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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
tirst 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 "prélevement 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 Y;; and for the final good

should clear

1 . 2
Y, — ct+/ 0 (i _ 1) Yidi (36)
0 2\ Py

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

UN
( / NL 1/‘7Ndh> — N, = /Ntldz (37)
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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 = [ T+ (P = Pioai)Yid. (39)

Equilibrium. An equilibrium is a path of output, labor, bonds, wages, price
level, bond prices and TIP {{Ci,, Nin, Bin, Wi tns { Yeis Nbiy Priti, We, Pr, Qr, T =012,
such that

e 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).

e Taking prices as given, final good firms maximize their profits subject

to the technology (6).

e 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).

e 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:

P\ Py P;_q; Py o
— — Y, 1— — Y — Y;
(1 €t) (Pt) t— €t P, £ — T€¢ P, Pt
0

1
Loe Wil (Ba) e x]
1—IXPtZ' Pf At

P.
< no_ 1) PY; + EQ;V'(Py) =0

Py \ Py
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and

P\ ¢ P, P,
V/(Pt—li) = TtY (l> + t 0 ( b 1) Pth.

Pt Ptzfll' Pt—li

Assuming symmetry gives

1
Pt—l €t Wt Yt I-a 0
—e)Yr — (1 —e)Yim — Y — | = — — P,
((1 €)Y — (1 —e)Yis — ey 2 t+1_“Pt [AJ Pt_lﬂt t t)

+E+ Q¢ [Tt+1Yt+1 + (71 + 1)297Tt+1Yt+1} =0

7T
< (1 — € — T (1 — €t1 +t7Tt) +eMCy — 97Tt(7'(t + 1)>

Y,
FEQr [T =L 4 (7t + 1)%071 2
Y} Y}

€ 7T
e <(1 —Gt) (1 — et_thCt) — T (1 _€t1+t7ft) —Qﬂt(ﬂt—f—l))

Y, Y,
+E: Qs {Tul;_tl + (71 +1)207m =t | =0

= % ((1 —e) (1— MyMC)) — (1 —etlfm)) — (e +1)

Ta1 Y, Y,
+E: Qs [%1;—? + (741 + 1)27Tt+1t—+1] =0

o

Wt Ytﬂ
d = .
Pl—a) , Mi=23
t

with M Ct =

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 non-zero tax on price changes, a price markup, 7 = 0,7 = 7,Y =
Y’, MC;M = 1. Denoting mc the log of the real marginal cost MC and y the
log of M, we obtain:
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1
9 [(1—€)(1—x(1+mcs —mec+p —p)) — % — T° + %€

SS Zal
A 41, A .
thg |LHat .Lt.:s +1/t+1—]/t} + Bt = 7

%[(1—e)(1—1*(1—|—mct—mc+yt—y))—ft—rss+rsse7rt]
ss T

T
‘1‘/37 1= +

T
TSS

(1= 0) (e — )] T B =

L1 =) (=15 (e + ) — % + e

0
™ [ Tr+1 A A
thg |+ g + (L= 0)(Ca = &) | + BT = T

58 58 e—1), . . 1 . .
Tt (1 — 67) = BE;7m1 41 (1 - 7) + ( 0 )(mct + i) + 9 |BEitii1 — i

SS

By (1=0) (e — )

where ric; = mc; — 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 u; = (¢ — 1) (us — ) is the markup shock.

From this we see why 7; = BE; 731 + us + uy’ is the path of TIP that can
stabilize inflation as shown in corollary 1.

With log consumption ¢ = 1, the expression simplifies slightly:
(e = 1) (wict + i) — T + BE¢ [Tigq + 7y (6 — T7)] = 71 (6 — €T7)

and dividing by 6 on both sides

58 58 e—1), . . 1 ~ .
7Tt (1 — 67) = ,BEtnt—l—l (1 — 7) —+ ( 0 )(THCt —+ ]/lt) + 5 [;BEtTH—l — T+ ut]



Alternatively, if T°° = 0 then the expression simplifies to

1 R T
=3 ((e = V)rmict — 7 + ut) + BE; [tTH + 7Tt+1]
e—1 . 1
= BEimi 1 + ——mict + = [BEtTi41 — T + U]

0 0

Equilibrium From the labor market clearing condition Ny = fol Nydi, we
get

1 /v, \ Toa
N:/ —“'> di
' 0 (At
1
B ﬁ T—«
=z

where we used the fact that all firms are ex post identical Y;; = ;.

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
0
Yt (1 — ET(%) = Ct.

Taking logs

0
yt + log (1 — Eﬂf) = ct.
and approximating around the efficient equilibrium with zero inflation:

i+ x:+0=ci+ (¢t —cf) = ¢t = yr.
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We now turn to the first order conditions of the households given by
— pr =o0ct + Pny
1 .
ct = Epcp1 — - (it — Eymti1 — p)

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

= 4 ¥
pt—(a+1—(x)yt T 08

1 .
e = Eyrin — (it — Emti1 — p)

From the definition of markup, we obtain

mcy = Wy — py + yt —log(1—a)

4 _ llJ o 1 _
—((7—1—1_ )y T logat—i—l_“yt T log(1 —w)
_ pta 1ty _
= ((7+ - )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 the deviation of the markup from steady-state is proportional to
the deviation of output from its flexible price level

iiei = (o4 458 (-

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

mer—met = (o $58) (- )
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where the flexible price and efficient (no markup) level of output are defined

as follows
mct + log(1 — « 1+
yf: : %J(-Foc )+ 4) P+a at
((T—l—l_a) (1—uw) (U—i—l_“)

mc; = mc

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

1t =p+0E(yii1 — i)
1+ ¢
(1—a) (o + 2

T?:p‘i‘O'Et

) (a41—ar)

Combining everything gives

- _ 1.

