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1 Introduction

Recent advances in international finance provide a tractable framework for modeling exchange-rate

volatility in DSGE settings (Gabaix and Maggiori, 2015; Itskhoki and Mukhin, 2021). By better cap-

turing the environment faced by firms and households in open economies, and by linking exchange rates

to finance and policy, this framework opens a wide range of applications but also raises new challenges.

Once exchange rates act as major, largely independent shocks, they influence a broad set of price and

quantity variables, making the exchange rate itself a major source of volatility. This paper examines how

this extension affects the performance of standard international macro theories—specifically, whether

these theories provide enough flexibility to generate the muted responses of prices and quantities to ex-

change rates that the data call for. We document a common tension across most models: jointly achieving

empirically plausible producer markups, muted expenditure switching (i.e., a low short-run trade elastic-

ity), and low exchange-rate pass-through is both difficult and necessary to match the data. We refer to

this tension as the parameterization trilemma.

Our baseline is the canonical two-country model of Backus et al. (1995), augmented with financial-

shock-driven exchange-rate volatility as in Gabaix and Maggiori (2015).12 Within this setup, we embed

several leading theories of incomplete pass-through: (i) the Distribution Cost (CD) model of Corsetti

and Dedola (2005); (ii) the Price Dispersion (PD) model of Alessandria (2009); (iii) the Nested CES

Aggregation with Cournot Competition (NCES) model of Atkeson and Burstein (2008) and Dornbusch

(1987); (iv) the Deep Habits (DH) model of Ravn et al. (2007); and (v) the Customer Capital (CC)

model of Drozd and Nosal (2012). Our selection is not exhaustive, but it spans a broad range of distinct

and tractable mechanisms for price dynamics, each with a strong track record in macroeconomics and

trade.3 In addition to these microfounded models, we also analyze the widely used reduced-form Kimball

1Earlier work by Devereux and Engel (2002) points to the potential of UIP shocks to explain exchange-rate dynamics.
Mac Mullen and Woo (2025) discuss the contribution of financial shocks to model dynamics and emphasize the need for
both financial and non-financial shocks. Our results likewise confirm the importance of real shocks—in our case, productivity
shocks—for the models’ ability to match quantity dynamics.
2As shown by Itskhoki and Mukhin (2021), the exact implementation of this mechanism has little effect on exchange-rate
properties.
3The survey by Burstein and Gopinath (2014) helped guide this selection. The models we consider have had a large impact on
the macroeconomics and international trade literatures; examples include Corsetti et al. (2008), Nakamura and Zerom (2010),
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aggregator (KA), introduced by Kimball (1995). In the literature, the KA model serves as a stand-alone

reduced-form approach, and we aim to evaluate its potential in this regard. We confront these theories

with a standard set of international business-cycle statistics for prices and quantities.

The CD, PD, and CC models were designed for international business-cycle applications. Two consider-

ations motivate the inclusion of the DH and NCES models, which were originally developed in different

contexts. We include the DH model because it has proved successful in closed-economy settings and

because its PTM implications have been only partially documented (Ravn et al., 2007).4 We also include

it because it is related to a broader class of Phelps-Winter-type customer-capture ideas—models in which

firms invest in customers by lowering prices rather than by taking costly non-price actions—in contrast

to the CC model, which emphasizes non-price investment. We include the NCES model because it has

become prominent in trade-related applications and has proved useful in relating pricing observations to

trade facts. By embedding this model in a standard business-cycle environment, we hope to gain further

insight into the plausibility of its core mechanism and to assess its applicability in a general-equilibrium

setting.

Notably, our analysis abstracts from nominal frictions. While present in the data, as we see it, they are best

viewed as supplementary for connecting models to monetary policy and for introducing demand shocks.

Empirical evidence suggests that limited pass-through is largely a real phenomenon, since conditioning

pass-through on price adjustments versus nonadjustments makes little difference in the observed pass-

through patterns (Gopinath and Itskhoki, 2011). In addition, with volatile and persistent exchange rates,

attributing deviations from the law of one price to nominal frictions raises questions about why firms

do not exploit large profit opportunities created by exchange-rate movements. The models we consider

provide competing answers to this question and our analysis isolates their quantitative potential.

In an environment with volatile exchange rates, a model’s success in matching a broad range of interna-

tional business-cycle moments largely hinges on its ability to deliver both low exchange-rate pass-through

to import prices and muted expenditure switching (i.e., a low short-run trade elasticity). Empirical es-

Corsetti and Pesenti (2005), Auer and Schoenle (2016), Edmond et al. (2015), and Boehm et al. (2023a).
4As shown by Ravn et al. (2007), a specific form of government spending shock that triggers habit formation can produce
incomplete pass-through.
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timates suggest that pass-through coefficients and short-run trade elasticities are both low (Burstein and

Gopinath, 2014; Ruhl, 2008). Our trilemma shows that jointly matching these two features of the data is

challenging, and points to this tension as the root cause of the various ways in which the included models

struggle to account for the standard slate of business-cycle statistics.

Specifically, we find that the reduced-form KA framework performs poorly on business-cycle quantity

statistics because it struggles to reconcile plausible markups (gross margins) with a low short-run trade

elasticity. This result reflects a more general property that, to varying degrees, also applies to the mi-

crofounded models: manipulating the curvature of the demand schedule symmetrically for home and

foreign varieties is insufficient to match the data in open-economy settings. Importantly, this issue is not

easily resolved by introducing convex adjustment costs on trade flows, because doing so interacts with

the model’s pricing implications. In sum, we find that the KA model neither nests nor outperforms the

best-performing microfounded models in our open-economy setting.

The NCES model suffers from a related problem and, for this reason, is not well suited to general-

equilibrium applications. Its performance on price statistics in isolation, however, is excellent. The habit

model, by contrast, performs well on quantities but delivers pricing-to-market in reverse and implies

more-than-complete pass-through. The remaining models do well in accounting for the business-cycle

dynamics of quantities, but they generally fall short of delivering sufficiently low pass-through of ex-

change rates to prices. Among the setups we consider, the search models perform best in balancing

prices and quantities, but they do so at the cost of introducing frictions that may be harder to identify,

justify, and measure.

In many of the included models (KA, CD, and PD, though not NCES), the issues we highlight can be

mitigated by assuming a higher markup target than the 50% value used in our baseline parameterization.

Although markup measurement is challenging and the precise range of plausible markups is uncertain,

models should remain consistent with profit and margin accounting within the confines of their structure.

Under model-consistent measurement, we find that markups above 70% are difficult to justify on empir-

ical grounds, yet in most cases values above that threshold are required to fully overcome the trilemma.5

5Our conclusions differ from those of Itskhoki and Mukhin (2021) regarding the KA model’s ability to match the data com-
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The rest of the paper is organized as follows. Section 2 introduces the encompassing framework and

then presents the setup of each model. Section 3 provides an analytical characterization of the trilemma.

Section 4 presents the parameterization and quantitative results. Section 5 concludes.

2 Setup

The world economy consists of two ex ante symmetric countries, labeled home and foreign. Time is

discrete and the horizon is infinite. The history of shocks up to and including period t is denoted by

st := (s0, s1, . . . , st) ≡ (st−1, st) ∈ St, where the initial state s0 is given. The probability of any history

st is determined by the product measure Pr(st) ≡
∏t

τ=1 Pr(sτ | sτ−1) induced by the shock processes

and the associated conditional measure Pr(st | st−1). Each country is populated by a large number of

identical households, a final-goods sector with identical producers, and an intermediate-goods sector with

differentiated products. Factors of production are immobile across countries. A global financial sector

intermediates trade in non-contingent bonds between home and foreign households.

We begin by describing the structural components common to all models, which we refer to as the en-

compassing GE environment. We exploit the ex-ante symmetry of the two regions and omit symmetric

equilibrium conditions for the foreign country.

2.1 Encompassing GE Environment

Household sector. Out of total final-good purchases A(st), the representative household chooses its

allocation to consumption c(st) and investment i(st), labor supply l(st), and one-period noncontingent

bond holdings b(st) to maximize

∞∑
t=0

βt
∫
St
u
(
c
(
st
)
, l
(
st
))
Pr
(
dst
)
, (1)

prehensively. Itskhoki and Mukhin (2021) use indirect inference and treat margins and markups as free parameters, effectively
assuming a substantially higher target.
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subject to (for all st): (i) output allocation c(st) + i(st) = A(st); (ii) capital accumulation law of motion

k(st) = (1− δ)k(st−1) + i(st)− Φ(i(st), k(st−1)); and (iii) the budget constraint:

P (st)A(st) + b(st) = R(st−1)b(st−1) + w(st)l(st) + r(st)k(st−1) + Π(st), (2)

where P (st) ≡ 1 serves as the local numéraire. The household receives income from labor w(st)l(st),

capital r(st)k(st−1), and maturing bonds R(st−1)b(st−1), as well as profits Π(st) generated by domestic

firms and an equal share of profits from the global financial sector.6 Capital depreciates at a constant rate

δ, and Φ(i(st), k(st−1)) represents the standard quadratic adjustment cost. Prices and profits are taken as

given. Ponzi schemes are ruled out.

Financial sector. The financial sector comprises a large number of identical short-lived arbitrageurs (o)

and noise traders (n).7 Let x(st) denote the real exchange rate: the relative price of a claim to foreign

consumption in terms of home consumption. After any history st, arbitrageurs choose a zero-net-capital

carry-trade position o(st) in home bonds and an offsetting position −o(st)/x(st) in foreign bonds. The

profit from such a position is

Πo(s
t+1) :=

[
R(st)−R∗(st)x(st+1)

x(st)

]
o(st). (3)

The key friction is that arbitrageurs can renege on repayment ex post (i.e., run away), in which case

their payoff is a fraction min
(

1, Γ
yss
|o|
)

of the long position o, where Γ > 0 is a parameter, |.| denotes

the absolute value, and yss is steady-state output. Since creditors anticipate this, arbitrageurs face the

following ex ante constraint:
EstΠo(s

t+1)

R(st)
≥ Γ

yss
o(st)2, (4)

6Π(st) := ΠA(st) + ΠI(s
t) + 1

2Πo(s
t) + 1

2Πn(st), with each component defined in the subsequent sections.
7Our setup follows Gabaix and Maggiori (2015). Itskhoki and Mukhin (2021) propose an alternative and more general setup
by modeling risk-aversem-financiers. The implications of their model and this one are similar because the final log-linearized
equations are identical after remapping parameters.
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where the left-hand side denotes the discounted expected profit from the carry trade and the right-hand

side represents the payoff from reneging. Since EstΠo(s
t+1) is linear in o, whereas the constraint is

convex in o, maximization of EstΠo(s
t+1) subject to the above financing constraint yields the following

distorted Uncovered Interest Parity (UIP) condition:

R(st) = Est
[
R∗(st)

x(st+1)

x(st)

]
+

Γ

yss
R(st) o(st). (5)

Noise traders are the source of financial shocks. Like arbitrageurs, they take a random position n(st), and

their profit is

Πn(st+1) :=
[
R(st)−R∗(st)x(st+1)

x(st)

]
n(st), (6)

where log
(
n(st)/yss

)
= ρn log

(
n(st−1)/yss

)
+ εnt with εnt ∼ N (0, σ2

n). We refer to εn as the (global)

financial shock. The noise trader shock is the key source of exchange-rate volatility in the calibrated

model.8

Intermediate goods sector. The intermediate-goods sector comprises monopolistically competitive

firms that transform a generic intermediate input Y > 0 into differentiated varieties defined on some

indexing set I(st) ⊂ R+—which also indexes producers and determines their mass. The production

function is

Y (st) := z(st) k(st−1)αl(st)1−α,

8With bond-market clearing b(st) + o(st) + n(st) = 0 and equal sharing of profits, note that the country’s net foreign asset
position evolves according to

b(st) =
1

2

[
R∗(st−1)

x(st)

x(st−1)
+R(st−1)

]
b(st−1) +GDI(st)− FS(st).

