

We estimate the parameters and structural shocks using the Dynare
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replication code in Johannes Pfeifer’s Github repository.22 Our priors follow
SW’s original priors. The only exception is the trend inflation π̄: we replace
the original gamma distribution with a normal distribution N(0.5, 0.052)

to bring the posterior trend closer to 2% per annum. This is an important
estimate in our counterfactual analysis because we assume that TIP follows
an inflation-targeting rule centered around detrended inflation, and a trend
of 2% per annum is a more realistic policy objective. Table F5 reports the
priors and posteriors from the baseline estimation.

F.3 Counterfactual analysis.

We now used the estimated parameters and shocks from Section F.2, as well
as the extended model with TIP to run counterfactuals when ϕπ = 300.
Results are reported below.

Historical Counterfactual with TIP. We find that TIP has significant stabi-
lizing effects on inflation, particularly during high-inflation periods such as
the 1970s and the early 2020s. The top panel of Figure 5 shows the actual path
of inflation in blue, measured by the GDP deflator, and its counterfactual
path under a TIP rule with ϕπ = 300 in red. Both are the 4-quarter moving
averages of annualized log changes. When inflation peaked in 1974Q4 at
10.4% per annum, TIP would have cut it by 2.9%, equivalent to 36% of the
deviation from the trend inflation of 2.2%. When inflation peaked again
in 1980Q4, TIP would have lowered it by 2.3%, equivalent to 31% of the
deviation from trend. During the recent COVID-19 pandemic, TIP would
have lowered the peak inflation in 2022Q1 by 2.6%, which is almost 50%
of the deviation from the trend. During lower-inflation periods, TIP turns
out to be highly effective at reducing the volatility of inflation too. Finally,
despite its significant effect on inflation, TIP barely affects output growth in
the simulations. The actual output growth and the counterfactual path show
little difference in the middle panel of Figure 5.

22 https://github.com/johannespfeifer/dsge_mod
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Table F5: Priors and posteriors

Prior Posterior

Dist. Mean Stdev Mode Stdev

ρa beta 0.500 0.2000 0.9909 0.0041
ρb beta 0.500 0.2000 0.8546 0.0339
ρg beta 0.500 0.2000 0.9760 0.0075
ρi beta 0.500 0.2000 0.8217 0.0681
ρr beta 0.500 0.2000 0.1677 0.0614
ρp beta 0.500 0.2000 0.9655 0.0316
ρw beta 0.500 0.2000 0.9833 0.0090
µp beta 0.500 0.2000 0.8992 0.0462
µw beta 0.500 0.2000 0.9664 0.0119
ϕ norm 4.000 1.5000 4.2620 1.0924
σc norm 1.500 0.3750 1.4598 0.2039
λ beta 0.700 0.1000 0.5072 0.0639
ξw beta 0.500 0.1000 0.8006 0.0435
σl norm 2.000 0.7500 1.5198 0.6019
ξp beta 0.500 0.1000 0.7747 0.0453
ιw beta 0.500 0.1500 0.6198 0.1353
ιp beta 0.500 0.1500 0.3006 0.0926
ψ beta 0.500 0.1500 0.6627 0.1133
φp norm 1.250 0.1250 1.5042 0.0746
rπ norm 1.500 0.2500 1.9852 0.1473
ρ beta 0.750 0.1000 0.8395 0.0211
ry norm 0.125 0.0500 0.0977 0.0202
r∆y norm 0.125 0.0500 0.2340 0.0252
100(β−1 − 1) gamm 0.250 0.1000 0.1026 0.0434
π̄ norm 0.500 0.0500 0.5591 0.0503
l̄ norm 0.000 2.0000 3.5819 1.2550
γ̄ norm 0.400 0.1000 0.3770 0.0366
ρga norm 0.500 0.2500 0.5234 0.0637
α norm 0.300 0.0500 0.1769 0.0165
ηa invg 0.100 2.0000 0.4795 0.0261
ηb invg 0.100 2.0000 0.0946 0.0110
ηg invg 0.100 2.0000 0.4522 0.0215
ηi invg 0.100 2.0000 0.3171 0.0301
ηm invg 0.100 2.0000 0.2137 0.0119
ηp invg 0.100 2.0000 0.1277 0.0110
ηw invg 0.100 2.0000 0.3571 0.0197

