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Abstract

How important are shocks to the terms of trade relative to TFP shocks as a source of
consumption volatility in commodity-exporting economies when firms are heterogeneous? In
light of mounting evidence of heterogeneity in firm-level trade adjustment, we develop an
analytical framework that nests a benchmark Small-Open Economy International Real
Business Cycle (SOE-IRBC) model, a tractable general equilibrium version of |Gopinath &
Neiman)| (2014), and several frameworks in between. The analysis yields three key theoretical
results. First, the equilibria of the models are the fixed point of a single equation in the
economy’s trade openness, which coincides with the imports-to-consumption ratio. Second,
the differences between the models are captured by two elasticities that relate changes in key
aggregate variables to changes in trade openness. Finally, the relative importance of terms of
trade shocks depends on one general equilibrium elasticity, which we call the terms-of-trade
elasticity, independent of assumptions on market structure, returns to scale, and selection into
importing. As the terms-of-trade elasticity depends on equilibrium trade openness, we find
that the different models predict virtually the same relative importance of shocks to the terms
of trade shocks when calibrated to match the same level of trade openness. Our results suggest
that matching key micro-moment of heterogeneous trade adjustment across firms does not
change the relative importance of terms-of-trade shocks in generating aggregate fluctuations
once trade openness is accounted for.
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1 Introduction

Emerging economies are characterized by substantial volatility in final consumption. Through
the lens of International Real Business Cycles (IRBC) models, a large literature investigates which
shocks cause this volatility and how important unobserved shocks, such as sectoral total factor
productivity (TFP) shocks, are relative to observable shocks, like for example terms-of-trade shocks.
Unquestionably, the more models reduce their reliance on unobserved shocks, the better they
become (e.g. |Abramovitz| (1956); Cochrane (1994)). Although studies differ in the exact share
attributed to different shocks, most studies agree that substantial sectoral TFP shocks are needed
to replicate the volatility observed in the data.

At the same time, there is mounting evidence of heterogeneous trade adjustment across im-
porting firms (e.g. Amiti & Konings|(2007), Goldberg et al. (2010),|Gopinath & Neiman| (2014) and
Halpern et al. (2015)). Aggregate imports adjust because large continuing importers adjust their
firm-level imports and because small firms start and stop importing. Whereas small firms predomi-
nantly change the set of imported varieties, large importers also change the imported amount of
each variety. Importantly, this literature stresses that because bigger firms are more exposed to in-
ternational shocks and adjust on multiple margins, terms-of-trade shocks can induce considerable
endogenous movements in aggregate productivity through reallocation across firms. Since IRBC
models focus on equilibria with perfectly competitive homogenous firms, they cannot account for
heterogeneous trade adjustment across firms. As a consequence, these models potentially miss
such endogenous aggregate productivity movements that could lower the reliance on exogenous
TFP shocks when explaining consumption volatility.

In this paper, we study whether models that can generate heterogeneous trade adjustment
also predict that shocks to the terms of trade are relatively more important than models that do
not. To do so, we develop a framework that inserts the partial equilibrium model proposed by
Gopinath & Neiman (2014), which generates heterogeneous trade adjustment across firms, into a
benchmark Small Open Economy IRBC (SOE-IRBC) model of a commodity-exporting economy a la
Mendoza (1995). In this way, our framework nests a frictionless benchmark SOE-IRBC model with
representative producers, a general equilibrium version of the heterogeneous trade adjustment
model, and other models in between.

The benchmark SOE-IRBC model is composed of a manufacturing sector and a final good
sector with representative producers that compete under perfect competition. Manufacturing
firms produce according to a constant returns-to-scale technology that combines labor and an
input bundle consisting of domestic and foreign intermediate inputs. The final good is produced
by combining labor and output from the manufacturing sector through a constant returns-to-scale
technology as well. Finally, there is the commodity sector which is modeled as a time-varying
endowment that affects domestic households’ disposable income through the budget constraint.

To understand the contribution of each additional friction present in the heterogeneous trade

adjustment model relative to the SOE-IRBC benchmark model, we move from the latter to the
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former in three steps. First, we consider the role of monopolistic competition in the manufacturing
sector, which distorts the relative price of domestic and foreign intermediate inputs. Second, we
add increasing returns to scale to importing. With this technology manufacturers trade-off the
benefits from additional intermediate input varieties stemming from the love-for-variety aggregator
on the imported intermediate input bundle with paying a constant fixed cost per imported variety
in terms of domestic laborE] Finally, to capture heterogeneity in firm-level trade adjustment, we
introduce heterogeneity in firm-level productivity and allow firms to endogenously select into and
out of importing. In this way, the optimal number of intermediate input varieties also varies across
firms of different sizes.

Our analysis yields three theoretical results. First, across all models considered, the non-linear
zero-debt equilibrium is represented by one non-linear equation in one endogenous aggregate
variable, which we call the “trade openness”. While trade openness is a function of the set of a
set of structural parameters and its exact analytical expression varies across the models, it always
represents the imports-to-final consumption ratio of the economy. Therefore, it captures how
reliant the economy is on imported intermediate inputs to produce final consumption.

Second, up to first-order approximation, the equilibrium process of aggregate consumption
is described by an equation in which only the elasticities attached to the exogenous shocks are
model-dependent. For instance, in financial autarky, the response of final consumption to a terms-
of-trade shock is summarized by one elasticity, which we refer to as the terms-of-trade elasticity. We
show that the importance of terms-of-trade shocks relative to sectoral TFP shocks in explaining the
variance of final consumption is summarized by an expression that only depends on intermediate
input shares and the terms-of-trade elasticity. Moreover, the share explained by terms-of-trade
shocks is rising in the terms-of-trade elasticity. Therefore, comparing the relative importance of
terms-of-trade and TFP shocks in driving consumption volatility across models can be done by
solely looking at the terms-of-trade elasticity.

The final theoretical result is that the terms-of-trade elasticity can be decomposed into two
intuitive parts. The first part is simply the product technology parameters, that is the intermediate
input shares in services and manufacturing, and the steady-state trade openness, which differs
across the models. The more production relies on intermediate inputs, and the more those
intermediate inputs are sourced from abroad, the more shocks to the terms of trade matter in
explaining consumption volatility. As we deviate from the SOE-IRBC benchmark model and add
frictions, two competing forces change the terms-of-trade elasticity relative to the one in the
SOE-IRBC benchmark model. On the one hand, domestic distortions increase the incentives for
manufacturing producers to import intermediate inputs, which increases equilibrium trade
openness and exposure to external shocks. On the other hand, domestic distortions in the

manufacturing sector also change the allocation of labor to the final goods sector, which can either

IGopinath & Neiman|(2014) shows that this friction is essential to capture import adjustment through the changing
the amount imported of a given set of intermediate input varieties and the through the changes in the set of imported
intermediate input varieties
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increase or reduce the sensitivity of the labor allocation to final the goods sector to exogenous
shocks.

Before quantitatively evaluating the models, we show that these results are robust to changing
some of the simplifying assumptions we make to derive the results. For instance, accounting for
endogenous adjustment of the amount of labor that is supplied by consumers changes the relative
importance of terms-of-trade shocks to productivity shocks only by changing the terms-of-trade
elasticity. At the same time, the terms-of-trade elasticity in perfect competition remains equal to the
product of the intermediate input shares and equilibrium trade openness. If we allow consumers
to share risk internationally, the equilibrium process for consumption changes. However, in the
situation when the exogenous shocks approach random walks, the share explained in the growth
rate of consumption by terms-of-trade shocks relative to productivity shocks remains pinned
down by the same expression as in financial autarky. Hence, the expression remains a useful
limiting result and this is true for most popular international market structures, including non-state
contingent local and foreign currency bonds and segmented financial markets as in [Itskhoki &
Mukhin/ (2021).

To quantitatively evaluate the models, we calibrate the model with heterogeneous trade
adjustment using macro data and firm-level trade data of Colombia and Chile. We show that the
model with heterogeneous trade adjustment captures the main stylized facts of heterogeneous
trade adjustment across firms. First, importers are larger both in sales and employment than non-
importers. Second, the distribution of imports per firm follows a Generalized Pareto distribution
and is therefore highly skewed, with a few firms importing large volumes and many firms importing
small amounts. Third, larger importers import a more diversified set of goods, rarely stop importing
altogether, and mostly adjust on the intensive margin while smaller importers adjust on the
extensive margin. Fourth, larger importers adjust their imports mostly on the sub-intensive margin,
while smaller firms adjust on the sub-extensive margin and we provide an expression for the
relevance of the sub-intensive margin across the firm size distribution and show that it closely
matches its empirical counterpart. Finally, through the reallocation of resources across importers
of different sizes and through the entry and exit of firms into and out of importing, the complete
model generates endogenous movements in total factor productivity.

To evaluate whether terms-of-trade shocks have more explanatory power for consumption
volatility in a model that generates heterogeneous trade adjustment compared to the benchmark
SOE-IRBC, we structure the quantitative analysis of the models into two distinct assumptions about
equilibrium trade openness. First, we provide an analysis conditional on structural parameters.
That is, we assume that these parameters are the same across models such that models are allowed
to differ in how open the economy is in equilibrium. In this case, we find that the terms of trade are
two to five times more important than in the benchmark SOE-IRBC model. Thirty-four percent
of this difference is accounted for by adding monopolistic competition, sixty-two by including
increasing returns to importing, and only four percent by accounting for firm heterogeneity and
selection. Introducing monopolistic competition and increasing returns to importing both lower
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the relative price of intermediate inputs, which increases the trade openness of the economy and
dominates the change in the sensitivity of the labor allocation to the final good sector to shocks.
While heterogeneity and selection are crucial to match cross-sectional patterns in trade adjustment,
they are inconsequential to the relative importance of the terms of trade in explaining consumption
volatility.

Second, we consider an analysis in which we test to what extent the differences between
the models are reduced when they are calibrated to generate the same level of equilibrium trade
openness. To generate the same level of equilibrium trade openness in the different models, we
allow the home bias parameter that governs the relative share of domestic to imported intermediate
inputs in the production of manufacturing output to differ. Conditional on steady-state openness,
we find that the quantitative predictions for the relative importance of the terms of trade of the
benchmark SOE-IRBC model and the model that generates heterogeneous trade adjustment are
almost identical. Hence, differences in equilibrium trade openness turn out to be the single most
important factor that set the models apart. This also implies that if all the researcher is interested
in is the relative importance of different shocks as drivers of aggregate consumption volatility,
targeting trade openness in the benchmark SOE-IRBC framework, through the imports-to-final
consumption in the data, functions as a substitute for specifying a more complex heterogeneous
firms framework.

This last result is reminiscent of those in Ljungqvist & Sargent (2017) and |Arkolakis et al.
(2012). In the former, the elasticity of unemployment to productivity in a large class of search-and-
matching models hinges on one number alone, the fundamental surplus. In the latter, the welfare
change following a change in trade costs is captured in a simple formula of the change in domestic
absorption and the trade elasticity in a large class of trade models. Similarly, we find that unless
researchers are interested in the micro-moments of heterogeneous trade adjustment in small-open
emerging economies, a simple model which is calibrated to the imports-to-consumption ratio of
the economy provides a close description of the equilibrium process of aggregate variables.

