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Abstract

This paper shows that tariffs may stimulate demand when nominal frictions are present. While

tariffs in small open economies depress consumption under PPI-targeting monetary policy,

tariffs can in principle stimulate demand when monetary policy accommodates producer price

inflation, such as under CPI targeting, the fiscal determinacy of the price level, and inactive

monetary policy. Unless production uses inputs, inflationary tariffs in the world economy

depress global demand even at the world liquidity trap. Even if consumption and terms of trade

achieve the first-best outcome under strict PPI targeting monetary policy, optimal monetary

policy—which still needs to address input-demand inefficiency—can be either expansionary

or contractionary relative to a strict PPI targeting rule, depending on input shares.
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1. Introduction

Protectionism has re-emerged repeatedly since the very beginning of global trade. Even though

countries impose import tariffs with different objectives, stimulating domestic demand has been

one of them. Could tariffs ever stimulate demand in the short run, and how could this happen?

While Neoclassical trade models on long-term effects generally say no, model-based analyses

on tariffs in a sticky-price environment have mainly focused on output. This paper answers this

question within a general class of open-economy New Keynesian models and shows that the short-

run impact of tariffs on domestic demand—a key determinant of welfare—depends on the degree

of monetary policy accommodation to domestic producer price inflation.

Tariffs reduce consumption in a complete-market small open economy model with inputs under

flexible prices and a Taylor-rule type monetary policy targeting PPI. These results hold regardless

of the model parameters. The relative values of trade elasticity and the IES determine the response

of output. As monetary policy becomes more accommodating to producer price inflation, con-

sumption could, in principle, rise in response to tariffs. Under commonly calibrated values, an

accommodating monetary policy—such as one that is inactive at the zero interest rate lower bound

or passive when fiscal policy determines the price level—may increase domestic consumption.

This response of demand is a combination of supply- and demand-side effects. A higher level

of tariffs creates (expected) inflation by depressing domestic producer prices and hence lowering

markups. The expectation of ending tariffs directly increases the consumption-based real interest

rate as households postpone consumption in anticipation of lower future tariffs. Inputs in produc-

tion flatten the Phillips curve, allowing tariffs to generate more inflation. While having inputs does

not change any qualitative effects of tariffs on demand, inputs play a crucial role in determining the

impact of tariffs on global aggregate demand. Without inputs in production, even if the world econ-

omy faces the zero lower interest rate bound, making monetary policy ineffective, tariffs remain a

force that depresses global demand, even though they generate inflation.

Inputs also have a direct implication for the optimal monetary policy response to tariff shocks.

Even though the flexible-price competitive equilibrium has consumption and terms of trade re-
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sponses identical to those in the first best, firms do not internalize the choice of inputs in produc-

tion within the country’s budget constraint, which creates an input-demand inefficiency. In other

words, the competitive equilibrium does not operate at the production frontier like the frictionless

first best. Tariff shocks enlarge the gap between the production frontiers. I illustrate this point by

analyzing the optimal monetary policy response to tariff shocks under unitary trade elasticity and

the intertemporal elasticity of substitution (IES). Monetary policy strictly targeting producer price

inflation completely eliminates the wedges of consumption and terms of trade. However, mone-

tary policy faces a trade-off between stabilizing the terms of trade and mitigating input-demand

inefficiency. Depending on the share of inputs used in production, the terms of trade wedge may

rise or fall, even though tariffs under the optimal monetary policy are always inflationary. More-

over, consumption under the optimal monetary policy may be higher or lower than under strict PPI

targeting.

This paper contributes to recent works on the positive and normative analyses of short-run

effects of trade policy. On the positive side, the central question this paper focuses on is the

response of consumption to tariff shocks. This complements recent works analyzing output re-

sponses (Monacelli, 2025; Kalemli-Ozcan et al., 2025). It also contributes to understanding the

role of inputs in analyzing short-run effects of trade policy (Bergin and Corsetti, 2023; Auray et

al., 2024; Bianchi and Coulibaly, 2025). The paper contributes to these studies by showing how

inputs shape the positive effects of tariffs on global demand in a global liquidity trap, in contrast

to predominantly negative effects in existing studies (Jeanne, 2021; Barattieri et al., 2021; Auray

et al., 2024). This paper also argues that inputs create an inefficiency in the competitive equilib-

rium, such that the optimal monetary response to tariffs can be either expansionary or recessionary

compared to the benchmark of strict PPI targeting—similar to results for large countries by Bergin

and Corsetti (2023) but in contrast to expansionary results by Bianchi and Coulibaly (2025) and

Monacelli (2025).

This paper starts with a baseline model in Section 2, followed by a discussion of the propaga-

tion of tariffs under different monetary policy accommodations to inflation in Section 3. Section 4

2



shows two implications of inputs in analyzing tariffs, and Section 5 concludes. The online ap-

pendix describes the model environments in greater detail and includes derivations.

2. The propagation of tariffs under nominal frictions

2.1 Baseline model

This section lays out a small-open economy model with complete asset markets, inputs in produc-

tion, and tariff shocks. Relative to the textbook treatment in Galı́ (2015), the last two elements are

additional ingredients in this paper. Tariff shocks, the only shocks in the model, follow an AR(1)

process. The exception is the addition of preference shocks and the consideration that both shocks

follow a two-state process during the discussion of inactive monetary policy at the zero interest

rate lower bound in Sections 3.3 and 4.1.

Demand Households maximize lifetime utility by choosing consumption Ct, labor supply Nt,

and state-contingent assets Dt.

max
{Ct,Nt,Dt}

E0

∞∑
t=0

βtU(Ct, Nt) s.t. PtCt + Et(Qt,t+1Dt+1) = Dt +WtNt + Tt +Πt

The parameterized utility function is U(Ct, Nt) = log(Ct) − N1+φ
t

1+φ
for a unitary IES σ = 1 and

U(Ct, Nt) =
C1−σ−1
1−σ

− N1+φ
t

1+φ
for σ ̸= 1. When the inverse of the Frisch elasticity, φ, is zero, the

model features a perfectly elastic labor supply.

Home-biased final consumption, Ct, consists of home CH, and foreign consumption goods

CF,t bundled using a CES aggregator as Ct =
(
(1 − ν)

1
ηC

1−η
η

H,t + ν
1
ηC

1−η
η

F,t

) η
η−1 , with the degree

of home bias ν ∈ (0, 0.5) and trade elasticity η > 01. Home consumption goods come from

bundling differentiated varieties, Y (i)t, produced at home, where the elasticity of substitution

among varieties is ϵ, as CH,t = (
∫
Y (i)

ϵ−1
ϵ

t di)
ϵ

ϵ−1 . Home importers pay a uniform tariff τt on

1When η = 1, Ct = C1−ν
H,t C

ν
F,t
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foreign-produced consumption goods CF,t and inputs XF,t. Tariff revenues Tt are transferred to

households as lump-sum payments.

Households save in state-contingent bonds Dt+1. Qt,t+1 is the stochastic discount factor for

one-period-ahead nominal payoffs. From the households’ optimal labor supply choice, Cσ
t N

φ
t =

Wt

Pt
, where Wt/Pt is the real wage. Given the consumption level in the rest of the world, C∗

t , the

risk sharing condition under complete markets is

Ct = ζRSC
∗
t (
EtP ∗

t

Pt

)
1
σ = ζRSC

∗
t (
PF,t

Pt

)
1
σ (1)

where ζRS depends on the initial holdings of assets. The nominal exchange rate is Et (an increase

in Et means that the home currency depreciates). The second equality uses the Law of One Price,

EtP ∗
t = PF,t, to express the real exchange rate, EtP ∗

t

Pt
, as (tariff-exclusive) import prices relative to

domestic consumer prices, PF,t

Pt
.

Production Monopolistically competitive firms indexed by i ∈ [0, 1] produce differentiated vari-

ety i and employ labor and use inputs X(i)t according to Y (i)t = N(i)1−α
t X(i)αt with 0 ≤ α ≤ 1.

These inputs are produced by combining home and foreign final output using the same aggregation

function as consumption bundles. Therefore, the price of inputs is the same as that of final con-

sumption goods. Firms also face Calvo-type nominal frictions. They reset their optimal prices with

a probability 1 − θ each period. Firm i’s optimal labor demand is WtNt(i) = (1 − α)MCtYt(i),

and the optimal demand for inputs is PtXt(i) = αMCtYt(i). The real marginal cost is given by

MCt

Pt
= (Wt/Pt)1−α

ω̄
, where ω̄ = αα(1−α)1−α. After aggregating across factor demand and using the

definition of the aggregate factor demand (Nt =
∫
N(i)tdi and Xt =

∫
X(i)tdi) and the demand

for differentiated good Y (i)t = (
PH,t(i)

PH,t
)−ϵYt, factor demands become WtNt = (1 − α)MCtYtdt

and PtXt = αMCtYtdt, where the price dispersion dt =
∫
(
PH,t(i)

PH,t
)−ϵdi.