Yt = Etfre1 — - (it — Eytiq — 1)
|

e = PET H KT+ o [BE¢Ti+1 — T

where 7; denotes the deviation of output from its flex-price level. In addition,

we have
1. .
xt = Epxp1 — - (it — E¢mtpqq — 14)

1
e = PErTT KX+ o [BEtTi1 — T + 1]

where x; is the deviation of output from its efficient level, with x = % (0 + 1{':';) )

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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a mc" +log(l—«) 1+
Y = pro 1 gra)
(U—Fﬂ) ( —06)<0'+ﬂ>

1t =p+0E(yii1 — i)

MCy41 — MCy 1+
7’? = p —+ (TEt t+ i pia (at+1 - at)
_<0’+m> (1—06)<0'+m>
Upp1 — Ut 1+¢
=p+ 0k (ar11 — ar)
(-1 (c+42)  (1-w) (o+E2)
mcy = —py

Firms’ profits. Real profits are given by

II(P;_1q;, Py 1
TP 1, Pi) _ 1 [PiiYti — WiNy — (P — Pr—1i) Y — Ct (Pr—1i, Pri)] -

P Py
In a symmetric equilibrium, P; = P;;, and using the household’s first-
L ¥
sy Wy _ w <U+1*“) “T1-a .
order condition 7t = MY, A, " gives:
H(Ptfl, Pt) Wt 7Tt 0 2
=Y — —N; — Y; — —m7Y,
P e
¢
Yt 1-a 7T 0
Y, 6
WA T t - us; 2
=Y — — — Y — Y
Y- MY (At> Mgt 2
v\ = 6
=Y |1 wyo—1 [ 1t o - Tt v 2
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In the steady state, the efficient level of output is given by

ye_mc+10g(1—tx) 1+ .
t= t
(c+H2)  a-w(o+ )
1 { 1+79¢
= ——~ |mc+lo (1—zx)—|——at] ,
(o) 7 7° (=)
which solves the steady-state labor share
eyt (YT _en (et
o () = e
e (et
EN — 1
_ €—Nemc+log(1—uc)
EN — 1
ey €—1
= 1—a).
eNn—1 € ( %)
We can now derive the steady-state profit share:
IT ey €—1
=1 1—
PY w1 ¢ 179

It is natural to simplify the profit share % by log-linearizing the

labor share. Although TIP and the adjustment costs are negligible in the

tirst-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

Ht _ Yt 1-a 7Tt 0 2
—t 1 wyo—1 [ -t _ v
PY, MY, <At> T 2™
¥
1 _ P (Y o MW(YE)(T—l YP\ T _ T 0 >
T Me Y f A T+m 27
w YN\ [ ey e—1 0
t t N 2
S ke A 1—a)| —om — —
Mw (Yf) LN -1 € ( [X)] W o
ey €—1 14+-¥ ; ot ”t [a]
=1-— |:€N_1 - (1— )} e(g 1- )xt —Ttﬁf—zﬂt

—1

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

E—Ez—{ N 6_1(1—oc)} K —1+¢+1)xt+ uy }—Ttﬂt—

Pth PY 1-— e—1

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

e e
PY;Y PY PBY; U py:

Ht IT Y_l i Ht Yt IT Ht
P P N

B.3 Calibration of the three equation model.

Welfare is evaluated using the following ad hoc welfare function:

L= Y Eopt |7+ 1y (x0) + i (39)
t=0

for some 7, 7; > 0. This welfare function is ad hoc because in the calibration,

we will choose #; > 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 #; = 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 Gali (2015) to calibrate the elasticity of output to labor (1 — &),
the discount factor f, the elasticity of intertemporal substitution ¢, the Frisch
elasticity i and the elasticity of substitution €.

Parameters Description Value
o 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 00

0 Adjustment cost 372.8
Qa Autocorrelation of productivity shock 0.5
Pu Autocorrelation of markup shock 0.5
Omp Autocorrelation of monetary shock 0.5
My Preference for output stability 0.113
1; Preference for interest rate stability 0.687

Table B1: Model parameters

We choose the adjustment cost parameter 6 such that the slope of the
linearized Phillips curve, x, 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_4’);_)1_4’5 ) 1_10;?“6 <0’ + Isz) In our model, the slope of the Phillips

curve is instead given by x = eo%l ((7 + lffﬁ) . Equating the two gives:

¢ 1—a+uae
T=9)1-7p) 1-a

A Calvo parameter of 0.75 which corresponds to an average price dura-

0= (—1) (40)
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tion of one year implies x = 0.17, and a Rotemberg parameter of 372.8.

To calibrate the parameters in the welfare loss function Ny, i, We choose
11y and 7; such that the Taylor rule with coefficients ¢, = .125 and ¢, = 1.5
minimizes welfare losses (39) in the absence of TIP. Both 1, 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 0.5.2°

B.4 Fiscal cost of subsidies

We first log-linearize equation 26,

e—1
0

(mey —me +pp — p —ay’) + EQimi = 1
e—1
0

A

u
(micy — ay’) + gt + BEit 11 = T

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

follows a rule targeting inflation, similar to equation 23:
ay = Q.

We choose ¢% 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 (¢ = 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

tiscal cost of payroll subsidies, which are proportional to 7t;, decreases much

20We 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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slower than the revenues from TIP, because they are proportional to 717
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 1°° = 0. The equilibrium path is unique if one of the
following conditions holds

o ¢ >1 and ¢, < min (19_,(/3’ 9<P7rK+9(l[3)((;5115)+¢y)(1+‘/gr))

0prx+6(1—B) (0 (1-B)+¢y) (H—%T)
n—p

o <P <1 and 16)_—"ﬁ<(py<
o ¢ < B and 19_—Kﬂ<(py

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 ¢, 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 ¢, necessary to ensure determinacy, 1‘1—"/3, 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

1 A
xt = Epxpqq — - (P + Pn7t + Py — Etteq — 1’?) ,
1
Xt = Erxipn — — (0 + ¢n7te + gyt — Eetegs + ¢y (¥ —y™) — 18,

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

TSS TSS @ ? 1
<1 —eg t %) T =p (1 —5 T %) E¢mtipq + <K - Fy) Xt + ?yﬁEtxtJrl + gl

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

T E:t 1
A t:B 7041 LC ) Mte .
Xt E¢xpiq =0 — ¢y(yi —y*)
1 o
i am (2 ) ne (b ) e cn (1
l—efg+75 § —« /3( _T+T> 7P 0 3

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

A*l 1 ( se% K —U—(Py>
o (——K) ((T—pr)( eT;S—l—%) €%y _1_4]6)” $n

and then multiply it by B:

_ 1 ®—x —(7—4)) 1 o
A71B = y .
P (%—K) (0 +y) (1—eTss &) (ee— -5 ¢n (5 (1—Te +%> %

T ey

SS

(1+%”)[ﬁ4>n—1]+%(e uB) —o(1-e% + %) + oo p

__q _%"’K‘*‘(‘T‘i“l’y)ﬁ( ~ T+ goﬂ) ‘7<K_ﬂ>+(‘7+4’y>,3%
(14 %) 1= Bgal + 55 (0nB—€) o (1-e% + %) — =3P

with Q) =

L = . We denote this matrix A’, and we now
¢t (% —x)—(o+¢y) (1—e T+ 57 ) ’
compute its trace and determinant.

