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Abstract

We evaluate several leading microfounded pricing-to-market (PTM) mechanisms embedded in a two-
country DSGE model with volatile exchange rates driven by real and financial shocks. Across these
frameworks, including the reduced-form Kimball specification, we identify a fundamental parameter-
ization trilemma: models typically struggle to simultaneously match empirically plausible producer
markups, muted expenditure switching (low short-run trade elasticity), and the low exchange-rate
pass-through needed to account for the business-cycle dynamics of prices and quantities. We provide
an analytical characterization of this trilemma and quantitatively assess each model’s performance
vis-a-vis a unified set of empirical benchmarks.
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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).!> Within this setup, we embed
several leading theories of incomplete pass-through: (i) the Distribution Cost (CD) model of Corsetti
and Dedola (2005); (i1) 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.? In addition to these microfounded models, we also analyze the widely used reduced-form Kimball

'Earlier 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),



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).* 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.



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.’

3Our 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 ¢ is denoted by

st = (sg,81,...,8:) = (s, s;) € S, where the initial state s, is given. The probability of any history

t
=1

s’ is determined by the product measure Pr(s') = []._, Pr(s, | s"!) induced by the shock processes
and the associated conditional measure Pr(s; | s‘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(s'), the representative household chooses its
allocation to consumption ¢(s') and investment i(s"), labor supply /(s'), and one-period noncontingent

bond holdings b(s") to maximize

>0t [ alels) 1) Pr(a). 0

prehensively. Itskhoki and Mukhin (2021) use indirect inference and treat margins and markups as free parameters, effectively
assuming a substantially higher target.




subject to (for all s*): (i) output allocation c(s*) + i(s*) = A(s"); (ii) capital accumulation law of motion

k(st) = (1 —0)k(s'™1) +i(s?) — @(i(s'), k(s'1)); and (iii) the budget constraint:

P(s")A(s") +b(s") = R(s" Mb(s"1) + w(sM)(s") +r(s)k(s") + (s, 2)

where P(s') = 1 serves as the local numéraire. The household receives income from labor w(s')l(s'),
capital 7(s")k(s'"!), and maturing bonds R(s'~!)b(s'!), as well as profits II(s’) generated by domestic
firms and an equal share of profits from the global financial sector.® Capital depreciates at a constant rate
§, and ®(i(s?), k(s'™!)) 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).” Let z(s') denote the real exchange rate: the relative price of a claim to foreign
consumption in terms of home consumption. After any history s, arbitrageurs choose a zero-net-capital
carry-trade position o(s") in home bonds and an offsetting position —o(s")/x(s") in foreign bonds. The

profit from such a position is

osh). 3)

I, (s == {R(st) — R*(s")

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, y% o|> of the long position o, where I" > 0 is a parameter, |.| denotes

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

following ex ante constraint:
E st HO ( St+1 )

F t\2
R 2 gl )

STI(s') := Ma(s") + II;(s') + £1L,(s") + 211, (s"), 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-averse m-financiers. The implications of their model and this one are similar because the final log-linearized
equations are identical after remapping parameters.



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 E.II,(s'™!) is linear in o, whereas the constraint is
convex in o, maximization of E.IT,(s'™') subject to the above financing constraint yields the following

distorted Uncovered Interest Parity (UIP) condition:

t *( ot x(s"™) I ¢ t
R(s") = Eg [R (s )W + ER(S )o(s"). 3)
Noise traders are the source of financial shocks. Like arbitrageurs, they take a random position n(s'), and

their profit is
z(sth)
x(st)

(") = | R(s") = R'(s") n(s"), (©)

where log(n(s')/y**) = p,log(n(s'™")/y*) + £ with e} ~ N(0,02). We refer to " as the (global)
financial shock. The noise trader shock is the key source of exchange-rate volatility in the calibrated

model.®

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 Z(s') C R,;—which also indexes producers and determines their mass. The production

function is

Y (s') = 2(s) k(s H)I(s") e,

8With bond-market clearing b(s') 4 o(s?) + n(s') = 0 and equal sharing of profits, note that the country’s net foreign asset
position evolves according to

b(s') = % R*(st_l)ng_)l) + R(s"1)| b(s'™1) + GDI(s") — FS(s").

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.



where [(s?) is labor input supplied by home households, k(s'~!) is capital supplied by home households,

and z(s") follows the process
2(s) = pz(s"™) + &1, & ~ N(0,02),

where ¢, is the productivity shock. The world economy’s exogenous state vector is thus given by s; =

(4,7, €l), and the cost of producing the generic input is

v(s') = rr}iiln{w(st)l +r(sH)k} st z(sHE T = 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) = W/({d(i) St)}z‘ep(st)> {£, St)}ief(st)) ) ®)

where D(s!) C Z(s') and F(s') C Z*(s") 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.’

9The CES markup 1 = 0/(0 — 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 «, so the effect of markups operates
solely through the steady-state calibration of this parameter.



Frictionless Baseline Model (FB). Here, (8) is the standard Armington aggregator:

€))

y—1 1 y=115=1
)

Fows () i= G (d ("), f () i= [wrd (s') T + (1= w)7 [ (s

~—
2

where ,

1 ooy 7T 1 ooy 17T
d(s") = [ /0 a(i,)'7 dz} P = [ /O Pl dz} , (10)
and hence Z = Z* = [0,1], with D = Z and F = Z*. The parameter v > 0 is the elasticity of
substitution between the domestic and foreign composite bundles d (s*) and f (s'), § > 1 is the elasticity
of substitution between the individual varieties that comprise these bundles, and 1/2 < w < 1 is the
home-bias parameter.'’
Final-good supply A(s’) is produced by a sector of identical final-goods producers that take prices as

given and choose d(i, s*) and f(i, s') to maximize

A(s") == Aops(-) —/O [pa(i, s")d(i, s") + pp(i, s") f (3, s")] di. (11)

This gives rise to the standard downstream demand system:

dti.s) = | P T i), s = Eaen s, (12)

where P;(s') := 9;G(d(s"), f(s")), j = d, f. Throughout, the notation f(pg4|¢, s') denotes a real-valued

function of the argument preceding “|.!!

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

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

199 > 1 is required to ensure finite markups.
1 As for notation, we use 9,(-) = % as shorthand for partial differentiation and similarly use d,(-) = % 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(pgi, s*) is used to make explicit an argument that appears within a
functional composition in the original expression.



market, py (i, s*), and in the export market, p, (i, s*) = x (s') pj (7, s*), maximizing

I1; (i, st) = [pd (z’, st) —v (st)} d (pd (z’, st) |1, st) (13)

+ [x (St) Dy (i, st) —v (st)} dr (p:l (i, st) |4, st) ,

. 70
where d (pq|i, s*) corresponds to (12), and d* (pj|i, s') = [%] d* (s'). Under this baseline, the law
d

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

formula
Dd (z’, st) =z (st) o (i, st) = 7 i ] v (st) , (14)
—_——— -
Pz(iast) :1""”

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

z(sHv*(sh). (15)

Definitions of Prices. We refer to p; as the import price and to p, 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 p;. Finally, we define the terms of trade as the ratio of these two prices,
tot := py/p,. 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 Z = Z* = [0, 1], D = Z, F = Z*. However, (8) is defined

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

[ e (o) + amwe (a-o L) = 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) = ¢’ (1) = 1 and ¢” (1) € (0,1), where ¢’ and ¢” denote the first and

10



second derivatives, respectively (differentiability is ensured almost everywhere by property (i)).'?

Our specification of the aggregator follows Itskhoki and Mukhin (2021). In a log-linearized setting, spec-
ifying the functional form for ¢(-) is unnecessary, since all the relevant properties of the function are
captured by the curvature parameter ¢”(1). This yields the most general specification for such environ-

ments.

The final-goods producer chooses final output A(s") to maximize static profits given by
Ma(s") = A(s") = C(A(s), 8"), (17)

where

1
CA(S), ") = min /0 [pa(i, s")d(i, s') + ps (i, s') f (i, 8")] di, (18)

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

demand system:

d(Bis') =wh (B) A s, £ (Blis) = @—w)h (B) AGLs). (19)

where h (z) := (¢')"" (z), and where X (s') denotes the Lagrange multiplier associated with the aggre-

gation constraint in cost minimization, given by

G ) RS CTED) PR

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, € (A, s') =
% (1,s") A. This property, combined with the zero-profit condition, implies C' (1, s') = 1. In the sym-

metric steady state, p;* = p}’, 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 +
O (gt 21
7 (y ).

y—

11



P—implies pj® = pj® = A* = 1.
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 py (i, s*) and p? (i, s'), respectively—to maximize

I (i, ") = [pa (i, ) — v (s")] d (pi(éf))y) e () gl st — v ()] f (%\) e

Accordingly, the home country’s import price solves

ps(i s') = a(s")v*(s) ——— : (22)
v (pg((s’t))> —1
h
o Py Py pry _ M (%) ps
e — — A
7(5) = ~Ooss Yo () = ~Bhosy, logh () = 5 (5) » =

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

know h/(z) =1/¢"(h(2)) (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 £v (s), implying the following profit maximization:

14 (s') == Fops () — /01 [(pa (i,8") +&v (s")) d (i,s") + (py (i,8") +€v (")) f (i, 8")] di. (24)

13(19) evaluated at the symmetric steady state gives d**/A = w and f*°/A = 1 — w. Hence, by (18), p5° = pyY =A% =1

12



The key implication of this cost is that the downstream demand system features non-constant elasticity

with respect to the price alone:'*

d(pulco) = [P0 S g ol = [P T e

where P;(s') := 0;G(d(s"), f(s")), 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

pilins!) = (st (1) + ——u(s). 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 7 =
I* = D = F = {1} and thus @gs = 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 4 and hy of atomless representatives (hereafter “reps”) who search for intermediate
goods on the producer’s behalf, and at a total search cost of (hy + hy)v(s'). Each match is capacity-
constrained and delivers 6~ units of the good per period; consequently, at most 6~ h; of the good can

be purchased given the choice of h; at s', where j = d, f.

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

1 — g. Their policy is described by reservation prices, rq and 7, 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.

13



equilibrium posted prices will never exceed reservation prices, d = 0 'hg and f = 6~ 'h;.

It can be shown that equilibrium pricing entails a unique mixed strategy described by a continuous cumu-
lative distribution function (CDF) F'(p|s'), and this distribution’s support is an interval [P;(s"), P,(s")].
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 is'

H(p|s') = qF(p|s") + (1 —q) [1 — (1 = F(p|s"))?] . 27)

The expected price paid by the rep is thus given by p;(s') = [ g’“ p H;(dp|s"), where j = d, f because
search is directed by country and there are distinct price distributions Hy and H; in the home market.
Accordingly, after any history s’, the representative final-goods producer chooses h4 and s to maximize

static profits

IT4 (d, f|st) = G(d, f) — pa(s)d — ps(s") f —v(s")0(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 F.
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

(P () = e () | g | = e (o) [ LE2E R ERI] )

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

(e.g., me(s') = v*(s")x(s") for importers, while the search cost is determined by v(s?)).

BHy(p,st) :=Pr(p < p) = qPr(p < p| 1quote) + (1 — ¢) Pr(p < p | 2 quotes), where ¢ Pr(p < p | 1 quote) = qF(p).
Let p; denote the i-th draw from distribution F, for i = 1,2. Then, Pr(p < p | 2 quotes) = Pr((p1 < p & p2 > p) or (p1 >
p & P2 < p)or (p1 < p& pa < p)), which simplifies to 1 — Pr(p; > p & po > p). Since each draw is independent, we have
Pr(p < p|2quotes) =1 — (1 — F(p))?. Combining these expressions yields the result stated in the main text.