Accordingly, when a shock occurs, the arbitrageurs’ limited capacity to hold lopsided positions requires the real exchange rate
to adjust so that the return differential induces them to clear the market.
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where l(st) is labor input supplied by home households, k(st−1) is capital supplied by home households,

and z(st) follows the process

z(st) = ρz(st−1) + εt, εt ∼ N (0, σ2
z),

where εt is the productivity shock. The world economy’s exogenous state vector is thus given by st =

(εt, ε
∗
t , ε

n
t ), and the cost of producing the generic input is

v(st) := min
k,l
{w(st)l + r(st)k} s.t. z(st)kαl1−α = 1. (7)

Final goods sector. Final goods are produced from domestic and foreign intermediates by a competitive

final-goods sector. These intermediates are aggregated according to some function

A(st) := A
(
{d(i, st)}i∈D(st), {f(i, st)}i∈F(st)

)
, (8)

whereD(st) ⊆ I(st) and F(st) ⊆ I∗(st) are the sets of domestic and foreign varieties being aggregated.

2.2 Market Structures (PTM Models)

We now turn to the market structures that give rise to the models considered below. We begin with

the standard monopolistic-competition setup—which is our baseline. The baseline model incorporates

monopoly distortions in the production of intermediate goods, but because it lacks the structural frictions

needed to generate PTM and its business-cycle properties are identical to those of an analogous perfectly

competitive model (Backus et al., 1995) in a log-linearized setup, we refer to it as frictionless.9

9The CES markup µ = θ/(θ − 1) vanishes in log-linearized deviations from a given steady state. The presence of profits
implies a different mapping from observed factor shares to the capital-share parameter α, so the effect of markups operates
solely through the steady-state calibration of this parameter.
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Frictionless Baseline Model (FB). Here, (8) is the standard Armington aggregator:

ACES (·) := G
(
d
(
st
)
, f
(
st
))

:=
[
ω

1
γ d
(
st
) γ−1

γ + (1− ω)
1
γ f
(
st
) γ−1

γ

] γ
γ−1

, (9)

where

d
(
st
)

:=

[∫ 1

0

d
(
i, st
) θ−1

θ di

] θ
θ−1

, f
(
st
)

:=

[∫ 1

0

f
(
i, st
) θ−1

θ di

] θ
θ−1

, (10)

and hence I = I∗ = [0, 1], with D = I and F = I∗. The parameter γ > 0 is the elasticity of

substitution between the domestic and foreign composite bundles d (st) and f (st), θ > 1 is the elasticity

of substitution between the individual varieties that comprise these bundles, and 1/2 < ω < 1 is the

home-bias parameter.10

Final-good supply A(st) is produced by a sector of identical final-goods producers that take prices as

given and choose d(i, st) and f(i, st) to maximize

ΠA(st) := ACES(·)−
∫ 1

0

[
pd(i, s

t)d(i, st) + pf (i, s
t)f(i, st)

]
di. (11)

This gives rise to the standard downstream demand system:

d(i, st) =

[
pd(i, s

t)

Pd(st)

]−θ
d(st), f(i, st) =

[
pf (i, s

t)

Pf (st)

]−θ
f(st), (12)

where Pj(st) := ∂jG(d(st), f(st)), j = d, f . Throughout, the notation f(pd|i, st) denotes a real-valued

function of the argument preceding “|.”11

The intermediate-goods sector is populated by a continuum of identical firms, each of which is a global

monopolist over its variety i. Intermediate-goods producers choose the price of variety i in the domestic

10θ > 1 is required to ensure finite markups.
11As for notation, we use ∂x(·) ≡ ∂(·)

∂x as shorthand for partial differentiation and similarly use dx(·) ≡ d(·)
dx as shorthand

for total derivatives. We use standard prime notation whenever it is unambiguous that differentiation applies to a function
of a single argument. In some contexts, the notation f(pd|i, st) is used to make explicit an argument that appears within a
functional composition in the original expression.
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market, pd (i, st), and in the export market, px (i, st) ≡ x (st) p∗d (i, st), maximizing

ΠI

(
i, st
)

:=
[
pd
(
i, st
)
− v

(
st
)]
d
(
pd
(
i, st
)
|i, st

)
(13)

+
[
x
(
st
)
p∗d
(
i, st
)
− v

(
st
)]
d∗
(
p∗d
(
i, st
)
|i, st

)
,

where d (pd|i, st) corresponds to (12), and d∗ (p∗d|i, st) =
[

p∗d
P ∗
d (st)

]−θ
d∗ (st). Under this baseline, the law

of one price holds, and the home price of the domestic good is given by the standard monopoly-pricing

formula

pd
(
i, st
)

= x
(
st
)
p∗d
(
i, st
)︸ ︷︷ ︸

px(i,st)

=
θ

θ − 1︸ ︷︷ ︸
=1+µ

v
(
st
)
, (14)

and, by symmetry, the home price of the imported good is given by

pf (i, s
t) =

θ

θ − 1
x(st)v∗(st). (15)

Definitions of Prices. We refer to pf as the import price and to px as the export price; in the data, these

correspond to dock-level (wholesale) prices. Incomplete pass-through, when present, is reflected in how

the real exchange rate x affects pf . Finally, we define the terms of trade as the ratio of these two prices,

tot := pf/px. Incomplete or intermediate pass-through reduces the volatility of the terms of trade relative

to that of the real exchange rate.

KA Model. As in the baseline model, here I = I∗ = [0, 1], D = I, F = I∗. However, (8) is defined

implicitly by a homogeneous-of-degree-one constraint (hereafter Kimball aggregator):

∫
[0,1]

[
ωg

(
ω−1d (i, st)

A (st)

)
+ (1− ω) g

(
(1− ω)−1 f (i, st)

A (st)

)]
di = 1, (16)

where g (·) is a real-valued function that is assumed to be (i) strictly increasing, (ii) strictly concave, and

(iii) normalized such that g (1) = g′ (1) = 1 and g′′ (1) ∈ (0, 1), where g′ and g′′ denote the first and
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second derivatives, respectively (differentiability is ensured almost everywhere by property (i)).12

Our specification of the aggregator follows Itskhoki and Mukhin (2021). In a log-linearized setting, spec-

ifying the functional form for g(·) is unnecessary, since all the relevant properties of the function are

captured by the curvature parameter g′′(1). This yields the most general specification for such environ-

ments.

The final-goods producer chooses final output A(st) to maximize static profits given by

ΠA(st) := A(st)− C (A(st), st), (17)

where

C (A(st), st) := min
d(i,st),f(i,st)

∫ 1

0

[
pd(i, s

t)d(i, st) + pf (i, s
t)f(i, st)

]
di, (18)

subject to (16), defines the cost. Solving the above cost minimization problem yields the downstream

demand system:

d
(pd
λ
|i, st

)
= ωh

(pd
λ

)
A
(
i, st
)
, f
(pf
λ
|i, st

)
= (1− ω)h

(pf
λ

)
A
(
i, st
)
, (19)

where h (x) := (g′)−1 (x), and where λ (st) denotes the Lagrange multiplier associated with the aggre-

gation constraint in cost minimization, given by

1 =

∫ 1

0

[
ωg

(
h

(
pd (i, st)

λ (st)

))
+ (1− ω) g

(
h

(
pf (i, st)

λ (st)

))]
di. (20)

Unlike in the baseline model, it is not the case that this multiplier equals P .

Since (16) exhibits constant returns to scale, average and marginal costs coincide; hence, C (A, st) ≡

C (1, st)A. This property, combined with the zero-profit condition, implies C (1, st) ≡ 1. In the sym-

metric steady state, pssd = pssf , which—together with our numéraire normalization of the final-good price

12The Kimball aggregator nests the standard CES aggregator seen in the baseline model. To see this, let g (y) = 1 +
γ
γ−1

(
y1−1/γ − 1

)
.
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P—implies pssd = pssf = λss = 1.13

Intermediate-goods producers take the above demand system as given and choose the domestic and for-

eign prices of the produced variety i—denoted by pd (i, st) and p∗d (i, st), respectively—to maximize

ΠI

(
i, st
)

:=
[
pd
(
i, st
)
− v

(
st
)]
d

(
pd (i, st)

λ (st)
|·
)

+
[
x
(
st
)
p∗d(i, s

t)− v
(
st
)]
f

(
pf (i, st)

λ (st)
|·
)
. (21)

Accordingly, the home country’s import price solves

pf (i, s
t) = x(st)v∗(st)

γ
(
pf (i,st)

λ(st)

)
γ
(
pf (i,st)

λ(st)

)
− 1

, (22)

where

γ
(pf
λ

)
:= −∂log pf log f

(pf
λ
|·
)
≡ −∂log pf log h

(pf
λ

)
≡
h′
(pf
λ

)
h
(pf
λ

) pf
λ

(23)

is demand elasticity, and where, by the definition of the aggregator and the inverse function theorem, we

know h′(z) = 1/g′′(h(z)) (all z > 0).

CD Model. This model introduces a fixed distribution cost. The final aggregator is identical to that in

the baseline model (FB), but to purchase an intermediate good, the final-goods producer must pay a fixed

cost ξv (st), implying the following profit maximization:

ΠA

(
st
)

:= ACES (·)−
∫ 1

0

[(
pd
(
i, st
)

+ ξv
(
st
))
d
(
i, st
)

+
(
pf
(
i, st
)

+ ξv
(
st
))
f
(
i, st
)]
di. (24)

13(19) evaluated at the symmetric steady state gives dss/A = ω and fss/A = 1− ω. Hence, by (18), pssd = pssf = λss = 1.
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The key implication of this cost is that the downstream demand system features non-constant elasticity

with respect to the price alone:14

d
(
pd|i, st

)
=

[
pd + ξv (st)

Pd (st)

]−θ
d
(
st
)
, f
(
pf |i, st

)
=

[
pf + ξv (st)

Pf (st)

]−θ
f
(
st
)
, (25)

where Pj(st) := ∂jG(d(st), f(st)), j = d, f . The intermediate-goods producer’s problem is the same as

in the baseline model and we omit the details. It is easy to verify that the profit-maximizing import price

solves to

pf (i, s
t) =

θ

θ − 1
x(st)v∗(st) +

ξ

θ − 1
v(st). (26)

PD Model. The PD model features distribution costs in the form of search frictions in matching with

suppliers—which also replace monopolistic competition as the source of market power. Search is directed

to country, and the frictions do not affect expenditure switching per se. The costs of search, and the fact

that they are denominated in local units, give rise to endogenous markups and incomplete pass-through.