Market clearing and the steady state The goods market clearing condition is Yt = CH,t +

XH,t +CF,t +XF,t. Let the tariff-exclusive terms of trade be the relative prices of home-produced
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consumption goods to foreign-produced consumption goods, St = PH,t/PF,t. Throughout the

paper, I focus on a zero-inflation non-stochastic steady state. I assume that countries are symmetric

in the steady state and that a subsidy is applied to eliminate the markup. Moreover, tariffs are zero

in the steady state.

Log-linearized model Let variables in lower cases denote deviations from the non-stochastic

steady state. The log-linearized labor supply condition is

σct + φnt = wt =
mct
1− α

(2)

where wt is the real wage and mct is the real marginal cost. The log-linearized labor demand from

the production-side is nt = yt − αwt. Labor demand can be expressed in terms of output and

domestic demand using the definition of the real wage in equation (2).

(1 + φα)nt = yt − ασct (3)

The CES aggregator implies the price index (1 − ν)pH,t = −ν(pF,t + τt). τt is the tariff imposed

by the home country on foreign goods. pH,t is the log of the domestic producer price relative to

the consumer price, PH,t

Pt
, and pF,t is the log of the tariff-exclusive price of imported goods in local

currency relative to consumer price, PF,t

Pt
. Domestic producer prices can be expressed in relation to

the terms of trade and tariffs.

pH,t = νst − ντt (4)

The log-linearized risk-sharing condition expressed using the terms of trade is

σct = −(1− ν)st − ντt (5)

The two expressions above provide insight into the difference between the propagation of terms

of trade and tariff shocks on the demand side. Negative terms of trade and positive tariff shocks
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have identical direct effects on domestic producer prices. However, the risk sharing condition in

equation (5) indicates that the two shocks have opposite direct effects on consumption.

Moreover, applying the definitions of producer price and consumer price inflation yields their

relationships.

πH,t = πt −∆pH,t = πt − (ν∆st − ν∆τt) (6)

The log-linearized households’ Euler equation is

ct = Et(ct+1)−
1

σ
(it − Et(πt+1)) (7)

After combining households’ labor supply and marginal cost, the log-linearized goods market

clearing condition is

κyyt = −κsst + κcct + κττt (8)

where κy = 1 − (1 − ν)α 1+φ
1+αφ

, κs = ην(2 − ν), κτ = ην(1 − ν) and κc = (1 − ν)(1 − α) +

(1−ν)α(1−α)σ
1+αφ

. Finally, the Phillips curve is

πH,t = βEt(πH,t+1) + λ(mct − pH,t) (9)

The log-linearized competitive equilibrium consists of prices {mct, st, pH,t, πt, πH,t} and quantities

{ct, nt, yt}. Given the nominal interest rate it and tariffs τt, equations (2)-(9) characterize the

equilibrium.

From the definition of the price index and the expression for tariff revenues, Tt = τtPF,t(CF,t+

XF,t), the households’ budget constraint yields the balance of payment equation and trade balances

defined below.
NXt

Pt

=
PH,t

Pt

(X∗
H,t + C∗

H,t)−
PF,t

Pt

(CF,t +XF,t)

The first-order approximation of trade balance, normalized by steady-state output, is

nxt = ν(1− 2η + νη)st + ην(1− ν)τt − ν(1− α)ct − ναxt (10)
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where xt = 1+φ
1+αφ

yt +
(1−α)σ
1+αφ

ct.

2.2 Tariffs in a Neoclassical model

The competitive equilibrium in the Neoclassical model consists of prices {pH,t,mct, st} and quan-

tities {ct, nt, yt}. Given the process for tariffs τt, equations (2), (3), (8), (5), (4), and firms’ optimal

pricing pH,t = mct jointly characterize the equilibrium.

Substituting equations (2), (3), and (4) into firms’ optimal pricing yields a relationship between

consumption, output, terms of trade and tariff: (1−α)σ
1+αφ

ct +
(1−α)φ
1+αφ

yt − νst + ντt = 0. Further

substituting out yt and st using the risk sharing (equation (5)) and the market clearing (equation (8))

yields the equilibrium effects of tariffs on consumption:dct
dτt

< 0. Tariffs depress consumption. The

reason for this is that domestic producer prices (relative to consumer prices) fall. In a competitive

factor market, firms demand less labor, so the wage rate falls. Labor supply optimality implies that

consumption falls in response to reduced income.

Output response under no inputs The response of output is ambiguous. To illustrate this, I

consider the baseline model without inputs in production by setting α = 0. The response of output

depends on trade elasticity and the IES.

yt = Φ× (η − 1

σ
)τt, Φ =

ν(1− ν)

1 + φ(ην(2− ν) + (1−ν)2

σ
)

(11)

The response of output to tariffs depends on changes in expenditure levels and the reallocation of

consumption between home and foreign goods driven by the terms of trade, the so-called expendi-

ture switching effect. When the trade elasticity is greater than the IES, the expenditure switching

effect dominates, and output rises.

The trade balance is nxt = ν(1 − 2η + νη)st − νct + ην(1 − ν)τt, and trade balances rise

in equilibrium. Similar to the ambiguous response of output, terms of trade fall under a high

trade elasticity. The terms of trade have a directly negative impact on the trade balance, as higher
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domestic price discourages exports. However, lower import quantities caused by falling domestic

consumption levels are the dominant force.

Output response under perfectly elastic labor supply I illustrate the role of inputs under per-

fectly elastic labor supply, φ = 0. The optimal labor supply choice (1 − α)σct = νst − ντt

and the risk sharing condition (equation (5)) pin down the equilibrium. ct = − ν
σ(1−(1−ν)α)

τt and

st = να
(1−(1−ν)α)

τt. Without inputs, the terms of trade do not respond to tariffs. With inputs, the

terms of trade improve. The output response is

yt =
ν

(1− (1− ν)α)2

[
(1− ν − α)η − (1− α)(1− ν)(

1

σ
+ α)

]
τt (12)

2.3 The implication of market incompleteness

The Neoclassical model so far assumes perfect risk sharing. This section shows that considering

market incompleteness breaks the stark result of falling consumption, but under unrealistic param-

eters. I further assume no intermediate goods in production and a perfectly elastic labor supply

(α = φ = 0). Moreover, the international financial market is fully segmented and a risk-averse

financial intermediary domiciled outside the home country arbitrages local-currency bonds issued

by the small-open economy and the rest of the world. The setup is identical to Itskhoki and Mukhin

(2023), except that there are no noisy traders. Having a risk-averse arbitrageur ensures stationarity.

The following three equations summarize the equilibrium.

σct = νst − ντt (13)

b∗t −
1

β
b∗t−1 =

1

β

(
ν(1− 2η + νη)− ν2

σ

)
︸ ︷︷ ︸

κ̂s

st +
1

β

(
ν2

σ
+ ην(1− ν)

)
︸ ︷︷ ︸

κ̂τ

τt (14)

Et (σ∆ct+1 + (1− ν)∆st+1 + ν∆τt+1) = −ωb∗t (15)
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where b∗t is the home country’s net foreign asset position, and ω summarizes both the risk aversion

parameter of the financial intermediary engaged in carry trade and the volatility of the exchange

rate. ω is the product of ω̌σ2
t , where σ2

t = vart(
Et

Et+1
), using the fact that the equilibrium value of

σ2
t is well-defined. ω̌ is the risk aversion. This log-linearized version of the risk sharing is identical

to the one derived from portfolio adjustment cost when steady-state bond holding is zero.

Combining the real marginal cost (equation (2)) and firms’ optimal pricing pH,t = mct yields

equation (13). Equation (14) is the first-order approximation of the balance of payments, and

equation (15) is the risk sharing condition. The equilibrium terms of trade st follow an ARMA(2,1)

process:

st = (ρ+ µin,1)st−1 − ρµin,1st−2 + χ̂1ϵτ,t − χ̂1µin,1ρϵτ,t−1 (16)

where 0 < µin,1 = 1
2
[(1 − ωκ̂s +

1
β
) −

√
(1− ωκ̂s +

1
β
)2 − 4

β
] ≤ 1, provided that ω ≥ 0 and

κ̂s < 0, with the equality at ω = 0. ρ is the autoregressive coefficient of tariffs τt, ϵτ,t is the tariff

shock, and χ̂1 = − κ̂τ

κ̂s

1−βµin,1

1−βµin,1ρ
. The response of consumption on impact of the shock depends on

the sign of χ̂1 − 1, which can be re-written as the difference between two terms.