14



The left-hand side of (29) is the expected profit from quoting the maximum price P, (s'), 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 P, (s') < p < P, (s'). 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 ¢ + 2 (1 — q), which gives rise to ¢ + 2 (1 — ¢) (1 — F' (p|-)) in the numerator. At the upper bound
of the distribution P, (s'), the final-goods producer must be indifferent between purchasing the good or
aborting the search to send another rep at the expected price, hence 6v (s') = Py, (s') — pq (s'); the lower
bound solves F' (P, (s*)) = 0.'° Together, these conditions imply that the expected (average) import price

paid by the final-goods producer is

pr(s') =z (s") v* (s') + 3" (s"). (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 Z = [0, 1] x {1,...., N}, D =Z,and F = [0,1] x {1, ..., Nx}. Define a tuple
i := (i1,12) € Z, where i; indexes the sector and i, indexes the firm within a sector. The aggregator (8)

in this model is

~

Ancps ({d (3, 8") Yiep, {f (4,5") Yier) = { /0 1 (y (i, ) 7 dil} o €2))

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

within each sector:

N Nx o1 17T
y (i) = | Y (d(inias’) ™+ (f (Z’bzé,st))e] (32)
io=1 i9=1

16Ph=v+v%,Pz =v+v72_3q(f+q2,andF(p):1—%LP“”.



The parameter v > 0 is the sectoral elasticity and @ is the firm-level elasticity, where 6 > v and 6 > 1.

The presence of non-atomistic firms is the defining feature because firms partly internalize the sectoral
elasticity v. When this elasticity differs from the within-sector elasticity ¢, as assumed, the model gives
rise to endogenous markups and generates incomplete pass-through.'”

The representative final-goods producer takes prices of individual varieties as given and chooses d (¢, s*)

and f (i, s") to maximize
1
114 (s) == @neps (-) — / Zpd (¢, 5") d(2, s") + pr (2, ") f(3,s") | diy,
0 i2 i2

where the abbreviated “/ycps (+) is as stated above. The implied inverse downstream demand function

for a generic variety ¢ is

S

[y@u,st)]‘i a3

v - [ 1

y (Ql7, ")

where () represents the quantity demanded and y(Q|-) is the sectoral aggregator defined in (32). The
sectoral aggregator still depends on () 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 ¢ = (iy,45) € Z takes
(33) as given and, after history s’, chooses quantity d(s") for the home market and quantity d*(s*) (for

12 < Nx) for the foreign market (exporters only) to maximize

I (2,8") = [p (d(s")]i, s') — v (s")] d(s"), (34)

+ 1fim(i1in)iia<Nyx} [x (st) p* (cl*(st)]i7 st) —(1+7)v (st)] d*(s"),

where 7 > 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 Nxy < 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:

st} — ey (3,8 (st (st
pr() =gy o1 (L e (), (35)

but with endogenous demand elasticity determined by market shares:

-1
o (ist) = (-8 () + %sf G| (36)
Dy ('l, St) f (7’7 St)

Se(i,s") = _
) e ) £ X py () £ (o)

The key here is that the elasticity of demand is endogenous and depends on the firm’s market share, Sy,
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 S 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 Z = Z* = [0, 1],
D =71, F = 1. The key difference is that the arguments of the final aggregator are not raw quantities

but habit-adjusted quantities given by

6 6

4 (s') = { /0 & (z’,st)ggldz} ) = [ /0 Iz (i,st)g?dz} 37

where d" (i,s) = hy (i,s"1) d (4, s') , and where hy (i, s') = phq (i,s"1) + (1 — p)d (4, s') . The pa-
rameter 0 < ¢ < 1 denotes the marginal productivity of habit, and habit evolves dynamically. Habit
persistence is modulated by the parameter 0 < p < 1 and follows the law of motion. d is the aver-
age level of purchases of good 7 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 (7, s*) and f (i, s') to maximize
1
I (s') = i () - / [pa (in8') d (i,5') + py (12 ') £ (i, s")] di (38)
0

Accordingly, the demand system is given by

—0 -0
d (pd; hdlia St) _ {Pd]?dst)} th(G—l)d (St) 7 f (pf7 hf’l, St) — |:p—f>:| th(e—l)f (St) : (39)

where P; (s') = 0;s1)G (d (s"), f (s")),7 =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

II; (i, st) = [pd (z’, st) - (st)} d (pd (i, st) ,ha (i, St_l) |st) (40)

+ [93 (st) o (z’, St) -0 (St)} dr (pfl (i, st) , hyg (z’, st_l) ]st) ,

where d (.|s") is given by (39) (analogously for d*). Producers set prices at home, p,(7, s*), and abroad,
pi(i, s'), tomaximize Y~ [ Blu. (s') I (4, ') p (ds'), subject to the law of motion of habit, kg (i, s") =

phg (i, 871+ (1 — p) d (i, s') (analogously for d*). The first-order conditions imply that the import price

is
.t 9 t * t y t
pf(zjs)ze_l [2(s")v* (s") — (1 — p) Af (i, 8")] (41)
where
N U:* (St—H) AN | _ahff(pf7hf|i78t+l) f(pf,hf’i7 St—H)
A (irs") = fRa ug. (') Py (1) Op, [ (D5, hyli, s77) z (s7+1) “

J/

~-
MRT
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denotes the shadow value of habit that renders the markup endogenous.'® 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.'” Let Hy (s*) and H (s')
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 Z (s') =
0, Hy (s') + Hj (s')], D (s") = [0, Hq (s")], and F (s') = [0, Hf (s")]. 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(s") :/D(St)min{1,d(i,st)}diandf(st) :/ min {1, f (i, s") } di.

F(st)

Accordingly, there is residual product differentiation purely attributable to country of origin, in that y 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 (s') to search for
suppliers, incurring a total cost of y& (s) v (s*). 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

13The 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 7 (s*) and 1 — 7 (s), 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

Ma (s) = G (d(s) ./ () = pals) d(s) =ps () ] () = o (") () (43)

where py(s') and ps(s') 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 order condition
determining h(s’) (henceforth retail demand) can be derived as follows. Let the marginal product of a
country variety be P; (s') = 0jsyG (d(s"), f (s')), j = d, f. The value of an active match with an
intermediate-goods producer ¢ € Z from country j = d, f is

dou (st1)

Vi (is') = max{(P; () = ps (i) .0} + (1 = 0m)Bar | 82y

Vi (i, ], (44)

which cumulates the instantaneous trade surplus P; (s*) — p; over the expected duration of a match that
depreciates with probability 0z per period. h(s') is set optimally when its unit cost, xv(s'), equals the

expected marginal benefit, and hence
xv (s') > (s") Va(i,s') + [1 = (s")] Vi (4,8") , with equality if h(s") > 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 ¢ € Z 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 a, (i,s") and o (i, s') be investments in each

respective type of capital, and let my (s') = my (i,s") and mj (s') = m} (i,s") denote the average
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marketing capital held by producers active in each respective market.”’ The marketing capital of producer

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

mgq (i, st> = (1 —0m)mq (i, St—l) + aq (i, st) — U (@d (i, st) My (i, St—l)) (46)
mi (i) = (L= &) i i,5') + a (1) =0 (a3 (i) o (125171))
and the fraction of searching reps that match with that producer at s* in each respective market is

m? (i, s")
my (s') +m3 (s)

mg (i, s")
mg (st) + my (s')

h(s") and h(s"), 47)

where 0 < d,,, < 1 is the exogenous depreciation rate and ¥ (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

Hy(i,s") = (1—6n)Hy(i,s"™") + (St)h(st), (48)

x (ot
Hy (1) = (0= o) Hy (1607) + TS ),

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

Hy(i,s") and d*(i, s') < H}(i, s'). The producer’s instantaneous profit at s is given by

I1; (2’, st) = [pd (i, st) —v (st)} d (2’, st) —v (st) aq (i, st) 49)

+ [w (st) Dy (i, st) - (st)] d* (i, st) - (st) v* (st) ay (2’, 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(s'), a*(s"), to maximize the present dis-

counted value of profits: > .~ [ Stu. (s') II; (i, s") Pr (ds") subject to (46), (48), and the sales con-

2Feasibility requires d (s') + d* (s?) + aq (s!) + ay (s') + xh (s') =Y (s!).
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straints d(i, s) < Hgy(i,s"), d*(i, s') < H;(i,s"). (Assuming markups are positive, the sales constraints
hold with equality.)

Finally, as already noted, prices are determined by Nash bargaining and solve
p; (s') = arg max V;(p;|i, s")'~"W;(p;li, s)", (50)
P;

where j = d, f and 0 < 5 < 1 is the bargaining power parameter. The value of a match to the producer

is given by

- t Ocu (SHI) 1Y | b1
W; (pj|z,s ) = max{p; — mc (s ) ,0}+ (1 —0p)Eg BWWj (pj (s ) |7, s ) , (51

where Vj(p;|i, s') represents the match value to the final-goods producer given by (44) and mcs(s') :=
v*(sh)x(s'), meq(s') := v(s). The bargaining equation, imposed state-by-state, implies that the import
price is

pr(s') = py(iys') = 0Py (s') + (1 —n) xv* (s'), (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.

22



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 ) 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:

Alogpl = a + i alAlogel_, + i b/ Alogw!_, + ¢ Alog gdpl + €], (53)
=0 i=0

where p{ is the nominal dock import price in country j in quarter ¢, w{ measures production costs in
the corresponding exporting country, and Agdp{ is GDP growth in the importing country j. Campa and
Goldberg (2005) estimate, in nominal terms, a short-run pass-through of 0.46 (aé in the regression; aver-
aged across 23 OECD countries) and a long-run pass-through of 0.64 (Zj‘zo ag 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 (p,;). 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 s suffices because the PTM mechanism is static: x = z(s') and the expected path is
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x(s™7) = 1for 7 = 1,2,3,.... The DH model extends this setup by allowing the initial exchange-rate
shock to decay only gradually in expectation, with 0 < x < 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|s') denote the policy function of the price-setting entity, expressed as a function of the
real exchange rate © = x(s") at the state in which the one-time exchange-rate shock occurs. We present
the first-order conditions underlying the policy function p(x|s’) when discussing each model. Given this

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

PT := Qoga(st) log py (2 (s') |s') | (54)

ss’

where the definition of the partial derivative operator 810gz(- |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.?! 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
g(p |s') for a given country, expressed as a function of the import price p; = p;(s') 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

2ISee 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,

where the identity on the right-hand side follows from the definition of PT above. As above, the definition
of the differentiation operator Oog.(-|ss) removes the indirect GE effects. The function p(z|s') is the

same policy function that enters the definition of PT.

Producer markups. Under Cobb-Douglas production function 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 w! is COGS, and the cost-minimization
problem reduces to ¢’ (y) := min; wl subject to y = Ak*I'~“, where k is predetermined. The implied

measured marginal cost is mc = %’(y). The production function is Cobb-Douglas, dy/0l = (1 —

wl
(1-a)y”

a)y/l, so marginal cost is mc = Accordingly, the COGS-based steady-state markup measure

1S U&oas = %‘6” 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, p©** =

(p5® — v**)/v**, and is therefore generous relative to the markup concept implied by the model and later

used in the calibration.?

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.”® 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 p55,g. We therefore apply an adjustment based on the share of value

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 (2024) via Wharton Research Data Services (WRDS).
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added in gross output for narrowly defined Bureau of Economic Analysis (BEA) sectors. The average
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.>* 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

ps(z|)
T\ @l "(1) (Orog 2 1 ) — Olog z log A(x|-
PT:alogxlog—pE(mf)')> | = _ (1) (Ghog O(i?{)(fl )1)7(11)5; og A(z[)) (56)
1 (56) 1

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 adjustment®
All firms excluding FIRE, GOV, and NGO 72% 71% 1%
S&P 500 Compustat—unadjusted®
All firms excluding FIRE, GOV, and NGO 47% 43% 49%
BEA 402 Industry I-O Use Table¢
All sectors excluding FIRE, GOV, and NGO 39% 41% 40%
Only traded sectors (import share > 3%) 48% 50% 45%

*S&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:

ep Sales; — > ., COGS;
Iaadjusted: Z ZZGb Zeb

VA bs
“BEA E — 426 . COGS:;
b ieb (M ATy+LABy Z)

where Wm 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 ¢ indexes firms
(NAICS codes) associated with b. Sales and COGS are from Compustat. The aggregation across sectors is weighted by BEA
sectoral value added, wy,, where > pwp = 1.

’S&P 500 Compustat—unadjusted: We use the same formula but with WAZABE) =1.