This paper is related to three other strands of literature. The first studies the sources of business
cycle fluctuations in emerging economies through the lens of IRBC models. TFP shocks, terms-of-
trade shocks, and interest rate shocks all seem to be contributing factors to consumption volatility.
For instance, Kydland & Zarazagal (2002) and Aguiar & Gopinath| (2007) stress the importance of
(non-)stationary TFP shocks in emerging markets, while Garcia-Cicco et al.| (2010) point that these
shocks have implausible implications for the dynamics of the trade balance. Nevertheless, most
papers heavily rely on TFP shocks to rationalize the observed consumption volatility. For instance,
Mendozal(1995) attributes 44% to TFP shocks, also|Garcia-Cicco et al.|(2010),/Schmitt-Grohé & Uribe
(2018), Kohn et al.| (2021) and |Drechsel & Tenreyro|(2018) estimate that TFP shocks are responsible
for respectively 95%, 86%,74% and 60% of the variation in consumption volatility. In addition,
Kose (2002) and Fernandez et al. (2018) attribute 12% and 25% to TFP shocks. However, all these
results are obtained using the same benchmark SOE-IRBC model without heterogeneous trade
adjustment. We depart from this literature by studying whether accounting for heterogeneous trade
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adjustment changes the importance of terms-of-trade shocks relative to TFP shocks in explaining
consumption volatility.

We also contribute to the literature that studies heterogeneous trade adjustment. Kehoe & Ruhl
(2008) shows how terms-of-trade shocks cannot have first-order effects on aggregate productivity
in a neoclassical benchmark model. However, Amiti & Konings (2007); |(Goldberg et al.| (2010);
Gopinath & Neiman| (2014); Halpern et al.| (2015); [Blaum et al. (2018) show that in response to
terms-of-trade movements small firms change the number of imported varieties and large firms
also change the imports of each previously imported product variety. To capture these patterns they
introduce models of increasing returns to importing and heterogeneity which creates a connection
between movements in the terms-of-trade and aggregate productivity through reallocation across
heterogeneous firms. We contribute to this literature by providing a tractable general equilibrium
framework that allows researchers to decompose differences between frameworks friction-by-
friction and to understand whether accounting for heterogeneous adjustment matters for the
relative importance of terms-of-trade shocks in explaining volatility in final consumption.

Finally, our paper ties into the literature that studies the relationship between openness and
volatility of economic activity. This literature mostly focuses on explaining the relationship between
the level of consumption volatility and trade openness using ad-hoc measures for trade openness
such as the total trade over GDP (e.g. [Koren & Tenreyro| (2007), |Cavallo| (2009) and Giovanni &
Levchenko (2009)). Like Caselli et al.| (2020), we consider a theoretically grounded measure of trade
openness, i.e. the imports-to-final consumption ratio, and use it to study how the importance of
terms-of-trade shocks relative to TFP shocks in explaining consumption volatility changes between
models with and without heterogeneous trade adjustment.

The rest of the paper is structured as follows. Section |2|develops the theoretical model we
use to analyze the contribution of different shocks to consumption volatility. Section 3| provides
our three main theoretical results. In section[4} we illustrate that the model developed in section
generates heterogeneous trade adjustment and we discuss the quantitative comparison of the

different models. Finally, section concludes.

2 Theoretical framework

We embed a simplified version of the Gopinath & Neiman| (2014)-model in an otherwise standard
SOE-IRBC model. We study an economy in which the supply side is composed of three different
sectors: a downstream final good sector, an upstream manufacturing sector, and a commodities
sector. We first describe how the final consumption good is produced by a final good sector that uses
labor and intermediate inputs produced by the upstream manufacturing sector. Manufacturing
firms produce intermediate inputs by combining labor and foreign and domestic intermediate
inputs. Finally, we model the commodity sector as an endowment process. We close the economy

by imposing restrictions on how consumers share risk internationally.
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2.1 Technology
2.1.1 Final good sector

The final good sector consists of a representative firm that combines labor and intermediate inputs
to produce the final good with a constant returns-to-scale production function:

g_

1-p u o=l . |o-1
Yl’ = ASZ'LSZ' XSI where XS[ = .Xil’ o di
1

where Lg; denotes the amount of labor used and 1 — u governs the labor share in the production
of services. Xg; indicates intermediate input use and is a CES-aggregator over the individual
intermediate input varieties produced by the manufacturing firms. Substitution across individual
intermediate input varieties is controlled by o. The first-order conditions that determine optimal
conditional input demand are given by

Py

LSt:(l_ﬂ)ﬂYt, Xst=p—Y; and Xit:(P” _
Wi Pp;

ag
X 2.1
PDt) St (2.1)

where Pp; is the price index of domestically manufactured inputs, P;; is the price of domestic
intermediate input variety i and W; is the nominal wage paid to workers. The representative firm is
assumed to operate in a perfectly competitive market, which together with the production function

determines the final price index |
1 W' HPp,H

=— Lt 2t (2.2)
"7 Asy (1— )l pH

2.1.2 Manufacturing sector

To produce domestic intermediate inputs, the domestic manufacturing sector combines labor
and intermediate inputs as well. These intermediate inputs are either produced at home or
imported. To transition from the benchmark SOE-IRBC model to the model with heterogeneous
trade adjustment, we consider four different setups of the manufacturing sector: (1) the benchmark
SOE-IRBC model with homogeneous firms in a perfectly competitive market; (2) a model with
homogeneous firms in a monopolistically competitive market; (3) a model with homogeneous
firms in a monopolistically competitive market producing under increasing returns to importing;
(4) the model with heterogeneous firms which generates heterogeneous trade adjustment. Here
we discuss the model that generates heterogeneous trade adjustment and leave the details for the

other models in the Appendix.

2Modelling the relation between the final good and the manufacturing sector as vertical provides a parsimonious
way to match the pattern that final consumer prices are much less responsive to nominal exchange rate movements
compared to import prices or producer prices (e.g. Burstein & Gopinath| (2014)). In this way, the final good sector
might be viewed as a distribution sector that combines final manufacturing products with local labor inputs to deliver
the final good to consumers
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Production technology There is a continuous unit measure of domestic manufacturing firms

indexed by i. Domestic firms produce using the following Cobb-Douglas production function:

Yir = ADt(PiLDitl_YXDitY

where firm i’s productivity level is a combination of its time-invariant productivity ¢; and Ap;

which is a sector-level TFP shock process in the manufacturing sector. Lp;; and Xp;, represent
productive labor use and intermediate input use respectively and y is the intermediate input

share in production. The intermediate input bundle is a CES aggregate of foreign and domestic

intermediate input bundles:

£

1 1 1 1)1
Xpir= (waDir e +(1-w)eQpir ¢ )

where Qp;; and Qy;; represent firm i’s use of domestic and imported intermediate inputs respec-
tively and € determines the degree of substitutability between the domestic and foreign input bun-
dles. w is a home-bias parameter that determines the extent to which manufacturing firms prefer
domestic intermediate input conditional on relative intermediate input prices. Finally, domestic

and imported input bundles are CES aggregates of individual domestic and foreign intermediate

input varieties.

0
0-1

g-1 UﬂTl 6-1
Qpir = (f qujtde) and Quir= (f qmike 0 dk (2.3)
J kel %

The domestic intermediate input bundle aggregates the varieties produced by the domestic

manufacturing sector. The quantity used of the output of firm j by firm i is denoted by gp;;, and

substitution among these varieties depends on ¢. Substitution across imported input varieties is

governed by the elasticity §. Following Gopinath & Neiman| (2014), we assume that individual

imported varieties are indistinguishable from one another in their quality or source. Under this

assumption, there is a common dollar price Pi/” for all imported varieties k and the firm-specific

imported intermediate input bundle price is the following
$ 1
Puyir = E¢ Py | L 10
where E; is the nominal exchange rate at time ¢. The firm-specific intermediate input price is

1
Pxie = (0Pp' ¢ + (1 - ) Par, 6125175 )

where Py = E IP$ . In the setups without increasing returns to importing it follows that | Z;;| =
Mt p 8 p g

1 Vi, t while in setups with increasing returns to importing the measure of imported varieties is

optimally chosen. Also, it is allowed to be zero for firms that optimally choose not to import.
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Market structure The manufacturing sector sells both to itself and to the services sector. Because
manufacturing firms substitute across domestic intermediate inputs with the same elasticity of
substitution as the services sectmﬂ final demand for manufacturing output is given by:

P;;
Pp:

Yit:( ) (Xst +Qpr)

where Qp; = [; Qpidi is the total demand for manufacturing output from domestic manufacturers.

The domestic manufacturing price index is a CES aggregate of domestic variety prices Pp; =
1
(f; Pi/\7di )77 . We assume that manufacturers compete under monopolistic competition which
combined with CES demand for manufacturing output leads to a pricing rule that consists of a
constant markup over marginal costs ]
o
Py = ——MC;;
-1
Optimal input allocation Conditional on choosing the measure of imported varieties |Z;;|, we

derive the firm’'s marginal cost function by solving the firm’'s cost minimization problem. The

first-order conditions for conditional input demand are the following.

MC; MC;
ltYit and Xp;;=7vy d

Y; 2.4
W Pxir ' 4

Lpir=1-7)
Optimal demand for domestic and imported bundles is governed by the first-order conditions of
the second-tier problem of manufacturing producers and depends on the elasticity of substitution

between input bundles.

Pp €
d ) Xpit

QDit:w(P

Pyt

-
) Xpir and QMiz=(1—w)(

Xit Pxit

Finally, the optimal demand for each type of variety is pinned down by the first-order conditions of
the third tier of the manufacturing producer’s problem.
p it

-0
qujt:(_]) Qpi: and CIMikz=(
Pp;

Purke

-6
) Qumir

Puit

3This follows a large literature in closed and open economy macroeconomics (Nakamura & Steinsson| (2010),
Gopinath & Neiman|(2014) and|Blaum et al.|(2018)).

“By assuming that the manufacturing sector charges a constant markup over marginal costs, we deviate from recent
literature in international macroeconomics that accounts for pricing-to-market by allowing for more general forms of
competition (e.g. |Amiti et al. (2019) and |Gopinath et al.|(2020)). However, in Appendix ?? we show that, in contrast
to developed economies where the terms-of-trade is less volatile than the real exchange (Atkeson & Burstein| (2008)),
commodity exporters experience the opposite. Because assuming monopolistic competition does not compromise the
model in fitting this empirical fact, we abstract from pricing to market. In the setup under perfect competition, we
evaluate the model in the limit where o/(o — 1) — 1 and manufacturing prices are equal to marginal costs.
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Combining these expressions with the production function, manufacturing firms’ marginal cost

function conditional on a sourcing strategy |.£;;| is the following.