σ(1− η)− (ν + ησ(1− ν))
βµin,1(1− ρ)

1− βµin,1ρ
(17)

Since the second term is strictly positive and the first term is negative when η > 1, consumption

falls as in the previous complete market model. When η < 1, consumption may rise. For example,

for η = 0.9, ν = 0.4, β = 0.99 and a large IES σ = 0.5, µin,1 = 1 as ω approaches zero, the sign

of the above expression is positive when tariff shocks are persistent enough, for example ρ = 0.9.

The bond holdings can be written as

b∗t = µin,1b
∗
t−1 +

(
κ̂τ

1− βµin,1ρ
βµin,1(1− ρ)

)
︸ ︷︷ ︸

>0

τt (18)

The impact effect of tariffs on trade balance is positive as long as the restriction of the parameters

satisfying κ̂s < 0, even though consumption may fall. The reason is that χ̂1 < 0 given that κ̂s < 0,

9



and the terms of trade in equation (16) are depressed upon the impact of tariffs.

2.4 Tariffs under a PPI-targeting monetary policy rule

Tariffs in the baseline complete-market Neoclassical model reduce consumption. This section

shows that this result carries over in the presence of nominal frictions and an interest rate rule

targeting PPI. PPI targeting is often found to be close to the optimal monetary policy in an open

economy. The nominal interest rate it is expressed as the deviation from the real interest rate,

rn = −log(β), in the zero-inflation steady state. Under PPI targeting, it = max(−rn, ϕππH,t),

that is the nominal interest rate is non-negative. I illustrate the propagation first under a perfectly

elastic labor supply before turning to the generalized case.

A special case: perfectly elastic labor supply The log-linearized model around the steady state

can be summarized by the open-economy New Keynesian Phillips curve, the IS curve, and a mon-

etary policy rule targeting domestic producer price inflation. Given exogenous tariffs τt, equations

19-21 define the equilibrium dynamics of consumption ct, producer price inflation πH,t, and the

nominal interest rate it. Once consumption is pinned down, equation (8) determines the response

of output. Given the main focus on consumption, the IS curve is expressed using consumption

instead of output.

πH,t = βEt(πH,t+1) + λ

(
σ(

1

1− ν
− α)ct +

ν

1− ν
τt

)
(19)

ct = Et(ct+1)−
1− ν

σ

(
it − Et(πH,t+1)−

ν

1− ν
Et(∆τt+1)

)
(20)

it = max{−rn, ϕππH,t} (21)

where λ comes from Calvo sticky prices and governs the slope of the Phillips curve. ϕπ governs

the response of monetary policy to domestic producer price inflation.

Two competing forces generated by tariff shocks influence inflation through the New Keynesian

10



Phillips and IS curves. Unlike many shocks that affect only the supply side or only the demand

side, the current tariff level enters the New Keynesian Phillips curve (equation (19)), whereas

expected tariffs enter the IS curve (equation (20)).

On the demand side, tariffs are expected to return to a lower value in the steady state. This

expectation lowers expected consumer price inflation and thereby raises the consumption-based

natural real interest rate, which depresses current consumption.

On the supply side, tariffs directly raise inflation. When firms adjust prices infrequently and

anticipate gradually lower domestic producer prices as other firms adjust prices, they undershoot

when cutting prices. This compresses the firms’ markups, thus generating inflation because pro-

ducer price inflation moves inversely with markups.

In general equilibrium, tariffs generate inflation, despite the decline in consumption. Domestic

producer price inflation is

dπH,t

dτt
=
νλ(1− ρ)α

M
, where M = (1− βρ)(1− ρ) + λ(ϕπ − ρ)(1− α(1− ν)) > 0

Tariffs necessarily increase the real interest rate and depress consumption on the demand side, and

the extent to which this generates deflation depends on the slope of the Phillips curve. The Phillips

curve is flattened as the share of inputs in production increases.

The response of consumption to tariffs in general equilibrium is

dct
dτt

= −νσ
−1

M

{
λ(ϕπ − ρ) + (1− ρ)(1− βρ)

}
< 0 (22)

Tariffs always depress consumption as ϕπ > 1 is required for a stable equilibrium.

The direct response of consumption to anticipated lower tariffs is the dominant force and is

independent of household inter-temporal consumption motives (i.e. σ does not affect the sign of

the response of consumption to tariffs). This result occurs because any small IES would imply a

small direct response of current consumption on the demand side, but a small IES also implies a

large substitution between consumption and labor supply, which leads to a steeper Phillips curve
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and larger expected deflation from tariffs. In general equilibrium, the supply- and demand-side

effects from household intertemporal consumption smoothing motives cancel out. Therefore, σ

does not affect the sign of equation 22.

Moreover, monetary policy responds to domestic producer price inflation, reducing expected

inflation from tariffs and further amplifying the negative effects of tariffs on consumption. Due

to the simplifying assumption of perfectly elastic labor supply, the impact of tariffs on output

depends on aggregate consumption, the expenditure switching effect from terms of trade, and the

direct response of tariffs, as shown by

yt =
1

1− (1− ν)α
[(1− ν)(1− α)(1 + ασ)ct − νη(2− ν)st + νη(1− ν)τt]

=
1

1− (1− ν)α

[
((1− ν)(1− α)(1 + σα) +

ην(2− ν)σ

1− ν
)ct +

νη

1− ν
τt

]

Tariffs improve the terms of trade, and hence the expenditure switching effect directly from tariffs

is the only source of rising output.

Depressed consumption under PPI-targeting generalized With an upward-sloping labor sup-

ply for φ > 0, the Phillips curve can be written as

πH,t = βEt(πH,t+1) + λcct + λττt (23)

where λτ > 0 and λc > 0. The response of consumption is then given by

dct
dτt

= −
(1− βρ)(1− ρ) ν

σ
+ 1−ν

σ
(ϕπ − ρ)λτ

(1− βρ)(1− ρ) + 1−ν
σ
(ϕπ − ρ)λc

< 0 (24)

The above results of depressed consumption can be generalized for monetary policy rules targeting

domestic output along with targeting PPI. Proposition 1 below summarizes the result.

Proposition 1 Tariffs depress consumption in the baseline model for flexible PPI-targeting rules,

it = max(−rn, ϕππH,t + ϕyyt) for ϕy > 0 and ϕπ > 1 (See Appendix A.1.2 for the proof).
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In sum, whenever monetary policy targets PPI2, the inflationary effects directly from tariffs and

hence the rising nominal interest rate dominate any countervailing channels, increasing the real

interest rate, and further reducing consumption.

3. Alternative monetary policy rules and demand-stimulating

tariffs

Previous results show that tariffs increase the equilibrium consumption-based real interest rate

and depress consumption when the monetary policy rule targets producer price inflation. This

section shows that tariffs may stimulate demand under alternative monetary policy rules: CPI

targeting, passive monetary policy under the fiscal theory of the price level, and inactive monetary

policy—for example, at the zero interest rate lower bound. Throughout this section, the slope of

the labor supply curve does not influence the argument of demand-stimulating tariffs qualitatively.

Therefore, to simplify the exposition and focusing on the mechanism, I assume perfectly elastic

labor supply, φ = 0.

3.1 Alternative inflation target

When consumer price inflation enters a Taylor-rule type monetary policy, using the relationship

between consumer price and producer price inflation in equation 6, the IS curve becomes

Et(ct+1)+
1− ν

σ
Et(πH,t+1)+(

νϕπ

σ
− ν

σ
(1−ρ))τt =

1− ν

σ
ϕππH,t+(1−νϕπ)ct+νϕπct−1+

ϕπν

σ
τt−1

Combined with the Phillips curve in equation (9), the unique stationary equilibrium can be solved

numerically using the Blanchard-Khan method. I illustrate the possibility of rising consumption

by assigning parameters within reasonable calibrations. The impulse response of consumption in

2Under strict PPI targeting, consumption falls. Setting πH,t = Et(πH,t) = 0 in equation (23) implies ct =
−λτ

λc
τt < 0.
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Figure 1 to persistent tariff shocks shows an increase in consumption on impact.

Figure 1: Impulse response to tariff shocks under CPI-targeting monetary policy

(a) (b)

Notes: This figure illustrates the possibility that home tariffs can increase consumption. The baseline key
parameters are β = 0.99, φ = α = 0, ν = 0.1, σ = η = 1. In addition, ϕπ = 1.5 ρ = 0.7 λ = 0.0858.