°BEA 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.
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Using the facts that x°°p}** /\** = 2*° = v*° = 1 and Oipg, log A(z|-) = (1 — w)Diogx log ps(z|-), we then

differentiate (20) to derive
(1) = 1y(1)
+ (v(1) = Dy(1)

_ (v
PT = ) (57)

wy'(

This formula shows that any PT can be achieved by varying 7/(1) or (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, p¢(x|i, s*) = pg(x|st),
which under the differentiation rules imposed above gives

<pf( ) )
Az|) ?
TE = —PT '8y, log — "/

p .
d (M;;i.)a )

since, by (22), we also have p** := (pg — v)/v]ss = (y(1) — 1)7*

+1, (58)

To see how restrictive these relationships are in light of the empirical targets, consider 7'F/ = 1.5. The

formula above then implies 200% steady-state markups (1°° = 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 ** := (p3* —v)/v = % + 755 — 1 by (26). Differentiating (26) with respect to z(s"), we
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obtain

0 £ ss 1
* i :1_9—1:1_M_ (59)

PT = O,py (z|. =
D e T B e T T T e

Consider again the target P7T" = 0.5. Even in the most favorable—though theoretically impossible—case
with § — oo, 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, 7'E = -y, and it can be calibrated independently by

choosing the value of .)

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 fv(s') = Py, (s") — pa(s').

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

9_q SS
Pr=1-—1_ 10 (60)
1+ 1+ s

since, by (30), we have p** = 0q/(1 — ¢). Although the trade-off between PT and p*® 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 (1** = 1). (As in the baseline setup, T'E = 7.)

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

Diogz(+|ss)» we obtain
0= Duy ~1

PT =1-
0

<_alogmlogsf(x|’)’ss) ) (61)

where Jyoq ,; log Sf(z]-)|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

—&%x(ngﬂxth::—&%xbg(gdﬂ2>}%*‘(_a%mbg<i%?9iﬂi>‘%>

Pa (pal-)

+ Oroge log <N+ Npr(x]-)f(pf(:U]-), )) » )
pad(pal-) *

where p(z|-) corresponds to (35). By the definition of PT in (54), the first two terms on the right-hand
side of (62) correspond to —PT + OPT. As for the last term, note that the approximation dlog(1 +

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

IO () () e
d ss d ss d
( p@l) ) prel)\ | _
alogfﬂ (pd| ) ss a alnge log ( Pd ) ss =0 (64)

Accordingly, by (55), we have TE = 6. Plugging all these relations into (62), including TE = 6, it

follows that

N —0
~Ohog log Sy(x])] . < PT+TExPT+7%a—IEﬂn«§f> < (TE—1)PT, (65)
d

and, returning to (61), we thus have®

(TE —1)us —1 (TE —1)us — 1 -
PT >1-— TE (IT'E —1)PT andhence PT > |1+ 7 (TE—1) .

(66)
The above inequality captures the essence of the trilemma in this model: ¢ determines both TE and PT.

To get a sense of how severe this constraint is, consider a 50% markup target (1+°° = 1.5). By the formula

2We use the fact that (6 — l)ujcs — 1> 0by (35). To see this, note that, by (35) and (36), p3" > 1/(60 — 1) since 6 > ~.
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above, achieving PT = 0.5 requires T'E = 6 > 5.4. If we raise the markup target to 100% (u** = 2.0), it
still requires T'E' > 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 0 log S¢(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:

ps(i,s)/x (s') = [v'(s") = (1 = p)As(i, s")] (67)

—1
. . (0 — 1) pyli, s™) f(i,s")
Ay(i, s') = BEaMyy | pAs(3, s + 0 z(s1) hy(i, s)

(68)

where My = ul. (s'™1) /Jul. (s) is the foreign stochastic discount factor. This induces PTM inde-
pendently of the model-implied TE and p*¢. 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 gy, (s"*!) := hs(i, s'"™') /h(i, s'). This is convenient

because habit growth follows quantity growth.

fGs™  _ gn(s"H—p
hy(i,st) 1-p

Using the habit accumulation law, it is clear that the quantity-to-habit ratio is

Substituting for A in (68) using (67) gives a difference equation in p}(s') := ps(i, s') /(s"):

pi(s) = (v7(s") = BpEaM 10" (s")) + BE«M, [pH(s"™) (0 — Con(s™) +Cp)] . (69)

Log-linearizing this difference equation around the deterministic steady state with respect to p}(st) and

pj(s™*1), effectively setting dlog v*(s") = dlogv*(s"*"), and solving it forward, gives

dlog pj(s' =—ﬁ<Z (p = ¢(1 = p))]" Eqedlog gn(s"7F1). (70)

7=0
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Using the fact that dlog py = dlog p} + dlogz, it’s now easy to see that

PT=1- BCZ [B(p = (1 = p))]" Ooga <Est log gh(3t+7+1) 88) ‘ (71)
7=0

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
Oog = log gn, < 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 P7T > 1.2

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, Oiog - 10g g1 < 0 throughout, and hence PT" > 1. Shock persistence is essential.
For example, following a one-time shock, habit recovery begins immediately (at s*T1), implying Olog  10g g1 > 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 p°° are as in
the baseline model.)
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that end, consider 6y = 1 and d,,, = 1, in which case the law of motion for marketing capital is
. t 2
me(i, s") = az (i, s') — Yai <Mg’j) — 1) ) (72)
a
f

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 (py(s')/(s") — v(s")) ha(s')=

—v*(s"as(i, s"), 73
az(i,st) mf(st)+md(st) ( ) f( ) (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, Py = 0;G(d, f). Given that G(-)

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

logpy(x|-) = log <n8fG (%(x|~), 1) + (1 — n)xv*) :

and, after log-linearization, we obtain

f ntpr  1-m
() +

PT = alogac 1ngf(x|) = wfy_l _alogm log E 1+ 1155 1+ ,USS’ (74)
TEXPT
and hence
TE !
Pr=(=n (e = R+ u)e) 75)

To the extent that T'E/~ is sufficiently low, it is clear that the CC model can deliver incomplete pass-
through. At the extreme case in which % = 0, PT is determined solely by markups and bargaining

power, and it can match the data target. For example, under our calibrated value n = 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 ~

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

o my(ish)
that E - md(ivst)

the response of the importer’s marketing capital m (i, s*). Given the profit-maximization problem above,

, and so the elasticity of the ratio 5 with respect to an exchange-rate shock depends on

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

-t SS
TE x PT = —9log ") _ o+ 1) (76)
m,

a(i,st) sl —w+2¢) +w(n + p)’

and, by (75), we obtain

v (4 p) (0 + )

e = —w+20) + o+ p) (i + )

(77

As noted, the parameter ¢ 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 v 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 v 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 A =

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.

o B o 0 r
All models 2 099 036 0025 001
v w Y 0 ¢
Benchmark Model 0454  0.88 0.7 3 11.7
Kimball vooow v ¢
Aggregator 0454 088 3 0655 192
o v w v 0 $ ¢
Costly Distribution 0387 076 1.62 6 1.5 5
e v w g f 4 ¢
Price Dispersion 0387 0.76 1.62 1.5 0.25 34
v ’y 9 N NX T ¢
Nested CES 0541 094 79 4 1 0246 385
. v w v 0 ¢ P ¢
Deep Habits 0454 089 069 26 01 085 12
CostomerCapital 400 084 79 05 01 02 459 029 72
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Table 3: Parameter Values in the Models: Shocks.

o(e) p(et; €t-1) p(et, €7) p(ersetr) o(e})
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) = (Gl () i

and the capital
adjustment cost is (i, k_1) = %k_l <k+1 _ 5>2.

When possible, we target the following moments: (i) an imports/GDP ratio of 12% in the U.S. data; (i1)
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, respectively®’; (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.?®

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

?’The 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 shows the 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.

36



parameters described below.

The remaining parameters (3, 0,0, «, and I' 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
additional Table 6 (end of the paper appendix) presents the calibration fit. We now describe the specifics

for each model.

Calibration: KA. The only model-specific parameter is v (1) (or, equivalently, ¢’ (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 ~ (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 £ and 6 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 ¢ and 6 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
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Nx

combination is consistent with the ratio (4 T

) in Atkeson and Burstein (2008), and it gives rise to the
strongest performance on the pass-through side (there is only one exporting firm, which maximizes its
size). The difference between  and 6 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 § = 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 ( and p, we adopt the values from Ravn et al.
(2006) (relative habit specification), setting ¢ = 0.1 and p = 0.85. We calibrate the elasticity 6 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 6y = 0.1, and the bargaining power to the axiomatic (sym-

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

m_1

U(a,m_q) = %m_l < a4 5m>2. We calibrate the search cost y, the adjustment-cost parameter for
customer capital ¢, and the depreciation rate for marketing capital ¢,,, 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%.?° Finally, we set the long-run trade elasticity to

v = 7.9.%° 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

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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terms of trade (p/p,) with the exchange rate (). In the model-generated data, measured without noise,
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 P1" = 0.5 would suffice to
yield a positive correlation between tot and x.>! 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-a-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.”? 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.

39



" 9Yel ASUBYDIXA [BAI AY) JO UOTIBIASD PIBPUR)S AU} 0] UOTIRIAdP pIepur)s Surpuodsariod jo oney.,

1:7002-1:0861 ‘SO Y 10] BIe(,
(0097 = Y Jorowrered Suryjoowss € YiIm) SaLIds o) A[10)1enb paid)y 110951d-YO1POH pue paSSo[ uo paseq aIe sonsne)s payodal [y,

0L°0 0L°0 06'L 0L0 0L°0 00°¢ 0L°0 0L0 onvy G11v]oA
¢10- 001 001 001 00T 00T 00T <00 uoyvja14107)
(Fd/ad‘q/ [)4100 puv 1sp]q 2PV o]
050 00 050 00 00 00 00 050
dnywpy q
9¢'0 611 €90 0L°0 L8O 010 oIl 00
Y3noayj-ssvg 3vy-x “d
620 8€'T $T0 00 L0 020 €T 10 "dfd
c00 LT°0 60°0 01°0 (480 c00 91°0 ¢ro Pd
9¢0 611 €90 0,0 L8O 010 oIl 19°0 d
09°¢ 09°¢ 09°¢ 09°¢ 09°¢ 09°¢ 09°¢ 09°¢ €

,T 0] 2411D]24
SUOUDIAD(] pADPUDIS ]

L9°0 L0 1L°0 L0 L0 1L°0 L0 060 mzw
86°0- 00'T 00T 001 00'T 001~ 00T 19°0 zrdfid
€S0 00°1- 00°1- 00'1- 00'1- 00°1- 00'T-  8I°0 x‘Pd
660 00'1 001 001 001 00°T 00T 69°0 xd
h:Q.QENm.EQU A\
[ende) siqeH SO uoisiadsiq  uonnquisiq [oPOIN [PPOIN  gere onsnes
Iowoisn) dooq PpaIsaN LI Apso0D [requury uraseyq

SOLIOAY ], IN.Ld Y} JO SUOTIIpaId

LKI[NEBJOA SATIR[OY PUR JUSUIDAOWO)) :SAOLIJ [BUOIBUIU] :f J[qR],

40



"d (I JO UOURIASD PIEPURIS Y} O) UOHRIASP PIEPUE)S SUIPUOdsaLIOD Jo oney,
"[9pOUI Y} OJUT PIJ JUATIYFA0D J.L, Y WoIJ SIAWIP APYSI[S JI I painsedwr sdnyrewr Surdrea awm o) onp ‘se[nurio} SURUNOOIE [RUOTIEU [eNJOE Y} SUIsn pAJe[nde).,,

"17400C-1:0861 poted oy 10§ w1Ep SN 4

(0091 = Y 191owered Sunyjoowss € YIrm) SoLIos own A[1o1renb paroly 109sa1d-OLIPOH pue paSSo[ uo paseq a1e sonsnels parodar [y,

SOl [€1 90°C [N 9I'l 12! 8C'1 0€0 suodxa 1ON
LT1 €10 89'1 920 §T0 o €10 18°0 yuowAordury
6LC 6L'C 6L'C 6L'C 6LC 6LC 6L'C 6L'C JUSUSIAUL
19°0 101 16°1 89°0 €L 6C'1 860 YL0 uonduwmnsuo)
¢S0 60 970 L80 680 €60 €60 090 dAL painsvo
pd D 01 241D]21
SC'1 980 9L’ ¢6°0 060 98°0 980 ee'l ddo
SUOUDIAP pIDPUDIS g
9C0- S0 860 0€0 10 YL 0" 9¢0 L1°0- sp0dx9 JoN
YIIM apDa] JO SWAI]
66°0- 79°0- 080 98°0- 6L0- 8¢0- ¥9°0- 670~ suodxa 1ON
860 S0 ¢80 080 I[L0 LTO 9¢0 €60 juaunsaAuf
¢80 160 160 8L°0 1L°0 8¢0 €80 ¢80 yuswofduryg
860 690 6L°0- 60 980 o 690 €80 uondwmnsuo)
ynn dao
9¢°0 ro- 96°0- 00 01°0- 19°0- 6£0- €C0 Juau)SaAU]
750 870 00°I- 00 6C0 S6°0- 6C¢0 [T0 juswAordury
LY'0 c00- £6°0- 20 120 r0- LO0- ¢Co uondumsuo)
S¢S0 €e0 €L 0 w0 w0 §C0 €eo 0¥°0 ddo
0¢€0 0€0 0¢0 0¢€0 0¢€0 0¢€0 0€0 0¢0 odA.L PoANSDI N
ud12.10f Yyjm d13s2ul0p
SUOD]2440)) Y
[ende) SiqeH SHD uorsiodsiq  uonnquIsIq [SPOIN [°POIN qered onsnels
IowoIsn)) deog PISON Qo1 ApsoD [requiry ourjeseqg

SOLIOAY ], JALLJ Y} JO suonoIpaid

LAINBIOA SATIR[OY PUE JUSWAOWO)) - sannueng) :§ d[qel.