This large reduction in the volatility of inflation is achieved by setting
high TIP rates in times of high inflation. The peak TIP rate would be as high
as 300% in the 1970s and 200% in 2022. By contrast, TIP would be largely
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negative during the Great Moderation because inflation was constantly
below the estimated trend of 2.2%. However, since TIP is applied only to
price changes, the implied tax burden remains low. As shown in the last
panel, TIP costs would be negligible relative to sales for most of the time.
TIP costs would have briefly exceeded 3% of sales when inflation reached
its highest level in 1974 and 1980. During the COVID period, the average
(peak) cost of TIP would have been 0.85% and 1.9% of sales in 2021 and 2022
respectively, while the average reduction in inflation would have been 1.9%
per annum.23

The stabilization effects of TIP are robust to alternative ways to dealing
with the zero-lower bound. We have run the same analysis using the Jones
et al. (2021) shadow rate, the 3-year Treasury yields, and the Federal Funds
rate. We find virtually the same results, which are available upon request.

Impulse response functions. We now examine the impulse response func-
tions of the economy to the seven structural shocks using the estimated
DSGE model. Figure F10 shows the responses of inflation, output, and the
TIP rate. Figure F12 shows the responses of more variables to all seven
shocks.

We find that an inflation-targeting TIP rule with ϕπ dampens the re-
sponse of inflation after all seven shocks by 30 to 50% depending on the
shock, consistent with the IRFs implied by the small-scale model in Section
3.3. More importantly, TIP remarkably attenuates output losses after price
and wage markup shocks, reaffirming the divine coincidence with markup
shocks in Section 3.3.1. After all other five non-markup shocks, TIP has only
very limited effects on output, suggesting that trade-offs are quantitatively
negligible in the medium-scale DSGE model. The main reason is that infla-
tion responses are an order of magnitude smaller than output responses after
the five non-markup shocks. While lowering inflation qualitatively decreases
the need for monetary policy tightening, quantitatively the magnitude is

23 TIP would have been quite effective to dampen inflation during this period because
price markup shocks were, according to the model, important in driving inflation.
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small.
Next, we look at the robustness of our conclusions when prices become

more flexible and the Phillips Curve becomes "steeper" as suggested in
recent research. To do so, we lower the Calvo pricing parameter ξp by 0.25
percentage points, from 0.7747 to 0.5247 as in the exercise in Section 3.3.1.
Other parameters remain unchanged. The IRFs are shown in Figure F11.

After a price markup shock, without TIP, the response of inflation on
impact is stronger when price are more flexible, from 0.23% in Figure F12
to 0.65% in Figure F11. With TIP, however, the response inflation on impact
is slighlty lower, below 0.1% instead of around 0.4%. Even though inflation
subsides slightly more slowly with TIP after 1 year than without, the cu-
mulative impact on the price level in the medium run remains significant.
When prices are more flexible, TIP is able to lower the cumulative inflation
response by more than 40% compared to 30% when price are more sticky.
For all other shocks, TIP also becomes more effective at attenuating inflation
when prices become more flexible (see Figure F11).
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Notes: The initial shock size is one standard deviation. Inflation and the output growth rate
are annualized. Output refers to the deviation of output from its steady-state level, ŷt.

Figure F10: Impulse response functions
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Notes: The initial shock size is one standard deviation. Inflation and the output growth rate
are annualized. Output refers to the deviation of output from its steady-state level, ŷt.

Figure F11: Impulse response functions with lower price stickiness
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Notes: The initial shock size is one standard deviation. Inflation, all growth rate, and the
policy rate are annualized. Output refers to the deviation of output from its steady-state
level, ŷt.

Figure F12: Impulse response functions (continued)
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