This rising consumption does not generally occur under strict CPI targeting. From Et(πt+1) =

Et(πH,t+1) + νEt(∆st+1 −∆τt+1) implied by equation (6), the Phillips curve can be written as

βEt(πt+1)− πt
βνσ(1− ν)−1

+ ct+1 =
νβ + ν − λ(1− α(1− ν))

νβ︸ ︷︷ ︸
B11

ct −
1

β
ct−1 +

1− λ+ β(1− ρ)

βσ
τt −

1

βσ
τt−1

After setting πt = Et(πt+1) = 0 implied by strict CPI targeting and denoting mt = ct−1, the

Phillips curve in state-space form is Et (
ct+1
mt+1 ) =

(
B11 − 1

β

1 0

)
( ct
mt ) + other terms. A unique station-

ary solution for consumption requires that one of the two eigenvalues µcpi =
1
2
[B11 ±

√
B2

11 − 4
β
]

lie outside the unit circle. Standard parameter values imply B2
11 − 4

β
< 0—the two eigenvalues are

complex conjugates and lie either both inside or both outside the unit circle. However, unrealis-

tically low trade openness can produce a unique solution. In that case, the impact effect of tariff

shocks is

c0 = µcpi,1c−1 − τ0
µcpi,1

σ(1− βρµcpi,1)
(1 + β(1− ρ)− λ− βµcpi,1) (25)
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For example, for ν = 0.02, β = 0.99, σ = 1, λ = 0.0858, and α = 0, I obtain µcpi,1 =

1
2
[B11 +

√
B2

11 − 4
β
] = −0.048, and hence consumption c0 > 0.

3.2 Passive monetary policy under the fiscal theory of the price level

The previous results highlight that the effect of trade policy on domestic demand depends on how

monetary policy accommodates inflation. This section analyzes the case of price determination

under fiscal policy rules and a passive monetary policy regime. In addition to the small open-

economy complete market setup with α = 0, the government’s lump-sum taxes T G
t levied on

households follow the rule
T̃ G
t

T̃ G
=

(
DG

t−1

DG

)γd

where the “real value” of taxes is normalized by the domestic producer price level, T̃ G
t =

T G
t

PH,t/Pt
,

and the outstanding debt DG
t is the debt payment BG

t normalized by the domestic producer price

level PH,t/Pt. The government faces the budget constraint

BG
t

Rt

+ T G
t = BG

t−1

Equilibrium inflation and consumption depend on the debt process implied by the first-order

approximation of the government budget constraint.

dGt =
1− (1− β)γd

β
dGt−1 + (ϕπ −

1

β
)πH,t (26)

Since there are two forward-looking variables (πH,t and ct) and one predetermined variable, a

unique equilibrium of passive monetary policy requires 0 < γd < 1 and 0 < ϕπ < 1. I make a

parametric assumption that the slope of the Phillips curve and discount factor such that λ+ β > 1.

Normal calibrations always satisfy this assumption.

Proposition 2 When λ+ β > 1, consumption rises in the initial response to tariff shocks, dc0
dτ0

> 0

(See Appendix Section A.2 for the proof).
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The intuition behind this is the real fiscal balance is a state variable implied by the fiscal policy rule,

and the stability of the forward looking producer price inflation and consumption requires either

the fiscal policy or the monetary policy have large reaction to tariff shocks. In a passive monetary

policy regime, equation (26) shows that the real value of debt has an auto-regressive coefficient

greater than 1, ensuring stability. Moreover, the expected lower tariff rate reducing the real interest

rate is the dominant channel under the passive monetary policy.

Another special case where monetary policy is passive is the strict currency peg— monetary

policy adjusts inflation to maintain et = 0. From the law of one price, et = −st − pH,t = 0.

From the risk sharing condition, ct = 0 under peg, implying st > 0 and yt > 0. Therefore, under

a currency peg, tariffs do not affect consumption but improve output. Under this strict peg, from

et = pH,t − st, tariffs do not affect consumption (ct = 0).

3.3 Inactive monetary policy at the zero lower bound

This section examines the case in which the nominal interest rate in the economy is fixed regardless

of trade policy. This occurs when the economy experiences a large negative preference shock, such

that the monetary authority lowers the nominal interest rate but is constrained by the zero interest

rate lower bound. With the preference shock Zt, the modified preference is given by ZtU(Ct, Nt),

where Zt equals one in the non-stochastic steady-state.

I adopt the two-state approach used by Woodford (2011) to study the fiscal spending multiplier

under the zero lower bound. The one-time preference shock, Zt = ZL remains in place once hit and

with a probability 1−ρ of returning to the steady-state value. The economy is anticipated to escape

the zero lower bound with a probability 1−ρ > 0 when the preference shock disappears. Whenever

the economy is under the zero lower bound (i.e. when it = −rn), tariffs τL are imposed. I assume

that tariffs do not lift the economy out of the constrained monetary regime. Once monetary policy

is no longer constrained, tariffs return to zero. Denote ζL = log(ZL). After setting i = −rn

and applying the method of undetermined coefficients to equations (20) and (19), adjusted for
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preference shocks, the equilibrium response of consumption is

cL = −ν
σ

(1− βρ)(1− ρ)− λρ

N
τL − (1− ν)(1− βρ)

N
(−rn − (1− ρ)(1 + ν)ζL) (27)

The stability condition requires that N = (1 − βρ)(1 − ρ) − λρ(1 − α(1 − ν)) > 0. There is an

upper bound ρ̄ < 1 such that the stability condition requires ρ < ρ̄. In addition, there exists a value

of ρ such that consumption rises because the term in the denominator 1− α(1− ν), is less than 1

and the numerator becomes negative as ρ approaches ρ̄.

Tariffs increase consumption by directly generating expected inflation and lowering the natural

real interest rate in equilibrium. Since monetary policy is inactive, a high probability of tariffs

remaining in place is required to generate enough expected inflation to offset the negative effects

of anticipated future lower tariffs (expected deflation).

Although consumption no longer responds to tariffs when the input share approaches zero

under a perfectly elastic labor supply, the input share is not a determinant of the stimulus effect of

tariffs here. To see this, I consider no inputs and an unitary Frisch labor supply elasticity (α = 0

and φ = 1). Assume that the zero interest rate lower bound still binds with tariffs, the consumption

response to tariffs is
dcL
dτL

= −ν
σ

(1− ρ)(1− βρ)− 1−ν
σ
λρχL,2

(1− ρ)(1− βρ)− 1−ν
σ
λρχL,1

where χL,1 = σ+1− ν + σν
1−ν

(1+ η(2− ν)) and χL,2 =
ν

1−ν
(η+1). Consumption may rise when

χL,2 > χL,1, which requires νη(1 − σ(2 − ν)) > (1 − ν)2 + σ − ν. This is only possible when

σ < 1, for example σ = 0.5, ν = 0.4, and η > 5.75.

4. Inputs in production and the propagation of trade policy

Previous sections show that inputs in production amplify the inflationary effect of tariffs by flat-

tening the slope of the Phillips curve in equation (19). Inputs do not change the key qualitative

argument that tariffs stimulate demand depending on monetary policy accommodation to producer
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price inflation in small open economies. This section shows two central roles of inputs in analyz-

ing the impact of tariffs on global demand and the optimal monetary policy in response to tariff

shocks.

4.1 Inputs: a necessary condition for stimulus

Macroeconomic policies generating inflation are often expansionary when monetary policy is in-

active, for example due to the zero interest rate lower bound. Regardless of the intensity of in-

puts in production, tariffs potentially stimulate demand at the zero lower bound for small open

economies. This section shows that having inputs in production is a necessary condition for the

demand-stimulating effects when central banks around the world are constrained by the zero lower

bound.

I extend the complete-market small open economy model with preference shocks in Section 3.3

to a two-country model. I assume the two countries are symmetric and both impose tariffs on

imports. The previous small-open economy can be viewed as one of these large countries except

that it faces an exogenous export demand. The superscript W denotes variables in the world

aggregate.

In a Neoclassical two-country model, the world’s labor market and goods market clearing con-

ditions pin down world aggregate consumption cWt and output yWt : yWt = (1 + φα + σα)cWt

and cWt = − ν
(1−α)(σ+φ)

τWt . An increase in world tariffs reduces global consumption (output) due

to lower producer prices relative to consumer prices and hence lower real wages. This result is

identical to the small open economy case analyzed above.

With nominal frictions and a monetary policy rule targeting PPI, the world’s Phillips curve and

the IS curve, along with a monetary policy rule, iWt = max{−rW , ϕππ
W
t } with iWt = it + i∗t ,

rW = 2rn and πW
t = πH,t + π∗

F,t, characterize the equilibrium.

πW
t = βEt(π

W
t+1) + λ((σ + φ)(1− α)cWt + ντWt )

18



cWt = Et(c
W
t+1)−

1

σ
(iWt − Et(π

W
t+1)− ν(ρ− 1)τWt ))

Similar to the small open economy case, tariff shocks enter both the New Keynesian Phillips curve

and the IS curve. Tariffs increase current and expected producer price inflation worldwide, and

hence exert downward pressure on the natural real interest rate, boosting current consumption.