41



modified Kimball aggregator of the form:

d(i,st i,st
wg (w(A(st))> +(1—w)g <—(1ffu)A()st)> .
b, [ dlish)/f(s1) 2 4 [list)/d(s") 2| di=1, (78)
e (W - 1) —F(1l-w) <W - 1)

the convex cost parameter enters the expression for steady-state markups, which in this case are given
by pss = % — 1, where v = 9771 — ¢k, and where 6 is the fundamental trade elasticity that gives
markups without the adjustment cost.*® As the expression shows, increasing the adjustment cost increases
the steady-state markup, requiring an increase in the effective elasticity (increasing ) 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 # and the cost ¢k, 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(z) = % (1+ )z — z/))% — % + 1, which

gives the implicit definition of § as ¢ = 2L+%)

= 9070 -1 with 0(%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 1s 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
an 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.’* 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 n < 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.
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1 Omitted Analytic Details from Section 3

This appendix provides detailed derivations of the expressions used in Section 3 of the paper.

The key defining object is the partial differentiation operator Oiog 5 (.|ss) used in the definitions of TE and PT. This
operator focuses on the direct impact of a (one-time) i.i.d. exchange rate shock and treats general equilibrium
prices as constant. As stated in the text: 1) The pass-through coefficient describes the log-linear coefficient on
the reaction function of an importer who assumes that all other importers respond to the shock but none of the
aggregate local or foreign prices/marginal costs change. 2) Trade elasticity considers the reaction function of
a representative (atomless) final good producer who assumes that all importers from whom it sources imported
goods raise prices symmetrically, and none of the local producers change their price. The goal is to preserve the
decision rule of the optimizing price setter, while assuming away all general equilibrium channels that may affect
decisions indirectly.

We start by deriving the demand system for the CES baseline model. This part is standard, but the derivation here
is helpful in the context of the next setup: the KA model.

1.1 Frictionless Baseline (FB)

Preliminaries: Since the final sector is consolidated into a single representative competitive firm, the core of
the problem is the cost minimization problem of “producing” A units of a homogeneous final good (consump-
tion/investment good):

P (st) A (st) = min/o1 [pd (i, st) d (i, St) +py (i, st) f (i, st)] (1)

di,fi

subject to

1 1 0-1 -1 1 1 0-1 -1
A(sh) = |wr UO d(z’,st)“’dz} + (1 —w)~ Uof(i,st)edz’] )

L d(s*) f(s?) _
G(d(s*),f(s"))

Given constant returns to scale aggregation, it is convenient to rewrite the problem in terms of shares

. d i,St . f i,st
i) = iy o169 = L5 @
which gives the following:
1
1=P (st) = min / [pd (i, st) WSy (i, st) +pr (i, st) (1—-w)sy (i, st)] ()
SfisSdi Jo



subject to

1 0—1 o—1 1 0—1 2\ 7 !
w U sq(i,s") @ dz} +(1-w) [/ sy (i,s') @ di] =1, 5
0 0

where A (st) is the Lagrange multiplier imposed on the above constraint and P (st) = 1 by the numeraire nor-
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malization introduced in the text. (Throughout, we use “=" to indicate an identity.)

To avoid the confusion with differentiating integrals, we consider a perturbation from the optimum towards some
arbitrary perturbation function h: sg4 (i, st) + &4 (i, st) hq (i, st), where sy (i, st) is the optimum and €4 (i, st) €
R is the perturbation scale parameter (same for good f). Note that optimality implies that there is no perturbation
function that lowers the value of the program, which means that there is no gradient of improvement at ¢ = 0. To
derive the first order conditions, we differentiate the following:

1
Ifnin / [pd (i, st) w (sd (i, st) + egihq (i, st)) —|—pf...] . (6)
Efis€di JQ
S.t.
1 0-1 721 = o
(A(s")) w U (sq (i,8") +eqiha (i,8")) 7 di + ... =1. (7)
0

Taking the derivative with respect to e4; = €4 (i, st) € R and evaluating it around at €4 = 0 gives:

1
Edi / wpd (i, st) why (i, st) di
0

-1

:)\(st)w{/ol(sd(.))oé)ldi]egll Uol(sd(.))%ldi]egl W/OISd(.)f)lhd(i,st)di.

Let hy (i, st) be a Dirac-delta function that spikes at an arbitrary point. We drop the last integral, divide by A (.)
on both sides, and obtain the first-order condition:

edi s wpa (i, 8') =
thi? [ o] ([ [ o]

An analogous condition applies to good f and the remaining first-order condition is the constraint in (5).

Plugging in for s; from (3) and using the fact that, by definition, we know

d(s!) == (/01 (d(i,s") T dz’)efl,



and hence ) 1 )
pa (i,5") = A(s")sq (i,5") 7 d(s")? 7wrTTA(s")Y

and

pa (i,s") = w%)\(st)d (4, st)%l d(s") k] A(sh).

The above equations imply the following state-contingent demand function (note:

that the stated object is a 7, s’-specific function of variable p; € R):

d (pali, s) = w? (pd(”t)> Ry ()77 A (s)7 .

A(st)

In terms of the shares, we express demand as follows:

notation d(pgi, s*) indicates

®)

d (pali, s*) pa (i,s") -, 0 0
Sd (pd\i,st) = wj(;t) = < Cl)\(;t) ) wr (st)lfg A (st)gfl.

(Analogous conditions apply to good f but with 1 — w replacing w.)
It is easy to verify by plugging in

1
’Y—1:| =1

Gald,f)=d= [w%d”v;l F(1—w) f5

that the demand expression stated in the text is identical to the one derived above, since

y—1

Ga(st)

o\ ? 0 0 1 L
(W> d(s') = wipa (i,5) " d (s")' {"”d@t)” (1 -w)r (s

0 =1

— wipa (i) T d (s T A(sH) T

To close the system, we add the price index equation. Since

it is clear that

and that (5) gives

~y—1 y—1



Accordingly,

1 =3 1 e
A (st) = |w </ Pd (z’, st)l_e dz’) +(1-w) (/ Py (i,st)l_e di) ) 9
0 0

This completes the characterization of this system, since we know that, by constant returns to scale and the
envelope theorem, A (st) =P (st) = 1. However, since this step will be needed in the next model, we derive it
explicitly. To that end, we consider the objective function in the cost minimization problem above and plug in for
Sd (\z, st) ,Sf (|z, st) from the first order conditions to derive

0 d (st)

1 =5 st =
1=P (st) _ /O W7 Pg (i,st)l_e)\ (st)e <A(St)> + (1 . W)fo (i78t)1—9/\ (St)e <1];((St))>

Plugging in for d (st) JA (st) f (st) /A (st) as above, we have

wo (Y] e e [d(sh) = (] im0 (f(5) =
15)\(3)/0 w7 pq (i, ") (A(st)> + (1 —w)7 py (4,5") (A(st)> 5

and hence

By (9), we obtain

L= (s) w(/olpd(i,s

In the deterministic symmetric steady state, note that p5* = pjcs = 1and d*° = f* = A%, The pricing equation
implies that the gross profit margin and the markup in this model are given by

(10)
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We next derive PT and TE as defined in the text.

PT: Consider the formula for the import price derived above. Under the stated assumptions for the partial differ-
entiation operator Gjog ; (.|ss) (discussed above), we need to differentiate the expression:

, 0 x(st
Pf (x|z,8t) |ss = 0_10*((52)|ss,



where v* (s') = v* is treated as constant under Oiog; (-|ss). We obtain the expected result:

dupy ()i, s')

PT := 1 ,5") |ss = =1. 12
alogx ogpy (.’E‘Z,S ) ‘ss € oy (a:\i,st) ’ss (12)
TE: The definition of trade elasticity in the text is
d(st)
TE = Gog 108 769 ‘55, (13)

PT

where d (st) f (st) are quantities chosen by the representative (small) final good producer who faces a symmet-
ric shock (recall that all importers from whom this producer buys goods raise the price, none of the domestic
producers do and marginal cost is assumed constant under the linearization operator). We assume the import price
that the importer faces is py (a:\z, st) and the home price is pq (a:, st) = pg. The relevant equation characterizing
the pricing policy of the final goods producer is thus given by

Ga (4 (palis) S (g (&5 1)) (@ (pulis ) f (o (215 i05) ) > _
Gy (d(pali,s'), f (pf (z,8") li, s')) d(s") f(sh) pr(x,s')

where d (pd|i s ) ( ( ) |7, st) are the demand functions derived above. Plugging for G from (5) and using
symmetry ps (xs ) =p (x]z s ) we obtain

d (pals') 7%_ P d(s') ( pa \7
<f<pf<xst>st>> ‘pf@crst)@f(st)‘(pf@crst)) ’

and hence, as claimed in text,

d(st -
TE - 6loga:10g f((stg ‘SS _ aogmlog (pf(l;ﬁst)> ‘ss . 'Yalogxlog (pf (l“i,st)) |ss . (14)
= PT - PT - PT -7

1.2 KA Model

Preliminaries: We begin by deriving the KA demand system, following the same steps as above. We similarly
rewrite the problem in terms of shares:

SfirSdi

1
P (st) = min /0 [pd (i, st) WSy (i, St) +pr (z’, st) (1—-w)sy (Z’, st)] (15)
S.t.

1
[ oo 60) + =)o ] =1, (60 0o

where \ (st) is the Lagrange multiplier associated with the constraint and shares s4, sy which we defined in (3).
However, unlike in the CES model, the function g is not homogeneous of degree one, and it is no longer true that
A (st) is P (st) = 1. To preserve the problem of the optimizing entity we need to consider how this object is
affected by the exchange rate. This is the key complication relative to the baseline model.



It is easy to verify that the first-order conditions give

sqa + pal(i,s') =X(s") g (sq(i,s")) (17
5 sq(iyst) =h p”;(ét‘?’;) (18)
spc pr (i) =A() 0 (s (ins) (19
— sp(i,s') =h <pf;((zsf;>> (20)
A= [ i) 0w (o (s e
where, as in the text, we define h (.) := ¢’~! (.) . For later use, note that the inverse function theorem implies
W @)oo = ((6)) @t = (¢ ((0) 7 @) ot = gy @)

and so in a linearized system ¢” (1) is the key parameter that summarizes the curvature of the demand function
(around the deterministic steady state).