1 1 W rPy,Y
Apr @i A=p)1=ryY

MC;; (1 Zi]) =

Optimal sourcing decision Without increasing returns to importing, the optimal sourcing strategy
is |Z;:| = 1. Under increasing returns to importing, firms weigh the benefits of an additional
imported intermediate input variety with the additional fixed costs necessary to source it. This
fixed cost is paid every period in domestic labor units, such that total fixed costs are W; f|.Z;;|
where f is the labor requirement per imported variety. Manufacturing firms maximize profits
(Pir —MCj; (1Zi¢])) Yir net of fixed costs. To obtain an explicit solution for the measure of imported
varieties, we assume that € = 6 such that the fixed costs to be paid are linear in the measureE] Under

these restrictions, the optimal number of intermediate input varieties is

(o-1)(e=1)

w P e-1 ) ey =D
|$it|:—(ﬂ) ( L ) ! -1
1-w\ Pp; PYMmt

where ¢y, is the cutoff productivity level defined by equating revenues to fixed costs, such that
1Lt (ome)l = OH Plugging in the cutoff definition and the optimal number of imported intermediate
input varieties, we re-express input prices solely as a function of aggregate variables and the firm-
level productivity level:

(o-1)(e-1)
) Qpr ) e-1-ylo-1)

__1 -
Pxit=7Ypit=w ¢=1Pp; where Yypi = ("’l
1 otherwise

ifp; =@u;

where yp;; is the domestic intermediate input share which is decreasing in ¢; if y(c - 1) <e—-1
such that the measure is increasing in firm-level productivity.

2.1.3 Commodity sector

We follow Fernandez et al. (2018) and model the commodity sector as an endowment process that
is the only source of foreign income for the economy. We make this simplifying assumption for two
reasons. First, it is plausible that world commodity prices are exogenously given to the respective

economies we consider. For instance, take Colombia and Chile as two representative countries.

5This assumption is also imposed in Gopinath & Neiman|(2014) and in sectionwe show that these simplifications
do not compromise the model’s ability to match the key empirical patterns.
5The expression for ¢y, is the following

e-1-y(o-1)
) Puis e=171To-Dee-D
l-w PDI

a

ot Pp,® (X5 +Qp) |71 1 W' TPy
w, Apr =) Ty7

Pmr = (%)F

Y a—w
E—l(l @)
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While oil represents roughly 60% of Colombia’s total exports, Colombia was only the 20*" largest
oil producer in 2020, according to the US Energy Information Administration. Also, Colombia has
never been a member of OPEC. Chile accounted for a little under 10% of the world’s raw copper
production in 2015 according to the US Geological Survey 2017 but copper represents more than
half of its exports. Second, adjusting physical commodity output is often hard to achieve in the
short run due to significant time-to-build in extraction CapacityE] For these reasons, income from
commodity exports is arguably well approximated by an endowment process that keeps physical
output fixed in the short run but accounts for income fluctuations stemming from changes in world
commodity prices. These restrictions imply that we discard the reallocation of labor in and out of

the commodity sector at business cycle frequency.

2.2 Final demand

The economy is populated by a representative consumer that buys services and supplies labor
inelasticallyﬂ For simplicity, we assume that consumers cannot share risks internationally and that
the economy is in financial autarky. In financial autarky, consumers consume their full income
and the real exchange rate adjusts to ensure that the value of commodity exports equals the value
of imported intermediate inputs when expressed in terms of the domestic good such that trade is

balanced each period. Formally, we have that:
TB;=EP} X+ W,L+I,— P,C, =0

where II; are profits paid out to consumers by firms in the manufacturing sector and P;C; is the

total expenditure on services in any given period t.

2.3 Equilibrium

Definition 1 (Stable equilibrium). Given the set of deep  parameters

(0,0
0 = {)/,w,E,J,H,K,Q,51,62,R$,P§4,Pf(,X,f} and a set of exogenous processes
=
$ p$ *
{PXI’PMI’ADt’ASt}t:

(0,0)
that the equilibrium processes for the endogenous variables {Ct, Y:, Xst, Qpt, Lst, Lpe, Lyt QMt} B

R stable equilibrium is a set of price processes {Ppy, Wy, E}2  that ensures

satisfy the following conditions (1) Consumers maximize utility given the budget constraint, (2) final

good and manufacturing producers maximize profits and (3) markets clear:

"For instance, Asker et al.| (2019) model oil extraction through a Leontief production function in labor and extractive
capital that is pre-determined in the short run. Hence, without additional investment in physical extraction capacity,
there is no reallocation of productive labor to the commodities sector.

Doing so, we implicitly assume that domestic financial markets provide full insurance against idiosyncratic shocks
across households.
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Goods market clearing

) (Xst + Qpt)

it

Y;=C Y] —(P
t— “bD Dit — PDI

Labor market clearing
L=Ls: +f(LDit +Lyid di
1

Current account
TBy=W, L+, +EP} X~P,C,=0

Finally, we normalize the price of the final good sector: P; = 1.

Defining trade openness In all models we consider, the equilibrium conditions can be written in
terms of an auxiliary variable H;, which we call the “trade openness” of the economy. It is defined
by rewriting the expression for imports W;L+1I1; — P;C; as proportional to final consumer spending

P,C; (see Appendix[B). The trade balance equation is then rewritten as follows.

o—1
TBy=EPy, X+ W;L+I1,— P,C; = E,P} X - pyTH;" (©) P,C,

Imports

Imports

As indicated by the superscript m, the exact expression of H; differs across the models we consider.

However, trade openness is always bounded between zero and one and captures the degree to

which the economy depends on imported intermediate inputs to produce final consumptionﬂ

Existence and uniqueness of the equilibrium One reason why rewriting the equilibria in terms
of H; is useful is because the non-linear equilibria of all the models are implicitly defined as a fixed
point in trade openness. Moreover, the following proposition shows that, apart from the model
with heterogeneous trade adjustment, the equilibria are certain to exist and to be unique.

Proposition 1 (Existence and uniqueness of the equilibra). For each of the models, the equilibrium

9For instance, in the model with homogenous manufacturers that compete under monopolistic competition
without increasing returns, H%VIC is defined below. Also, the share spent on imported intermediate inputs relative to all
intermediate input spending is increasing in trade openness:

MC _
F™ =

1 M _ PuiQumr _ (1-yZ4) H,
t

_ EPS, el "7 PxXpr  1-yZlH
L+ (v 5 () xpe Aoy

£}

g

H; intuitively depends on the relative input price of foreign and domestic intermediate inputs and the home-bias
parameter w. For small values of w manufacturing producers are more dependent on imported inputs and H; is closer
to one. The same is true when the price of domestic inputs in domestic currency is high relative to that of imported
intermediate inputs.

14

317

318

319

320

321

322

323

324

325

326

327

328

329



can be solved via a model-specific fixed point equation in trade openness H;", given by:
F™(H;0)=0 ¥V me{IRBC,MC,IRS, HTA}

In addition, the equilibria defined H]" by F" (-) exist and are unique m € {IRBC, MC, IRS}
Proof. See Appendix|C| O

The argument behind this result is that for each model m we can construct a function F™ (H"; )
such that limpgm_.o F™ (H™;0) = -1 and limy_; F™ (H;0) = co. By Bolzano’s Theorem, there
exists at least one root H;" € (0,1). The uniqueness of the steady state follows from the fact that
F™(H",0) is monotonically increasing in H}" € (0, I)H The same argument cannot be used in

the heterogeneous model with arbitrary levels of heterogeneity. Nevertheless, when heterogeneity
(@-1)(e-1)
e-1-y(o-1)’

same argument can be used and the steady state exists and is unique. When the model converges

approaches the upper limit, x — the limit where model’s moments remain finite, the
to an economy with a degenerate productivity distribution, x — oo, the model collapses to the
homogenous firm model with increasing returns to scale on the importing bundle for which
proposition[l]ensures existence and uniqueness. Therefore, we conjecture that the steady state
also exists and is unique in the intermediate heterogeneity cases. To support this claim, Figure[]|
shows for different values of trade openness the value of the non-linear function that makes up the
fixed point equation in each of the models. This figure illustrates that the implicit functions of the
homogeneous and heterogeneous firm versions of models with increasing returns to importing
behave very similarly.

Figure[1]highlights how the different models deliver different equilibrium levels of trade open-
ness. First, when the manufacturing sector operates under monopolistic competition, domestic
intermediate input prices are higher than in the SOE-IRBC benchmark, where they are priced at
the marginal cost of production. This incentivizes domestic manufacturers to substitute domestic
intermediate inputs for intermediate inputs sourced from abroad. As a result, there is a departure
from the efficient allocation, as the manufacturing sector produces less than under the perfectly
competitive benchmark, and the equilibrium trade openness of the economy rises.

Second, the model with increasing returns to importing delivers an economy with higher trade
openness compared to an economy without increasing returns when the fixed cost of sourcing
additional product varieties is not too large. The introduction of increasing returns to importing
changes the sourcing problem in two ways. On the one hand, the love-for-variety aggregator

provides incentives to lower marginal costs by increasing the set of imported intermediate input

10For example, in the case of monopolistic competition, it follows that

Y

HeT (1-y 2 H) ™

1
e-1

FMC (g, 0) = AMC (@) -1

1 1

X2 [XZ - NYH] (1- H)s11Tr

where AMC (@) is a function of the structural parameters.
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Figure 1: Equilibrium fixed point equation F"" (H;©) for different models

5 T T T
Perfect, CRS, Homog.
Monop., CRS, Homog.
Monop., IRS, Homog.
Monop., IRS, Heter.

-1 I 1 1 1 1
0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9

Notes: This figure plots the fixed point equation F"* (H (0); ®) that determines the equilibrium trade openness in each
of the models for the different models separately. This function is evaluated at the baseline calibration discussed in
sectiond

varieties. On the other hand, using more intermediate input varieties requires higher fixed costs as
each variety carries a per-variety fixed cost. When the per-variety fixed cost approaches zero, the
benefits of adding intermediate input varieties increasingly outweigh the costs of accessing them,
leading to higher equilibrium trade openness]T_T]

Finally, trade openness further rises with the introduction of firm-level heterogeneity. As long
as e—1>vy(1-o0), larger firms will source more intermediate input varieties. As manufacturing firms
produce with a production technology that is characterized by love-for-variety on the imported
intermediate input bundle, larger firms can reduce their marginal cost more and attract a larger
market share. This positive correlation between importing and market share leads to a more open

economy in the aggregate, albeit only to a limited extent.

3 Theoretical results

In this section, we consider the model’s first-order dynamic solutions around the model’s steady
state. In particular, we assume that the exogenous stochastic processes {a;, ap;, pfﬁ, pf;/”} follow
shock-specific AR(1)-processes, which are not model-specific. We provide three key results. First,
the different models give rise to the same goods and labor market clearing conditions that relate

final consumption and the real exchange rate to exogenous shocks and changes in trade openness.