However, monetary policy reacts to a rise in current inflation under flexible-PPI targeting, offset-

ting the expansionary effect of tariffs. Moreover, any trade policy that elicits an expectation of

lower future tariffs increases the natural real interest rate and depresses current consumption. In

equilibrium, tariffs reduce global consumption, as in dcWt
dτWt

= −νσ−1 (1−ρ)(1−βρ)+λ(ϕπ−ρ)
MW < 0, where

MW = (1− ρ)(1− βρ) + λ(ϕπ − ρ) (σ+φ)(1−α)
σ

. However, tariffs may or may not create producer

price inflation in equilibrium, dπW
t

dτWt
= ( α

1−α
σ − φ)× (1−ρ)(1−βρ)

λν(1−α)
σ

MW , as the sign of the key term

α
1−α

σ − φ is ambiguous.

I extend the previous two-state model with preference shocks for the small-open economy to

the two-country model. I consider that the nominal interest rate in the world economy is at the

zero lower bound due to large preference shocks. The preference shock and tariffs are expected

to reverse back to the steady state levels with a probability of 1 − ρ. Moreover, tariffs are small

enough such that monetary policy around the world remains constrained. The effect of tariffs on

global consumption is

dcWL
dτWL

= −ν
σ
× (1− ρ)(1− βρ)− λρ

(1− ρ)(1− βρ)− λρ (σ+φ)(1−α)
σ

(28)

where the existence of a solution requires (1− ρ)(1− βρ)− λρ (σ+φ)(1−α)
σ

> 0. There is an upper

bound ρ̄ < 1 that satisfies this condition. The term λρ (σ+φ)(1−α)
σ

governs expected inflation from

tariffs, while the term (1 − ρ)(1 − βρ) governs expected deflation from anticipated lower tariffs

once the economy returns to the steady state. Without intermediate inputs in production α = 0,

whenever the stability condition holds, the numerator (1 − ρ)(1 − βρ) − λρ is positive because

(1+ φ
σ
) > 1 in the denominator. In other words, world demand falls when monetary policy in both

countries is constrained by the zero lower bound.
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With inputs in production (α > 0), there exists ρ < ρ̄ such that tariffs potentially raise global

consumption and output. This occurs when ρ approaches ρ̄ so that the stability condition holds

while the numerator (1 − ρ)(1 − βρ) − λρ is negative because (σ+φ)(1−α)
σ

in the denominator

may be smaller than one. Households expect tariffs to be lower once preference shocks end,

and anticipated lower future tariffs depress current consumption and generate expected deflation

through the Phillips curve. However, when the Phillips curve is flat, expected deflation is small.

Thus, tariffs increase global demand by reducing the world’s real rate.

4.2 Input demand inefficiency and the optimal monetary policy response to

tariff shocks

This section illustrates the implication of inputs in production on the Ramsey optimal monetary

policy with commitment in response to tariff shocks. I build on the complete-market small-open

economy model used in the previous positive analysis in Section 2.1. The key insight is that the

optimal monetary policy may be contractionary or expansionary relative to the real natural interest

rate depending on the share of inputs in production.

To clearly isolate the channels underlying this result, I restrict parameters to a perfectly elastic

labor supply (φ = 0) and unitary trade elasticity and the IES (σ = η = 1). Under these parameters,

the responses of consumption and the terms of trade to tariff shocks in the flex-price CE (compet-

itive equilibrium) with appropriate subsidies coincide with the FB (first best). This implies that

strict PPI targeting achieves efficient consumption in the presence of nominal frictions. Here, the

consumption under strict PPI targeting is also consistent with the real natural interest rate. In other

words, the key result is that consumption under the optimal monetary policy may be higher or

lower than under strict PPI targeting.

Throughout the welfare analysis, I use ∼ to denote variables under the frictionless FB and

∧ to denote the wedge between CE and FB. Lowercase letters represent log deviations from the

non-stochastic steady state, as in the positive analysis.
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Frictionless first best The social planner’s problem (FB) under the first best is subject to the

constraints of the production frontier and the perfect risk sharing condition. The social planner

maximizes utility by choosing the terms of trade and factors, X̃t and Ñt, so that the production

Ñ1−α
t X̃α

t = Ỹt equals to the demand for home goods.

First Best (FB)

max
C̃t,Ñt,X̃t,S̃t

log(C̃t)− Ñt

s.t.C̃t = C∗S̃
−(1−ν)
t (1 + τt)

−ν

Ỹt = (1− ν)
(1 + τt)

ν

S̃ν
t

(C̃t + X̃t) + ν
Y ∗

S̃t

Ñ1−α
t X̃α

t = Ỹt (FB-1)

Flexible-price CE (CE)

(1 + ψp)
Sν
t

(1 + τt)ν
=

ω̄C1−α
t

(1 + ψx)α
(CE-0)

Ct = C∗S
−(1−ν)
t (1 + τt)

−ν

Yt = (1− ν)
(1 + τt)

ν

Sν
t

(Ct +Xt) + ν
Y ∗

St

ω̄NtC
α
t (1 + ψx)

−α = (1− α)Yt (CE-1)

ω̄XtC
−(1−α)
t (1 + ψx)

1−α = αYt (CE-2)

Using the first order condition of inputs, (FB) can be re-written as the problem of choosing the

optimal terms of trade.

max
S̃t

−(1− ν)log(S̃t)− νlog(1 + τt)−NS̃
−1− να

1−α

t (1 + τt)
να
1−α (31)

where the non-stochastic steady-state labor supply is N = (ω̄)−
1

1−α (1− ν)
α

1−α ((1− ν)C∗ + νY ∗).

Tariffs reduce welfare in (FB). From the first-order condition, the social planner improves the

terms of trade. I further assume that in the non-stochastic steady state with zero tariffs, countries

are symmetric such that Y = Y ∗ = C∗ + X∗. The steady-state consumption is C = C∗ =

(1−α)( α
1−ν

)
α

1−α

1−α(1−ν)
(1 − α − ν) (under the parametric restriction that 1 − ν − α > 0). Applying the

steady-state value to C∗, the optimal response of the terms of trade can be characterized as S̃t =

(1+τt)
να

1−α(1−ν) . This expression further means that the planner does not react to tariff shocks when

production does not use inputs.
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Competitive equilibrium In addition to the risk sharing condition and the country’s market

clearing condition, the planning problem in the flexible price competitive equilibrium (CE) is

subject to firms’ optimal pricing (CE-0) and factor demands, (CE-1) and (CE-2). There exist

additional sales subsidies 1 + ψp and input purchase subsidies 1 + ψx so that the steady state

under flex-price CE is identical to the FB. Moreover, the terms of trade and consumption are ef-

ficient, St = S̃t and Ct = C̃t. However, factors—from equations (CE-1) and (CE-2)—are not

efficient. In fact, these two equations imply the aggregate production function in equation (FB-1),

but not its equivalence. When this small open economy approaches an autarkic limit as ν → 0,

CE does indeed approach the first best. The size of the input subsidy illustrates this equivalence:

1+ψx = C(1−ν)
1

1−αα− α
1−α (1−α)−1 → 1 as ν → 0. Non-equivalence of the production frontiers

in (FB) and (CE) occurs because firms do not internalize the consequence of their input choices

on the country’s production frontier. The source of this inefficiency is the home bias in inputs.

For comparison, New Keynesian small open economy models without home bias can eliminate

the terms of trade externality and factor allocation inefficiencies between the flex-price CE and the

FB (Matsumura, 2022). Technically, from Jensen’s inequality, aggregating firms’ outputs from a

concave production function cannot be greater than production using factors in aggregate.

Welfare loss and optimal monetary policy With nominal frictions and the subsidies mentioned

above, Proposition 3 characterizes the welfare loss and the response of consumption and the terms

of trade under the optimal monetary policy with commitment. The quadratic welfare loss consists

of a price wedge ŝt, producer price inflation, and factor quantity wedges n̂t and x̂t, summarized

in the vector q̂t. These terms represent the welfare loss from the terms-of-trade externality, price

dispersion, and input-demand inefficiency. Without inputs, the input demand inefficiency van-

ishes, and the optimal monetary policy can achieve the first-best outcome by setting producer price

inflation to zero. With inputs in production, the optimal monetary policy needs to correct the

factor-demand inefficiency. The first constraint is derived from the Phillips curve. The second

constraint describes the relationship between factor demand and the terms of trade.
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Proposition 3 The social planner’s optimal policy problem is to choose the terms of trade wedge

ŝt and the factor demand wedge q̂t = (n̂t, x̂t)
′ that minimize the welfare loss given below.