Plugging in for shares, the KA model’s demand system is given by

.t - W Pd St
d (pali,s') = h(MSt)>A( ), (23)
f (pslis ') = (1 =w)h < A’ZQ) A(s). (24)

As in the baseline model, the Lagrange multiplier is implicitly defined by the constraint, which gives

LEED) )

Furthermore, plugging into the objective function, we know

1 i, st i,st
1=P (st) = /0 [pd (i,st) wh (pd)\((;t))) +py (i,st) (I1—w)h <pf)\((s7t))>] ) (26)

Together, the above two equations define )\( t) In the symmetric steady state, p5° (i) = Py (i) = p* and
normalization in the text implies g (1) = ¢’ (1) = 1 and h(1) = 1; hence, \* = P = 1, p*$/\% = 1.
Furthermore, since f*° = (1 —w) h (1) ASS = (1 — w) A®%, the share of the foreign good in expenditures is 1 — w
in A%,

For later use, it is convenient to define the elasticity of demand for an individual good ::

pa\ _ Ologd (Bli,s)  9(d(Bli,s")  pa
" (7) o dlog py B Ipg d (pali,s')’ @0




which, by (23), in the steady state implies

v =7(5) Issz—h’(j;’t»ihf%)lsszh/(l)z . (28)

Accordingly, as noted above and in text, g” (1) is the key parameter of the log-linearized equilibrium system.
It determines the (local) curvature of the demand function and hence varying demand elasticity. The standard
monopolistic pricing formula implies that
pPf (ivst)
7 (%)

Pf (i, st) =z (st) v* (st) e . (29)
v (B -

We omit the explicit derivation of this pricing formula as it immediately follows from the producer problem.

PT: As noted, the partial differentiation operator Oiog 4 (.|ss) assumes invariance of the price index and home
variables with respect to the exchange rate. However, as also noted above, A (x\st) is endogenous and hence
depends on x. This is consistent with the idea that we want to capture the policy function of the affected price
setter.

The relevant pricing formula for the operator is equation (29):

x|i,st
v <pf)\((:v|,si) ) >

py (2]i,s) = zv* (s . ;
() =0 )y

A(z|st)

where v* (st) is assumed independent of = under the operator Gjog ; (-|ss). Under symmetry

(pr (z]is") = py (2ls")) ,

and so the Kimball aggregator after plugging in for prices gives

[ o3
Differentiating the above expression under the rules of the operator Oy (.|ss) yields
o= [ v (v (etion)) (i) vt )]
-/ [(1 e (h (pAf o )) g (pAf <(§||si>)> ) e (A ) e (mt)] o
and hence
o= [ oo ( (i) () sy s o)
- /01 [(1 ~w)g ( (pf ”:,‘:; )) ( w?) pj((:j’;? (B« o5y (2]5") —aogxlogA(x\st))] di




Evaluating the above expression around the steady state implies
1
0= / [wg” (1) Orog zA (:L‘|St) ]SS] di
0
1
- / (1= w)g" (1) (Qogzlogps (x]s") |ss — Dogz log A (]s") |ss)] di.
0

Since the expression under the integral does not depend on ¢, we obtain

Walogxlog)\ (x|5t) |ss = (1 - w) (alogxlogpf (x|8t) ‘Ss - aogxlog)‘ (x|5t) |ss)

and thus
Olog  log A ($’5t) |ss = (1 — w) Dlogz log (w|8t) |ss-

(Pf(xﬁ’st))
v A(z|st)
PT = Biog s log py (2li, s) |, = Droga log | z0* (s") pys(li,st)

( NGIFD) ) -1

Accordingly, PT coefficient is

which simplifies to

pf(x|i,st)
buny el (567
PT = Ojog 5 log py (:E|z, st) = ( s (:c|z, i )) v + 1 = Olog 2 l0g
7 (

dx pf (z|i, st)

YOO =700 () =1z A()ogaps(-) = Pr(-)dogaA()
(v()—1)? v () A()? '

To simplify it further, we use the fact that Jog 5 (A (.) [ss) = (1 — w) iog 2Py () (derived above) and obtain
(

alogxlogpf ($|i,5t) =1+ <p){ (alogmlogpf () — alogazlog)‘(~))> |ss

L DOA) =)=y M)y (1) (1)~ 1)
(v (1) = 1) 7 (1)

hence

1
(

DA, a1

!
1
Dhoga log py (i, 1) oo = 1+ L1 (Z

(
5
1 YO M) -1 -1 (1)

B (
b B l0g 0y @i ) s | (v (1) = 1)~ (1)

W,

and thus

1 _ 0@ -Dy®) -y O @) -Dwt+yH)YDw
Aogz log py (2li, 8') |ss (y(1) =1~y (1) '

10



To conclude, we have shown that

(v(1) = 1)y (1)
Y (Mw+ (1) =1y (1) (30)

PT = &ogxlogpf (x]i,st) ’ss =

TE: Partial differentiation using Jjog  (.|ss) treats the home price as a constant. Using symmetry and plugging in
ps (z]i,s') = py (z|s') for the import price, we thus need to calculate

t alogac g
alng (s") log f(st) ‘ss o wh(%)

TE:= PT PT ’

where, recall, b’ (x) |,=1 = ¢" (1), h (1) = 1, and hence

B n' (1) 1
"= T a0

The numerator of the expression for TE gives

Pf(z\s)
T oo e T A u))

Using the fact that diog ;A (2[s!) [ss = (1 — w) Dogapy (2]s') and 1’ (2) [;=1 = ¢” (1)7", the two terms on the
right-hand side imply

/ (-
Dy ($|St) o h (p;() ) alogaclogpf ( ) alogxlogA () o 1 t
e (M ey 30 o 1) Doy (214)

which gives

Pd

Pd _ AL) Dogz log A (1) 1 t
&Ogmlogh<)\(x|st)) ‘SS_ h(pd) O |88— (1 — w) Boga logpy (2]s') .

AC)
Accordingly, as claimed in text, we have now shown that

w.q” (1)_1 8log:z: logpf (x"La St) + (1 - w) g// (1)_1 alogzlc logpf (JI‘Z, St)
PT

TE = =¢"(1)"'=~(1). @D

1.3 CD Model

Preliminaries: The pricing equations are derived analogously to the baseline model.

PT: As in the baseline model, we differentiate the import price under the assumption of invariant foreign marginal

11



cost v*, which gives

3
. xT 0 X 0—1
Doe 2 log ps (i, st = 0:pr (1) = v* =1-
e ! ( | ) & 21 py () - 0—1 g1 vt + 9‘511"85 9‘21 + 9‘51
Simplifying, we obtain
[ ss § g
1+ —
PT= 71— o S (32)
-1 T o1 L+ pe L pe

where, using the pricing formulas stated in the text, we know that the markup is given by

88,7@_ - 0 é‘ _
pt= 1= e L (33)

Accordingly, as stated in text, we derive

s _1
PT=1-—— -1 34
I
since, by the above,
0 1
5 Ss + 1= NSS _ (35)

o—1 " Tt -1

TE: The final aggregating firm problem is the same as in the baseline model, hence T'E = +.

1.4 PD Model

Preliminaries: To solve for the key pricing formula, we need to solve the system of equations comprising the
conditions discussed in text. To that end, note the following: 1) The distribution F' (p) := Pr (P < p) of quoted
prices by foreign importers operating in the home country is defined on the interval [P, Py] and satisfies

(p—v'2)(q+2(1-q) (1= F(p)) = (Pr —v'x)q, allp € [P, Py,
where v*x is the marginal cost of producing the good; hence

P,—p
2(1—q)(p—v*x)

2) The lower bound of the distribution satisfies ' (P;) = 0, hence

F(p)=1-q¢ (36)

P, — P qP, +2(1—q)v*x
F(P)=1- — 0= P = .
T [T R 2

3) The upper bound P}, satisfies that the (local) searching entity is indifferent between instructing reps who receive
a single highest quote P}, to abort their purchase and replace them by new reps who purchase at the expected price
P, implying

v = Pp — p, (37)

12



where, here, fv is the home country search cost for a unit of output (recall that each rep brings #~! units). As
explained in text, the average price p solves

P dH
p= [ v Ty, (38)
P, P

where
H (p) = aF (p) + (1— ) (1 - (1= F (n))?)

(P2~ ¢) + Prg — 20"2) (p(2 — q) — 2(1 — g)v*a — Phq)
4(1-q) (p—v*z)’

Integrating the above expression by parts gives the average price

p=v'zr+q(P,—v"r) (39)

and hence the upper bound
0
QU:Ph—ﬁ%Ph:v*qulv . (40)
—q
The above conditions imply that the import price—the average purchase price py := p by a rep of the imported
good f implied by (38)—is

Ov
1—¢q

pr=v+q(P,—v)=v2+gq 41)

PT: As in the baseline model and CD model above, we differentiate the import price under the assumption of
invariant foreign marginal cost v*:

0q
x x g
Oog 2 1og pr ()i, st =Ops () ——=|ss =0V ————=1— 1
Nh f(| )|SS xf()pf(-)|ss xv*—i—le—qu 1+9qu
The steady-state markup is
SS 9
pes =P g (42)
v 1—g¢q
and so
ILLSS
PT =1- : (43)
1 _l’_IuSS

TE: As for TE, divide the Armington-demand first-order conditions for goods d and f to obtain log(ps/pq) =
log ((1 — w)¥7/w!'/7) — v~ tlog(f/d) and note that the definition of TE implies TE = . Notes: Additional
derivations and automated log-linearization of the above expressions can be found in the replication package
Mathematica notebook TheoryResultsSection3_CS.nb.

1.5 NCES Model

Preliminaries: The key here is that a nonatomistic monopolistic producer sells the good to the final goods pro-
ducer who aggregates goods according to a nested CES: the outer CES aggregates over a continuum of sectors
indexed by 7; and the inner CES aggregates over individual nonatomistic firms within the sector, indexed by 5.
The aggregator and nonatomistic structure imply that the demand function faced by the producer involves both
the sectoral elasticity + and the within-sector elasticity 8, where we assume 6 > v,6 > 1.

13



Let ¢ = (i1,42) and assume type-identical allocation / policy (or importers and all domestic producers within a
sector are symmetric and make symmetric choices). The profit maximization of an importer is

(3,s") = f(i,sgl,g;{(i,sf) [pr(i,s') — (L4 7)v* (s") 2 (s")] f(2, 8",
S.t.

N

Y (s') P(s')
(f(iast))” _ pslis)

y(i,s") Py(i, ')’

N o1 Nx N
y(i,s') = (Z di,s) "+ flis") ) ,
in=1 in=1

where 7 > 0 is iceberg cost, p(%, s') is the price set by the within-sector producer, Py (%, s') is the sectoral price,
y(1,s') is sectoral output, P(s') = 1 is the numéraire of final consumption, and Y’ (st) is the final consump-
tion/investment (C' + I) demand by the final producer.

To derive the first-order conditions, we substitute for prices into the objective function, which gives

(26 (52) -]

and plug in the last constraint to obtain unconstrained maximization:

f@i,sH 7 (Z d(i,st) © + Z f(i,s" ° > Y (s —(1+7) 25D f(i,sh).
io=1 io=1

The first-order condition with respect to f(2, s') is

/T\
D=
+
—
~~_
&H
—~
“S.

»
=
he}
YO
[]=

QL
—~
\_S.
v
J
53
L
+
=
M2
~s
-
»
N
=)
I
S~
°
L
=~
~—~
cn@b
SN—
2=
Il

in=1 ia=1
9 / N N lei% -1
-t—l+11_§ N ~ o0 LT 5 * (Gt t
—f(i,s")" @ — Zd(z,s) —|—Zf(z,s) f(&,s) Y ()7 + 1+ 1) (s') z (sY)
in=1 in=1
and hence
<—; + 1) f(’i,St) =
_ 8
S (i, s") Lpr(i,s') + (14 7)v* (s") z (")

14



where
ps(3,5")f(3,5")
Py(i. sy (i )

is the importer’s market share. Simplifying, we obtain the key pricing equation of the model

Sp(i, st) =

<1 - % [1—Sp(i,s")] = ,1Y5f(i, St)> ps(iss') = (L+m)o* (") @ (s7)

and hence

py(3, st = 5:(;.0,(2:5;921(1 + 7)v* (st) x (St) ;

where .
s, st) = [; (1= 5 (i) + 25 (i,st)]

is demand elasticity. In what follows, we assume there is N symmetric home firms within each sector and a
smaller Nx < N symmetric importers. We set 7 = 0 (analytic section only).