Since goods delivered by each type of match are aggregated symmetrically, aggregation implies I =

I∗ = D = F = {1} and thus ACES = G(d, f), where d is the total quantity delivered by matches

with domestic producers and f is the quantity delivered by matches with foreign producers. Final-goods

producers are all identical and behave competitively. Each producer operates the technology G(d, f)

and hires measures hd and hf of atomless representatives (hereafter “reps”) who search for intermediate

goods on the producer’s behalf, and at a total search cost of (hd + hf )v(st). Each match is capacity-

constrained and delivers θ−1 units of the good per period; consequently, at most θ−1hj of the good can

be purchased given the choice of hj at st, where j = d, f .

By assumption, searching reps receive one price quote with probability q and two quotes with probability

1 − q. Their policy is described by reservation prices, rd and rf , set by the final-goods producer. Since

14The fixed-cost (Leontief) specification is not strictly essential, but a low elasticity of substitution is. If the distribution tech-
nology were Cobb-Douglas in distribution services and inputs, the model would imply complete pass-through. Qualitatively,
it is therefore sufficient to assume that the elasticity of substitution is less than unity; however, a higher elasticity would erode
the model’s ability to generate PTM.
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equilibrium posted prices will never exceed reservation prices, d = θ−1hd and f = θ−1hf .

It can be shown that equilibrium pricing entails a unique mixed strategy described by a continuous cumu-

lative distribution function (CDF) F (p|st), and this distribution’s support is an interval [Pl(s
t), Ph(s

t)].

Since the distribution of purchase prices is determined by the lowest price quote obtained by the rep, and

there can be up to two quotes, the distribution of the lowest quote is15

H(p|st) = qF (p|st) + (1− q)
[
1− (1− F (p|st))2

]
. (27)

The expected price paid by the rep is thus given by pj(st) =
∫ Ph
Pl
pHj(dp|st), where j = d, f because

search is directed by country and there are distinct price distributions Hd and Hf in the home market.

Accordingly, after any history st, the representative final-goods producer chooses hd and hf to maximize

static profits

ΠA

(
d, f |st

)
:= G(d, f)− pd(st)d− pf (st)f − v(st)θ(d+ f). (28)

Intermediate-goods producers do not observe the number of quotes that their customers (reps) receive.

Specifically, if a rep receives two quotes and she has an alternate quote with a lower price in hand, no sale

takes place; in contrast, if the same customer has only one quote, a sale takes place at any price up to Ph.

This means that producers face a trade-off between the markup they charge and the selling probability,

whereas the distribution F satisfies that the expected profit from quoting an arbitrary price is the same on

its support, implying

(
Ph
(
st
)
−mc

(
st
)) [ q

q + 2 (1− q)

]
=
(
p−mc

(
st
)) [q + 2 (1− q) (1− F (p|st))

q + 2 (1− q)

]
, (29)

where mc(st) denotes the potentially distinct marginal cost from the one that determines search costs

(e.g., mc(st) = v∗(st)x(st) for importers, while the search cost is determined by v(st)).

15Hd(p, s
t) := Pr(p̂ ≤ p) = qPr(p̂ ≤ p | 1 quote) + (1 − q) Pr(p̂ ≤ p | 2 quotes), where qPr(p̂ ≤ p | 1 quote) = qF (p).

Let p̂i denote the i-th draw from distribution F , for i = 1, 2. Then, Pr(p̂ ≤ p | 2 quotes) = Pr((p̂1 ≤ p & p̂2 > p) or (p̂1 >
p & p̂2 ≤ p) or (p̂1 ≤ p & p̂2 ≤ p)), which simplifies to 1− Pr(p̂1 > p & p̂2 > p). Since each draw is independent, we have
Pr(p̂ ≤ p | 2 quotes) = 1− (1− F (p))2. Combining these expressions yields the result stated in the main text.
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The left-hand side of (29) is the expected profit from quoting the maximum price Ph (st), which results in

a sale when the customer receives only a single quote. The right-hand side represents the expected profit

from quoting an interior price Pl (st) ≤ p < Ph (st). Such quotes, note, result in a sale if the customer

receives either one quote, or if the price p is the lower of two quotes obtained. Since each customer

may receive more than one quote, the expected number of quotes per physical customer per producer

is q + 2 (1− q), which gives rise to q + 2 (1− q) (1− F (p|·)) in the numerator. At the upper bound

of the distribution Ph (st), the final-goods producer must be indifferent between purchasing the good or

aborting the search to send another rep at the expected price, hence θv (st) = Ph (st)− pd (st); the lower

bound solves F (Pl (s
t)) = 0.16 Together, these conditions imply that the expected (average) import price

paid by the final-goods producer is

pf (s
t) = x

(
st
)
v∗
(
st
)

+
θq

1− θ
v
(
st
)
. (30)

NCES Model. The NCES model features a continuum of sectors on a unit interval, each containing a

discrete number of N > 2 home and foreign firms (varieties) that compete in a Cournot fashion (choose

quantity). Let the first NX < N goods be imported and the remainder be domestically sourced. Accord-

ingly, aggregation involves I = [0, 1]× {1, ..., N}, D = I, and F = [0, 1]× {1, ..., NX}. Define a tuple

i := (i1, i2) ∈ I, where i1 indexes the sector and i2 indexes the firm within a sector. The aggregator (8)

in this model is

ANCES

(
{d
(
i, st

)
}i∈D, {f

(
i, st

)
}i∈F

)
:=

[∫ 1

0

(
y
(
i1, s

t
)) γ−1

γ di1

] γ
γ−1

, (31)

and it involves aggregation across sectors, whereas aggregation of country-specific varieties takes place

within each sector:

y
(
i1, s

t
)

:=

[
N∑
i2=1

(
d
(
i1, i2, s

t
)) θ−1

θ +

NX∑
i2=1

(
f
(
i1, i2, s

t
)) θ−1

θ

] θ
θ−1

. (32)

16Ph = v + v θ
1−q , Pl = v + v qθ

2−3q+q2 , and F (p) = 1− 1
2

q
1−q

Ph−p
p−v .
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The parameter γ > 0 is the sectoral elasticity and θ is the firm-level elasticity, where θ > γ and θ > 1.

The presence of non-atomistic firms is the defining feature because firms partly internalize the sectoral

elasticity γ. When this elasticity differs from the within-sector elasticity θ, as assumed, the model gives

rise to endogenous markups and generates incomplete pass-through.17

The representative final-goods producer takes prices of individual varieties as given and chooses d (i, st)

and f (i, st) to maximize

ΠA

(
st
)

:= ANCES (·)−
∫ 1

0

[∑
i2

pd
(
i, st

)
d(i, st) +

∑
i2

pf
(
i, st

)
f(i, st)

]
di1,

where the abbreviated ANCES (·) is as stated above. The implied inverse downstream demand function

for a generic variety i is

p
(
Q|i, st

)
=

[
Q

y (Q|i, st)

]− 1
θ
[
y (Q|i, st)

A

]− 1
γ

, (33)

where Q represents the quantity demanded and y(Q|·) is the sectoral aggregator defined in (32). The

sectoral aggregator still depends on Q because individual firms are non-atomistic and perceive the impact

of their choices on sectoral aggregates.

Intermediate-goods producers from each country are identical. Domestic producer i = (i1, i2) ∈ I takes

(33) as given and, after history st, chooses quantity d(st) for the home market and quantity d∗(st) (for

i2 ≤ NX) for the foreign market (exporters only) to maximize

ΠI

(
i, st

)
:=
[
p
(
d(st)|i, st

)
− v

(
st
)]
d(st), (34)

+ 1{i=(i1,i2):i2≤NX}
[
x
(
st
)
p∗
(
d∗(st)|i, st

)
− (1 + τ) v

(
st
)]
d∗(st),

where τ > 0 is an iceberg transportation cost that we use in calibration to induce additional home bias,

17In contrast to the original paper, here we exogenously fix the number of firms in the economy and assume they are identical
within their respective categories: exporters or non-exporters. There are also no non-tradable goods in our formulation of this
model.
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beyond assuming NX < N . We do not model entry, and so N,NX are exogenous parameters. Some

producers only sell domestically and in that case d∗ = 0.

The first-order conditions imply that the import price is given by the standard monopoly pricing formula:

pf (s
t) =

εf (i, st)

εf (i, st)− 1
(1 + τ)x(st)v∗

(
st
)
, (35)

but with endogenous demand elasticity determined by market shares:

εf
(
i, st

)
:=

[
1

θ

(
1− Sf

(
i, st

))
+

1

γ
Sf
(
i, st

)]−1

, (36)

Sf
(
i, st

)
:=

pf (i, st) f (i, st)∑N
i2=1 pd (i, st) d (i, st) +

∑NX
i2=1 pf (i, st) f (i, st)

.

The key here is that the elasticity of demand is endogenous and depends on the firm’s market share, Sf ,

as well as the market share of the firm’s group (e.g., importers). In particular, if importers constitute a

minority of firms in a sector due to home bias, a symmetric shock to Sf has a bigger effect on elasticity.

This feature implies that home bias enhances the model’s ability to generate incomplete pass-through.

DH Model. Final aggregations are the same as in the baseline model, and hence I = I∗ = [0, 1],

D = I, F = I∗. The key difference is that the arguments of the final aggregator are not raw quantities

but habit-adjusted quantities given by

d
(
st
)

:=

[∫ 1

0

dh
(
i, st
) θ−1

θ di

] θ
θ−1

, f
(
st
)

:=

[∫ 1

0

fh
(
i, st
) θ−1

θ di

] θ
θ−1

, (37)

where dh (i, st) = hd (i, st−1)
ζ
d (i, st) , and where hd (i, st) = ρhd (i, st−1) + (1− ρ) d̄ (i, st) . The pa-

rameter 0 < ζ ≤ 1 denotes the marginal productivity of habit, and habit evolves dynamically. Habit

persistence is modulated by the parameter 0 < ρ < 1 and follows the law of motion. d̄ is the aver-

age level of purchases of good i across the economy, so as to ensure that final-goods producers do not

internalize the impact of their own choices on habit formation.
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Final-goods producers take habit and prices as given and choose d (i, st) and f (i, st) to maximize

ΠA

(
st
)

= AH (.)−
∫ 1

0

[
pd
(
i, st
)
d
(
i, st
)

+ pf
(
i, st
)
f
(
i, st
)]
di. (38)

Accordingly, the demand system is given by

d
(
pd, hd|i, st

)
=

[
pd

Pd (st)

]−θ
hd

ζ(θ−1)d
(
st
)
, f
(
pf , hf |i, st

)
=

[
pf

Pf (st)

]−θ
hf

ζ(θ−1)f
(
st
)
, (39)

where Pj (st) ≡ ∂j(st)G (d (st) , f (st)) , j = d, f.