Loss = E0

∞∑
t=0

βt

γsŝ2t ++γππ
2
H,t + 2ŝtq̂

′
tkx + q̂′

tΣq̂t︸ ︷︷ ︸
input demand inefficiency


s.t.πH,t = βEt(πH,t+1)− λ(1− α(1− ν))ŝt

q̂t = kττt − ksŝt

where γs = 1+α−4να+ν2α
1−α

, γπ = ϵ
2λ

, kx = (0,−α(1−ν)
1−α

)′,Σ =
(

α −α
−α 1

)
, kτ = ( 2να

1−α(1−ν)
, 2ν
1−α(1−ν)

)′,

and ks = ( ν
1−α

+ (1− ν)(1− 2α), ν
1−α

)′.

Under the optimal monetary policy with commitment, upon the impact of tariff shocks, three

results hold: 1) ŝ0 > 0 or ŝ0 < 0; 2) consumption under the optimal monetary policy is either

smaller or larger than that under strict PPI targeting; and 3) πH,0 > 0 (See Appendix C.5 for the

proof).

Denote τ0 as the tariff shock in the initial period t = 0. The terms of trade wedge under the

optimal monetary policy in the initial period is

ŝ0 = µopt,1ŝ−1 + τ0
µopt,1

1− βρµopt,1

Mτ

Ms

(1− β(1 + µopt,1 − ρ)) (32)

where the wedge prior to the shock is ŝ−1 = 0. Here, Mτ > 0 and Ms = γs−2k′
skx+k′

sΣks

1−α(1−ν)
> 0.

0 < µopt,1 =
1
2
[(1+ 1

β
+χopt)−

√
(1 + 1

β
+ χopt)2 − 4

β
] < 1, with χopt =

γπλ2(1−α(1−ν))
βMs

. Therefore,

the sign of ŝ0 depends on 1−β(1+µopt,1−ρ), which may be greater or less than zero. Consumption

under the optimal monetary policy, expressed as the log deviation from the efficient steady state, is

ct = −(1−ν)ŝt− ν
1−α(1−ν)

τt = −(1−ν)ŝt+cPPI
t , where the second equality uses the consumption

under strict PPI targeting. As the sign of ŝ0 is ambiguous, consumption under the optimal monetary

policy can be greater or smaller than that under strict PPI targeting.

Figure 2 shows the combination of the input share and the persistence of tariff shocks required

to generate a positive terms of trade wedge under the optimal monetary policy. In general, when
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persistence is high, the social planner would engineer a terms-of-trade appreciation upon the im-

pact of tariff shocks. In turn, consumption is lower than under strict PPI targeting. Another way

to view this result is that, given certain persistence of tariff shocks, a larger input share makes the

optimal monetary policy relative to strict PPI targeting more expansionary.

Figure 2: Input share (α > 0) and the persistence of tariff shocks for a positive terms of trade
wedge ŝt under the optimal monetary policy

Notes: Parameters are β = 0.99, φ = 0, ν = 0.3, σ = η = 1, ϵ = 6, and λ = 0.0858.

The initial producer price inflation is

πH,0 =
Mτ

(1− βρµopt,1)λγπ
(1 + µopt,1(1− β(1 + µopt,1))) > 0 (33)

where 1 + µopt,1(1− β(1 + µopt,1)) > 0 because 0 < µopt,1 < 1. Similar to flexible PPI targeting,

tariffs are inflationary upon impact under the optimal monetary policy.

5. Conclusion

This paper examines the short-run impact of tariffs in a sticky-price environment. It shows analyt-

ically how trade policy interacts with monetary policy and highlights that the degree of monetary

policy accommodation to producer price inflation determines the response of consumption to tem-
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porary tariff shocks. While tariffs depress consumption under a Taylor-rule type monetary policy

with flexible PPI targeting, consumption may rise when monetary policy targets consumer price

inflation, fiscal policy actively determines the price level, and monetary policy remains inactive

due to the zero interest rate lower bound. Inputs in production flatten the Phillips curve, making

tariffs potentially stimulate global demand when central banks’ face the zero lower bound. Optimal

monetary policy also has a role in correcting inefficient input demand caused by tariff shocks, even

if the terms of trade externality is absent. This objective, in turn, may either stimulate or depress

consumption under the optimal monetary policy relative to strict PPI targeting. The direct implica-

tion is that analyzing the short-run effects of trade policy should consider the reaction of monetary

policy. Future quantitative and welfare analysis may enrich the model with detailed input-output

linkages.
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A. A model of small-open economy

A.1 Baseline complete market model

A.1.1 Log-linearized equilibrium

The log-linearized equilibrium of the small-open economy New Keynesian model under complete

asset markets consists of an exogenous process of tariffs τt and a monetary policy rule for it. The

endogenous variables are: allocations {ct, yt, nt, xt} and prices {πt, st, πH,t,mct, pH,t, wt}. The

following ten equations characterize the equilibrium.

ct = Et(ct+1)−
1

σ
(it − Et(πt+1))

πt = πH,t −∆pH,t

πH,t = βEt(πH,t+1) + λ(mct − pH,t)

σct = −(1− ν)st − ντt

yt = −ην(2− ν)st + ην(1− ν)τt + (1− ν)((1− α)ct + αxt)

σct + φnt = wt

mct = (1− α)wt

nt + αwt = yt

1



xt − (1− α)wt = yt

pH,t = νst − ντt

A.1.2

Proof of Proposition 1. Given equation (8) and using the undetermined coefficient method to solve

for the equilibrium consumption under flexible-PPI targeting, the solution is

dct
dτt

= − (ϕπ − ρ)λτ + (1− βρ)κapp,τ
σ

1−ν
(1− ρ)(1− βρ) + λc(ϕπ − ρ) + κapp,c(1− βρ)

< 0

where κapp,τ =
ν
κsϕy
κy

+ν(1−ρ)

1−ν
> 0, and κapp,c =

κsϕy
κy

σ+(1−ν)
κcϕy
κy

1−ν
> 0.

QED.

A.2 Small-open economy extension: the fiscal theory of the price level

This section describes the small-open economy model where the determinacy of the price level

may come from fiscal policy. There is no input (α = 0), and the labor supply is perfectly elastic

(φ = 0). Moreover, this model is similar to Witheridge (2024), except that the model here assumes

perfect risk sharing and that the domestic producer price is used to normalize the domestic value

of the debt instead of using domestic consumer prices. This normalization makes the solution

tractable.

Log-linearizing the fiscal rule T̃ G
t

T̃ G
=

(
DG

t−1

DG

)γd
with T̃ G

t =
T G
t

PH,t/Pt
yields log( T̃

G
t

T̃ G
) = γdd

G
t−1.

The government budget balance BG
t

Rt
+ T G

t = BG
t−1. T G

t is the lump-sum tax and DG
t is defined as

DG
t =

BG
t

PH,t/Pt
. The government budget balance can be written as

BG
t /Rt

PH,t/Pt

+
T G
t

PH,t/Pt

=
BG

t−1

PH,t−1/Pt−1

PH,t−1/Pt−1

PH,t/Pt

→ DG
t

Rt

+ T̃ G
t = Dt−1π

−1
H,t

Linearizing the budget balance (by using T̃ G = DG(1 − β) in the steady state) returns equa-

2



tion (26).

The equilibrium under the fiscal theory of the price level consists of the real debt level dGt ,

producer price inflation πH,t, and consumption ct that satisfy

dGt =
1− γd(1− β)

β
dGt−1 + (ϕπ −

1

β
)πH,t

Et(πH,t+1) =
1

β
πH,t −

λσ

β(1− ν)
ct −

λν

β(1− ν)
τt

Et(ct+1) = (1 +
λ

β
)ct +

1− ν

σ
(ϕπ −

1

β
)πH,t + (

λν

βσ
+
ν(1− ρ)

1− ν
)τt

Denote Xg,t = (πH,t, ct, d
G
t−1)

′. The state-space representation is Et(Xg,t+1) = MgXg,t + Cgτt.

Denote σ̃ = σ
1−ν

, and γ̃d =
1−(1−β)γd

β
. Then,

Mg =



1
β

−λ
β
σ̃ 0

1
σ̃
(ϕπ − 1

β
) 1 + λ

β
0

ϕπ − 1
β

0 γ̃


(A.1)

Mg is an upper diagonal matrix with three eigenvalues, γ̃d and two of which come from the matrix

Mg,1 =

(
1
β

−λ
β
σ̃

1
σ̃
(ϕπ− 1

β
) 1+λ

β

)
. It can be shown that one of the two eigenvalues µg,1, µg,2 of Mg,1 is

always greater than one. The necessary condition for the other eigenvalue to be greater than one

is ϕπ > 1. The eigenvalue γ̃d of Mg is greater than one whenever γd < 1. Therefore, the active

monetary policy regime, µg,1 > 1, µg,2 > 1 and γ̃d < 1, which means γd > 1 and ϕπ > 1. In the

passive monetary policy regime, µg,1 < 1, µg,2 > 1 and γ̃d > 1, which means γd < 1 and ϕπ < 1.