TrA = —Q {—?%—K-{-(U’-{—qby)ﬁ (1—9+ (”9”) +a<1 69+q)”> ¢n%ﬁ]

1
(c+¢y) (1 +%)+¢H(K—%)
=P B o+ 0B )+ ) (145) - (0 gt eo)]
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2
detA' = ( - 1 )
@ +y) (1 -+ ) +m (k= )

X H—(’g+;<+(a+4>y)/3 <1—T:+(P9”>] [a( T

2
(<o+4>y) (1-e + %) +¢n (x%))
X (H—?+x+(o+¢y)ﬁ <1+(e—1)

—[a(x—";y)+(a+¢y)ﬁ%y][ 4 ProeT

0
2
_ 1
(ww (1 2557) 0 (- y))
—eT 4

_|._
| 7
o
|

=
S
—
S

+
=
NI
P
—_
+
S
S
~_
_|._
=
S
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2
, 1
e = ((o+cpy) (14 257 ) + g (- 4";))

X B |:<0'+4>y) (1+§0n_9€TSS) + ¢n (K—?)] [0<1—|—q)n_9€ﬁs> —%—i—%ss(e—l)a

= ((U+¢y) (1+q)n—9€1T55) b (K%)> B [U <1_|_ §"n;1’55> _goey]

Let’s assume @y, ¢, ¢, ¢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 2557) ) (e (7557 e

. 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 det A’ < 1
gives:

%SS((H%)HM + % (9= B) < pux+ (1= B) + ) (1+ )
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This condition is that ¢, is small enough:

0P+ 0(c(1—B)+¢y) (1+5) — (0 + ¢y )e + o)
q)y < CPT( - ,B

The second necessary and sufficient condition is that TrA’ < 1+ det A’

which gives

[~ 4 Bg) + 1+ (C(B+1) +¢uB) (1+ %) — T (0 +9,)B+e0)]

0+ (14 557) 4 (v~ F) )

Blo (1+29%7) %]
(c+¢y) <1+90” a >+¢n(x—%>
0t ) 0B+ 1)+ 9u) (14 25) = T (0 9B+ e) <
) e ) )

S

1+

- B ppe) k- (14 25) (1= B¢y
<477'c< ——) ﬁ +—((a+¢y)[5+ea (0 +¢y)e — Bo)
(¢ = D+ 2L (1 + ) - ﬁ—4>n1+(1+%)< B9yt (B e) > 0

=1 [k = 2a-p]+ (1+2) 1= p)py > oy - p)

This ends the proof.

C Additional Graphs - Simulations
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the policy rate are annualized. Output gap refers to the deviation of output from
its efficient level, x;.

Figure C1: Effects of TIP following a negative productivity shock
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Figure C2: Effects of TIP following a monetary policy shock
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Figure C3: Effects of TIP following a markup shock with lower price sticki-

ness
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Figure C4: Effects of payroll subsidies following a markup shock
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Figure Cb5: Effects of payroll subsidies following a productivity shock
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Figure Cé6: Effects of payroll subsidies following a monetary policy shock
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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(xt) 1.09 121 1.29 1.39
o (8 0.96 0.76 0.63 0.47
o (1) 0.00 44.06 73.02 108.77
E(m) 0.00 0.13 0.18 0.20
£ x 10* 1.32 091 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

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(xt) 0.30 0.33 0.35 0.38
o (if™) 0.20 0.25 0.29 0.33
(1) 0.00 12.10 20.06 29.88
E(me) 0.00 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 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:

mm:/%m%m

where [ s = 1. There are also aggregator firms in each sector with the

following technology:

Denoting C(Pys, P;—1;s) the nominal adjustment costs of firm i in sector s

at 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.

6
Y =Cr+ /—Sﬂths
s 2
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Firms’ First-Order Condition Consider firms in sector s. The first-order
conditions associated with these firm’s problem are:

P\ St P\ P— P o
e (gy) emte () et ()

1
€st Wi | (P \ " Yo | 0, P; /
> 15 5| 5 1) Py + EQiV/(Py) =0
+1—0(Pt1' [(Pst) ASt tYst + Qt ( i’l)
and

Pr_1; \ Py

P\ "Gt P, P.:
/ _ ti ti t1
VI(Pi—1i) = 1t Yst (P_st> + Ptth'gs (Pt—li — 1) PiYs;.

Assuming symmetry gives

P_ € W Y 1—u 9
<(1 — est)Yst - (1 - €St)Y5tTt — Ti€st lf)st1 Yot F 1 —St(xp_sz |: St:| - s

+E¢Qt [Tt+1Yt+1s + (7Tt15 + 1) Pltgjle 7Tt+1sYt+1s:|
= (1—est—n<1—est1+ )—t—estMCst—GnSt nSt+1>
+E:Qy {Tt—l—l Y;:S + (nt%:: 1) 0571415 YZ:S] =
= ((1 —eyt) (1 - G:S_t 1MC5t) g (1 — stz f;rst) . "S* +1) )
+E+ Qs [Tt+1YE:S + (ﬂt%:: 2k 9s7ft+1sYtYLS:S] =0
— 615 <(1 —est) (1 — MyMCst) — (1 — €5ty fsﬁfst)) — nst%
+E1 Qs {Tzl thls + (nt%ls:; 1)27Tt+1sYtYLS:S} =0
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Wi Yslt_“ Est ~ Ps;
d = Py = —.
Pa(l—a) o and My p— and P

1—a
Ast

with M Cst =

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 non-zero tax on price changes, a price markup, 7 = 0,7 = 7°,Ys =