PT: We log-linearize the pricing equation given by
1
1= (B (U= Sy (ali,51) + 187 (ali, 1)

py (i, s") = v* (s') z, (44)

which is equivalent to the one stated in the text after multiplying the numerator and the denominator by % (1—-S¢)+
%S . Log-linearization of this expression under the rules of the operator Oiog ;. (-|ss) gives

(0 —1Dpy -1

PT := Oiog o logpy (m|i,st) lss =1— 7

(—aogxlog Sy (x]z',st) \58) ) (45)
(The operator diog 5 (.|ss) assumes that pg (4, s') is unaffected by the exchange rate and so d (%, s") is treated as a
constant.)

Using representativeness and symmetry, p (x]z, st) =py (a:\st) (all 2 from the foreign country), and so

Dy (x|i,st>f(x|i,st)

o L padllis)
Sy (ald, s") = py (@i, Fafis)

ps(
N + Nx =55 o

Taking logs and applying the operator, we thus obtain

t t
_810g33 (log Sf (x’st) ‘ss) = _810g3510g (W) ‘ss + <_810gx10g <‘£(<i|’zt§> }ss> (46)

py (zls') f(x]s")
1 N+ N
+ Oiog x log ( + Nx pad(z|s?) ‘ss’

where f(z|s') denotes the relevant quantity consistent with the producer problem under the assumptions of the

15



operator Ao 5 (|ss) and symmetry. Dividing the demand equations side by side,

-0
— (= Pd__ i,st
1= () ),

(@)™

f@wyng@SU> y (4,5 ,

we note that

flals') _ (pf (x\st)>_9’ @7)

d(xls") Pd
and hence
Wm@ﬂ@w:(mwﬂ>”
pad(z|s') Pa '
Accordingly,

1-6
py (als!) fals) . (py (als?) ___<Wy*
8loggc pdd(x]st) |ss - 8log:z: Pd |SS - (1 0) pzs PT.

Eliminating the constants and plugging in for f/d from (47), we obtain

—Ooga log Sy (2]s') |, = —Biog log (pf (2]5")) |, + (0i0gxlog (py (2]5")) |,,) (48)
1-6
Nx (pys (z|s")
4 Oogalog [ 14+ =2 [ L2 .
log 0g N < Pd ‘ss

Using the known approximation for logs, dlog (1 + x) /dx < 1 (for all z > 0), and given 6 > 1, we obtain

N pss 1-6
—&ongOgSf (x|st) |ss < (0 - ]‘) (PT - WX (£S> ) < (0 B ]') PT.
by

Plugging in to (45), we derive

— 1) 5
PTzl—( ):f (6 —1) PT
and assuming (6 — 1)p* — 1 > 0, we obtain
(0 — 1)z — 1 -
PT > <1+0”f(9—1)> . (49)

16



As for (0 —1)p3" — 1 > 0, note that, since 6 >~ > 0 and S3° > 0, (44) implies

. 1 (1 — SSS) + 155
Mf - 1— (%(1 o Sss 1Sss)> (50)
(157) iy
= (b (-s7)+4 SSS> eb
1 1
=< j% =T (52)

hence (6 —1)u3* —1>1-1>0.
TE: The formula for TE follows from the first-order condition of the producer:

f(xls') _ (pf (x\st)>_9' (53)

d Pd

Plugging in to the formula for TE, we obtain

a(st O | pf(xl))
_ alogxlog 7f(st2 |Ss _g log z 108 < Pd B Halogx log (pf (w[st)) _4 (54)
N PT o PT N PT e

Notes: Additional derivations and automated log-linearization of the above expressions can be found in the repli-
cation package Mathematica notebook TheoryResultsSection3_NCES.nb.

1.6 DH Model

Preliminaries: The importer’s profit maximization is

my (i,s') = ZZ o) B () [0, ') — 0 ()7 (6, ") + (py (i, ) /() — 07 (1)) £ (i 1] -

S.t.

i,st)\ ?
i) = (B0 ) gl st DOV, ()8 () 7 ()

. —6
f*(i,st) _ <p]£*(st) ) h}(i,stil)g(efl)f*(st), (w;(Z’ St)ﬂtuz (St) - (St)) (55)

)+ (1= p)f(i,s"), (A (4, s Bt (st) T (s
Wi(i,s') = phf(i, s 1) + (1= p) f*(i, 8", (AF(i,s") B (s') m (

where Lagrange multipliers are defined as noted in brackets next to the constraints.

) (56)
s), (57)

The first-order conditions are

17



o ppi st e (st) — ot (sh) = p(i, 87 — (1= p)Ag(i, s)

P ps) — o) = g3 — (L= AT )
: i,st) = —f(i’St) i, st

pr : f(, )_epf(i,st)/x(st)wf(7 )
5 peliss!)/al(s') 5 = Yy (ins!)

B res =0l e

1
— pjc(i,st)éz (i, s)

* (ot+1 B
i) ) = 3 T [ i) a0 o]

* ((ot+1 B
ni(i,s') o Af(i,sh) = 5E8tu;>§i8t)) [pA}(i’St—H) +w}(ia5t+1)f*(i,5t+l)2;0(i ;;] ’

where E,: denotes the conditional expectation on state s’. Substituting out for the multipliers, we derive

pi(is)/z (') = 5 i L [0 = (L= p)As (G 8] (58)

Al = A E ) Ty o) 4 SO RIS e (59)
e 8) = o fo(s') — (1= )N} )] (60)

Aj(iys') = ﬁEst“;c('z:;) [pA}(i, s + w;l) 7 (i, s”ﬂ%] : (61)

As noted in text, the demand function faced by the foreign producer (one of the constraints in the optimization
above) is

—0
f (pf7hf|i75t+1) = < 7 > hgf(afl)f (St+1)a

Py(st)
and so
ahff(') f(lv St+1) _ C(Q - 1) pf(i7 St+1) f(lv 5t+1)
S0, f() a(sthy w(st) hy(i,st)
N——
MRT

Accordingly, the law of motion for the value of habit can be equivalently expressed as

18



Ag (i, st) = BE tu:* (s pA (i St+1) I _ahff (py hyliys™1) f (pg, hyli, s™1)
FA) s . (St) F\b 8pff (pf, hf\i, St—i—l) I <8t+1)
MRT
PT: Define -
gh(StJrl) . hf(’L,S )

he(i,st) '
which, given the habit equation,
hy (i,s”l) = phy (i, st) +(1=p)f (i,st'“) ,

implies
fli, s gn(s™) —p
he(i,sty —  1—p

Given the pricing equation,

i, s 0 * st
pi(@t)) =51 [ (") = A=) & (i8],

we can express the value of habit as

pf(i,St) 0—1 ¥ t
A (Z St) _ xz(st) 0 v (8 )
/ ? 1— p
We next plug in to the law of motion for A above and obtain
p (ivst) 6—1 * p (ivst+l) 0—1 * 1
Loy 7 — v () mEuﬁ@”W eyt — vt (sT)
_ - P A _
1—p 5 e (st) P 1—p

e (s'41) [4(9-— 1) py(i, s") gn(s'™1) —-p]’

E
BT 5 R R e P2y R

hence

. * 1 * 1 :
pf(l,st) — 4 (U*(St) _ ﬁEst uc"*(st+ )pv*(st—i-l)) + BEst U (StJr ) |:ppf(27 St+1):|

x (st) 0—1 uhe (st) ub (st) x(stt1)
ut, (st i st
— BE 4 ;Z*( (St)) [ij;((;tﬂ)) (gh(StH) _ p)} ’
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and

;ot 9 o (st
. stt1 j, stt1
R u:*(@t)) [pi(éil)) = Cants™ D+ o )}'

We use the fact that p}(i, st) =12 fc &f )t), plug in to the above and derive the following difference equation

0

1
(o () 16) = 2 (006 — ) + 52

uex (8h)

We log-linearize this equation with respect to (p;‘c (i, %), P} (i, s, gn (s”l)) around the deterministic steady
state and obtain

3 (571) 557 (o — Con(s™) + o).

dlog p}(i, s') = —BCEqdlog g (s"') + B (p — ¢ (1 — p)) Eqedlog p}(i, s ).

We solve the implied difference equation forward to obtain

dlogpj(i,s') = =B¢ Y B (p— ¢ (1= p))' Eged (log gn (s"") |as) -
t=0

Finally, using the fact that
dlog p% (4, st = dlogpy(i, s') — dlog z,
we divide both sides by dlog x and derive

dlogpy (m|st)

dlogz L B> B (p—C(1=p) EgOoga (log gn (2[5 |ss) -

t=0

PT = Oiog (logpf (myst)) =

Note that 0 < land 0 < p < 1,andso p— ¢ (1 —p) > 0.
TE: TE derivation is derived analogously as in the baseline model: T E' = . We omit the details.

Notes: Additional derivations and automated log-linearization of the above expressions can be found in the repli-
cation package Mathematica notebook TheoryResultsSection3_DH.nb.

1.7 CC Model

Preliminaries: Consider the simplified “analytic” setup from Section 3. The key equations are: 1) the bargaining
equation

f(=]s)’

where G(d, f) corresponds to (5), 2) the endogenous market-share determination equation

f(als) _ my (2]s)
d(s') ma (s')

t
pf(:v|z',st) =n0sG (d(s) 1> + (1 — n)av®, (66)

(67)
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3) and the first-order condition associated with the analytic maximization stated in Section 3 of the paper,

my (i, s) \ ,
a;r(lfﬁ) (ps(s")/a(s") —v(s")) hd(st)mf(st;c T v (shay (i, st), 68)
subject to
s )
f

The above, after plugging in the steady state value for v* = v® = n/(n + p®)—consistent with the partial
differentiation to obtain PT—gives

+ a St —as
(pf(i ) _ " ) | oy —af )SS L = (g +mp)—1—, (70)
z(st)  n+p aj -+ pss

where a‘}s = mff is the steady-state value associated with markup p*° that solves pjf = 0% (14 p*°) . In the
steady state, we assume d*°/ f** = w/(1 — w), which gives

ay’ =my =p” (1 -w), ail’ =m3 = p*w.

The term p°° ensures that the convex adjustment cost does not bind in the steady state. While the model is static,
this emulates the long-run equilibrium in the full model.

PT: We start from the bargaining equations, which, in log-linear form around the symmetric steady state and
under the rules of the operator Oiog 5 (108 . |ss), is

ss : w » f (x]s")
v n+ 1+ 1) g (logpf(xlz,st)lssz—l =75 1+ 1) | —Diogzlog <d(8t)‘ss :
PT
TExPT
where, by definition,
. -1 f (=]s)
TExPT

It is now easy to calculate that the above equations give the expression in text:

_ 1-7
Sl = T )

PT (72)

TE: We log-linearize the constraint (69), the first-order condition in (70), the market-share equation in (67) and
the bargaining equation in (66), all around the steady state under the rules of the operator J;, (.|ss). The resulting
log-linearized equations, in the same sequence, are:

Aog 10g (M p (i, 8)|ss) = Ohog log (ay (i, s")|ss)
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(1 + MSS) 8logyc (logpf(x]i, Stﬂss) -1 = alog:r IOg (af(:c|i, St)‘ss) (1 + 2¢ - w) )
PT

t
—810gx log <fd(i9’f))|ss> = alogx log (T?Lf(.%”’i, St)|ss) ’

TEXPT

and bargaining equation

d (st)

TEXPT

Y (1 =+ MSS) 8logx (Ingf(x‘i7 St)’SS) _(1 - 77) = (77 + MSS) w <_aloga: log (f (x‘s ) |ss>> .

PT

Solving the above system yields the expression from text:

Y1+ p*%) (0 + p*°)
YL =) (1 — w + 2p) 4+ w(1 + pss)(n + pss)’

Notes: Additional derivations and automated log-linearization of the above expressions can be found in the repli-
cation package Mathematica notebook TheoryResultsSection3_CC.nb."

TE =

2 Log-Linearized First-Order Conditions

Unless indicated otherwise, all variables showing up in the linearized equations are defined as proportional de-
viations from the steady state: i.e., for any variable X (st), we define X; = dX (st) /X*%, where X*% is the
steady state value of X (st). We make exceptions for variables that can take non-positive values (e.g., net for-
eign assets), which we scale by steady state final goods production: i.e., for any such variable Y (st), we define
Y, = dY (st) Jy®%, where y*° = d* + d**°. We also define the steady state share of hours worked in time
endowment as £ = [*°/].