Intermediate-goods producers face the above demand and operate as monopolists over their respective

varieties, just as in the baseline model. But their optimization problem is dynamic because they recognize

that habit formation is persistent and depends on the prices they set. Specifically, their static profit is

ΠI

(
i, st
)

=
[
pd
(
i, st
)
− v

(
st
)]
d
(
pd
(
i, st
)
, hd
(
i, st−1

)
|st
)

(40)

+
[
x
(
st
)
p∗d
(
i, st
)
− v

(
st
)]
d∗
(
p∗d
(
i, st
)
, hd
(
i, st−1

)
|st
)
,

where d (.|st) is given by (39) (analogously for d∗). Producers set prices at home, pd(i, st), and abroad,

p∗d(i, s
t), to maximize

∑∞
t=0

∫
βtuc (st) ΠI (i, st)µ (dst), subject to the law of motion of habit, hd (i, st) =

ρhd (i, st−1)+(1− ρ) d (i, st) (analogously for d∗). The first-order conditions imply that the import price

is

pf (i, s
t) =

θ

θ − 1

[
x(st)v∗

(
st
)
− (1− ρ) ∆f

(
i, st
)]
, (41)

where

∆f

(
i, st
)

= βEst
u∗c∗ (st+1)

u∗c∗ (st)

ρ∆f

(
i, st+1

)
+−

∂hff (pf , hf |i, st+1)

∂pff (pf , hf |i, st+1)︸ ︷︷ ︸
MRT

f (pf , hf |i, st+1)

x (st+1)

 (42)
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denotes the shadow value of habit that renders the markup endogenous.18 Intuitively, by inducing habit

today, producers increase future demand for their goods, and hence can charge a higher price in the future

while selling the same quantity. This is captured by the MRT term above, and the value of habit cumulates

these discounted “dividends” along the lines of the standard asset pricing equation.

CC Model. This model combines search frictions in building market share with bargaining; together

these two features give rise to incomplete pass-through. The PT mechanism is fundamentally different

from the PD model because search cannot be directed to producers from a given country. It is up to the

producers and their investment in marketing how “visible” they become to searching customers. This key

feature affects both trade dynamics and surplus splitting via bargaining.

The commodity space evolves dynamically because goods are best interpreted as distinct across long-

lasting matches of final-goods producers and intermediate-goods producers.19 Let Hd (st) and H∗d (st)

denote the measures of active matches between home intermediate-goods producers and final-goods pro-

ducers at home and abroad, respectively. The sets of available varieties are then given by I (st) =

[0, Hd (st) +H∗d (st)], D (st) = [0, Hd (st)], and F (st) = [0, Hf (st)]. As in the PD model, each match

features a satiation point normalized to unity, that is, a match-level throughput constraint.

The aggregator in (8) is given by (9), where

d
(
st
)

=

∫
D(st)

min
{

1, d
(
i, st
)}
di and f

(
st
)

=

∫
F(st)

min
{

1, f
(
i, st
)}
di.

Accordingly, there is residual product differentiation purely attributable to country of origin, in that γ will

be uniquely set higher than in other models to match the long-run estimates of trade elasticity—which

are much higher than the short-run estimates.

As in the PD model, the final-goods producer chooses the mass of representatives h (st) to search for

suppliers, incurring a total cost of χh (st) v (st). But unlike in the PD model, search is undirected, and

the probabilities of meeting a producer from the home country (a type d producer) or from the foreign

18The Lagrange multiplier on the law of motion for habit.
19The presence of search frictions implicitly implies that customers search for specific attributes inherent to the match.
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country (a type f producer) are π (st) and 1− π (st), respectively. These probabilities are endogenous—

determined by marketing capital investment, as described below—but taken as given by the final-goods

producer. The instantaneous profit of the final-goods producer is

ΠA

(
st
)

= G
(
d
(
st
)
, f
(
st
))
− pd

(
st
)
d
(
st
)
− pf

(
st
)
f
(
st
)
− χv

(
st
)
h
(
st
)
, (43)

where pd(st) and pf (st) are the average prices of goods d and f purchased through each type of match.

These prices are determined by bargaining in bilateral matches with producers, but for reasons detailed

below, they do not depend on the producer’s choices and can effectively be treated as given in profit

maximization.

Since matches are long lasting, the final-goods producer’s problem is dynamic. The first condition de-

termining h(st) (henceforth retail demand) can be derived as follows. Let the marginal product of a

country variety be Pj (st) = ∂j(st)G (d (st) , f (st)), j = d, f . The value of an active match with an

intermediate-goods producer i ∈ I from country j = d, f is

Vj
(
i, st
)

= max{Pj
(
st
)
− pj

(
i, st
)
, 0}+ (1− δH)Est

[
β
∂cu (st+1)

∂cu (st)
Vj
(
i, st+1

)]
, (44)

which cumulates the instantaneous trade surplus Pj (st) − pj over the expected duration of a match that

depreciates with probability δH per period. h(st) is set optimally when its unit cost, χv(st), equals the

expected marginal benefit, and hence

χv
(
st
)
≥ π

(
st
)
Vd
(
i, st
)

+
[
1− π

(
st
)]
Vf
(
i, st
)
, with equality if h(st) > 0. (45)

On the other side of matching there is a normalized mass of intermediate-goods producers, both from the

home country and from the foreign country. A representative producer i ∈ I sells output by investing

in country-specific marketing capital m that attracts searching reps (a fraction of h) to her as opposed

to other producers who do the same in that market. Let ad (i, st) and a∗d (i, st) be investments in each

respective type of capital, and let md (st) ≡ md (i, st) and m∗d (st) ≡ m∗d (i, st) denote the average
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marketing capital held by producers active in each respective market.20 The marketing capital of producer

i in each respective market then follows the law of motion given by

md

(
i, st
)

= (1− δm)md

(
i, st−1

)
+ ad

(
i, st
)
−Ψ

(
ad
(
i, st
)
,md

(
i, st−1

))
(46)

m∗d
(
i, st
)

= (1− δm)m∗d
(
i, st−1

)
+ a∗d

(
i, st
)
−Ψ

(
a∗d
(
i, st
)
,m∗d

(
i, st−1

))
,

and the fraction of searching reps that match with that producer at st in each respective market is

md (i, st)

md (st) +mf (st)
h(st) and

m∗d (i, st)

m∗d (st) +m∗f (st)
h(st), (47)

where 0 < δm < 1 is the exogenous depreciation rate and Ψ (a,m) is a convex adjustment cost referred to

as the market expansion friction. Since matches are long lasting, the list of customers evolves according

to the law of motion given by

Hd

(
i, st
)

= (1− δH)Hd

(
i, st−1

)
+

md (i, st)

md (st) +mf (st)
h
(
st
)
, (48)

H∗d
(
i, st
)

= (1− δH)H∗d
(
i, st−1

)
+

m∗d (i, st)

m∗d (st) +m∗f (st)
h∗
(
st
)
,

and this determines how much the producer can sell in each market via the constraints: d(i, st) ≤

Hd(i, s
t) and d∗(i, st) ≤ H∗d(i, st). The producer’s instantaneous profit at st is given by

ΠI

(
i, st
)

=
[
pd
(
i, st
)
− v

(
st
)]
d
(
i, st
)
− v

(
st
)
ad
(
i, st
)

(49)

+
[
x
(
st
)
p∗d
(
i, st
)
− v

(
st
)]
d∗
(
i, st
)
− x

(
st
)
v∗
(
st
)
a∗d
(
i, st
)
,

where prices are bargained over in bilateral matches and, as shown below, are independent of the pro-

ducer’s choices (the producer is atomless and has no impact on aggregates). Accordingly, the producer

effectively chooses investment in marketing in each market, a(st), a∗(st), to maximize the present dis-

counted value of profits:
∑∞

t=0

∫
βtuc (st) ΠI (i, st)Pr (dst) subject to (46), (48), and the sales con-

20Feasibility requires d (st) + d∗ (st) + ad (st) + af (st) + χh (st) = Y (st) .
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straints d(i, st) ≤ Hd(i, s
t), d∗(i, st) ≤ H∗d(i, st). (Assuming markups are positive, the sales constraints

hold with equality.)

Finally, as already noted, prices are determined by Nash bargaining and solve

pj
(
st
)

:= arg max
pj

Vj(pj|i, st)1−ηWj(pj|i, st)η, (50)

where j = d, f and 0 ≤ η ≤ 1 is the bargaining power parameter. The value of a match to the producer

is given by

Wj

(
pj|i, st

)
= max{pj −mc

(
st
)
, 0}+ (1− δH)Est

[
β
∂cu (st+1)

∂cu (st)
Wj

(
pj
(
st+1

)
|i, st+1

)]
, (51)

where Vj(pj|i, st) represents the match value to the final-goods producer given by (44) and mcf (st) :=

v∗(st)x(st),mcd(s
t) := v(st). The bargaining equation, imposed state-by-state, implies that the import

price is

pf (s
t) ≡ pf (i, s

t) = ηPf
(
st
)

+ (1− η)xv∗
(
st
)
, (52)

and, as asserted, prices are decoupled from the firms’ dynamic market-share accumulation choices.

3 Theory: The Parameterization Trilemma

This section characterizes the theory-implied trade-offs in jointly matching three moments: (i) exchange-

rate pass-through (PT) into import prices, (ii) the short-run trade elasticity (TE), and (iii) average profit

margins (markups). Matching all three poses a structural challenge we refer to as the parameterization

trilemma. After a brief review of the empirical evidence, we lay out our analytical framework and discuss

each model separately in the results subsection. More detailed derivations for this section can be found

in the Online Appendix.
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Exchange-rate pass-through (PT). PT coefficients are typically estimated by regressing import prices

on exchange rates at various horizons while controlling for production costs at the source. At business-

cycle frequencies, real and nominal exchange rates co-move closely; consequently, short-run (up to one

year) PT coefficients estimated for nominal exchange rates are informative.

Most estimates imply pass-through coefficients in the 0.2–0.6 range, meaning that a one percent real

exchange-rate depreciation (an increase in x) leads to an approximately 0.2–0.6 percent increase in import

prices (for a survey, see Burstein and Gopinath, 2014). As an example, Campa and Goldberg (2005) use

a distributed-lag model:

∆ log pjt = α +
4∑
i=0

aji∆ log ejt−i +
4∑
i=0

bji∆ logwjt−i + cj∆ log gdpjt + εjt , (53)

where pjt is the nominal dock import price in country j in quarter t, wjt measures production costs in

the corresponding exporting country, and ∆gdpjt is GDP growth in the importing country j. Campa and

Goldberg (2005) estimate, in nominal terms, a short-run pass-through of 0.46 (aj0 in the regression; aver-

aged across 23 OECD countries) and a long-run pass-through of 0.64 (
∑4

i=0 a
j
i in the regression; averaged

across 23 OECD countries). Some studies report significantly lower figures; for example, Gopinath and

Itskhoki (2022) find estimates between 0.2 and 0.3. We consider a given PTM model successful if it

generates a pass-through coefficient of 0.5 or lower.