Y!, MCst M = 1. Denoting mc the log of the real marginal cost MC and u the
log of M, we obtain:

[(1—¢€) (1 — (14 mcsg —me+ pr — u)) — T — T°° + 7€

TSS .
B {1 + 4 +

T | .
55 tYrr1 — yt} + BTtst41 = TTst

SS

T
[39— {1 — Mgy +

TSS

S

+(1—-0)(E41 — 5t)} + BTsp41 = TTst

[(1 — 6) (—1 * (rﬁcst + ﬁt)) — ft + Tsseﬂst]

TSS

T
,59— {—ﬂstﬂ +

TSS

1

0

+

1 LS SS SS
6—[(1—(—:)(1—1*(1+mcst—mc+yt—y))—Tt—'t + ey
S

+

1

0s

_|_

S

(1= ) (e - a)] B =

58 58 e—1), . ~ 1 . .
st (1 —€— ) =BEmsp1 |1 — 4 | + ( )(mcst + f1t) + = [BEtTi+1 — Tt
05 Os 05 05
SS

By (1=0) (e — )

S

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

Pth
Pts .

Yis = s
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we take the logs and obtain

Yts = log'Ys + pr + Yt — Pis
= Yts — Yt =10gys — (pts — pt)
= Uis = 108 Ys — Pts

where ¥ = x; — x and
Yt = /'}’sytsds
mz/ﬁ&%—k%%ﬂs

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 = /'ysmsds

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 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

0
Y= Ci+ [ SmAY,
2

A-32



At first order the approximation is given by
=y
and at second order the approximation is given by
= i~ HEl0.73]

From the labor market clearing condition Ny = [, [._. Nydids, we get

Y
N, :// < tz) dids
! s Ji€s Ast
_/(Yts>
L
/(’YsPth)l Js
stAst
1
= T
— (ﬁ) /(%PtAt)l ds
Ay s \ PstAst
1
B (At> A

1
where A = [, <¥§f AA:> " 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}; = Yy in each sector and the FOC of the final goods

firms Y5 = s I;QYf, and where we define A; the geometric mean of sectorial

TEPs, Agi: ar = [, ysaasids.
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
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sector s given by

e ff pf\ T
M= ﬁL B %fptf (%Pt Y; /Pstl)

__WR
Pha—amar® PLPL (1_wars

which implies

a—1
Plar

vs "
Pl Ay

(Mstwtf ) (/)
1
Pl ) (1—wars

We next take this ratio at the power 7, take the product over all sectors:

Ys L a—1 Vs
HS P{At _ HS MStWtf (Yif) - —
s Vi =1l 7 T Vs
Py Ast by (1—a)A/™
B qa—1
P{At _ Wi’f (Yi’f)TLV S 'Ys(‘x*l) —&Ys
s (o o s |\ pf ) | T Me
T3y 113 <P5t/')’s> IT; Asts | Py (1 — lx)Atl*“
B qa—1
Ptht _ (M) (th)fw HSMryts(a 1) S—ows
1 S s
8y P A [\ P/ ) (1 -a)ar |
B a—1
. (Mtw{> (/)
1
B a-war

Vs
with M; = IIS (%) . Hence
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pla, | MaMw]  (Y])rs MG
f f 1 Vs M s
P Agt M P, (1—a)A" t
~f

= P = —dst + (1 — “)ﬁst + Dilog')’s

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

PA _ [MST‘l

PA T |M Vst = [HSS’Y;YS} ’y_‘" where M; are equal for all s.

1
’YsPtAt> -«
- /(_ :
! s PstAst

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

A 1 R R 1 - N N -
(St:_m/s')’s (Pst+ﬁst)dsz_1_N/S7S(Pst_Ps+ﬂst—as)ds

1 ~ ~ ~e ~e
= — /'YS(PSi_pS_pst+ps)d5:0

1—aJs

where the last line uses the definition of the price index p = [ vs(ps —
log vs)ds which implies [ vs(f — p) = [ 7slogysds 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
pst = Pst — Par-

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

Pst = Pst — Ps — Py + Ps and /%ﬁst =0

which will be useful later.

Going back to 4, a second order approximation around the steady state
gives

A 1 2 2 ]- 2 2 2
Ot :/S')’s <_1—tx (pst‘|‘ast) ‘f‘m (Pst+ast) )ds

L2
= [Ev (Pst + dst) + ; <(p5t P )]

(1—a) 2(1 —«)

E((pst — p5)°)
2(1 —a)?

where we used ﬁst +dg = ﬁst, the fact that § is zero at first order and the

expectation is taken across sectors under the weights ;.

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

Wy — pr = 0ct + Pny
1 .
¢t = Escppq — - (it — Etmti1 — p)

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

Wy = pr = (U+%)yt—11’_b“10gat+¢5t

1.
vt = Etyr — (it = Etti1 — p)
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with 6; = log A;. From the definition of markup, we obtain

MCst = W — Pt + Pt — Pst + ——VYst — ! ast — log(1 — a)
st = Wt — Pt + Pt — Pst 1_ayst 1—& st 4

o 1
:(U+%)yt+lp(5t+l7t_?st—1f“at+1_“yst_1_“5151‘_108(1_“)
+a 1+ 1
:( ll} a>yt+¢5t (Pst_Pt)—1_lpﬂt—1_“(ﬂst—ﬂt)
«
+ 1 Wst —yr) —log(1l—a)
+ N 1+ 1 N
= ( ll) )yt+¢5t Pst — 1_1012511‘— mﬂst—i- 1—06y5t_10g(1_(x)
1 o
= mct + Py — Pst— ast+ st

1-—

where the second line uses the first order condition of households and the
market clearing condition for labor, where the third line uses ¥; = x; — x
and the last line uses mc; = ((7 + IH“) Vi — 1—at log(1 — «). Finally we
can use the first order condition of the final goods firms to substitute for fs;:

1 1
mese = mcy + oy — o Ast — | 7 | Pt

We next take the difference with the steady-state:
. A g 1 S
Micsy = micy + oy — (ﬂ) (Pst — Ps + dst — ds)
. A A 1 se
mMcCg = Mc + lpdt — m Pst-