In the passive monetary policy regime, the Jordan decomposition of Mg is VJV−1 such that

3



the eigenvalues are ordered as µg,2, γ̃d, µg,1.

V =



1 0 1

( 1
β
− µg,2)

β
λσ̃

0 ( 1
β
− µg,1)

β
λσ̃

−(ϕπ − 1
β
) 1
γ̃−µg,2

1 −(ϕπ − 1
β
) 1
γ̃−µg,1



V−1 =



1
β
−µg,1

µg,2−µg,1
−λσ̃

β
1

µg,2−µg,1
0

(ϕπ− 1
β
)(γ̃d−1−λ

β
)

(γ̃d−µg,1)(γ̃d−µg,2)
−λσ̃

β

ϕπ− 1
β

(γ̃d−µg,1)(γ̃d−µg,2)
1

−
1
β
−µg,2

µg,2−µg,1

λσ̃
β

1
µg,2−µg,1

0


Under the passive monetary policy regime, γ̃d− 1− λ

β
< 0. Applying the Blanchard-Khan method

analytically yields the two equations below for t = 0.

(
1

β
− µg,1)πH,0 −

λσ̃

β
c0 = − 1

µg,2 − ρ

(
−(

1

β
− µg,1)

λν

β(1− ν)
− λσ̃

β
(
λν

βσ
+
ν(1− ρ)

1− ν
)

)
τ0

(γ̃ − 1− λ

β
)πH,0 −

λσ̃

β
c0 = − 1

γ̃d − ρ

(
−(γ̃d − 1− λ

β
)

λν

β(1− ν)
− λσ̃

β
(
λν

βσ
+
ν(1− ρ)

1− ν
)

)
τ0

where µg,2 =
1+β+λ+

√
(1+β+λ)2−4β(λϕπ+1)

2β
> 1

β
> γ̃d when β + λ > 1.

Combining these equations and applying the restrictions in the passive monetary policy regime

gives the result in Proposition 2.

B. A model of large open economies
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B.1 Log-linearized equilibrium and results in Section 4.1

I describe the log-linearized equilibrium and the steady state for the two country model. The results

in Section 4.1 directly come from this log-linearized equilibrium.

The log-linearized two-country New Keynesian model under the Law of One Price and a com-

plete asset market consists of exogenous variables:

1. Exogenous tariff shocks in the home and foreign countries {τt, τ ∗t };

2. Monetary policy rules for it and i∗t .

The log-linearized model consists of endogenous variables: allocations {ct, c∗t , yt, y∗t , nt, nt, xt, x
∗
t},

prices {πt, π∗
t , πH,t, π

∗
F,t,mct,mc

∗
t , pH,t, pF,t, wt, w

∗
t }, and home country’s tariff-exclusive terms of

trade (export price/import price) {st} (R represents relative values (home relative to foreign coun-

tries’ variables)). The following nineteen equations characterize the equilibrium.

πH,t = βEt(πH,t+1) + λ(mct − pH,t)

π∗
F,t = βEt(π

∗
F,t+1) + λ(mc∗t − p∗F,t)

σct + φnt = wt

σc∗t + φn∗
t = w∗

t

mct = (1− α)wt

mc∗t = (1− α)w∗
t

nt + αwt = yt

n∗
t + αw∗

t = y∗t

xt − (1− α)wt = yt

x∗t − (1− α)w∗
t = y∗t

5



pH,t = νst − ντt

p∗F,t − νst − ντ ∗t

yt = −2ην(1− ν)st + ην(1− ν)τRt + (1− ν)(1− α)ct + (1− ν)αxt + ν(1− α)c∗t + ναx∗t

y∗t = 2ην(1− ν)st − ην(1− ν)τRt + (1− ν)(1− α)c∗t + (1− ν)αx∗t + ν(1− α)ct + ναxt

σcRt = −st(1− 2ν)− ντRt

ct = Et(ct+1)−
1

σ
(it − Et(πt+1))

c∗t = Et(c
∗
t+1)−

1

σ
(i∗t − Et(π

∗
t+1))

πt = πH,t − ν∆st + ν∆τt

π∗
t = π∗

F,t + ν∆st + ν∆τ ∗t

C. Welfare Analysis

To remind readers, ∼ denotes variables for the social planner under the first best, and ∧ denotes the

wedge between the competitive equilibrium (CE) and the frictionless first best (FB). The Ramsey

approach to welfare analysis involves the following steps: 1) deriving the social planner’s solu-

tion to tariff shocks in the FB and deriving the steady state (Section C.1); 2) writing down the

competitive equilibrium and finding the subsidy to achieve an efficient non-stochastic steady state

(Section C.2); 3) writing down the welfare loss along with constraints expressed as the wedge

from the FB (Section C.3); and 4) deriving the planner’s optimal monetary policy with commit-

ment (Section C.5).
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C.1 Social Planner’s First Best

Without any frictions, the social planner chooses the terms of trade and allocations to maximize

utility subject to the risk sharing condition and the country’s production frontier.

max
C̃t,Ñt,X̃t,S̃t

log(C̃t)− Ñt

s.t.C̃t = C∗S̃
−(1−ν)
t (1 + τt)

−ν

Ñ1−α
t X̃α

t = (1− ν)
(1 + τt)

ν

S̃ν
t

(C̃t + X̃t) + ν
Y ∗

S̃t

The first-order condition for inputs is

X̃t = α
1

1−α (1− ν)−
1

1−α S̃
ν

1−α

t (1 + τt)
−ν
1−α Ñt (C.1)

Putting equation (C.1) into the market clearing condition to solve for Ñt and replacing consumption

with S̃t yield the social planner’s problem in equation (31). The derivative with respect to tariff

shocks is

− 1

1 + τt
−N

να

1− α
(1 + τt)

να
1−α

−1 < 0

This confirms that tariff shocks are welfare decreasing. The optimal response of the terms of trade

is

S̃t = (1 + τt)
να

1−α(1−ν) ((1− ν)C∗ + νY ∗)
1−α

1−α(1−ν)

(
(
1− α(1− ν)

1− α
)1−αω̄−1(1− ν)−(1−2α)

) 1
1−α(1−ν)

(C.2)

I characterize the non-stochastic steady state where countries are symmetric without any tariffs.

This is consistent with the fact that the social planner would impose zero tariffs as they are welfare

decreasing. This symmetric condition is consistent with a unitary terms of trade S = 1. Equa-

tion (C.2) implies that

(1− ν)C∗ + νY ∗ =

(
(
1− α(1− ν)

1− α
)1−α(1− ν)−(1−2α)

)− 1
1−α

(C.3)
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Equation (31) implies that the steady state labor supply

N = ω̄− 1
1−α (1− ν)

α
1−α ((1− ν)C∗ + νY ∗) =

(1− ν)(1− α)

1− α(1− ν)
(C.4)

From equations (C.2) and (C.3), the simplified terms of trade is

S̃t = (1 + τt)
να

1−α(1−ν) (C.5)

Therefore the optimal labor supply is

Ñt =
(1− ν)(1− α)

1− α(1− ν)
(C.6)

The optimal choice of inputs (equation (C.1)) can be simplified using equations (C.5) and (C.6).

X̃t = (
α

1− ν
)

1
1−αN(1 + τt)

− ν
1−α(1−ν) (C.7)

The relationship between inputs and labor supply in the steady-state is

X = (
α

1− ν
)

1
1−αN = α

1
1−α (1− ν)

−α
1−α

1− α

1− α(1− ν)
(C.8)

In summary, equations (C.5)-(C.7) characterize S̃t, Ñt and X̃t in the first best, and the associated

steady state values are S = 1 and those in equations (C.4) and (C.8). The symmetric steady state

consists of Y = Y ∗ = (1− ν)(C∗ +X)+ νY ∗, equation (C.3), and equation(C.8). The solution is

C = C∗ =
(1− α)( α

1−ν
)

α
1−ν

1− α(1− ν)
(1− α− ν) (C.9)

where the parametric restriction is 1− α− ν > 0. Moreover, C∗ = 1−α−ν
1−ν

Y ∗ and X = α
1−ν

Y ∗.
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C.2 Competitive equilibrium

The flexible price competitive equilibrium is identical to the one in Section A.1 except for ad-

ditional subsidies 1 + ψp to domestic products and 1 + ψx applied to firms purchasing inputs.