We associate the empirical estimates of the business-cycle-frequency pass-through coefficient with the

partial-equilibrium, on-impact elasticity of the import price with respect to a marginal change in the ex-

change rate around the steady state. Consistent with the empirical strategy of controlling for confounding

factors in the regression, our theoretical definition of pass-through strips out the general-equilibrium (GE)

feedback effects operating through marginal costs (v, v∗), the stochastic discount factor (via c, c∗), and

the endogenous response of the prices of domestically produced goods (pd). Regarding expectations, we

assume that the optimizing entity expects all importers to react symmetrically—an assumption that is

immaterial in most frameworks, with the CC and NCES models being the exceptions. In most models, a

one-time shock at st suffices because the PTM mechanism is static: x ≡ x(st) and the expected path is
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x(st+τ ) = 1 for τ = 1, 2, 3, . . .. The DH model extends this setup by allowing the initial exchange-rate

shock to decay only gradually in expectation, with 0 < κ ≤ 1 governing that persistence. This captures

the idea that, on impact, agents expect the initial shock to unwind only gradually over future periods.

Formally, let pf (x|st) denote the policy function of the price-setting entity, expressed as a function of the

real exchange rate x ≡ x(st) at the state in which the one-time exchange-rate shock occurs. We present

the first-order conditions underlying the policy function pf (x|st) when discussing each model. Given this

policy function, the theoretical pass-through coefficient (PT) is defined as

PT := ∂log x(st) log pf
(
x
(
st
)
|st
) ∣∣

ss
, (54)

where the definition of the partial derivative operator ∂log x(·|ss) embeds the assumptions stated above.

Trade elasticity (TE). Trade elasticity (TE) in our analysis always refers to the short-run elasticity

of imported quantities with respect to changes in import prices at business-cycle frequency, holding

confounding factors constant. This concept differs from the so-called long-run trade elasticity estimates,

which are typically much higher.21 Time-series estimates of trade elasticity at business-cycle frequency

typically fall below unity, and micro estimates that control for general-equilibrium effects are not very

different from those based on aggregate time-series data. We define a model as consistent with the

empirical evidence if its implied elasticity is below unity.

To extract trade elasticity from our models, we use the policy function determining the import ratio

f
d
(pf |st) for a given country, expressed as a function of the import price pf ≡ pf (s

t) and evaluated as a

log-linear slope around the deterministic steady state. Typically, this policy function is associated with

the final-goods producer’s problem, and this definition likewise abstracts from GE transmission channels

(see above). Similarly, our definition assumes symmetry, in that all importers supplying the relevant good

21See Ruhl (2008) for a comprehensive review of the literature. Long-run estimates of trade elasticity are distinct because they
are based on the permanent effects of trade liberalizations or on cross-country price variation. Given our focus on business-
cycle analysis, we target short-run estimates. In the quantitative section, rather than relying on regression-based estimates, we
follow the simple approach of Drozd and Nosal (2012), which uses the volatility ratio of quantities to prices. This method
abstracts from correlation and yields an upper-bound estimate of the short-run trade elasticity. We target 0.7.
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to the final-goods producer are expected to raise their prices symmetrically. Formally,

TE :=

(
−∂log pf log

f

d

(
pf |st

) ∣∣
ss

)
≡ (PT )−1

(
−∂log x(st) log

f

d

(
pf (x(st)|st)|st

) ∣∣
ss

)
, (55)

where the identity on the right-hand side follows from the definition of PT above. As above, the definition

of the differentiation operator ∂log x(·|ss) removes the indirect GE effects discussed above. The function

pf (x|st) is the same policy function that enters the definition of PT.

Producer markups. Under Cobb–Douglas production and static cost minimization without frictions,

gross margins provide a measure of markups over the cost of goods sold (Hall, 1988; De Loecker et al.,

2020). Let capital be treated as predetermined at the firm level—consistent with how cost of goods sold

(COGS) is defined in 10-K income statements. Then wl is COGS, and the cost-minimization problem

reduces to C (y) := minl wl subject to y = Akαl1−α, where k is predetermined. The implied measured

marginal cost is mc ≡ C ′(y). Since the production function is Cobb–Douglas, ∂y/∂l = (1 − α)y/l, so

marginal cost is mc = wl
(1−α)y

. Accordingly, the COGS-based steady-state markup measure is µssCOGS :=

P ssyss−C ss

C ss
. Crucially, consistent with setting the upper bound, this measure is lower than the model-based

markup definition that uses marginal cost that includes rental price of capital, µss = (pssd −vss)/vss, and is

therefore generous relative to the markup concept implied by the model and later used in the calibration.22

To get a sense of an upper bound for the markup target in the models, Table 1 reports several estimates

of the gross margin based on various sources and methodologies. The first draws on the S&P Compustat

North America database (Fundamentals Annual), which is sourced from SEC 10-K annual filings by

public corporations.23 Although affected by selection into public trading, this source comes closest to

capturing variable production costs through reported Cost of Goods Sold (COGS). However, because

COGS is a gross-output measure, whereas our models are stated in value-added terms, it is not directly

comparable to the model-implied µssCOGS . We therefore apply an adjustment based on the share of value

added in gross output for narrowly defined Bureau of Economic Analysis (BEA) sectors. The average

22For a review of measurement and the challenges involved in identifying markups, see Nekarda and Ramey (2020).
23Compustat data from S&P Global Market Intelligence (YEAR) via Wharton Research Data Services (WRDS).
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gross profit markup—defined as the ratio of sales minus COGS to COGS (referred to earlier as the gross

profit margin)—is estimated to be about 70% on a value-added basis.

A better data source for value-added-based models is the Bureau of Economic Analysis (BEA) input–

output (I–O) tables (or, similarly, the KLEMS database), which provide broader coverage and allow one to

construct profitability measures on a value-added basis. In the I–O accounts, the ratio of gross operating

surplus to compensation of employees implies a margin of 40% for the aggregate economy. However,

this estimate includes operational labor expenses that, on an income statement, would be classified under

Selling, General, and Administrative (SG&A), and thus is closer to an operating margin than to a gross

margin. Our preferred measure is the average for tradable sectors. Focusing on tradable sectors excludes

the Management of Companies and Enterprises sector (NAICS 551114), which captures a large share

of headquarters activities for larger firms and therefore brings the measure closer to COGS by focusing

more narrowly on production labor costs.24 This raises the implied estimate to 50%, which we adopt

as our baseline target. We consider 70% to be the upper bound on what can plausibly be justified on

empirical grounds.

3.1 Analytic Results

We now examine each model’s implications for the parameterization trilemma.

KA Model. The Kimball aggregator generates non-constant elasticity through the curvature of g, which

in turn leads to incomplete pass-through. As we show, however, this is not enough.

To derive the PT coefficient for this model, we differentiate equation (22), abstracting from GE channels

as assumed above, to obtain

PT = ∂log x log
γ
(
pf (x|·)
λ(x|·)

)
γ
(
pf (x|·)
λ(x|·)

)
− 1

∣∣
ss

= −γ
′(1) (∂log x log pf (x|·)− ∂log x log λ(x|·))

(γ(1)− 1)γ(1)
. (56)

24BEA’s industry classification is establishment-based and splits firm-level inputs when they are physically separated.
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Table 1: Gross margin estimates for aggregate U.S. data, 2007–2017.

2007 2012 2017

S&P 500 Compustat—with BEA SUT402 VA adjustmenta

All firms excluding FIRE, GOV, and NGO 72% 71% 71%

S&P 500 Compustat—unadjustedb

All firms excluding FIRE, GOV, and NGO 47% 43% 49%

BEA 402 Industry I–O Use Tablec

All sectors excluding FIRE, GOV, and NGO 39% 41% 40%
Only traded sectors (import share > 3%) 48% 50% 45%

aS&P 500 Compustat—with BEA SUT402 VA adjustment: Aggregated across all firms under NAICS codes mapped to
2017 BEA 402 sectors (excluding FIRE) and using the BEA 2017 crosswalk. The formula is:

µ̄adjusted =
∑
b∈BEA

 ∑
i∈b Salesi −

∑
i∈b COGSi∑

i∈b

(
V Ab

MATb+LABb
· COGSi

)
ωb,

where V Ab
MATb+LABb

is the BEA 402 sector-specific ratio of value added (in basic prices) to the sum of cost of materials
(MAT) and labor compensation (LAB), as reported in the I–O use tables. Index b denotes BEA sectors, and i indexes firms
(NAICS codes) associated with b. Sales and COGS are from Compustat. The aggregation across sectors is weighted by BEA
sectoral value added, ωb, where

∑
b ωb = 1.

bS&P 500 Compustat—unadjusted: We use the same formula but with V Ab
MATb+LABb

≡ 1.
cBEA 402 Industry I–O Use Table: Margin is the ratio of BEA’s gross operating surplus to total value added at producer
prices, aggregated across all sectors excluding finance, insurance, and real estate (FIRE), federal and state government
(including government-run utilities and educational institutions), non-government organizations (NGOs), and supplementary
sectors (e.g., scrap, household sector, and unadjusted imports). Producer prices include taxes on production and are different
from BEA’s basic prices.

27



Using the facts that xssp∗ssd /λss = xss = vss = 1 and ∂log x log λ(x|·) = (1−ω)∂log x log pf (x|·), we then

differentiate (20) to derive

PT =
(γ(1)− 1)γ(1)

ωγ′(1) + (γ(1)− 1)γ(1)
. (57)

This formula shows that any PT can be achieved by varying γ′(1) or γ(1), both of which are parameters.

This is not surprising, since the Kimball model can generate arbitrary curvature of the demand curve.

In a calibrated open-economy model, however, these are no longer free parameters, because they also

determine the steady-state level of markups and the trade elasticity. To see this, we derive TE by differ-

entiating the aggregate ratio f/d after substituting from (19) and using symmetry, pf (x|i, st) ≡ pf (x|st),

which under the differentiation rules imposed above gives

TE := −PT−1∂log x log
f
(
pf (x|·)
λ(x|·) , ·

)
d
(

pd
λ(x|·) , ·

) ∣∣∣
ss

= γ(1) =
1

µss
+ 1, (58)

since, by (22), we also have µss := (pd − v)/v|ss = (γ(1)− 1)−1.

To see how restrictive these relationships are in light of the empirical targets, consider TE = 1.5. The

formula above then implies 200% steady-state markups (µss = 2).

One might be tempted to conclude that imposing a convex adjustment cost on either the f/d ratio or on

f itself would address this issue. As we discuss in the next section, however, this “fix” does not work

because the convex adjustment cost also affects steady-state markups. What is missing from the KA

model is a friction whose introduction would require a structural modification of the KA setup—which

is beyond the scope of our analysis.