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

58 58 e—11 . 1 ¢
st (1 — 69—5) = BEi7ty41s (1 — 9—5) + . {mct — (1 — tx) P;}

SS

1 . R T ~ ~
- o [BE¢ti1 — T+ u] + 59—(1 —0) (61 —C)  (41)
S S
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where we used the fact that at first order &; = 0.
Taking the (ys-weighted) integral of the Phillips curves over all sectors
gives

T T e—1 1 (€—1)7s
l—e— ) =8E 1— ) 4+m -
”t( 695) p t7Tt+1( 95)+m0t/s 0, Vs 1_“/5 0, p

. . T . A
+ [Mt + ,BEtTt—H — Tt] /%ds + ,30—(1 — 0')(CH_1 — Ct) (42)
s Us S

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.
~ ~o \2
1E ((Pst — Pat) >

ad 1 Dé—l—l/J A N2 1 N
_ t 2
L= t_ZO[B E ((T+ 1 —D(> (xst) +§E[957T5t] + E 1— & —(DXf

The log deviation of the representative household is given by

ut_u_ ~ 1—0-,\2 UNN A 1+1P,\2
U.C —(ct+ > Ct>+UCC (nt+ 5 n

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

¢ = 0y — —E[Bs72].

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
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obtain

u—u .1 1—0
e = (o 3Elerd) + 257 00?)

UWN( 1 . . . 1+ 1 \%
+ UI\CIC ( (yt—at)+5t+T¢( ) (]/t—ﬂt)2>

11—«

Denote @ the steady-state distortion implicitly defined by — %
1 — ®. We obtain:

Uu—u .1 -0 .
e = (o 3Ele) + 257 00?)

- (1-9) ((9t—ﬁt)+(1—“)3t+1+7¢( ! )(%—ﬁt)z)

11—«

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

u-u_ .. 1 2 -0 02\ [ . L SN A N S
UCC _q)yt ZE[QSnSt]+( 2 (yt) ) ( at+2(1—ﬂé) (yt ﬂt) > (1 a)é—i_tlp
— 77 _1 2 _1 “+lp A N2 1+1P - . N .
= O 2E[957T5t] > (0’+ 7 _“> (71)” + a _a)ytat (1—a)o+tip

. JUR | 1 o+ R R o .
= O%; + i — EE[GSngt] —5 (0’ T Z’:) [(yt)z — Zytyf} —(1—wa)o+tip

+
1 2 .
= O%; — EE[OSné] — = (0’+ “F lp) (2)2 = (1 —a)6+ +tip

note that 4, 4% and ¢ are in t.i.p. because they depend only on exogenous
TFP shocks. We used the definition of v%, x;, the fact that §; = y; — v°, x; =
vy — Y%, % = xt —x = §t — §j; where x is the steady-state welfare-relevant
output gap.
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Substituting the second order approximation of &

E ((pst = 7%)°)
2(1 —a)?

op =

into the previous expression gives the result

- E((pu— )"
Ut u_ n _1 ) _1 06+(/J a2 (pSt Pst ) .
e = Oy 2E[957rst] 5 (0’+ 1—zx> (%) 31 —a) + ti.p.

Finally the term E[0571%] can be decomposed into an aggregate and sector-

specific components:

E[0s72] = E[6s(7t + (0t — 111) )]
=E [Gsntz + O5(7ts — m)z + 205714 (715t — nt)}
= (E |07 + E [0.72] + 2000 [ 1, 0,72 )
= n2E [0, + E [esﬁgt]

where the last line uses the fact that in the cross-section 7t; is constant.

D.3 Proof of Proposition (5).

Substituting 65 = 0 in the sector-s Phillips curve just derived we obtain

55 58 e—171 . 1 Q
Tlst <1 —67) = BEt7T11s (1 - 7) T [mct - (1 _lx) P?t]

SS

+ % [BEtTi41 — Tt + ut] + ,3%(1 —0) (81— Ct) (43)

Taking the difference between equations (43) and (42) to get an expression
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for relative price inflation 7ts; = 715t — 71; we obtain:

5 58 . 58 e—1 1 ,_ _
TTst (1 — €7> = BE;7Ti41s (1 - 7) ~ T m(}?st + dst)

which gives

5 e—1 1

58 3 3 3 3 ) 3
<1 - 67) (pst - pst—l) = (1 - 7) ﬁEt(psH—l - pst) - 0 m(ﬁst + ast)-

This is a linear difference equation in ps; which depends only on 6,
7%, €, B, « and the stochastic process for 4. Importantly, it is independent of
the deviation of TIP from the steady-state t;. We see that the condition 65 = 0
is important to get this result, otherwise we wouldn’t be able to subtract the
aggregate and sector-specific Phillips curve.

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

e—1 1

(ﬁst - ﬁst—l) = ,BEt(ﬁsH—l - ﬁst) - 0 m(ﬁst + ﬁst)

Looking now at average (squarred) price changes E[0;71%] = 77E [65] +
E [6s7%], under the same conditions, the second term E [677%] is indepen-
dent of aggregates and of TIP. Therefore E[0;772] varies with TIP only through
its effect on aggregate inflation 77.

Note that if we had initially allowed for heterogeneous elasticities of
substitution, €, 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

T T e—1 1
(1-€% ) G pan) = (1= 55 ) BB = p) = S 1 (a4 )
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we can compute the stationary distribution of relative prices fs; and distor-
tions, ps; 4 ds; for a stochastic process for d;;. We assume it is drawn from
a normal distribution with mean 0 and standard deviation ¢, = 1 and i.i.d.

over time and over sectors:
ast ~ i.i.d.N (0, 1)

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

Pst = Xpﬁstfl + Xafst

Replacing in the previous equation, we get:

5% 5% e—1 1 . 55N\ _ e—1 1 _
(1 —67 + (1 _XP)IB (1 — 7) + ) m) Pst = (1 —€7> Pst—1 — 0 1_ (ant

We then solve for x, and x, using:

This gives

_ —B++V/B2—4AC

Ay 2A
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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:
ﬁst + ﬁst

dst + Pst = Xp (ﬁst—l + ﬁst—l) + (1 + Xa)ﬁst — Xplst + dst—1
(1+xa)* + X5

iE(fjst + ﬁst) =0 and V(ﬁst + ﬁst) = 1 5

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 (ds: + pst) for different values of 7°°
ranging from 0 to 100%. Results are reported below. We see that a positive
steady-state TIP 7°° has no meaningful quantitative effect on price distortions.
If anything it slightly decreases price distortions by lowering the persistence
of relative prices x, and by increasing the response of relative prices to sector-
specific TFP shocks |x.|. We see that this result remains true when decreasing
B from .99 to .8 and when decreasing the adjustment cost parameter 6 from
372 to 200.
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Figure D7: Steady-state distortions for different values of 7*°

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
196001 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 Ps; 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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Simulated  Simulated

Sector PCE Weight ¢FCE x 100  pICE oPCE % 100 pPCE 65 o5 x 100
Durable goods

Motor vehicles and parts 5.2% 0.72 0.32 0.71 0.32 465.6 45.85
F “}rlms}‘mgs and durable 3.2% 0.53 0.26 051 0.24 1468 7.9

ousehold equipment

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/ Ps;—1), and then take the difference with the overall price
index: log(Pst/Pst—1) — log(P¢/Pi—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
oPCE and the autocorrelation coefficient pL'E.

Using a simulated method of moments, for each sector we look for the
pair of parameters (05, 65) that generates the standard deviation and autocor-
relation coefficient (¢7CF, oPCF) that best match their empirical counterparts.
Before doing so, we first need to set the persistence of productivity p. We then
draw random samples of 8; and 5. We simulate the stationary distribution of
price changes and production in each sector. We compute the model-implied
moments (cCE, pP“E) . 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 p until the weighted average of 6,
across all sectors is of the same order of magnitude as in the representative
model in Section 3.3. In practice we obtain p = .425 and a weighted average
65 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 P ¢(Ast, Pyt 1) given the paths of real wages { RW'} , aggregate outputs
{Y'}, aggregate inflation rates {7’} (normalize P_; = 1 such that P; =
exp Yi_; 1), aggregate markup shocks {u'}, and TIP rates {7!} using the

following first order condition:

TTs t (7 +1)
1—¢e)(1—uMMCst)—1(1—€ . — 07t p——F
(( s) ( HtMs 5t) t ( ST Ns,t)) sTTs,t 7,
Y, s p41 + 1)? Y,
+EQ {Tt“ stil | 95( st +1) Tl 141 Srf“} —0, (44)
Yo Psiiq Yot
with By = %, 75t = log(Ds ) — log(Ps 1) + 7+ and
RW, YL Y,
MCS,t i t S,tl 7 Ys,t - r)/~s t/ MS - € (45)
PS,t(l - IX) Aﬁ Ps,t €5 — 1

st
and subject to the following exogenous stochastic process for the sector-
specific TFP, Ag,

log(As,t) = (1— P) log As +p log(As,t—l) + Vst

where v, ; is drawn from a normal distribution with standard deviation o
and where A 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

Y, = (At)(H—l/J)k(l _ “)(l—a)k(rt)—o(l—zx)k(At)—tp(l—zx)k(Mt)—(l—a)k’ (46)

- _ 1
with k = m and
16
Iy=1- /"YSPTSESnsz,tdS (47)
1
=
A = / ( 754 ) ds (48)
S Ps,tAs,t

M; = exp (/ vs log (Ms,t) ds) (49)
M = ! (50)

s,t — MCs,t
Ar = exp </'ys log(As,t)ds> (51)

S
_v
RW = 5 = (1) 754, 5 (8) (T 62
The aggregate price level and inflation are given by

Py = exp p; (53)
Pt = /')’s (pst —logys)ds (54)
T = /’Ysﬂs,tds (55)
pr= [ roposds (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:

1 .
Yt = Etypi1 — - (i — E¢mte1 — Ct) (57)
ip = Y + (P7'(7Tt + (,by?t (58)
T = QrTtt (59)

where ¢; is a generic demand shock centered around p, and the Taylor rule
targets deviations of inflation and output from the steady state, §j; 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, (i) using equation (44) solve for the firms’ pricing rule P;(As, B; 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 x' = (x1, x5...x7) where T is the horizon of the transition and where
x € {Y,RW,T,A, M,i,P,m,p,---}. The algorithm is as follows:

1. Guess a sequence of inflation rates. Let 7r'(!) be the guess for 7! 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 77t(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 y*(®), i*() and 74(0).

A-48



3. Update the path of real wages, rw'’). We next use the equilibrium expres-

sion of real wages

rwtl) = <(7—|— T2 f oc) yt(i) — <1 f 1x> a' +¢In A=Y 4 o In D),

(60)

where we use T*(=1) and Ai=1), which are already known from the

last iteration, instead of guessing a new sequence for T*()) and Af().

4. Compute the implied policy rules. Use the paths of {af, y!(!), 7! rt() yt, 1)}
to solve for the firms’ policy rules recursively Ps¢(Asy, Ps;—1) for all
periods t = 1...T using equation (44).

5. Compute the paths of aggregate variables. Use the paths of {af, y!(!), rt(®), rept(@) 4t £t}
and the updated policy rules to compute the paths of aggregate price
index. This gives a new path of inflation rates 7r/()*.

6. Update guess of inflation path, '+1) and iterate until convergence. We
update the path of inflation 7r!(i+1) based on the previous guess ()
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, 71/* = 7. This
implies that the path of output y*(!) 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 7r!(!) 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 77'(7) 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 77'()*, We denote A the matrix
encoding the total derivative of 7r!()* with respect to 7rt(): drrt()* ~ Ad7t(),
Our updating rule is given by

at(+1) — ) 4 (I — A)*l(nt(i)* _ nt(i))/ (61)

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

D.7 Additional Graphs
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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, ;.

Figure D8: Effects of TIP following a demand shock in the multi-sector
economy
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Inflation (ann.) Output ()

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, ;.