The differences between the models are fully captured by the elasticities that pre-multiply changes

in trade openness in each of the equations. Second, the contribution of terms-of-trade shocks

HBecause calibrated values in/Gopinath & Neiman!| (2014) and Halpern et al.| (2015) are very small and not very far
from zero, we consider this limiting result as the relevant limit.
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relative to productivity shocks in explaining consumption volatility is pinned down by one general
equilibrium elasticity, which we will refer to as the terms-of-trade elasticity. Third, the terms-
of-trade elasticity can always be written as the imports-to-consumption ratio times a distortion
term.

3.1 General structure of goods and labor markets

Theorem|[I|shows that across all the models the equilibrium in the goods and labor market can be
represented by two equations that relate changes in final consumption and in the real exchange rate
to trade openness. The models deliver the same equilibrium relationship between the endogenous
variables and the shocks and only differ in terms of the two partial equilibrium elasticities that
govern the direct relationship between endogenous openness, changes in final consumption, and

the real exchange rate.

Theorem 1 (General Structure). Across all models, the equilibrium in labor and goods markets
reduces to two equations that express how changes in final consumption and the real exchange rate

relate to changes in openness and exogenous shocks. They are given by:

Csp = %QDI+QSI+VTH(H;®)77I (3.1

1 1-u
Vi (H:0) \1-y

ne= ape—ase+ Py, + e (3.2)

where q; = e; — ps; is the real exchange rate and n; is the deviation from steady state trade openness

in percentage changes. Moreover, we have that v, (H; ©) >0 and vqu (H;0) <o0.
Proof. See Appendix[D} O

The first equation captures how changes in productivity of domestic factors and foreign factors
translate into changes in final consumption. To obtain this equation, we combine the linearized

expressions for product market clearing and labor market clearing equation, which together yield:
cst = wi—pse+ v (H;0)n;

This expression implies that changes in final consumption are determined by changes in real
wages and changes in trade openness. On the one hand, changes in real wages reflect changes
in the productivity of labor as a domestic factor to produce final goods. On the other hand,
changes in trade openness represent changes in the reliance on foreign intermediate inputs which
induces reallocation of labor towards the final good sector. The sensitivity of the downstream labor

allocation is captured by v/, (H; @))E Real wages can be expressed as a function of only shocks

121 Appendix@we show that v}, (H;6) governs how the labor allocation to the final good sector responds to
changes in trade openness.
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and trade openness as well by combining the linearized price level of the final good sector and the
linearized price level of the manufacturing sector:

1 1-pu ~

Wy — pse = ﬁaSt_ ﬁ(PDt—PSt), PDt— Pst = ast — 1 _Yam—VZ’H(H;@)m

In response to an increase in total factor productivity in the production of the final good, real wages
rise to reflect the higher marginal product of labor in producing the final good. They fall with an
increase in the real price of manufacturing goods, indicating the lower marginal product of labor
due to substitution from intermediate inputs towards labor. Real manufacturing prices decrease
with arise in total factor productivity in the manufacturing sector and increase with positive shocks
to total factor productivity in producing the final good, through the equilibrium response of real
wages. Following an increase in trade openness, real manufacturing prices drop, reflecting the
increased use of imported intermediate input relative to domestically produced. The extent to
which real manufacturing prices respond to changes in trade openness is captured by vy, which
differs across the models. Combining these last two expressions with the linearized labor market
clearing expression delivers the first equation in Theorem[l}

The second equation describes how trade openness changes in response to shocks and
changes in the real exchange rate, capturing expenditure switching between domestic and foreign
intermediate inputslT_g] To arrive at this equation, we combine the linearized model-specific
definition of trade openness and the expression for the productivity cut-off and obtain, for

instance, for the model with increasing returns to importinﬂ

—(e—-1)(1- H™) (pi/” +q;—(pp: - pSt)) =

~

~
Substitution channel

1-ye—1((1-yZHHBS) o o .
Y 1—ﬂ( l—yéHIRS Vi (H;©) = vy (H;©) (1= H™)m,
o D

— 4 Fixed costs
Profits

\

IRS channel

This equation captures two channels that determine the degree of expenditure switching in the
model. First, in all models, there is a substitution channel that arises because of cost-minimization

by manufacturing firms. When manufacturers choose the bundle of intermediate input that delivers

13[n contrast to the literature in which final demand is an aggregator over domestic and imported final consumption
goods (e.g.|Obstfeld & Rogoff (1995),Gali & Monacelli (2005) and Itskhoki & Mukhin|(2021)), our expenditure switching
channel stems from optimal input allocation and substitution across intermediate inputs on the supply side as in
Obstfeld|(2001).

“Given that the expressions for H;" are model specific, we illustrate the steps with the homogeneous firms model
as it captures the substitution and increasing returns to importing channel of expenditure switching well. The
heterogeneous firms model has a similar, albeit more convoluted, expression.
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the lowest marginal costs for a given quantity of output, their decision depends on the relative
price of foreign inputs to domestic inputs, p%t +q¢— (ppe — pst), the elasticity of substitution
between domestic and imported intermediate inputs and the pool of the domestic intermediate
input suppliers, captured through H. Second, in the models with increasing returns to importing,
manufacturing firms also solve a profit maximization problem. Doing so, firms decide on how many

intermediate input varieties to source from abroad by weighing the additional profits, through

lowering marginal costs, with the additional fixed costs associated with importing more varieties.

In response to shocks, the pass-through from changes in real manufacturing prices into aggregate
manufacturing profits is captured by the coefficient on v;”H (H;6) and the degree by which demand
for manufacturing output changes relative to how per variety fixed costs changes, is captured by
v (H;©). The heterogeneous firm model admits the same structure, but the difference lies in the
coefficient on VZ?H (H ; (:)) that now also the fact that not all firms in the economy will access the
IRS technology, which changes how changes in real manufacturing prices pass into profits. After

plugging in the expression for changes in real manufacturing prices, we arrive at equation[3.2]

3.2 Relative importance of terms-of-trade shocks

We use this common structure across models to derive the equilibrium processes for consumption
and the real exchange rate and the importance of terms-of-trade shocks relative to sectoral TFP
shocks in explaining the variance of final consumption. In the absence of international risk-sharing
possibilities, trade must be balanced in each period. Combining the linearized trade balance
equation with the general structure of goods and labor markets leads to the following equilibrium

processes for changes in consumption and in the real exchange rate:

Corollary 1 (Equilibrium processes - Financial Autarky). In financial autarky, the equilibrium
processes of final consumption and the real exchange rate as a function of the exogenous shocks are

given by:

where

_ m (H:© _ v (H;0
= — VCH~( r)n —, ng (H; @) =— qH~( )
1+vcH(H;®)—qu(H;®) ;

and where v (H;0) >0 and v} (H;8) > 0 following Theorem/l|
Proof. See Appendix[H O

Following Corollary[1} any differences between frameworks can be thought of as differences in
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v (H ; @), which we will refer to as the terms-of-trade elasticity as it determines how final con-
sumption responds to terms-of-trade shocks, and v’ (H;8). Also, from Corollary itis immediate
that models that have a higher terms-of-trade elasticity will put more weight on terms-of-trade
shocks as a source for consumption movements and less weight on exogenous manufacturing TFP
shocks. Importantly, the extent to which different models will have different predictions for the
importance of terms-of-trade shocks relative to sectoral TFP shocks in explaining the variance of
final consumption is solely determined by the terms-of-trade elasticity v/ (H;©).

Theorem 2 (Terms-of-trade relative to TFP). Under financial autarky, the importance of terms-of-
trade shocks relative to sectoral TFP shocks in explaining the variance of final consumption is given
by:
$ $ ~
Vlesilpiork) oh (v (#:6))

V (cselape, pst) ‘7?4 95 n (M—VT(H:@) 2
o2 1-y

D

where 0? s are the variances of the shock processes. In addition, the relative importance of terms-of-
trade shocks is rising in vI" (H;©), that is

v (CSflpﬁ/It’ pis(t)

\% (CSt|th, PSt)

/OVC(H;@) >0

Proof. Follows directly from applying the unconditional, V (-), and conditional, V (:|), variance
operators to the expression for cs; in Corollary/[1} O

While theorem (1| provides a unifying framework for the SOE-IRBC benchmark and the model
with heterogeneous trade adjustment, Theoremillustrates that, to understand whether different
models have different predictions for the relative importance of terms-of-trade shocks in explaining
consumption volatility, all we need to know is the extent to which models have different predictions

regarding the terms-of-trade elasticity.

3.3 The terms-of-trade elasticity

It turns out to be difficult to rank the models in terms of their predictions for the terms-of-trade
elasticity ex-ante. Nonetheless, we now provide intuition into how the terms-of-trade elasticity
differs across the models. In particular, the following proposition establishes that we can always

write the terms-of-trade elasticity as a combination of two distinct elements.

Proposition 2 (Decomposing the terms-of-trade elasticity). The terms-of-trade elasticity vI"* (H; )

has the following common structure across frameworks.

ve'(H™(©);0)=  pyH™®©)  -E"(H"(0),6)
Imports—to—zz)nsumption Dist:):'tion
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whereZ™ (1) = 1 in the benchmark SOE-IRBC model.
Proof. See Appendix[El O

We refer to the first part of v (H™ (©);0) as the “Imports-to-consumption” term and to the
second part as the “distortion” term. The imports-to-consumption term is simply the product
of the intermediate input elasticity in the final good sector y, the intermediate input elasticity in
the manufacturing sector y, and the steady-state equilibrium trade openness level H. When H
approaches zero, the economy is closed and relies minimally on imports for production. In this
case, the portion of consumption variance explained by terms of trade movements approaches
zero because import price shocks do not affect input decisions and the exchange rate insulates

the economy completely from volatility in export prices by adjusting in the opposite direction.

Conversely, as the economy relies more on imported intermediate inputs and opens up, such that
H approaches 1, the share in consumption volatility explained by terms-of-trade shocks rises. We
allude to the second term as the distortion term because the distortion term is equal to one in the
benchmark SOE-IRBC model. However, once the benchmark SOE-IRBC model is enriched with
frictions to capture heterogeneous trade adjustment, the importance of terms-of-trade shocks will
also depend on the distortion term.

To understand how the two terms arise, we start by unpacking the building blocks of its
numerator vy (H™ (©);0), which is given byﬁ:

ver (H™ (©);0) = Vo (H™ (©);0) + vy (H™ (©);0)

1-p

where v,y (H m@); (:)) captures how manufacturing prices move with openness and where
Vi (H m (@) ;(:)) captures how the labor allocation to the final good sector moves with opennessm

In particular, v, i (H™ (©) ;0) is given by:

1 (1-yZ)H™

v, (H™(©);0) = H™ .
Imports-to-consumption ~ “~~~—~ g
roundabout Import share
production
Exp?)rsure
1 1 KH(1-H™)(e-1)

H™1=H™(—1) y(o—1) H™(1—&H) (1-ySL) + H™(1 - Hm)y 2l

. v
No selection Selection

~ J/

~
Substitution

The components of ﬁvp 1 (H™ (©);0) can be separated into two main components. First, the
“exposure” term is common across models. Apart from the imports-to-consumption term, the

extent to which real manufacturing prices are exposed to changes in openness depends on two

15See Appendix @) for more detail on the derivations.
16Both were defined in section
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additional terms. On the one hand, the presence of roundabout production makes exposure of
manufacturing prices to changes in trade openness depend on the intermediate input elasticity
in manufacturing y. On the other hand, exposure additionally depends on the steady-state share
of imported intermediate input to total intermediate input spending in manufacturing. Both the
extent to which final demand changes and the imported intermediate input share rise in trade
openness.