CD Model. While exhibiting constant elasticity with respect to the sum of the price and the local

distribution cost, the CD model implies non-constant elasticity with respect to the price alone. This gives

rise to incomplete pass-through.

The strength of this effect, however, is tied to the level of markups and therefore to the trilemma. To see

this, note that µss := (pssd − v)/v = θ
θ−1

+ ξ
θ−1
− 1 by (26). Differentiating (26) with respect to x(st), we
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obtain

PT = ∂xpf (x|.) x

pf (x|.)
∣∣
ss

=
θ

θ − 1
v∗

x
θ
θ−1

xv∗ + ξ
θ−1

v

∣∣
ss

= 1−
ξ
θ−1

θ
θ−1

+ ξ
θ−1

= 1−
µss − 1

θ−1

1 + µss
. (59)

Consider again the target PT = 0.5. Even in the most favorable—though theoretically impossible—case

with θ →∞, the CD model requires a 100% markup target. Thus, the model falls short of matching the

data along this dimension. (As in the baseline model, TE = γ, and it can be calibrated independently by

choosing the value of γ.)

PD Model. The PD model implies PTM because search costs anchor the upper bound of the posted-

price distribution to local search costs through the condition θv(st) = Ph(s
t)− pd(st).

As in the CD model, however, this same feature is also what generates static markups, and hence the

trilemma. To see this, differentiate (30) to obtain

PT = 1−
θq

1−q

1 + θq
1−q

= 1− µss

1 + µss
, (60)

since, by (30), we have µss = θq/(1 − q). Although the trade-off between PT and µss is less severe

here, it remains restrictive given the empirical targets. According to the formula, achieving the target

PT = 0.5 requires exactly a 100% markup (µss = 1). (As in the baseline setup, TE = γ.)

NCES Model. The NCES model gives rise to incomplete pass-through because firms are non-atomistic

and internalize their effect on the sectoral price index. Since this link depends on importers’ market

shares, markups are endogenous and co-move with exchange rates.

Formally, differentiating the policy function in (35) under the rules of the log-linearization operator

∂log x(·|ss), we obtain

PT = 1−
(θ − 1)µssf − 1

θ
(−∂log x logSf (x|·)|ss) , (61)

where ∂log x logSf (x|·)|ss denotes the response of importers’ market share.
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This link to quantities is what gives rise to the trilemma because market-share sensitivity maps directly

into the trade elasticity. In this case, it is trade elasticity, rather than static markups, that becomes the

constraining force, much as in the KA model.

To see this, differentiate (35) to obtain

−∂log x

(
logSf (x|·)

∣∣
ss

)
= −∂log x log

(
pf (x|·)
pd

) ∣∣
ss

+

(
−∂log x log

(
f(pf (x|·)|·)
d(pd|·)

) ∣∣
ss

)
+ ∂log x log

(
N +NX

pf (x|·)f(pf (x|·), ·)
pdd(pd|·)

) ∣∣
ss
, (62)

where pf (x|·) corresponds to (35). By the definition of PT in (54), the first two terms on the right-hand

side of (62) correspond to −PT + θPT . As for the last term, note that the approximation d log(1 +

z)/dz ≤ 1 holds for any z ≥ 0, and side-by-side division of the demand equations in (33) gives

∂log x
pf (x|·)f(pf (x|·), ·)

pdd(pd|·)

∣∣∣∣
ss

= ∂log x

(
pf (x|·)
pd

)1−θ ∣∣∣∣
ss

= (1− θ)
(
pssf
pssd

)1−θ

PT, (63)

−∂log x log
f(pf (x|·), ·)
d(pd|·)

∣∣∣∣
ss

= ∂log xθ log

(
pf (x|·)
pd

) ∣∣∣∣
ss

= θPT. (64)

Accordingly, by (55), we have TE = θ. Plugging all these relations into (62), including TE = θ, it

follows that

− ∂log x logSf (x|·)
∣∣
ss
≤ −PT + TE × PT +

NX

N
(1− TE)PT

(
pssf
pssd

)1−θ

< (TE − 1)PT, (65)

and, returning to (61), we thus have25

PT ≥ 1−
(TE − 1)µssf − 1

TE
(TE − 1)PT and hence PT ≥

(
1 +

(TE − 1)µssf − 1

θ
(TE − 1)

)−1

.

(66)

The above inequality captures the essence of the trilemma in this model: θ determines both TE and PT.

To get a sense of how severe this constraint is, consider a 50% markup target (µss = 1.5). By the formula

25We use the fact that (θ − 1)µssf − 1 > 0 by (35). To see this, note that, by (35) and (36), µssf > 1/(θ − 1) since θ > γ.
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above, achieving PT = 0.5 requires TE = θ ≥ 5.4. If we raise the markup target to 100% (µss = 2.0), it

still requires TE ≥ 3.4, well above the range seen in the data. As in the KA model, a convex adjustment

cost imposed on market shares cannot resolve this issue, because dampening ∂ logSf (x|·)|ss would also

undo PTM.

DH Model. As discussed in the model section, the novel implication of the DH setup is that the value

of habit affects markups on imported goods:

pf (i, s
t)/x

(
st
)

=
θ

θ − 1

[
v∗(st)− (1− ρ)∆f (i, s

t)
]

(67)

∆f (i, s
t) = βEstMt+1

[
ρ∆f (i, s

t+1) +
ζ(θ − 1)

θ

pf (i, s
t+1)

x (st+1)

f(i, st+1)

hf (i, st)

]
(68)

where Mt+1 := u∗c∗ (st+1) /u∗c∗ (st) is the foreign stochastic discount factor. This induces PTM inde-

pendently of the model-implied TE and µss. The difficulty, however, is that the habit mechanism, when

combined with persistent shocks, implies more-than-complete pass-through in response to the shocks of

the baseline model. (The response to transitory shocks is different, as we also discuss.)

To see this, let us define the growth rate of habit as gh(st+1) := hf (i, s
t+1)/hf (i, s

t). This is convenient

because habit growth follows quantity growth.

Using the habit accumulation law, it is clear that the quantity-to-habit ratio is f(i,st+1)
hf (i,st)

= gh(st+1)−ρ
1−ρ .

Substituting for ∆f in (68) using (67) gives a difference equation in p∗f (s
t) := pf (i, s

t)/x(st):

p∗f (s
t) =

θ

θ − 1
(v∗(st)− βρEstM∗t+1v

∗(st+1)) + βEstM∗t+1

[
p∗f (s

t+1)
(
ρ− ζgh(st+1) + ζρ

)]
. (69)

Log-linearizing this difference equation around the deterministic steady state with respect to p∗f (s
t) and

p∗f (s
t+1), effectively setting d log v∗(st) = d log v∗(st+1), and solving it forward, gives

d log p∗f (s
t) = −βζ

∞∑
τ=0

[β(ρ− ζ(1− ρ))]τ Estd log gh(s
t+τ+1). (70)
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Using the fact that d log pf = d log p∗f + d log x, it’s now easy to see that

PT = 1− βζ
∞∑
τ=0

[β(ρ− ζ(1− ρ))]τ ∂log x

(
Est log gh(s

t+τ+1)
∣∣∣
ss

)
. (71)

Why does this imply PTM in reverse for persistent shocks? To see this, consider a persistent exchange-

rate depreciation at home (an increase in x, that is, an appreciation from the foreign country’s perspec-

tive). Following such a shock, habit gradually declines because foreign sellers raise their prices, implying

∂log x log gh < 0 for several periods, after which it reverses course and converges back to the steady state.

But since earlier periods receive greater weight because of discounting in the formula above, the summa-

tion term becomes negative when the shock is sufficiently persistent, implying PT > 1.26

CC Model. Incomplete pass-through arises in the CC model because the adjustment of market shares

and quantities is slowed by the market-expansion friction. This friction causes match surplus to vary

with exchange rates, which in turn generates variation in producer markups because bargaining splits the

surplus proportionally. Since steady-state markups are determined by the level of search costs on the

retailer side and are therefore independent of the market-expansion friction, the model is able to address

the trilemma. Quantitatively, however, its additional features in an environment with volatile exchange

rates are not fully neutral and have adverse implications for matching the behavior of measured TFP. For

parameterizations targeting significantly more volatile real exchange rates, this endogenous wedge can

become problematic—as we discuss.

Deriving pass-through and trade elasticity in this model is cumbersome because the model is dynamic.

A simplified static version of the core mechanism is therefore useful for understanding how it works. To

26Consider a permanent shock. In that case, ∂log x log gh < 0 throughout, and hence PT > 1. Shock persistence is essential.
For example, following a one-time shock, habit recovery begins immediately (at st+1), implying ∂log x log gh > 0 throughout
and hence PT < 1. Since exchange rates are highly persistent in the data, the first property is likely to dominate, leading to
more-than-complete pass-through. We confirm in the quantitative section that this is indeed the case. (TE and µss are as in
the baseline model.)
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that end, consider δH = 1 and δm = 1, in which case the law of motion for marketing capital is

mf (i, s
t) = af (i, s

t)− ψassf

(
af (i, s

t)

assf
− 1

)2

. (72)

The key difference is that, unlike in the full model, the adjustment cost depends on the deviation of

marketing expenditures from their steady-state value rather than from their previous-period value. The

importer’s problem is therefore also static and reduces to

max
af (i,st)

(
pf (s

t)/x(st)− v(st)
)
hd(s

t)
mf (i, s

t)

m̄f (st) + m̄d(st)
− v∗(st)af (i, st), (73)

subject to (72).

To derive PT, we use the pricing formula for the representative importer stated in (52) and combine it

with the equation for the marginal retail valuation of the foreign good, Pf = ∂fG(d, f). Given that G(·)

is constant returns to scale and prices are determined by Nash bargaining, this gives

log pf (x|·) = log

(
η∂fG

(
d

f
(x|·), 1

)
+ (1− η)xv∗

)
,

and, after log-linearization, we obtain

PT = ∂log x log pf (x|·) = ωγ−1

−∂log x log
f

d
(x|·)︸ ︷︷ ︸

TE×PT

 η + µss

1 + µss
+

1− η
1 + µss

, (74)

and hence

PT = (1− η)

(
1 + µss − TE

γ
(η + µss)ω

)−1

. (75)

To the extent that TE/γ is sufficiently low, it is clear that the CC model can deliver incomplete pass-

through. At the extreme case in which TE
γ

= 0, PT is determined solely by markups and bargaining

power, and it can match the data target. For example, under our calibrated value η = 0.5, PT is below
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0.5 for all markup values, implying PT = 0.33 for 50% markups; in the full model, it would then rise

over time because the model is dynamic. While the formula involves TE, PT is largely independent of γ

because the convex cost parameter in the accumulation of marketing capital affects TE. To see this, note

that f
d

=
mf (i,st)

md(i,st)
, and so the elasticity of the ratio f

d
with respect to an exchange-rate shock depends on

the response of the importer’s marketing capitalmf (i, s
t). Given the profit-maximization problem above,

after log-linearization around the deterministic steady state, (55) implies

TE × PT = −∂ log
mf (i, s

t)

md(i, st)
= − γ(η + µss)

γµss(1− ω + 2ψ) + ω(η + µss)
, (76)

and, by (75), we obtain

TE =
γ(1 + µss)(η + µss)

γ(1− η)µss(1− ω + 2ψ) + ω(1 + µss)(η + µss)
. (77)

As noted, the parameter ψ controls the value of TE implied by the model. This additional degree of

freedom allows the CC model to escape the grip of the trilemma. The key structural assumption behind it

is the presence of search-and-matching frictions, which place a hard constraint on how many units can be

traded within a match and isolate quantities from prices in the bargaining equation. Without this feature,

the conflict between matching trade elasticity and markups would reemerge.