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 Gali (2015), the
maximization problem of a firm having the opportunity to reset its price is

given by

max Y~ 6°E] { Qo (PiYeran — Fre(Yopu) | — (P = Provi) Yy
t k=0

- Y o1 - 0)E] {Qt,t+th+k(Pt*jki - P;‘)YHkIHki}
k=1

where we denote Y () 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
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the setting without TIP, the optimal price for a firm that gets to reset at f may
differ across firms, depending on when they last reset their price. We thus
need to keep the i-subscript. The FO.C. is given by

Pi — Py
Z 0“E] {Qt tk ((1 —€t)Yppipe + €tT;+k(Yt+k|ti)>} - T <1 - ethp—*l) Yisi
ti
-~ 0-1(1 - 0)E/ Yy kjeiki b =0
+) ( by Qb btk Tk Yok ki
k=1

Dividing by (1 — €;), and multiplying by P}/ P;_1 we obtain

*

p: - Pt — P\ P
Z 0" E, {Qt t+k ikt (P - MMCy il i1 t+k> } + p— <1 — et o l “1 Yy

o Tk P*
D LA E {Qt ko - 1P, Yt+kt+k1}
k=1

with MCy xsi = $Yryx)ti/ Prik the real marginal cost in period t + k for firm i
which last reset its price in period ¢.

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

€ T
T = Y, ZekEf{th+kYt+k (MMP —1)} + ng ! Ef{ Ei+k t+k1Yt+k}

and monetary policy should target the neutral rate of interest

o(1+¢)

A T T—a)o+ypFa
= () =1 with QP =FE |p 2t o
t t At

First-order approximation. Going back to the first-order condition of firms
that get to reset their price, we then linearize around % = 1, steady-state
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output Y and 7 = 0.

= * A Tt
ZekﬁkYEt {Pti = Pt—1 — MCpykti + Pk — Ptfl} + o 1Y

k=0
k— 1 Ti4k
E 0 0)p E{ 1Y} 0

We then show that the marginal cost is given by

o
My k|ti = 1_ a(yt+k|ti — Yirk)

e
= MCiyf — E(PZ — Prik)

and substituting this expression into the optimal pricing decision yields

Y 0*B*E {p}; — pr—1 — Orfice — (prak — Pi—1) - 1
k=0
_ Zek—l( )@)‘3 E; { Ttk } —0.
k=1 -1
Rearranging the previous equation gives
* - ~ T
pii — pr—1 = (1 — o) Z (Oﬁ)kEt {Onict ik + (Prak — pe-1)} — (1 — ‘50)®e _t 1

k=0

_ - k—l Tt+k
+ (1 /se)k_zle )@ﬁE{ 1}

1—a

Where @ = T—atac:

We then rewrite the sum as a difference equation
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> T

pii— Pt = (1= BO)@ricy + (1 — B0) Y- (0B)"(pu — pr1) — (1 - pO)O—

k=0
+ (1 - p0)O Tf“l
(1 B8O Y (68)E {Oncr i+ (prok — pi)) — pOCL — p)O L

k=1

+(1-po)(1 - e)ops { 41}
(1 p0)E0 Y 021 — 0)OFFEs {T'%kl}
k=2

T
(1-pO)O %

P — pr-1 = (1~ pO)@ic, + 7t — (1 — p8) O
+ BOE (i1 — p1)
+(1- p)(1 - 0)0pE: { Tf“l}

pii — pr—1 = POELpi1; — pi} + (1 — pO)Oricy + 1 — (1 — pO)©

oo, { 721

Tt
c—1

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

17r — ﬁGEt TTt41 + (1 — BO)O@nics + rrp — (1 — ﬁg) 1 + (1— B6)BOE, {ertﬂl}

—0
(1-po)1-0), (1 e 0 6

7y = PEim1 + 0 mct 0(c—1)
+ a _9'?69)_( 10 ),B@Et {T+1}
¢ = BEt7ti1 + Aricr — § [t — BEr {Ti1}]

with A = SE0-0@ and ¢ = 25
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Finally, using ric; = (0’ + ?) 7t we get

14
7t = BEi 1 + kfr — C [T — BEt { i1 }]

withx=)\(0+¢+ )

1—a

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:

A 1 =
Tt = PETTi115 + As [mct - (m) Pgt} + 05 [BET — ) + ue

with Ag = %)5(1_95)@) and (s = ﬁ 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 As = A and {s; = { so ultimately 6; = 0. 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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FE1 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:2!

S s BEisPr o
max E SMPZ’X MGl Yooa (i), o
Pi(i) ts;)gp EtPps [P X trs) Yeus (i) (62)
s.t.
: -1 (P(i)X
Yirs(i) = YissG' (%Ttﬁ), (63)
t+s
1 ifs=0
s =0 w : (64)
Hl:l(nprl,ln 7’) ifs >0

where 71; = % is the gross inflation rate; Pt(i) denotes the newly set price;
s lp
I 7

past inflation (77;,;_1) and trend inflation (77) are 1, and 1 — 1}, respectively;

. BB Py
7 EiPrys

factor; v = fol G’ (YtT(:)> YtT(j)di, where G(-) corresponds to the Kimball
aggregator; and MCy, is the marginal cost, which is common to all firms.

7!~ captures partial price indexation, where the weights on

¢p is the Calvo probability of resetting prices is the nominal discount

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 P;(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
71 (since 7 is already taken in the original SW notation), the maximization

Zlhttps://assets.aeaweb.org/asset-server/articles-attachments/aer/data/
june07/20041254 _app . pdf
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problem with TIP is given by

G L
flgl?XEt Z 5P t;j *[Pi(i)Xis — MCirs) Yeys (i) — 710 (Pi(i) — P4 (1)) Ya ()
t = S

EitsP
—EtE;csﬁ b T [P Xes = P Xs5 1] Vi (1)
+s

P .
—E Z‘:S ! 1 - %ng’ [PH-S( ) Pt( )ﬂXt,sfl} Yt+s|l5t+s(l)'
(65)

As in Section E, the last term for output Y, 5 (i) is a function of the new
reset price and is thus unaffected by the current reset price P;(i). The FO.C.
is given by

i P . - Y45 (i)
0=E Sﬁ f*”{xy Bi(i) X« — MC Lrs }
t Z Cp P, bsYers(i) + (Pr(i) Xis bs) 2P, (i)

TP [Yt(i) + (P(i) — P4 (i ))an(l)]