Second, the “substitution term” differs across models with and without an active firm-extensive
margin. In the absence of a firm-extensive margin, the substitution term depends on H” and
the elasticity of substitution between intermediate inputs €. When the latter is high, domestic
inputs are good substitutes for imported inputs and so manufacturing firms can easily substitute if
import prices are high, insulating pp; from foreign shocks. This micro elasticity € — 1 is adjusted
by 1/(H™(1 - H™)) to form a macro elasticity of substitution, where the latter weighs the relative
supply of domestic and imported inputs in equilibrium. The higher H", the smaller the pool of
domestically produced intermediate inputs and the lower aggregate substitution becomes. In
the model with heterogeneity and an active extensive margin, the substitution term is modified
by the “selection” term. As k goes towards its lower limit and productivity draws become more
heterogeneous, the market share allocated to highly productive firms growsE] Because very large
firms also adjust their imports more on the firm-sub-intensive margin and less on the firm-sub-
extensive margin, the relevant macro elasticity changes. This is reflected in the fact that as « goes
towards its lower limit and K goes to onﬂ the micro-elasticity of the no-selection part, € — 1, is
replaced with the lower y (o — I)H In line with Gopinath & Neiman (2014), the macro elasticity
in the model with heterogeneous select firms and selection is always higher than in the model
without heterogeneity and selection.

The expression for vy (H™ (©);0) also depends on v (H™ (©);0). In Appendix[B} we show
that the change in the labor allocation to the final good sector can be written solely as a function of

changes in trade openness such that:

1
lg; = H . _
t Ky . (@) — uy H™ Nt
Imports-to-consumption -~ -

o employment share

.

=v;y(H™(0);0)

where Xm((:)) is a combination of deep parameters which is different across the models. Because of
the Cobb-Douglas structure, v, (H™ (©); ) is solely composed of an exposure term and has two
parts. First, like before, the sensitivity of the labor allocation to the final good sector in response to
changes in trade openness depends on the imports-to-consumption ratio. Second, the sensitivity

7Recall that £ — 1 > y (0 — 1) is necessary for the model to produce finite moments.

18% is a combination of the subset of deep parameters ©.

19See|Chaney! (2008) for a similar argument about how the relevant micro elasticity of substitution changes depend-
ing on how the importance of the firm-intensive and firm-extensive margin in changes in trade flows
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of the labor allocation to the final good sector also depends on a term that is proportional to the
share of the labor allocation to the final good sector in the steady state. On the one hand, the
steady-state labor allocation to the final good sector rises with trade openness, capturing the fact
that as manufacturing firms increasingly rely on imported intermediate inputs, they substitute
away from labor which flows to the final good sector. On the other hand, the steady-state labor
allocation to the final good sector also depends on y™(0). While y”*(®) = 1 in the benchmark
SOE-IRBC model, y"*(©) changes discontinuously between different models, making it hard to
determine ex-ante whether distortions that work through v, (H™ (©) ; ©) will amplify or dampen
the importance of terms-of-trade shocks relative to the benchmark SOE-IRBC model /|

The analysis of v (H mE); @) highlights that because the imports-to-consumption ratio is
present in both components of vy (H™ (0);0), it is also one part of the general equilibrium
v (H™(©);0). The remaining elements of v,y (H™ (©);0) and v,y (H™ (©);0), such as the
substitution term and the term proportional to the steady-state labor allocation to the final good
sector, collectively make up the distortion term after being adjusted by
(1 + v, (H™(©);0) — v, (H™(©);0))"! to account for how openness itself moves with
exogenous shocks in general equilibrium. While the imports-to-consumption ratio
straightforwardly depends on steady-state trade openness across the models, the distortion term
depends in a more complicated way on the specifics of each of the models. This precludes us from
making ex-ante predictions for the different models and to understand to a full extent which forces

matter more, we turn to a quantitative exercise in the next section.

3.4 Extensions

The previous results are derived under a set of simplifying assumptions. In particular, we assumed
that labor supply was fixed and that consumers were not able to share risk internationally. In this

section, we consider how the previous results change when we relax those assumptions.

Endogenous labor supply We have derived the general structure under the assumption that
consumers supply an amount of labor that is invariant to the state of the economy. However,
when consumers change the amount of labor they supply in response to shocks, the equilibrium
response of consumption and the real exchange rate will be different. A common way to introduce
endogenous labor supply is to allow for an additive term in the utility function that captures the
disutility of labor (e.g. [[tskhoki & Mukhin| (2021)). In Appendix D} we show that the effect of
this type of endogenous labor supply enters through changing the terms-of-trade elasticity only.
Therefore, Theorems and are unaffected. Moreover, the terms-of-trade elasticity is equal to the

imports-to-consumption ratio in perfect competition.

20For some frictions, e.g. the introduction of markups in the manufacturing sector, we can determine what happens
to the steady-state labor allocation to the final good sector, but not for all models.

23

544

545

546

547

548

549

550

551

552

553

554

555

556

557

558

559

560

561

562

563

564

565

566

567

568

569

570

571

572

573

574

575

576



International risk sharing So far, we have assumed that the small open economy was in a state
of financial autarky. Hence, consumers were forced to consume their full income, stemming from
wages, profits and net exports, in each period. Allowing for international risk sharing changes the
equilibrium processes for final consumption and the real exchange rate from an AR(1) process to
an ARMA(2,1) process. In this case, consumers save and dissave in response to domestic or foreign
shocks which increases the persistence of the response to a similar size shock. Nevertheless, in the
situation when the exogenous shocks approach a random walk, an adapted version of Theorem[2]
still holds:

Theorem 3 (Terms-of-trade relative to TFP - International risk sharing). Under integrated and
segmented financial markets with p, — oo with y = {D, X, M}, the importance of terms-of-trade
shocks relative to sectoral TFP shocks in explaining the variance of final consumption is given by:

\/(Amle?w[,eit) Loy (v (H;6))

T2 o2 a2
V(Acstlepr,€st) 0% Tes _I_(,U—VE"(H@))

US,D l—}/

where ai ;S are the variances of the innovations to the shock processes.
Proof. See Appendix[El O

When the shocks approach random walks, the equilibrium process for consumption and the real
exchange rate become ARIMA(1,1,1)-processes. Still, after applying the first difference operator,
the resulting processes are stationary and Theorem 3|shows that the relative importance of terms-
of-trade shocks relative productivity shocks in explaining consumption growth takes the same
form as before. Importantly, we show that this result holds under integrated financial markets with
non-state contingent local and foreign bonds and segmented financial markets. For this reason,

Theorem 2]remains a useful limiting case in the presence of international risk sharing.

4 Quantitative exercise

In this section, we complement the qualitative comparison of the different models with a
quantitative exercise. To this end, we calibrate the parameters in the model based on data from
Chile and Colombia. In addition, by comparing the predictions of the model with moments taken
from Colombian and Chilean firm-level trade data, we illustrate that the model with
heterogeneous trade adjustment can generate the stylized facts of heterogeneous trade adjustment
well. Finally, we leverage the rule of thumb described in Theorem [2| to compute the relative

importance of TOT to TFP across the different models.

4.1 Calibration

Table[I]describes the calibrated parameters and their sources.
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Table 1: Calibration of mai

Manufacturing sector
Parameter Value Reference
Y 0.65 Country IO-tables
w 0.50 |Gopinath & Neiman|(2014), Blaum et al.|(2018)
e 3.00 |Gopinath & Neiman|(2014), Blaum et al.|(2018)
0 3.00 Restriction
) 1.00 Melitz & Redding (2015)
K 6.95 Estimation
f 0.05 Blaum et al. (2018)
Final good sector
Parameter Value Reference
7} 0.40 Country IO-tables
o 3.00 |Gopinath & Neiman (2014), Blaum et al.|(2018)

Input elasticities The input elasticity parameters y and p are calibrated to match the cost shares
of the Chilean and Colombian manufacturing and the final good sectors, respectively. For the
manufacturing input share, the Chilean data has values closer to 0.60, while the Colombian data
has values closer to 0.70, so we pick a value in between to study a representative economy. There
are no cross-country differences when it comes to y, so we set it to 0.40. A third parameter that
influences cost shares in the model is w. This parameter cannot be easily matched to an observable
moment in the data because we cannot separately identify the home-bias parameter from the
relative price of domestic and imported intermediate input prices in equilibrium. Therefore, we
follow Gopinath & Neiman (2014) and Blaum et al.| (2018) and set w to 0.50.

Elasticities of substitution The elasticity of substitution across final product varieties o varies in
the literature. Gopinath & Neiman|(2014) uses a value of 4.00, while Blaum et al.|(2018) uses the
ratio of firms’ revenues to total cost to back out the elasticity at the sectoral level. They find values
in the range of 1.87 to 7.39, with most values in the 3.00 to 3.50 range. |Kasahara & Rodrigue| (2008)
find values in the range of 3.14 to 4.44. We set o to 3.00, which is in the range of estimates. The
elasticity of substitution between imported and domestic inputs ¢ is also set to 4.00 in Gopinath &
Neiman| (2014) but Blaum et al. (2018) consider an estimate of 2.38. We set it to the intermediate
value of 3.00. The elasticity of substitution between imported varieties 0 is restricted to the same
value as € such that the model has an analytical solution as described in section Below, we show

that this restriction has no impact on replicating the main empirical facts.

Entry costs and debt elasticity The entry fixed cost is calibrated to 0.0075 in Gopinath & Neiman
(2014), while it is calibrated to 0.0472 in/Blaum et al. (2018). Given this substantial difference, we
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consider values between 0.005 and 0.05 but different values for f do not appear to change the

quantitative results.

Targeting x To calibrate the parameter that governs the degree of firm heterogeneity, x, we rely
on the fact that the model gives rise to an analytical expression for the distribution of firm-level

imports conditional on importing.

Proposition 3. Define aggregate imports in domestic currency
M, = [or, Pue(0) Qui (9) 8 () dop, then we have that:

, , , $ , ,
1. The dollar amount imported by firm i, M;,, can be written as the product of the fixed costs of
importing and the firm-specific import measure:

E:M; (¢) = (€~ DW.f £ (o)

2. Thedistribution of firm imports conditional on importing is Generalized Pareto:

el 1K Gmen
$ 1 Et l-w PDL‘
Pr(M}, < MIM>0) =1 |1+ — - . M
e-1Wif o \EP},.
Proof. See Appendix[F| O

The first part of Proposition |3 states that firm-level imports in domestic currency can be
written as a combination of a term that is common for all firms times the number of intermediate
input varieties sourced by the firm. Combining this intermediate result with the assumption that
firm-level productivity follows a Pareto distribution, we obtain an expression for the distribution
of imports across firms conditional on importing. In turn, we use Proposition[3|to calibrate x by
leveraging the fact that we now have an exact solution for what the tail exponent of the import
distribution is. Combining the calibrated elasticities with the piecewise maximum-likelihood
estimate of the tail exponent of the import distribution of the Colombian data, we arrive at an
estimate for x equal to 6.95.