2.1 Frictionless Baseline (FB)

Marginal utility

Uer = (V1 —0) =1 e — (1 =v)(1 - o) —/l (73)
Uy = (W —0) =1 ey —(A-v)(1 —0) 3l (74)
Capital accumulation
ke = (1 —0)ki—1 + 6y (75)
ki = (1 —96)k;_, + oif (76)
Demand for final goods
'deﬂf + dt = wdt + (1 — w)ft a7

"Note: in the file, m corresponds to a above, 6 corresponds to 7 and ¢ corresponds to 1.

22



Consumption-leisure choice

Optimal bond holdings

Optimal investment

Uey + @O (it — ki—1) = Ue g1 + [1 = B(1 = 0)] ryep1 + B (it|t+1 — ky)

Uy ¢ + $6 (z,’f —

Capital-labor choice

Marginal cost

Price setting

Resource constraint

Final goods market clearing,

UIP condition

k:fl) =

VP +df = wf + (1 —w)dy
YPre + fr = wdy + (1 —w) fi
’Ypf,t +ff=wfi+ (1 —w)d;

£l+
1_£t Ct

Wt =

wy = 1_£lt+t

Uet = By + e g)i41

* P *
Uet = Ry + Ue tlt+1

ki1 — 1l = wy — 1y

* * ok *
o1~ =wp =y

vy = (1 —a)wy + ary — 2z

vy = (1 — a)wy +ar] — z;
Pd,t = Ut

Pry=a +vf

P;lk,t = V¢ — T¢

* ok
Piy =

wdi + (1 —w)d} =z +aki—1 + (1 —a)ly

(I-w)fitwfi =2z +aki+ (1 -a)l

0—1 o

g I
y L—145

<1 ;) ct—}—l—zt—wdt—i—(l—w)f

Z Z.SS +k * *
<1 ) . —iy =wf + (1 —w)d;

yss
R: - Rt + xt‘tJrl — Xt = —I (bt + Tlt)
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W + 1= B = )] 1oy + B0 (ifay — K7

(78)
(79)
(80)

8D

(82)

(83)
(84)

(85)

(86)

&7
(88)

(89)
(90)

oD
92)
93)
4

95)

(96)

€

98)

99)



Net foreign assets

1 * *
bt:Bbt_lJr(l—w) (df = fo+xe+ Pjy — Pry)

2.2 Kimball Aggregation (KA)

Marginal utility
L

uc,t:(1/(1—0)—1)ct—(1—1/)(1—0)1_£

ly

up= (1= 0) = )i — (1= )1 — o)1 2l

Capital accumulation
kt == (1 - 5)kt_1 + 5’lt

ki = (1 —96)k;_, + oif
Demand for final goods, where v = ~y(1)
VPt +dy = wdy + (1 — w) fy
'YP;,t +di =wfi + (1 —w)dy
YPpy + fr = wdy + (1 —w) fy
’YP;:,t +fi =wfi + (1 —w)di

Consumption-leisure choice

(s lt+Ct

1-L
N L

_ * *
wy = ——=lf +¢

1-L
Optimal bond holdings
'U,C’t = Rt + uc,t|t+1

¥ ¥ *
Uer = Ry + Ue tjt+1

Optimal investment
Uet + 00 (it — k1) = Uegpper + [1— B(L = )| 7yja1 + BP0 (igp41 — kt)

u:,t + ¢0 (1? - kf—l) = UZ,t|t+1 + [1 o B(l - 5)] T;sk|t+1 + f¢o (i;:k\t_f-l o k:)
Capital-labor choice
ki1 — 1l =we — 1y
ki =l =wi —rf
Marginal cost
Vt = (1 — a)wt +arg — 2zt

vy = (1 — a)w] +ar; — z/
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(100)

(101)

(102)

(103)
(104)

(105)

(106)
(107)
(108)

(109)

(110)

(111)
(112)

(113)

(114)

(115)
(116)

(117)
(118)



Price setting, where ¢ = W
Pay = (1 =)
Pry = (1 =) (2t +v;)
P;,t = (1—9) (vy — my)
P}:t = (1 —-vY)vf

Resource constraint
wd + (1 —w)d; =z +aki—1 + (1 — )l

(I—w)fi+wfi =2z +aki_y + (1 - )l

. . ;S8
Final goods market clearing, where ;@ =5

UIP condition
R: — Rt + xt‘t+1 — Ty = I (bt + nt)

Net foreign assets

1
by = Ebtfl +(1—w) (df — fe+ @+ Piy— Pry)

2.3 Costly Distribution (CD)

Marginal utility
L

1-LC

ucr =rv(l—-0)-1)e—(1-v)(1-0) ly

Uey = (V1 —0) =g = (1 =v)(1-0) ly

1-L
Capital accumulation
k; = (1 — 5)]4,}71 + 0y

ki = (1= 96)ki_ + di;

Demand for final goods

VPt + di = wdy + (1 —w) f
'YP;,t +di =wfi + (1 —w)d;
YPry + fr =wdi + (1 —w) fy

VPfy 4 fi = wfi + (1 —w)dg

Consumption-leisure choice

Wy = ly + ¢

1-L
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(119)
(120)
(121)
(122)

(123)
(124)

(125)

(126)

127)

(128)

(129)

(130)

(131)
(132)

(133)
(134)
(135)
(136)

(137)



* E * *
wy i +c

T 1-L
Optimal bond holdings
Uet = By + U g)141

* _ * *
Uet = Ry + Ue ¢lt+1

Optimal investment

Uey + @6 (iy — ki—1) = Uegprr + [L— B — )] e + BSOS (g1 — ke

w08 (if = k1) = ey + (1= B0 = 0)] ey + B0 (i1 — K7

Capital-labor choice
ki1 =l =wr — 1y
ki =l =wi —rf
Marginal cost
Ve = (1 — Oé)’(Ut + ary — 2t
vy = (1 — a)w; + ar] — z;
Price setting
Pat = Ut

o ) ¢
s Ty ( et 9”)

vt—xt—kgvz‘)

. 1 (
P = 091 —¢ 0

* ok
Pf,t_vt

Final goods prices, where v** = 7775
Pap = (1 =& )pas + §v* vy
Ppy= (1= E&0™)pps + Ev* vy
PC’lkyt = (1 - §U88)p27t + gvssv;:k
Pry= (1= &u™)py, + &v™vy

Resource constraint

wdi + (1 —w)di +&fwdi + (1 —w)fe] = (14 &) [zt + aki—1 + (1 — a)ly]

A—w)fitwff +Ewfi + A —w)di] = (1 +8) [ + akiy + (1 - a)lf]

%% _ 0—=1_ da

55— 9 I_
y L—140

Final goods market clearing, where

2'55 Z'SS )
<1 - yss> ¢t + Flt =wdi+ (1 —w)f;
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(138)

(139)
(140)

(141)

(142)

(143)
(144)

(145)
(146)
(147)

(148)

(149)

(150)

(151)

(152)
(153)
(154)

(155)

(156)

(157)



;5s i ;58 . i .
1—F Ct+ﬁzt:wft+(1_w)dt

UIP condition
Rf — Ry + xypqq — 21 = =L (b + 1)

Net foreign assets

1
by = Zb—1 + (1 - &™) (1 —w) (dt—ft+$t+p§vt_pf’t)

B

2.4 Price Dispersion (PD)

Marginal utility
Uy = vl —0o)—1)c— (1 —v)(1 —0)1 — Clt
* * L *
Uey = (V(l—0)—1)¢f — (I-v)(1- U)l —Elt

Capital accumulation
ky = (1 —0)ki—q + diy

kj =(1—=96)k;_, + o1}

1—¢q
1—q+6

V(A = 0v>) Pyy + 00™ 0] + dy = wdy + (1 —w) fi

Demand for final goods, where v%% =

v [(A = 00™) P, + 0v*°vf] +df = wff + (1 —w)d}
YI(1 = 0v*%)Ppy 4+ 0v™ 0] + fr = wdy + (1 — w) f
v [(1 = 0v°*)PFy 4 00 vf | + [ = wff + (1 —w)d}

Consumption-leisure choice

Wt = lt+-q

1-L
L * *
'l,l);|< = ﬁlt + Ct

Optimal bond holdings
Uet = By + U g)i41

® ok *
Uet = Ry + Ue tlt+1

Optimal investment

Ut + PO (i — ke—1) = Uett+1 T+ [1—pB(1—0)] Teje+1 T Bod (it|t+1 - kt)

Wiy 08 (if = k1) = 6oy + (1= B = 8)] ey + B0 (3501 — K7)

Capital-labor choice
ki1 —ly =wy — 1y

* * ok *
ki =l =wg — 1y
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(158)

(159)

(160)

(161)

(162)

(163)
(164)

(165)

(166)
(167)
(168)

(169)

(170)

(171)
(172)

(173)

(174)

(175)
(176)



Marginal cost
Ve = (1 — O[)’wt +arg — 2z

vy = (1 — a)wy +ar; —z;

Price setting

Pd,t:Ut
1—q Oq
Ppy=—"1 ) R S
Ft 1—q—|—9q($t+vt)+1—q+9qvt
—(—x) + ———v
1—q+0q(t 2 1—qg+6g "
Pry=vy

Resource constraint
wdi+ (1 —w)d; +0wdi + (1 —w)fe]) = (14 60) [zt + aki—1 + (1 — a)ly]
(I—w)fi+wfi+0wff+ (1 —w)di] = (140) [z + ak{_; + (1 — )]

; : # _ (1=9(1+8) éa
Final goods market clearing, where P % Y

’SS

<1 ;) ct—f—z—zt—wdt—l—(l—w)f

7 /I:SS
% * *
<1 yss> ySS ’l/t = Wft + (1 — W)dt

UIP condition
R: — Rt + xt‘t+1 — Ty = —I (bt + nt)

Net foreign assets

1
by = Bbtfl + (1= 00") (1 —w) (df = fo + 2+ Py — Pry)

2.5 Nested CES (NCES)

Marginal utility

Capital accumulation
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(177)
(178)

(179)

(180)

(181)

(182)

(183)

(184)

(185)

(186)

(187)

(188)

(189)

(190)

(191)
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] $S_1 . . e55—1 -~ . e
Demand for final goods, where ;SS = (E‘J‘Tw + (1 — @)L ) T ‘5‘1"+ 5 and w is an auxiliary parameter that can
-

be mapped onto 7 via 1 + 7 = (

,l;SS *SS )
QPd,t +dy = (1 — yss) Cct + F’Lt (193)
. " z‘SS . iSS -
9Pd’t + dt = (1 — y88> Ct + F’Lt (194)
1:58 'S8 )
QPf,t + ft = <1 — yss> ct + ﬁ% (195)
. N 1:88 N 7:SS "
OP;, + f; = <1 — yss> c + —5 (196)
Consumption-leisure choice
(s 1— £lt + Ct (197)
L
Optimal bond holdings
Ue = Ry + e )it (199)
Uey = By +ug 44 (200)
Optimal investment
Uet + ¢0 (it — kt—1) = Ueqjq1 + [1 = B(L = 0)] rypq1 + Bpo (it|t+1 — ky) (201)
u:,t + ¢o (Z;&k - kZ—l) = UZ,t|t+1 +[1 = B(1—6)] 7":|t+1 + Bpd (i:\t+1 - k;) (202)
Capital-labor choice
ki1 =1l =wy — 1y (203)
ki =l =wi —rf (204)
Marginal cost
ve=(1—a)w + ary — 2 (205)
vy = (1 — a)w; +ary — z; (206)
N _1-1 N 11
Price setting, where £5° = {% (1-%)+ %%} and ey = {% <1 - 1]\7*;:) + %1]\7;}
1
Pyt = 1 oss €dt + V¢ (207)
1 *
Pf,t = 1_76}55]“715 + Ut + :L‘t (208)
* 1 *
Pd,t = 1—75836(1’15 + v — Tt (209)
f
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1 X
Market shares
Sat = Pas +dy — (0 [Pys + de] + (1 — @) [Prs + fi]