E)Pt(z)
EiasP Y,
_ Ei’ Z C:,(S IB H—S t t];'r[f (th ﬂths_l) (YtJrs( ) + Pt( ) t-‘rS( ))
oP:(i)
+E ng 11— gy Pl e, Yy () (66)
Et Pt Tits bs—1 5| P\
Define Giis = 1 G/ (xts) _ pt(i)' Viys(i) xp = G’il(zt), and z; =

G Nziys) G (xt4s) Yiis(i) oP(i) 7
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PfT@Tt, Multiply both sides by B;(i):

Hia P,
0=E 2 ; & ﬁﬁt gs Yis (i) [(14 Gras) Bi(i) Xis — GrasMCrss]
—tLt+4s

- R (i)Yi(i) |1+ hi(i) ;t?il;t_l(i) Gt

P
—Ech **”Efa( Virs(i) (Xes — AXps-1) (14 Grys)

_ HitsP, .
+ E¢ Z &1 - CP)% s P ()X s 1Yy g5, (0)- (67)

Following SW’s online appendix (equation 32), we detrend this FOC.

MC
Py

&t = Ty, Yirs(i) = YHS 5t ,Bt G pe(i) = Ptp() xts = X SPt - The
de-trended FOC is given by

Let lower case variables denote de-trended real variables, e.g., mct =

0=E; Z EpBy S€t+syt+s( ) [(1 + Grys) Prli)x) s — gt+smct+s]

Gt
TP () (i) {1 n Py(i) ;:(T[il;tl(i) Qt}
_ Et Z CP;BS séerSTtE_prt( )yt+s(i) <XES — xzs (Nt—z_l) p) (1 + Qt+s)

+EtZ¢S11—@>ﬁ%$§f“rﬂfmi>xiﬁs( T )pstmH(i). (69)

Ct TTi4s—1

We next linearize this FOC around TTIP =0:

0= B 3 (P 1+ G, — Grnamss

[ - Z &p (1= Ep) (By) s ] (69)
TIP _ (f~\7TIP
= E Z cp(B ! gitﬂ ﬁt(i)xfls — MCpys — Tt+s (gY)TtJrsH] (70)
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t+s t+s+1 is Slmply

) ) ) TP (By)TIP
At first order, the denominator in the last term e A

TIP _ TIP

TIP T U= (BY)ETi
g

G because we linearize around 7' " = 0. Define mc;} = mcy + -
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 mcj_ ; instead of mc;s. Therefore, following the same approach

as SW, we obtain the following fully linearized equation:

(1- ‘:pB’Y) (1- ‘:p)
Cp

(1+ Byip)fty = 1y 7ty + PyEttpn + A

_1
1+Ape

captures the effect of strategic complementarities stemming from the Kimball

aggregator. The parameter A, is the steady state markup, A, is the markup

()

shock and € = R

where 71; is the deviation of inflation from trend inflation 77, and A =

d * d TTIP _ (R E TTIP
mcr = Mt _ dmer | T (BY)Erti . 72)
mc mc Ggmc
In steady state, G = —e(1) and mc = %, therefore,
micy = micy — 6(1)—_1(Ttﬂp - ,g’YEtTErI{)). (73)
Therefore, the NKPC with TIP in the SW model is given by
(1+ E'Y‘p)ﬁt = 171+ BYEift 41

(1-— (pr’)’)(l —Cp) TtTIP - E'YEtTt]JrIf A

A icy — A
(74)
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Targeting rule for TIP. Since trend inflation 77 is strictly positive, we mod-
ify the inflation-targeting rule 24 in Section 3.3 to center it around 7:

' = gpftr = @n(mm — 7). (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.

E2 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.?? Our priors follow
SW's original priors. The only exception is the trend inflation 77: we replace
the original gamma distribution with a normal distribution N(0.5,0.05%)
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.

E3 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 ¢, = 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 ¢, = 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.

2 nttps://github.com/johannespfeifer/dsge_mod
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Table F5: Priors and posteriors

Prior Posterior

Dist. Mean Stdev Mode Stdev
Oa beta 0.500 0.2000 0.9909 0.0041
Op beta 0.500 0.2000 0.8546 0.0339
Pg beta 0.500 0.2000 0.9760 0.0075
0i beta 0.500 0.2000 0.8217 0.0681
Or beta 0.500 0.2000 0.1677 0.0614
Op beta 0.500 0.2000 0.9655 0.0316
Ow beta 0.500 0.2000 0.9833 0.0090
Hp beta 0.500 0.2000 0.8992 0.0462
Huw beta 0.500 0.2000 0.9664 0.0119
[ norm 4.000 1.5000 4.2620 1.0924
o norm 1500 0.3750 1.4598 0.2039
A beta 0.700 0.1000 0.5072 0.0639
Cw beta 0.500 0.1000 0.8006 0.0435
0} norm  2.000 0.7500 1.5198 0.6019
Gp beta 0.500 0.1000 0.7747 0.0453
Lw beta 0.500 0.1500 0.6198 0.1353
lp beta 0.500 0.1500 0.3006 0.0926
P beta 0.500 0.1500 0.6627 0.1133
¢p norm  1.250 0.1250 1.5042 0.0746
T'n norm  1.500 0.2500 1.9852 0.1473

Y beta 0.750 0.1000 0.8395 0.0211
ry norm  0.125 0.0500 0.0977 0.0202
Ay norm  0.125 0.0500 0.2340 0.0252
100(B~1 —1) gamm 0250 0.1000 0.1026 0.0434
T norm  0.500 0.0500 0.5591 0.0503
I norm  0.000 2.0000 3.5819 1.2550
0t norm 0400 0.1000 0.3770 0.0366

0ga norm 0500 02500 0.5234 0.0637
« norm 0300 0.0500 0.1769 0.0165
7 invg 0100 20000 04795 0.0261
7’ invg 0100 2.0000 0.0946 0.0110
08 invg 0100 2.0000 04522 0.0215
7 invg 0100 2.0000 0.3171 0.0301
" invg 0100 2.0000 02137 0.0119
0P invg 0100 2.0000 0.1277 0.0110
7o invg 0100 2.0000 03571 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.?®

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 ¢, 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 ¢, 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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Figure F10: Impulse response functions
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Figure F11: Impulse response functions with lower price stickiness
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Figure F12: Impulse response functions (continued)
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