Two additional considerations regarding the parameterization of this model are worth noting, as they

represent a distinct manifestation of the trilemma. They are not binding in our calibration, but they may

be problematic under a significantly more volatile exchange-rate target.

First, the model requires a high value of γ because this parameter governs the responsiveness of retail

prices to the import share, and retail prices in turn affect trade surpluses. This can be justified because

long-run trade elasticity estimates in the literature are higher than short-run elasticity estimates, but there

is also a quantitative restriction. The model’s performance deteriorates sharply when γ is 3 or 4, which,

according to some estimates, could be a binding constraint (Boehm et al., 2023b).

More importantly, the model implies an endogenous wedge between measured TFP and the assumed
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productivity process (z). This follows from the presence of investment in intangible marketing capital.

In particular, high exchange-rate volatility tends to generate a negative correlation between home and

foreign measured TFP, which our calibration offsets by imposing a positive correlation on the residuals

of the process for z. But this approach has a natural limit: the correlation cannot exceed 1. In practice,

matching exchange-rate volatility of 5% or more becomes problematic.

4 Quantitative Results

This section evaluates the quantitative implications of the trilemma. We aim for a uniform set of targets

and consistent methodology across models. We HP-filter the model-generated quarterly series with λ =

1600 and set the period to one quarter. The parameter values are listed in Tables 2 and 3.

4.1 Parameterization

Table 2: Parameter Values in the Models: Structural.

All models
σ β α δ Γ
2 0.99 0.36 0.025 0.01

Benchmark Model
ν ω γ θ φ

0.454 0.88 0.7 3 11.7

Kimball
Aggregator

ν ω γ ψ φ
0.454 0.88 3 0.655 19.2

Costly Distribution
ν ω γ θ ξ φ

0.387 0.76 1.62 6 1.5 5

Price Dispersion
ν ω γ θ q φ

0.387 0.76 1.62 1.5 0.25 3.4

Nested CES
ν γ θ N NX τ φ

0.541 0.94 7.9 4 1 0.246 38.5

Deep Habits
ν ω γ θ ζ ρ φ

0.454 0.89 0.69 2.6 0.1 0.85 12

Customer Capital
ν ω γ η δH δm χ ψ φ

0.400 0.84 7.9 0.5 0.1 0.2 4.59 0.29 7.2
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Table 3: Parameter Values in the Models: Shocks.

σ(εt) ρ(εt, εt−1) ρ(εt, ε
∗
t ) ρ(εnt , ε

n
t−1) σ(εnt )

Benchmark Model 0.61 0.98 0.3 0.97 24.1
Kimball Aggregator 0.61 0.98 0.3 0.97 38.2
Costly Distribution 0.60 0.98 0.37 0.97 20.6
Price Dispersion 0.61 0.98 0.33 0.97 19.9
Nested CES 0.56 0.99 0.56 0.97 104.1
Deep Habits 0.61 0.98 0.3 0.97 24.1
Customer Capital 2.13 0.95 0.52 0.97 19.0

Common Targets and Parameters. The utility function is u(c, l) = (cν(l̄−l)1−ν)1−σ

1−σ and the capital

adjustment cost is Φ(i, k−1) = φ
2
k−1

(
i

k−1
− δ
)2

.

When possible, we target the following moments: (i) an imports/GDP ratio of 12% in the U.S. data; (ii)

50% producer markups estimated using I–O tables for tradable sectors in the U.S.; (iii) the standard value

of 30% work hours relative to time endowment; (iv) the volatility of investment relative to the volatility

of GDP of 2.79 as observed in U.S. data; (v) a short-run elasticity of trade flows of 0.7, as implied by

the volatility ratio estimates from Drozd and Nosal (2012); (vi) a cross-country correlation of measured

TFP of 0.3; (vii) volatility and autocorrelation of measured TFP of 0.8 and 0.72, respectively27; (viii) the

volatility of the real exchange rate of 3.6. Lacking a target for this parameter, we set the autoregressive

coefficient for the financial shock arbitrarily at 0.97, which is the autoregressive coefficient of the raw

real exchange-rate time series in the U.S. data.28

In addition, if a model allows for a degree of freedom to match the pass-through coefficient, we target a

0.4 mid-range estimate from the data (this applies to the KA model only). In contrast to the analytical

section, we back out the PT coefficient by running a regression on model-generated data, mimicking the

empirical approaches used to estimate PT in the data. The above targets pin down the productivity process

parameters, the volatility of the financial shock, the adjustment costs for capital, and the model-specific

27The productivity shock process is assumed to be symmetric across countries and features correlated innovations.
28In Tables 8 and 9 in the appendix, we report results from the models under a low-trade-openness calibration, targeting
imports/GDP of 3.5%, as in Itskhoki and Mukhin (2025). Table 7 presents model fit. The exercise showcases the sensitivity
of the models to that calibration target. The bottom line is that the low openness calibration does improve the performance of
several models for international comovement statistics for consumption, employment and investment.
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parameters described below.

The remaining parameters β, σ, δ, α, and Γ take the same values in all models. We choose standard

values for these parameters. When a model cannot satisfy all the targets, we drop one of the targets. As

a general rule, we drop the target that ensures the best performance of the model in terms of the implied

PT coefficient (this is discussed below when applicable). Tables 2 and 3 give the parameter values, while

appendix Table 6 presents the calibration fit. We now describe the specifics for each model.

Calibration: KA. The only model-specific parameter is γ (1) (or, equivalently, g′ (1)), which we

choose to match steady-state producer markups of 50%. The KA model satisfies all calibration tar-

gets with the exception of trade elasticity, which—for reasons discussed earlier—it cannot match for

the targeted level of producer markups. We thus drop this target from the calibration procedure. As

noted, the model can deliver any level of pass-through coefficient via the independent choice of γ′ (1)

(or, equivalently, g′′ (1)). As noted above, we pick this parameter to match a PT coefficient of 0.4.

Calibration: CD Model. The model-specific parameters ξ and θ are calibrated jointly to match pro-

ducer markups of 50% and to obtain distribution costs that constitute 50% of “non-tradable” inputs in

retail prices (as implied by Burstein et al., 2003). The model satisfies all calibration targets.

Calibration: PD Model. As in the CD model, we parameterize the additional search technology pa-

rameters q and θ by matching producer markups of 50% and the share of search cost in final goods prices

of 50%. The model satisfies all calibration targets.

Calibration: NCES Model. The presence of large firms is key to generating PTM. In the original

paper, there is a large number of firms (40), calibrated to the data, but the larger size of exporting firms

is what matters. In our specification, due to assumed representativeness, all firms are of equal size. We

thus set N = 5, and make the extreme assumption that only one firm exports (NX = 1). This parameter

combination is consistent with the ratio ( NX
N+NX

) in Atkeson and Burstein (2008), and it gives rise to the
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strongest performance on the pass-through side (there is only one exporting firm, which maximizes its

size). The difference between γ and θ is critical for the model’s implications. As explained, there is

no degree of freedom for matching trade elasticity, which we drop from the set of calibration targets.

Instead, we set the high (trade) elasticity θ = 7.9 and calibrate the sectoral elasticity to match producer

markups of 50%. The latter target implies endogenous and much higher short-run trade elasticity TE than

our target.

Calibration: DH Model. For the habit parameters ζ and ρ, we adopt the values from Ravn et al.

(2006) (relative habit specification), setting ζ = 0.1 and ρ = 0.85. We calibrate the elasticity θ to match

steady-state markups of 50%. The model satisfies all calibration targets.

Calibration: CC Model. We parameterize the matching process dynamics, following Drozd and Nosal

(2012), by setting the depreciation rate δH = 0.1, and the bargaining power to the axiomatic (sym-

metric) value of η = 0.5. We set the functional form for the adjustment cost of customer capital to

Ψ(a,m−1) = ψ
2
m−1

(
a

m−1
− δm

)2

. We calibrate the search cost χ, the adjustment-cost parameter for

customer capital ψ, and the depreciation rate for marketing capital δm by jointly matching the following

moments: producer markups of 50%, the volatility ratio (measuring short-run trade elasticity) of 0.7,

and the marketing expenditures–to–GDP ratio of 7%.29 Finally, we set the long-run trade elasticity to

γ = 7.9.30 The model satisfies all calibration targets.

4.2 Results

Tables 4 and 5 report price and quantity statistics. As the first table shows, all PTM models generate

some degree of incomplete pass-through; most fall short of the empirical target of 40% that we set.

Importantly, the pass-through coefficient implied by the models directly translates into correlation of

terms of trade (pf/px) with the exchange rate (x). In the model-generated data, measured without noise,

29See He et al. (2024) for additional evidence on this target.
30See Drozd and Nosal (2012) for how we measure the volatility ratio.
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the generated correlations are usually 1 or -1 and mostly depend on the degree of pass-through: for pass-

through coefficients into import prices strictly below 50%, we get -1; for pass-through coefficients into

import prices strictly above 50%, we get 1. Hence, matching pass-through of below 0.5 and negative

correlation are the same prediction. Given that, not surprisingly, the two models that generate sub-0.5

pass-through, the KA model and the CC model, get a negative correlation, while the rest imply a positive

correlation. This pattern suggests that our target of 40% for pass-through based on the micro estimates

may be too aggressive for the aggregate statistic. A target above but close to PT = 0.5 would suffice to

yield a positive correlation between tot and x.31 In Table 4, section F, we also report the measure of trade

elasticity (the Volatility Ratio) and the correlation of relative prices and quantities (ratio of domestic

absorption to imports and their relative prices). As reported above, the KA and NCES models cannot

match the short-run Volatility Ratio of 0.7, while the rest of the models match this calibration target. In

terms of correlations, all models except the CC model imply a perfect correlation between the relative

price and relative quantity, which means that the OLS estimate of the elasticity in these models coincides

with the Volatility Ratio. In the CC model, we obtain a small and slightly negative correlation, while the

data estimate is also small (0.02), with a p-value of 0.20, and is therefore not statistically different from

zero. We discuss model-specific performance next.

KA Model. The model can match any degree of pass-through. However, as discussed in Section 3,

with 50% markups it implies a trade elasticity that is far too high. This hurts the performance of this

model on the quantity side vis-à-vis the baseline model. In particular, the model fails to capture the

international comovement of quantities seen in the data, and implies counterfactual negative comovement

of consumption, investment, and employment.