Importantly, Figure|2|illustrates the importance of assuming that manufacturing firms pay a
fixed cost per imported variety instead of assuming that firms pay simply one fixed cost to import,
as in|Melitz (2003). The left panel Figure[2|plots the relationship between log imports and the log of
the cumulative distribution of imports in the Colombian data and illustrates the presence of many
small importers and a few large importers. In panel (b) of Figure[2we plot the same relationship
for the two types of models. In a model where firms pay only one fixed cost to access imported
intermediate inputs, the import distribution would follow a Pareto distribution and the relationship
between the log import level and the log cumulative density of imports would be linear with slope

__K_
o-1°

import distribution is Generalized Pareto with a much heavier tail. The model predicts a much

However, when manufacturing firms have to incur a fixed cost per imported variety, the
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Figure 2: Power Law for Imports

import distribution - Colombia import distribution

InPr(M;, < M|M > 0)
InPr(M;, < M|M > 0)

-10

-12

Gopinath and Neiman (2014)
Melitz (2003)

-14 8
30 25 20 -15  -10 5 0 -10 -8 6

-4 2 0
In M;; In M;;

Notes: The left-hand panel plots the log-log Pareto plot of the distribution of firm imports in Colombian data for
the years 2006-2020. The right-hand panel plots the same log-log plot but of the model equilibrium following the
expression in Proposition[3]

more important role for a few large importers and can generate the presence of many more small
importers, which provides a much closer fit to the dataF_r]

Equilibrium openness From Proposition (1) it follows that several variables jointly determine
the equilibrium H without meaningfully entering into any of the relevant elasticities that make
up the dynamic system. For example, in the perfect and monopolistic competition cases, it
follows that (LP?;I) / (P;B(X) jointly determine H, so we don’t need to take a stand on the particular
values of foreign prices, the export quantity and the labor force in levels. In practice, we use
Colombian and Chilean national accounts to calibrate H as the ratio of total imports to total
household consumption together with the calibrated input shares H = T~' Y. (1/uy) (Pyy M)/ (PC).
In Colombia, this average is 0.87 and is calculated using quarterly data covering the years 2006-2020
while in Chile this average is 0.93 for the year 2008-2018, which we use to target an H of 0.90 in our
calibration.

4.2 Moments of trade adjustment

To achieve tractability we assumed that fixed costs per variety increase linearly with the number of
imported varieties and that the elasticity of substitution between imported varieties 0 is the same
as the elasticity of substitution between the imported and domestic intermediate input bundles €.
Before turning to the quantitative exercise, we now show that these simplifying assumptions do
not compromise the model’s ability to replicate stylized facts of heterogeneous trade adjustment.
Besides generating a distribution of firm-level imports conditional on importing that is close to
the data, the model also predicts that (1) the firm-intensive margin dominates the firm-extensive
margin, (2) the importance of the sub-intensive margin increases with firm size, and (3) terms-of-

trade shocks generate endogenous TFP movements.

211t turns out the number of small importers in the data is even higher than the complete can generate. As discussed
in|Arkolakis| (2010) modeling fixed costs as market penetration costs could potentially generate more small importers.
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Figure 3: Trade Adjustment Margins
(a) Colombia

(b) Colombia
0.4 T T T
intensive intensive
extensive | ] 02k extensive | |
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Notes: These figures plot the percentage changes in firm-intensive and firm-extensive margins at the quarterly
frequency for Colombia in panel (a) and for Chile in panel (b). For Colombia, we include trade volumes net of oil.
This excludes the following HS-4 codes: 2709-15, 3403, 3819, 3811 and 3911. For Chile, we include the volumes net of
copper. This excluded the following HS-4 codes: 2603, 2825, 2827, and all items under HS-2 74.

Firm-intensive versus firm-extensive margin The total change in imports can be decomposed

into a firm-intensive margin and a firm-extensive margin. The firm-intensive margin measures

the change in overall imports that is due to continuing importers changing firm-level imports.

The firm-extensive margin captures changes in overall imports as firms start and stop importing

altogether. Formally,

Amy _ Z Mir—Mjr—1 + Z Mmir Z mMir—1
me—1 - mi— mg—1 me—1
iea/nal | ieal\al | i€q, 1\Qf
A Aggregate Imports - ~~ -\ ~- -
Firm-intensive margin Firm-extensive margin

Figure [3| plots the split of aggregate change in import values into a firm-intensive margin and
a firm-extensive margin for Colombia and Chile separately. For both countries, changes at the
firm-intensive margin dominate changes at the extensive firm margin.

The prediction that the importance of the firm-extensive margin in explaining changes in
aggregate trade is small, is also borne out in the model. In particular,

Proposition 4 (Firm-intensive and firm-extensive margin). Changes in aggregate imports are given
by:

alth Xt foo 0 -~ ~ 0
- =—— —M;& dG(p)—M;& o
dlnx, M, | o 350 L (P)dG(p) : tZL(Pmr) o, PYMmt

~
Intensive Extensive

) J

Following any infinitesimal aggregate shock, changes in aggregate imports are accounted for by the

firm-intensive margin of trade only.
Proof. See Appendix[H O

Proposition[4|guarantees that all of the adjustments in aggregate imports happen at the intensive
margin, which is the case in the data. With no heterogeneity, this is true by construction. However,
in the model with heterogeneity and selection, the same is true because the contribution of the
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extensive margin depends on the measure of imported intermediate inputs which is zero when

evaluated at the cut-off productivity level.

Firm sub-intensive versus firm sub-extensive margin Following|Gopinath & Neiman (2014),
we further decompose the firm-intensive level margin into a firm sub-intensive and a firm sub-

extensive margin as follows:

Amy _ Z Mir Mit—1
ne— o fonf My r M1
—— €\, 1€Q 1\

Total change in imports ~~ -
firm-extensive margin

(4.1)
mijt mijjr-1 Mijr—Mjjr-1
’ Z Z mie-1 B Z mijr-1 ’ me—1
. caP \oP it— 4 p it— caf QP -
lEQ{mQ{,l !EQit\Qit—l Jey 1\, | !EQithit—l |
firm sub-extensive margin firm sub-intensive margin

v
firm-intensive margin

where Q]; is the set of firms importing in period , Qf , is the set of products imported by firm i
at time ¢ and m; j; is the imported volume of product j by firm i. The firm sub-intensive margin
captures the extent to which firms change firm-level imports by importing a different amount of
the set of varieties they already import, while the firm sub-extensive margin measures the extent
to which firms change firm-level imports by changing the set of varieties being imported. Figure
[4]indicates that the firm sub-intensive and firm sub-extensive margins each explain around 50%
of the firm-intensive margin in both countries. More importantly, the relative importance of the
sub-intensive versus the sub-extensive margins differs greatly across the firm-size distribution. To
illustrate this, Figure[5|shows the importance of the firm sub-intensive margin as a share of the
firm-intensive margin for different firm-size percentiles. As we move from the lower end of the
firm-size distribution to the upper tail of the firm-size distribution, the importance of the firm
sub-intensive margin increases, but it turns out that even the largest importers adjust both on the
firm sub-intensive and firm sub-extensive margin.

The model also generates a positive relationship between firm size and the importance of the

firm-sub-intensive margin in response to a commodity price shock.

Proposition 5 (Firm sub-intensive vs firm sub-extensive margin). Conditional on a commodity
price shock pi ;» the model with heterogeneous firms predicts that the share of the sub-intensive
margin relative to the overall change to total dollar-imports per firm is given by

U
- VpH ~VqH

1 o-1 (k=(o=1)7!
1=ypi e-1=y(0-1) Q-xk H)(1-yZL)+Q-M <L

u
EVPH—VCIH-F(&‘— D(vpa+vgu+
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Figure 4: Trade Adjustment Margins

(a) Colombia (b) Colombia
0.3 0.2
exstensive + subextensive exstensive + subextensive
0.2 subintensive 0.1 subintensive
[ [}
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Notes: These figures plot the percentage changes in the firm sub-intensive and firm sub-extensive margin at the
quarterly frequency for Colombia in panel (a) and for Chile in panel (b). For Colombia, we include trade volumes net of
oil. This excludes the following HS-4 codes: 2709-15, 3403, 3819, 3811 and 3911. For Chile, we include the volumes net
of copper. This excluded the following HS-4 codes: 2603, 2825, 2827, and all items under HS-2 74.

Figure 5: Sub-Intensive vs. Sub-Extensive Margin
1.2 T T T T

subintensive / intensive
model
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0.6 -
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0
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Notes: The figure plots the relationship between the level of imports and the share attributed to the sub-intensive
margin observed in the data and predicted by the model in the baseline calibration. The theoretical relationship is
obtained by noting that Proposition[3|allows us to solve for any percentile of the distribution and its associated level of

1
imports. Consequently, we can map any percentile to a productivity level ¢, = (1 - p)”x ¢ ¢ and each productivity
level in turn to its domestic input share y p,, which, are finally used to map import size percentiles to their associated
sub-intensive margin shares.
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and is decreasing in the domestic input shareyp;.
Proof. See Appendix[F| O

In proposition |5, we focus on commodity price shocks for two reasons. First, section 22
indicates that these shocks account for most movements in the terms-of-trade. Second, in response
to a commodity price, the change in the firm-sub-intensive and firm-sub-extensive margins has
the same sign which makes the ratio of the two margins interpretable as sharesE] Figure shows
that the model closely matches the slope in the data even though this moment is not targeted in
the calibration.

Manufacturing TFP Finally, there are several papers that present evidence of changes in aggregate
productivity through reallocation across firms in response to terms-of-trade shocks (e.g. Pavcnik
(2002) and Halpern et al.| (2015)). The model with heterogeneous trade adjustment is capable
of generating endogenous movements in manufacturing TFP in response to terms of trade and
interest rate shocks as well.

Proposition 6 (The need for selection). Across all models,

1. the aggregate production function in the manufacturing sector is given by:

LDt ®) o Xpi () "
Ypr= Apr Lp/ " Xpt™ f ) ( ) d
Dt Dt Dt Dt Ib: Xb; ((P)

Technology Factor use

Allocative efficiency

2. In the absence of selection, the heterogeneous manufacturing sector can be replaced by a
representative producer with the following productivity level.

e-1-y(o-1)
(o-1)(e-1)
K

=9 «_ DD
e-1-y(c-1)

Proof. See Appendix[F O

The aggregate production function in the manufacturing section is composed of three elements
that map into the framework of Baqaee & Farhi|(2020). The first term is the technology term, namely
exogenous productivity in the manufacturing sector. The second term captures the contribution of
input and factor use to output. Lp; accounts for productive labor in manufacturing and Xp; is an
intermediate input aggregator that accounts for total input useF_gl Finally, the allocative efficiency

221n response to productivity shocks and import price shocks, the margins move in opposite directions. This makes
defining the share attributed to a particular margin non-trivial.