The optimal pricing is (1 + ψp)
PH,t

Pt
= MCt

Pt
, and the cost minimization problem for firm i has

the objective function WtN(i)t + (1 + ψx)PtX(i)t. The solution gives the real marginal cost

MCt

Pt
= 1

ω̄
(Wt

Pt
)1−α(1 + ψx)

α. Aggregating the choice of labor and input yields equations (CE-1)

and (CE-2). Since Cσ
t = Wt

Pt
= MCt

Pt
, writing the real marginal cost using consumption yields the

firms’ optimal pricing in equation (CE-0). The proposition below derives the subsidies. I use the

subscripts ce and fb to distinguish steady-state values in the competitive equilibrium and the first

best in the derivation.

Proposition 4 With subsidies 1+ψp and 1+ψx, St = S̃t, and Ct = C̃t. Moreover, the competitive

equilibrium has the same allocation as in the first best in a symmetric steady state, such that

allocations Cce = Cfb, Xce = Xfb, Yce = Yfb, and Nce = Nfb and the price Sce = Sfb = 1.

Proof of Proposition 4.

From equation (CE-0), Sce = 1 and St = S̃t require

1 + ψp

(1 + ψx)α
= (

C∗
ce

νY ∗
fb + (1− ν)C∗

fb

1− α

1− α(1− ν)
)1−α(1− ν)1−2α = (

1− α− ν

1− α(1− ν)
)1−α(1− ν)−α

(C.10)

where the second equality uses C∗
ce = C∗

fb. The two subsidies enable St = S̃t, and hence Ct = C̃t

and C∗
ce = C∗

fb.

Ratios of equations (CE-1) and (CE-2) from the competitive equilibrium imply

Xce =
α

1− α

1

1 + ψx

NceCce =
α

1− α

1

1 + ψx

NceCfb (C.11)

where the second equality uses the fact that Cce = Cfb with two subsidies. Notice that Xfb =

( α
1−ν

)
1

1−αNfb. Suppose 1 + ψx = Cfb(1 − ν)
1

1−αα− α
1−αNce, then showing Nce = Nfb (and hence

Y ∗
ce = Y ∗

fb directly from the market clearing condition) would conclude the proof.
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Using Xce from equation (C.11) and combining it with equations (CE-1), the market clearing

condition returns

Nce(1− ν)−
α

1−αα
1

1−α
1− α

α
= (1− ν)C∗

fb + νY ∗
ce (C.12)

Applying the symmetric condition to the market clearing condition, using the known relationship

that Cce = Cfb, and expressing Xce using equation (C.11) yield

Y ∗
ce = (1− ν)C∗

fb + (1− ν)(
α

1− ν
)

1
1−αNce + νY ∗

ce (C.13)

Using the expression of Cfb in equation (C.9) and combining equations (C.12) and (C.13) solves

for Nce, which is identical to Nfb in equation (C.6).

QED.

These two subsidies alter the steady-state values compared to the baseline model, but the sub-

sidies do not change the log-linearized equilibrium other than in the first order approximation of

the market clearing condition. The following equations characterize the linearized competitive

equilibrium in the presence of nominal frictions.

πH,t = βπH,t+1 − λ((1− α(1− ν))st − αντt) (C.14)

yt = (1− ν)(−νst + ντt) + (1− α− ν)ct + αxt − νst (C.15)

ct = −(1− ν)st − ντt (C.16)

nt = yt − αct (C.17)

xt = yt − (1− α)ct (C.18)

C.3 Welfare loss function

This section derives the quadratic welfare loss function using the Lagrangian method in Itskhoki

and Mukhin (2023) in two steps: 1) deriving the welfare loss from price dispersions; 2) deriving
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the welfare loss due to the deviation from the optimal choice of terms of trade and allocations from

the first best. The key requirement for this approach is that the terms of trade and the allocations

in the competitive equilibrium is feasible in the social planner’s first best. (CE) and (FB) share the

same the risk sharing condition, the production frontier in (CE) implies the production frontier in

(FB), though no identical.

Welfare loss from price dispersion The price dispersion term dt due to nominal frictions alters

factor choice as ω̄NtC
α
t (1 + ψx)

−α = (1 − α)Ytdt and ω̄XtC
−(1−α)
t (1 + ψx)

1−α = αYtdt. Since

the price dispersion is already a “second-order” term, given consumption and the terms of trade, it

does not affect factor choices. Using this fact, I derive the production frontier with price dispersion:

Yt = ((1−ν) (1+τt)ν

Sν
t

(Ct+Xt)+ν
Y ∗

St
)d−1

t . If the social planner faces this production frontier instead,

using the same method as for deriving equation (31), the objective function is

L =− (1− ν)log(S̃t)− νlog(1 + τt)−NS̃
−1− να

1−α

t (1 + τt)
να
1−αd

− 1
1−α

t (C.19)

The first order approximation around S̃t, τt, Ñ t, X̃t and dt = 1 is

L = L(S̃t, Ñ t, X̃t, dt = 1)︸ ︷︷ ︸
Identical to (FB)

+
∂L
∂dt

|d=1︸ ︷︷ ︸
−N

(dt − 1)︸ ︷︷ ︸
ϵ
2λ

π2
H,t

(C.20)

where I use the fact that dt − 1 = log(dt) and results at p.86 and p.119 in Galı́ (2015). Denote

γπ = ϵ
2λ

.

The Lagrangian of the social planner’s problem for each period in the first best with the multi-

plier µt for the producer frontier is

L = −(1−ν)log(S̃t)−Ñt+µt(Ñ
1−α
t X̃α

t −(1−ν)S̃−1
t C∗−(1−ν)S̃−(1−ν)

t (1+τt)
νX̃t−νS̃−1

t Y ∗)

The value of the Lagrangian multiplier in the efficient steady state is µ = (1− α)−1(1−ν
α
)

α
1−α . The
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Hessian of the Lagrangian evaluated at the steady state is

H =



− 1 + α− 4να + ν2α

1− α︸ ︷︷ ︸
γs

0 (1− ν)2 α
(1−α)(1−ν)

NX−1

0 −αN−1 αX−1

(1− ν)2 α
(1−α)(1−ν)

NX−1 αX−1 −NX−2


For terms of trade and factors deviating from the first best, the welfare loss is

N
ϵ

2λ
π2
H,t −



St − S̃t

Nt − Ñt

Xt − X̃t



′

H



St − S̃t

Nt − Ñt

Xt − X̃t


= N

ϵ

2λ
π2
H,t −



ŝt

n̂tN

x̂tX



′

H



ŝt

n̂tN

x̂tX



= N


ϵ

2λ
π2
H,t +



ŝt

n̂t

x̂t



′ 

γs 0 −α(1−ν)
1−α

0 α −α

−α(1−ν)
1−α

−α 1





ŝt

n̂t

x̂t




Omitting N and arranging terms yields the objective function in Proposition 3.

C.4 Deriving the Ramsey problem

The competitive equilibrium (equations (C.13)-(C.18)) can be expressed in wedges using the equi-

librium in the first best (equations (C.5)-(C.7)) as below.

πH,t = βEt(πH,t+1)− λ(1− α(1− ν))ŝt
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x̂t = − ν

1− α
ŝt +

2ν

1− α(1− ν)
τt

n̂t = −(
ν

1− α
+ (1− ν)(1− 2α)ŝt +

2να

1− α(1− ν)
τt

The social planner’s problem is choosing {πH,t, ŝt, n̂t, x̂t}t to minimize the expected present value

of the above welfare loss subject to the above constraints.

C.5 Deriving results for Section 4.2

The social planner’s Lagrangian is

L = E0

∞∑
t=0

βt

(
(γsŝ

2
t ++γππ

2
H,t + 2ŝtq̂

′
tkx + q̂′

tΣq̂t)

+ ξ1,t(πH,t − βEt(πH,t+1) + λ(1− α(1− ν))ŝt)

+ ξ′2,t(−q̂t + kττt − ksŝt)

)

The first-order conditions are

γsŝt + q′kx + λ(1− α(1− ν))ξ1,t − ξ′2,tks = 0

γππH,t + ξ1,t − ξ1,t−1 = 0

ŝtkx + Σqt − ξ2,t = 0

Arranging terms yields

λξ1,t = −ŝt (1− α(1− ν))(γs − 2k′
skx + k′

sΣks)︸ ︷︷ ︸
Ms

+(1− α(1− ν))(k′
τΣks − k′

τkx)︸ ︷︷ ︸
Mτ

τt
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Using the Phillips curve and the optimal producer price inflation yields the optimal path of the

terms of trade wedge.

ŝt+1 = (
γπλ

2(1− α(1− ν))

βMs

+ 1 +
1

β
)ŝt −

1

β
ŝt−1 −

Mτ

Ms

(
1

β
− 1 + ρ)τt +

Mτ

βMs

τt−1

The solution in the initial period is equation (32). The solution to the producer price inflation in

the initial period is equation (33). All other results follow.
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