We find that modifying the setup by introducing a convex adjustment cost on quantities is not a fix in this

case.32 Specifically, in a setup where we have introduced a convex adjustment cost incorporated into the

31Gopinath et al. (2020), in regression analysis, find the coefficient of terms of trade on nominal exchange rate to be small and
statistically not significant, ranging from positive to negative point estimates, depending on the specification. This is consistent
with pass-through close to 0.5 in the model.

32The same comment applies to the NCES model and for the same reason, although we do not consider it in that case.
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modified Kimball aggregator of the form:

∫
[0,1]

 ωg
(
d(i,st)
ωA(st)

)
+ (1− ω)g

(
f(i,st)

(1−ω)A(st)

)
−φK

2
ω
(
d(i,st)/f(st)
ω/(1−ω)

− 1
)2

− φK
2

(1− ω)
(
f(i,st)/d(st)

(1−ω)/ω
− 1
)2

 di = 1, (78)

the convex cost parameter enters the expression for steady-state markups, which in this case are given

by µss = 1
v
− 1, where v = θ−1

θ
− φK , and where θ is the fundamental trade elasticity that gives

markups without the adjustment cost.33 As the expression shows, increasing the adjustment cost increases

the steady-state markup, requiring an increase in the effective elasticity (increasing θ) to hit the same

markup target. Therefore, hitting the markup target and the elasticity target requires conflicting parameter

changes, which hurts the overall parameterization. In our numerical results, we found that this implies

extreme values of the elasticity θ and the cost φK , and hence we do not report the results here.

Intuitively, the monopolistically competitive producers set prices subject to a perceived slope of the de-

mand curve and choose both prices (markups) and quantities accordingly. Their problem is static and

so the same is true in the steady state. Therefore, if an adjustment cost friction is introduced, producers

internalize the cost of adjustment, both in the steady state for markups and over the business cycle for the

dynamics of quantities.

Our conclusion is that short of complicated dynamic adjustment frictions that introduce a form of habit

in the model, the KA model does not have a simple fix using standard adjustment cost formulations.

CD Model. This model performs as well on quantities as the baseline, but the pass-through coefficient

is too high, 0.87 versus 0.4 in the data. For this reason, the model underperforms in terms of price

statistics. As for quantities, the CD model implies a counterfactual correlation of net exports with the

terms of trade. However, most models struggle in this respect, as is evident from Table 5.

33In this version of the model, we use a parametric g(·) function given by g(x) ≡ φ
1+ψ ((1 + ψ)x− ψ)

1
φ − φ

1+ψ + 1, which

gives the implicit definition of θ as φ ≡ θ(1+ψ)
θ(1+ψ)−1 , with θ

θ−1 being the targeted steady-state gross markup in the absence of
adjustment cost.
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PD Model. The Price Dispersion model implies incomplete pass-through and improves relative to the

CD model, but still falls short of the data. The implied coefficient is 0.7 versus 0.4 in the data. As noted,

this is better than the Costly Distribution model, which structurally implies similar pricing formulas but

is more constraining in terms of calibration (as shown in Section 3).

As for quantities, the model matches TE and performs marginally better than the Costly Distribution

model. It similarly implies a counterfactual positive (but smaller) correlation between net exports and

the terms of trade. Notably, both models outperform the Kimball model because they allow for TE to be

chosen independently of pricing implications and match the target we set.

NCES Model. The Nested CES model is one of the strongest performers on price statistics. It generates

incomplete pass-through of 0.63, which comes close to our target of 0.4. Atkeson and Burstein (2008)

provide a more detailed parameterization of this model in a partial equilibrium setting and show that the

model matches the price data well under a much more detailed calibration. But, as noted in Section 3,

the model’s performance comes at a steep cost on the quantity side. This is because the model’s param-

eterization implies high TE, failing to satisfy our target. Not surprisingly, the model implies large and

negative international comovement of output, consumption, employment, and investment. Despite the

presence of capital accumulation, it gives rise to a positive correlation between net exports and output.

DH Model. As conjectured in Section 3, amid highly persistent exchange rate fluctuations, the DH

model generates PTM, but in a direction opposite to the data.34 This is confirmed in Table 4. On the

quantity side, the model performs reasonably well, although it implies a counterfactual negative interna-

tional correlation of consumption and investment and a positive comovement between net exports and

the terms of trade.

CC Model. The CC model adds a degree of freedom by incorporating bargaining frictions and con-

straints on quantities traded within matches. Under symmetry, bargaining results in 50–50 surplus split-

34The persistence of exchange rates in the models falls short of what is observed in the data. It cannot be matched even under
shocks close to a unit root, because endogenous arbitrage through quantities dampens persistence.
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ting, which naturally allows the model to come close to matching the observed degree of incomplete

pass-through (by choosing the bargaining power, one could match it exactly). The model with symmetric

bargaining gives a pass-through of 0.36, close to but below our data target of 0.4. However, this model is

dynamic, and over time pass-through rises, eventually restoring the law of one price, so a single reference

number is insufficient to evaluate its performance. In the data, pass-through estimates are considerably

larger at lower frequencies. On the quantity side, the model outperforms the FB baseline. It generates

the correct signs for international comovement, as well as a positive correlation of the terms of trade and

net exports. However, the calibration of the model is more delicate with financial shocks because the

presence of marketing investment endogenously affects measured TFP, lowering the correlation between

measured TFP across countries. This can be seen in Table 3, where the assumed correlation of produc-

tivity shocks is 0.52 to match the measured TFP correlation of 0.3. The model fails to deliver a positive

correlation between tot and x, which is implied by the fact that it delivers PT < 0.5 (see the discussion

above). For the model to deliver a higher degree of pass-through, one would need to set η < 0.5.

4.2.1 Robustness and Sensitivity

We conclude the discussion of the quantitative predictions of the models by considering the performance

of the models for each type of shock separately, to show which shocks matter for price performance and

which drive quantity dynamics.

Generally, the analytical results of Section 3 characterize the behavior of prices and quantities in the

model relative to movements in the real exchange rate and, as such, should not depend on the specific

shock driving the model’s responses. We verify this hypothesis quantitatively in Tables 10–13. There,

we report the price and quantity statistics from the model when only one shock is active. In terms of

prices, overall performance does not change in a significant way, with the exception of exchange-rate

volatility, which is too small when model dynamics are driven only by productivity shocks—a known

issue. Importantly, the pass-through coefficient remains almost identical across shocks, which confirms

the point above.
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On the quantity side, as expected, the performance of the models differs sharply by shock type. In

line with the intended purpose of introducing the financial shock, it generates high volatility of the real

exchange rate. However, it is unable to generate quantity statistics consistent with the data, especially

for international comovement, and it implies negative comovement for most variables. The model with

productivity shocks only performs reasonably well on quantities.

In summary, we conclude that the trilemma fleshed out in Section 3 is a general result independent of the

driving process.

5 Conclusions

We show that matching the empirically low degree of pass-through and capturing the salient features of

international business cycle comovement in quantities is challenging in the presence of volatile exchange

rates. The difficulty arises from the limited flexibility of existing frameworks to insulate prices and

quantities from exchange-rate volatility while remaining quantitatively disciplined. We document these

challenges, termed the Parameterization Trilemma, analytically and quantitatively, for a set of leading

PTM frictions, embedded within a standard international business cycle framework. Among the models

considered, search models achieve the best balance between price and quantity performance. Search-

based (PD) and costly-distribution (CD) mechanisms generate solid quantity dynamics, though the CD

model is notably weaker on prices. The reduced-form Kimball aggregator, while tractable, neither nests

nor outperforms the microfounded alternatives in open-economy settings. Finally, the NCES model,

while intuitive, relies too heavily on home and foreign goods being very substitutable and therefore

inherits the main quantitative challenges of the one-good BKK model of 1992.

References

ALESSANDRIA, G. (2009): “Consumer Search, Price Dispersion, and International Relative Price

Volatility,” International Economic Review, 50, 803–829. 1

45



ATKESON, A. AND A. T. BURSTEIN (2008): “Pricing-to-Market, Trade Costs, and International Relative

Prices,” American Economic Review, 98, 1998–2031. 1, 4.1, 4.2

AUER, R. A. AND R. S. SCHOENLE (2016): “Market structure and exchange rate pass-through,” Journal

of International Economics, 98, 60–77. 3

BACKUS, D. K., P. J. KEHOE, AND F. E. KYDLAND (1995): “International Business Cycles: Theory

and Evidence,” in Frontiers of Business Cycle Research, ed. by T. F. Cooley, Princeton, NJ: Princeton

University Press, 331–356. 1, 2.2

BOEHM, C. E., A. A. LEVCHENKO, AND N. PANDALAI-NAYAR (2023a): “The long and short (run) of

trade elasticities,” American Economic Review, 113, 861–905. 3

——— (2023b): “The Long and Short (Run) of Trade Elasticities,” American Economic Review, 113,

861–905. 3.1

BURSTEIN, A. AND G. GOPINATH (2014): “International Prices and Exchange Rates,” in Handbook of

International Economics, Elsevier, vol. 4, 391–451. 3, 1, 3

BURSTEIN, A. T., J. C. NEVES, AND S. REBELO (2003): “Distribution Costs and Real Exchange Rate

Dynamics,” Journal of Monetary Economics, 50, 1189–1214. 4.1

CAMPA, J. M. AND L. S. GOLDBERG (2005): “Exchange Rate Pass-Through into Import Prices,” Re-

view of Economics and Statistics, 87, 679–690. 3, 3

CORSETTI, G. AND L. DEDOLA (2005): “A Macroeconomic Model of International Price Discrimina-

tion,” Journal of International Economics, 67, 129–155. 1

CORSETTI, G., L. DEDOLA, AND S. LEDUC (2008): “DSGE Models of High Exchange-Rate Volatility

and Low Pass-Through,” Journal of Monetary Economics, 55, 1113–1128. 3

CORSETTI, G. AND P. PESENTI (2005): “International dimensions of optimal monetary policy,” Journal

of Monetary economics, 52, 281–305. 3

46



DE LOECKER, J., J. EECKHOUT, AND G. UNGER (2020): “The Rise of Market Power and the Macroe-

conomic Implications,” The Quarterly Journal of Economics, 135, 561–644. 3

DEVEREUX, M. B. AND C. ENGEL (2002): “Exchange rate pass-through, exchange rate volatility, and

exchange rate disconnect,” Journal of Monetary economics, 49, 913–940. 1

DORNBUSCH, R. (1987): “Exchange Rates and Prices,” American Economic Review, 77, 93–106. 1

DROZD, L. A. AND J. B. NOSAL (2012): “Understanding International Prices: Customers as Capital,”

American Economic Review, 102, 364–395. 1, 21, 4.1, 4.1, 30

EDMOND, C., V. MIDRIGAN, AND D. Y. XU (2015): “Competition, markups, and the gains from

international trade,” American Economic Review, 105, 3183–3221. 3

GABAIX, X. AND M. MAGGIORI (2015): “International Liquidity and Exchange Rate Dynamics,” The

Quarterly Journal of Economics, 130, 1369–1420. 1, 7
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