Z3Even though the model has inelastic total labor supply, an increase in productive labor can happen at the expense
of a reduction in labor used in importing.
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term represents the reallocation of productive labor and inputs between firms. Whenever very
productive firms (high ¢) are allocated more labor and inputs, output increases above and beyond
the increase in aggregate labor and inputs allocated to the manufacturing sector.

In the absence of changes in the productivity cut-off for importing the model collapses back
into a representative-producer framework in which terms-of-trade shocks do not have first-order
effects on aggregate productivity as in Kehoe & Ruhl| (2008). It follows that heterogeneity, fixed
costs, and roundabout production are necessary, but not sufficient conditions for terms-of-trade
shocks to induce aggregate productivity effects. Instead, in this model, endogenous selection into

importing is also necessary to generate endogenous movements in TFP@

4.3 Quantitative importance of terms-of-trade shocks

After establishing that the model with heterogeneous trade adjustment captures key facts of hetero-
geneous trade adjustment, we turn to quantitatively evaluating each model’s prediction regarding
the relative importance of terms-of-trade shocks. More specifically, theorem[2|enables us to esti-
mate the relative importance of terms of trade shocks to total factor productivity shocks for any
ratio of their variances. Regardless of the specific values for these variances, we can determine the
relative impact of TOT shocks compared to productivity shocks in the models we consider.

We present the results from the rule-of-thumb exercise in Table[2] We have two main takeaways.
First, conditional on the structural parameters 0, the last column of Panel A of Table|2|shows that
the benchmark SOE-ITBC model understates the importance of the terms of trade by a factor of two
to five when compared to a model with heterogeneous trade adjustment, depending on whether we
consider the upper or lower bound of the shares. Comparing across the models, thirty-four percent
of the gap is explained by moving from a benchmark SOE-IRBC economy to an economy in which
the manufacturing sector competes under monopolistic competition. An additional sixty-two is
explained by introducing increasing returns to importing. The inclusion of a selection mechanism
in the model makes up for the remaining four percent. According to Proposition[2} these differences
either originate from differences in the imports-to-consumption ratio or from differences in the
distortion term. To this end, Table[2] presents the steady-state level of trade openness, H™, and the
size of the distortion term, A" (H, ®) alongside the value of the terms-of-trade elasticity, v, (H , (:)).
In addition, we provide the ratio of steady-state trade openness in each of the models to the one
in the benchmark SOE-IRBC model and the ratio of each model’s terms-of-trade elasticity to the
terms-of-trade elasticity in the benchmark SOE-IRBC modelF_gl From comparing these relative
quantities, it is clear that the main driver of the differences in the models originates from the

24This result is akin to Blaum et al|(2018) which shows that the percentage change in the domestic input share
is a sufficient statistic to measure the aggregate gains from input trade. In our model, the change in the domestic
share is log-linear in the change in the productivity cut-off. Hence, without selection, there is no difference in the
change in the aggregate domestic input share between a representative-firm model with roundabout production and a
heterogeneous firms model with fixed costs of importing and roundabout production.

Z5Because the imports-to-consumption ratio is given by uy H™ (®), comparing the levels of steady-state trade
openness is sufficient to compare the imports-to-consumption ratios across the models.
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Table 2: TOT relative to TFP

- m A V¢ $ ) $
Model H™  HM/HIFBC AM(H,@) v (H,0) VE;BC(’(L’;%) V((CZIZ “; iZ:))
PANEL A: CONDITIONAL ON ®
SOE-IRBC 0.652 - 1 0.1695 - [0.0201; 0.0662]
MC 0.794 1.217 0.967 0.1995 1.177 [0.0300; 0.121]
IRS 0.926 1.420 0.997 0.2401 1.417 [0.0477; 0.276]
HTA 0.929 1.425 1.004 0.2425 1.431 [0.0489; 0.290]
PANEL B: CONDITIONAL ON H™(0®)
SOE-IRBC 0.929 - 1 0.2416 - [0.0484; 0.285]
MC 0.929 1 0.990 0.2393 0.990 [0.0473; 0.271]
IRS 0.929 1 0.997 0.2409 0.997 [0.0481; 0.281]
HTA 0.929 1 1.004 0.2425 1.004 [0.0489; 0.290]

Notes: This table considers the two quantitative exercises we consider. The panel “conditional on ®” shows considers
the experiment in which we keep the set of structural parameters fixed and allow changes in the value of v both
because the expression differs across the models and because the trade openness changes. In the panel “conditional
on H™(0)”, we ensure that all models generate the same level of steady-state trade openness. For each experiment,
we provide the corresponding value of trade openness H, the value of the distortion, A’ (), the value for the general
equilibrium elasticity, v (H,©), and the upper and lower bound on the relative importance of terms-of-trade shocks in
explaining consumption volatility, given by

V(esdphioPk) 0% (ve(1,6))

V (cselape, pse) Ui o% +(u7vc(H,@))2
2 1—
op Y

The upper and lower bound correspond to the cases where 0%/ cr%) are one and zero, respectively. We assume only
consider cases in which productivity in the final good sector is less volatile or equally volatile than in manufacturing.
“SOE-IRBC” refers to the benchmark SOE-IRBC model, “MC” refers to the monopolistic competition model, “IRS” refers
to the model with increasing returns to importing, and “HTA” refers to the model with heterogeneous trade adjustment.

imports-to-consumption ratio and that the distortion term only plays a secondary role. In other
words, most of the difference can be attributed to the equilibrium values of trade openness.
Second, the importance of steady-state trade openness also suggests that the predictions of the
different models regarding the importance of terms-of-trade shocks relative to productivity shocks
in explaining consumption volatility might be reduced if we were to ensure that each model predicts
the same level of steady-state level of trade openness. To examine this, we redo the quantitative
exercise and ensure that all models are calibrated to generate the state-state openness level of
the complete model. We implement this by appropriately changing the home-bias parameter@
Indeed, when we compare the predictions regarding the relative importance of terms-of-trade
shocks in explaining consumption volatility in panel B, the differences across the models essentially
vanish. In this case, neither does the imports-to-consumption ratio vary, which is by construction,
nor does the distortion term quantitatively vary across the models. We take this as evidence that as
long as one appropriately targets steady-state trade openness, introducing distortions to account
for micro-moments of trade adjustment does not meaningfully affect the relative importance of

26The home-bias parameter is suitable because it co-determines the choice between domestic and imported
intermediate inputs and does not enter the general equilibrium elasticities. Therefore, changing the home-bias
parameter only affects the steady-state allocations and not the dynamic properties of the model.

33

782

783

784

786

787

788

789

790

791

792

793

794

795



terms-of-trade shocks in the models we consider.

5 Conclusion

In this paper, we examine whether accounting for heterogeneous trade adjustment across firms in a
benchmark SOE-IRBC model changes the importance of terms-of-trade shocks relative to sectoral
TFP shocks in explaining consumption volatility in commodity-exporting countries. We develop a
small open economy model in which the country exports an endowment stream of commodities,
imports intermediate inputs to be used in producing manufacturing output, and produces the final
good in a downstream sector. Domestic manufacturing producers, with varying productivity levels,
self-select into importing but must pay a fixed cost for each imported intermediate input variety.
This results in an equilibrium where more productive domestic manufacturing producers are more
susceptible to exchange rate fluctuations and adjust by adjusting both on the firm-sub-intensive
and firm-sub-extensive margins. We demonstrate that the model encompasses simpler cases
found in the literature, including standard SOE-IRBC models, models with homogeneous firms
competing under monopolistic competition, and models with increasing returns to importing.

We show that the equilibria of the benchmark SOE-IRBC model and the model with hetero-
geneous trade adjustment and all the models in between can be represented by one non-linear
equation in one endogenous variable, the economy’s trade openness as it captures the extent to
which production of final consumption depends on imported intermediate inputs. We show that,
in the steady-state equilibrium, the added frictions lead to a more open economy, as manufactur-
ing producers try to avoid double marginalization at home and increase imports in response. In
addition, up to a first-order, the dynamics of the models can be summarized in a common struc-
ture. In particular, changes in consumption and changes in the real exchange rate in response to
changes in openness are captured by two partial-equilibrium elasticities whose values depend on
the particular model. Moreover, the same two partial equilibrium elasticities collectively make up
the terms-of-trade elasticity that controls the relative importance of terms-of-trade shocks com-
pared to TFP shocks in explaining consumption volatility across the models.

To understand whether models that account for micro-moments of heterogeneous trade
adjustment across firms have different predictions for the relative importance of terms-of-trade
shocks, we conduct two experiments. Conditional on the structural parameters of the model, we
find that considering these micro-moments increases the significance of terms-of-trade shocks by
a factor of two to five. This difference is mostly explained by the introduction of monopolistic
competition and increasing returns to importing which increases the incentives to import. While
the introduction of heterogeneity and selection is essential to capture micro-moments of
heterogeneous trade adjustment, it does not meaningfully change the relative importance of
terms-of-trade shocks relative to a model with monopolistic competition and increasing returns to
importing. Conditional on the steady-state trade openness of the economy, the different models

attribute roughly an equal importance to terms-of-trade shocks in explaining consumption
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volatility. Taken together, these two experiments imply that the introduction of frictions to account
for realistic firm-level trade adjustment only has a limited impact on the model’s ability to generate
consumption volatility from terms-of-trade shocks. This is because a benchmark SOE-IRBC model
calibrated to the same steady-state trade openness generates the same relative importance of
terms-of-trade shocks relative to sectoral TFP shocks in explaining consumption volatility
compared to a model with heterogeneous trade adjustment.
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A Descriptive statistics

Figure A.1: Import premia
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Notes: Kernel densities of log sales, number of employees, wages, and value-added per worker. Includes only firms that
either are exclusively participating in the domestic market, that is, firms that do not import or export, and firms that

are importers only.

Figure A.2: Number of products and source across firms
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Notes: This figure plots the log number of products and sources by import size percentile.
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Figure A.3: Aggregate Trade Flows
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Notes: Trade volumes in current US dollars. The volumes net of oil excludes the following HS-4 codes: 2709-15, 3403,
3819, 3811 and 3911. The volumes net of copper exclude the following HS-4 codes: 2603, 2825, 2827, and all items
under HS-2 74.