(
Sf’t = Pf’t + fr — ((:) [Pd,t + dt] + (1 — (I)) [Pf}t + ft]

Ste=Pii+ i — (1 =) [Pl +df] + @ [P}, + f{])

Demand elasticities, where

Resource constraint, where @ = |1 4 1= _=d
d
wdy + (1 — @)d: =z +aki 1+ (1 — Oé)lt

Off + (L —w)fe =z + ok + (1 —a)ly
Final goods market clearing

58 iss ~ ~
<1 — yss> ct + Flt = wdt + (1 —w)ft

Z’SS Z’SS ) B B
<1 - ) ¢t + gt wff +(1-w)d;
UIP condition
R;( - Rt + xt‘tJrl — Tt = I (bt + nt)
Net foreign assets

1 ~ * *
by = Ebtﬂ + (1= @) (df = fr + @0 + Py — Pry)

2.6 Deep Habits (DH)

Marginal utility

Capital accumulation
ke = (1— 5)kt_1 + 01t
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(212)
(213)
(214)
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(217)
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(223)

(224)

(225)

(226)

(227)



ki = (1—0)ki_y + 0i

Consumption-leisure choice

Wt = lt—i-ct

1-L

. L
wy = ——ly +¢;

1-L
Optimal bond holdings
Uet = By + U g)141

* . * *
Uet = Ry + Ue ¢lt+1

Optimal investment

Uey + ¢6 (iy — ki—1) = tegprr + (L — B — )] e + BSOS (g1 — ke)

w68 (if = K1) = ey + (1= B0 = 0)] ey + B0 (5501 — Ky

Capital-labor choice
ki1 =l =wr — 1y
kig =l =wi —rf
Marginal cost
Ve = (1 — Oé)’(Ut + ary — 2t

vy = (1 — a)w; +ar] — z;

Pa <1+C(11—p)ﬁ>v C(l—p)BAd

Price setting

Iy 1-pp =%
pf’““( = ) 1—ﬁpBA“
Pay+ ot = ( C(l—é);B) 1—5P A*’

1-— 1-—

e ()

Composite (habit-adjusted) goods B
dy = dy + Chg 1

ft th‘FChf,t—l
di :CZ:*’Chfltfl
=1 +Chiiq

Demand for intermediate goods

dy = —0 (Pa; — Pat) — C(1 = @)hgs—1 +dy

fi=—=0re— Pri) —CL =) hyi1 + fi
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d;tk =0 (p:l,t - P;,t) —¢(1— <p)h2,t71 + dy

fi =-0 (P},t - P;,t) —¢(1— (P)h?,t—l + fi

Habit formation

hat = phat—1+ (1 — p)d;
hys = phyer+(1=p) fi
ha, = th,t—l +(1—p) CZ:
Wie=phye 1+ (1—p) Nt*

Shadow price of habits

Agt = Uepir1 — Uet + BpAg 1 + (1= Bp) (pd,t|t+l + CZt|t+1 - hd,t)

Ay = UZ,WH —Upy + BpAf 1 + (1= Bp) (pf,t\t+1 — Tyjt41 + ft|t+1 - hf,t)

Agy = tUeft+1 — Ue + BpAG 41 + (1 = Bp) (pfl,t|t+1 + Tyjey1 + Ay — h%)

Aby = UZ,t|t+1 —Ugy T+ ﬂpA},ﬂtH + (1 = Bp) (p},t\t—f—l + f;it—‘,—l - h},t)

. 5 -1 ¢(1-p)B da
Demand for composite goods, where ST 0 (1 + 8y ) Toi4s
,I:SS SS
’YPd,t—l‘dt_(l—yss Ct+ —Su

(g25) 0=

Resource constraint, where w = ——=+——————
(1) TR 41

Gdy+ (1= Q) = 2z + ok 1 + (1 — )y

Off + (1 =) fr =2 +akf |+ (1—a)l}

Final goods market clearing

58 58 » 1 1
<1—&S>Ct+sslt: —di + — ft
Y Y 1+ (1—w) I+¢(1—) 1+ (L> I+¢(1=)

w

(249)
(250)

(251)
(252)
(253)
(254)

(255)

(256)
(257)

(258)

(259)

(260)

(261)

(262)

(263)

(264)

(265)



*SS *SS ) 1 1
<1 - ; ) cf + ;—z: - — — (266)

1-w\13ci—) w \IFaT—
L (7)) et 14 (125) 7
UIP condition
R: — Rt + xt‘t+1 — Tt = I (bt + nt) (267)
Net foreign assets
1 ~ T rs *
b= b + (1= 8) (& = fot o+ 93— i) (268)
2.7 Customer Capital (CC)
Marginal utility
L
ey = (V(1=0) =)o = (L= w)(1 = 0)— ol (269)
* * L *
ug, = w(l—0)—1)cg —(1—-v)(1— a)ﬁlt (270)
Capital accumulation
ke = (1 —0)ki—1 + diy (271)
ky =(1—=96)k;_, + i} (272)
Demand for final goods
7Pdt + dt = wdt + (1 (,U)ft (273)
'YPdt +df =wfi + (1 —w)dy (274)
YPri+ fr = wdt + (1 —w) f (275)
’YPf,t +fi=wf + (1 -w)d; (276)
Consumption-leisure choice
L
wy = 11— [,lt + ¢t 277)
N L
wp =1 ﬁlt +cf (278)
Optimal bond holdings
Ut = R + e g41 (279)
Uep = RE + Ug 41 (280)
Optimal investment
Uey + ¢6 (iy — ki—1) = tegprr + (1 — B — )] ryeqr + BAS (g1 — k) (281)
why + 08 (if — kfy) = ul oy + [1— B(L = 0)] 7y + B0 (ij‘tﬂ - k;:) (282)
Capital-labor choice
ki1 — 1y =wp — 1y (283)
ki =1 =wp—rf (284)
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Marginal cost

=1 —a)w+ar—z (285)
= (1 - a)w; + ar; — z; (286)

Price setting (optimal bargaining), where U/ = IX—[l —(1-dm)p]+1
Upar = U —1+n)Pas+ (1 —n)u (287)
Uppe = U —1+n)Pse+ (L —n) (v +x4) (288)
Upgy = U —1+n)Pg, + (1 —n) (v — 24) (289)
Upjy = U —1+n)Pfy + (1= n); (290)

Marketing capital

mat = (1 — Om)Ma -1 + Omaay (291)
myr = (1—08m)mpi—1+ dmayy (292)
mZ,t (1- 5m)mdt 1+ 5mafl,t (293)
mey = (1= m)mp, 1 + dmay, (294)

Optimal marketing capital conditions

vt + Yo (Gd,t - md,tfl) = B(1 —6m) (Ut|t+1 + Uetft+1 — Uc,t) + BYom (ad,t|t+1 - md,t)
+ 1= (1 =6m)B] (he + Way —wmgy — (1 —w)myy) (295)

vt = Tt + Pom (age —myp-1) = B(1 = om) (”t\tﬂ = Tyt + Ul — UZt) + B0 (ager1 — M)
+ 1= (1= 6m)B] (ht + Wy —wmgy — (1 —w)my,) (296)

Uf + T + Yo (ai‘z,t - mZ},tfl) = B(1 = 6m) (U:\Hl + Zgje41 T Uete+1 — Uc,t) + BYom (afz,ﬂm - mz,t)
+ (1= (1= 0m)B] (A + Wiy — (1 = w)mi, —wmi,) (297)

v} +0m (g, —mas 1) = B — om) (U:|t+1 T Ug g1 — U:,t> + BYom (a},t\tﬂ - m?t)

+[1 =1 —=6,)8] (hi + Wi, — (1 —w)my, —wm},) (298)
Customer list
di = (1 —=6g)di—1 — o [wmay + (1 —w)myps] + 0 (Mg + he) (299)
fi=0=0n)fi—1 —0n [wmgs + (1 —w)mys] + 0m (mysy + hy) (300)
df = (1= 6g)di_y — 0 [(1 —w)ymjy, +wmb,| + 6m (mj, + hy) (301)
fE=0 =)y —ou [(1 —w)mj, +wm},] + 0u (m}, + hf) (302)
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Optimal customer list conditions

Wy = W (Upar —ve) + (1 —6m)p (Uc,t\t+1 — Uet + Wd,t|t+1)
Wi = W u [Pf,t —ze) —vf) + (1 —0m)p (ui,qm - uz,t + Wf,t\t+1)
Wczt = W (Z/l [pi‘z,t + xt] - Ut) +(1—3dm)B <uc,t|t+1 — Uct + W;,t|t+1>
Wi, = W U = v7) + (1= )8 (6 g1 — i+ W)
Retailer value
Jar = >1< (L{ _; * nPdt — Upq t> +(1—6m)B Uc,t|t+1 — Uy + Jd,t\t+1)
Jre = )1( (u ; T p Upp ) +(1—6)8 B (U1 — et + Tpij41)
Jc}:t - )1( <L{—171—|—77P;’t - Z/{pd,t) + (1 - 5H)B < Ue tjt+1 — u:,t + J;,t\tﬂ)
Ji = >1< <M —; Hp, - up;zt> (1= 0m)B (Wh s — e+ Tfgenn)

Free entry by retailers
we]dﬂj + (1 - w)Jth = Ut
(1- W)J:f,t + WJ}k,t =vf

. A OmbaW U—14n
Resource constraint, where W = T—(1=6,8 7

wdy 4+ (1 —w)d; + W (wags + (1 — w)agy) + xOmhy = (1 + W+ X5H> (2t + aki—1 + (1 — a)ly)

(1—w)fi +wff +W (wa}, + (1 —w)aj,) + x0mhi = (1 + W+ X5H) (2f + ok + (1 — )lf)

. . iss X da
Final goods market clearing, where ;= = (1 +W+ X5H) =i 1+77 155

N\
—_
|
Qﬁ‘s.

S8 iSS
35> Ct +F7’t =wfi + (1 -w)d;

UIP condition
R;( — Rt + xt‘t—i—l — Tt = —T (bt + nt)
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U-1 (SH 6m

Net foreign assets, where M = 977715 T—(1-01)8 1=(1-6,m)B

1 nU
by = —b,_ l—w)—"—" (dF — *
L= g0 1+ ( w)U—1+n(t fe+ e+ pg — D)
+ (L —w)M (v +aps —vf —a —ayy) (318)

3 Data Sources and Replication

Data sources. Data for the model section come from the replication package of Drozd and Nosal (2012),
available online from the American Economic Review. Most statistics are taken from that paper, and we use
their estimate of the TFP process. Original data sources are: OECD Main Economic Indicators (https:
//www.oecd.org/en/publications/main-economic—-indicators_16097319.html), Bureau
of Labor Statistics (import and export price indices, https://www.bls.gov/mxp/), International Monetary
Fund Direction of Trade Statistics (https://data.imf.org/en/datasets/IMF.STA: IMTS, currently
IMTS, previously DOTS), and Bureau of Economic Analysis (BEA) National Income and Product Accounts and
input—output tables (https://www.bea.gov/industry/input—output—-accounts—data).

In addition, as cited in the paper, we use the S&P Compustat North America (Fundamentals Annual, 2024)
dataset accessed via Wharton Research Data Services (WRDS), and Bureau of Economic Analysis input—output
tables at the detail level (BEA 402 Industry I-O Use Tables, benchmark years 2007, 2012, and 2017). The
NAICS crosswalk files are in the same folder and were downloaded from the BEA website in January 2025
(2017_to_2022 NAICS.x1sx,2022_to_ 2017 _NAICS.x1sx).

Replication of Table 1 (markups). Compustat: Run the Jupyter notebook compustat_markups.ipynb in
the replication package (Data folder). Due to proprietary data restrictions, the folder does not include the S&P 500
Compustat file. The code contains an automated download from WRDS. Prior to the download, WRDS credentials
need to be entered when prompted. I-O tables: See Excel file 2017_402_sectoral markups.xlsx (sheet
Table_1, Data folder). The file is linked, and the source data come from the 2017 SUT tables downloaded from
the BEA website in January 2025 (Use_SUT Framework 2017 .x1sx).

Replication of Tables 4— (model results). Run the Dynare codes from the replication package. Instructions are
in README . tXt.
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