Table A.1: Time series properties of aggregates

Chile Colombia Chile Colombia
O x 1,%; Ox O x 1,%; Ox Oxy Oxy
¥+ 0.619 2160 0.556 2.679 1.000 1.000
¢, 0507 3913 0578 3.010 0.884 1.000 0.914 1.000
th; -0.197 -0.156 1.000 0.039 0.050 1.000
q: 0.020 0.025
St 0.044 0.042

Notes: Relative standard deviations, AR(1) persistence and correlations between output, consumption, and the trade
balance. Data is quarterly and covers the year 2005-2022 for Colombia and 1996-2021 for Chile. The trade balance is
computed as exports minus imports over GDP.
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B Non-linear solutions

B.1 Final goods sector

The final goods sector is made up of homogeneous producers that combine labor (Lg;) with the
final manufacturing output (Ys;) to produce the final consumption good Ys;. They have access to
the following technology:

1-

Ys: = As¢ L, " XL,

Services producers solve the following cost minimization problem:

min W[LS[ + PDIXSt
Lg;, Xs¢

1—

st. Yg = AgLg " XL,

This yields the following first-order conditions
WiLs; = (1-uwMCs;Ys; and PpXs, = uMCs; Y,

and the following marginal cost function:

1 Wl HppH

MCyj=————
7 A (11— =HuH

Because services producers compete in a perfectly competitive manner, they price to marginal cost.

Therefore the price of services is given by:

1 Wl HppH

= A 0 g (B.1)

Ps;

B.2 Manufacturing sector

The equilibrium manufacturing price index depends on the assumed production structure. We
consider four options: (1) Homogeneous firms that compete under perfect competition and do not
have access to an increasing returns to scale importing technology, (2) Homogeneous firms that
compete under monopolistic competition and do not have access to an increasing returns to scale
importing technology, (3) Homogeneous firms that compete under monopolistic competition and
have access to an increasing returns to scale importing technology, (4) heterogeneous firms that
compete under monopolistic competition and that can self-select into an increasing returns to

scale importing technology.
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B.2.1 Homogeneous firms under perfect competition

In this section, we provide the derivations for the model where domestic manufacturers are Homo-
geneous in their productivity and where the importing technology is not subject to economies of
scale. Manufacturers compete under monopolistic competition and have access to the following
technology:

_£€_
£=1 \e-1
€

Mit

e-1
B

1- 1 1
YDit=(PDADtLDi7;XY where Xpi;=|w:Qy;, +(1-w)eQ

Dit
Optimal conditional input allocation They solve a two-tiered cost minimization problem:

min W;Lp;:+ Px:Xpi;
Lpit,Xpit

_ =Y ¥
s.t. Ypit =¢@pApcLp;; Xp,

1\ o1
£

1 el 1
Xpir=|weQp;, + (1 -w)eQyyy,

fAd §
£

The first-order conditions for the cost minimization problem are the following. In the upper tier,
manufacturing firms choose the optimal labor-intermediate inputs bundle (Lp;;, Xp;;) subject to

input prices W; and Px;;. The first-order conditions are given:
WiLpit = (1—=y)MCp;:Ypir and Px;;Xpis=yYMCp;tYpis

In the lower tier, manufacturers decide on the optimal mix of domestic and imported intermediate

$
My

The first-order conditions from the second-tier problem are given by:

inputs (Qpi;, Qumir) given inputs prices Pp; and E;P;,,, both denominated in domestic currency.

e-1
Pxit
E $
tth

Px;
Pp:Qp: = w( P o

e-1
) Px:Xp; and EtP?\/ItQMitZ(l—w)( PxitXpir

Dt

Given that these prices do not depend on the identity of the firm, we can drop the i subscript and
combine them to write the marginal cost function as:
1 1 W TPy,

1
1-e\T-¢
MCp; = — where Py, =|wPp, ¢+ (1 -w)E,p®
Dt 20 Ap =) 1y7 Xt ( Dt ( VEtPy, )

Manufacturing priceindex Combining the fact that Pp;; = MCp;; the expression for the marginal

cost function and the fact that manufacturers are assumed to be identical, we obtain the aggregate

42

946

947

948

949

950

952

953

9!

o

4

9!

5]

5

956

957

958

9

a

9

960

9

=

2

963

964

9

=)

5

9

=)

6



price index for manufacturing goods.

1
-0
Pp; = fp};i;’) di
l

_1
- f (Mcm)l‘”di)l ’
i

Y 1-0 1-0
17

L1 Wl ePpd T+ Q- 0Pt ) (B.2)

di

1 1 th_y(wPDtl_g +(1 —w)PMtl_E)

B fz @D Ap: 1 =p)t-ryy

-
1-¢

" ¢p Ap: (1—p)-ryr

B.2.2 Homogeneous firms under monopolistic competition

In this section, we provide the derivations for the model where domestic manufacturers are homo-

geneous in their productivity and where the importing technology is not subject to economies of

scale. Manufacturers compete under monopolistic competition and have access to the following

technology:

_ 1=y v
YDiL‘ - (pDADtLDitXDit

1
where Xp;;=|w:Q

_E€_
£-1 \e-1
£

Mit

e=1
£

Dit+(1_w)%Q

Optimal conditional input allocation They solve a two-tiered cost minimization problem:

min WILD” + PXtXDi

t

Lpit, Xpit
3 1=y ¥
st.  Ypir=@pApiLy, X[,
1 el | el
Xpir = |0 Qp; + (1= w)eQyypyy

The first-order conditions for the cost minimization problem are the following. In the upper tier,

manufacturers choose the optimal labor-intermediate inputs bundle (Lp;;, Xp;;) subject to input

prices W; and Py;;. The first-order conditions are given:

W;iLpi; = (1 —-y)MCp;;Ypir and Px;;Xpir=yYMCpi:tYpir

In the lower tier, manufacturers decide on the optimal mix of domestic and imported intermediate

inputs (Qpis, Qumir) given inputs prices Pp; and E; P

$
My

both denominated in domestic currency.
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The first-order conditions from the second-tier problem are given by: %83

-1
Pxit
E.p®
tP e

Py
Pp:Qp; = w( P a

PxitXpit 984

e-1
D) Px:Xp: and Etpﬁ/[tQMit:(l_w)(
t

Given that these prices do not depend on the identity of the firm, we can drop the i subscript and o

@

5

combine them to write the marginal cost function as: 986

1 1 W,'77px, 1-6\ T
MCp; = — ‘o= where Pxi=(0Pp!C+(1-wEp, ) -
¢p Apr A=) 77y7

Manufacturing price index Combining the fact that Pp; = -=ZyMCp,, the expression for the oz
marginal cost function and the fact that manufacturers are assumed to be identical, we obtain the s
aggregate price index for manufacturing goods. 990

1
-0
PDtEUp});;’) di
1
o 1-o ﬁ
:(f(—MCD”) di)
i\o—1

¥ \1-0 1—o

” f ) th-Y(wthl-f L —w)pM,-tl-E) e N (B.3) sar

=— — i
o—=1(Ji| ¢p Ap: (1-Nryr
T%_

s 1 1 Wi [wPo Tt - 0)Py

~0-1¢p Ap; A-pi-ryr
B.2.3 Homogeneous firms under monopolistic competition and IRS importing 902

In this section, we provide the derivations for the model where domestic manufacturers are Homo- 903
geneous in their productivity and where the importing technology is subject to economies of scale. o4

Manufacturers have access to the following technology: 995

_ 1y v
Ypir=¢pApiLy, X,
_QT 996

o-1 8-
and  Quir = (f qmkir 9 dk
kel %Ll

_£_
e-1 =1 \e-1

1 &L 1 &L
where Xpj;=|weQp,,+(1-w)cQ,7,

The optimal production strategy is determined in two steps. First, conditional on the sourcing o7
strategy |.Z;;|, manufacturers choose the cost-minimizing bundle of labor and intermediate inputs s
and the cost-minimizing bundle of domestic and foreign intermediate inputs for each level of o9
output. Second, given this production structure manufacturers determine the optimal measure 100
| Z;¢| of imported intermediate input varieties subject to the fixed costs of importing. 1001
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Optimal conditional input allocation They solve a two-tiered cost minimization problem: 1002

min WiLpit + PxtXpit
LDityXDt| |Zisl

— 1=y Y
s.t. Ypir=¢pApiLy;, X, 1003

_£_
=1 -1

1 el 1 1)
Xpir=|w¢Qp;, + (1= )¢ Qurir 1 ZL3e]) *

The first-order conditions for the cost minimization problem are the following. In the upper tier, 1004
manufacturers choose the optimal labor-intermediate inputs bundle (Lp;;, Xp;;) subject to input 1005
prices W; and Px;. The first-order conditions are given: 1006

WiLpi; =1 -y)MCp;:Ypi: and Px;;:Xpr=yYMCp;:Ypi: 1007

In the lower tier, manufacturers decide on the optimal mix of domestic and imported intermediate 1008

inputs (Qp;s, Qumir (1Zi¢1)) given inputs prices Pp; and Pyy;is (|Zi¢1), both denominated in domestic 1000

currency. The first-order conditions from the second-tier problem are given by: 1010
PX ohé-1 PX . e-1
PDtQDit:CU( PDl:) PxitXipr and  PpirQumir = (1 - w) (m) PxitXpir 1011
These first-order conditions can be combined to write the marginal cost function as: 1012
1 1 WPy, T
MCDit: — d 1 Xit where PXit: (wPDtl_E-l-(l—a))PMitﬂgitDl_e)l 1013
¢p Ap: 1 =y)'77yY

Sourcing strategy Given the optimal production structure conditional on the sourcing strategy, o

we now solve for the optimal sourcing strategy assuming that firms choose the sourcing strategy ios

that maximizes their profits: 1016
Ilnmli(PDit—MCDit)Yit—Wtf|$it| 1017
it
1 1 WPy,
S.t. MCpir= — Xll_t 1018
Apt p YY1 —=y) 7Y
l-¢ $ 1-¢ 1+s
Pxi; = |wPp; +(1-w) (EIPM[) |=$it| 1019
Ppit\7¢
YDt = ( Dlt) (XSt + QDt) 1020
Ppt
(o)
Ppit= ——=MCpj; 1021
o-1
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where we have used the assumption that 8 = ¢ such that Py, = Etpﬁ,[tlfnlefll or when all

constraints are substituted in

! ( g )_UP”(X +0py)
max —— | —— :
1zl o—-1lg—1 DSt DL

1-0

Y
1 1 Wl _ 1-¢ T
L wPp/ E+(1-w) (Etpi/”) |$it|) } - Wi f1Zi

Ap: op =) 1-TyY

Now we propose a change of variables in the maximization problem. Let

e-1 1—
Zyo ) —wPp, ¢

1-¢

o-1
Zi=(wPp;" " + (1= )Py 61 L0)) T = 1 L0l =
(- ) (EPS,,)

such that the maximization problem becomes

1-0 _e-1 l-¢
Z7) —wPp;

1 w,l-r
d Zt_Wtf

7: O — (o‘— ) ( )
. 1 1 Dt St Dt

1 _an1- 1-

The first-order condition of this problem is the following.

1 g\,
E(;) Pp:” (Xst+ Qpy)

1 w,1-Y
Apr pp A =p)1=ryY
e—1 -1
e—1 Z, 70D
_Wth(a—l) t $ |1 °¢ =0
(- ) (EPS,)

Hence we have an expression for Z;:

(1-w)-

1-0

2 L L (9 ) YO P s+ Qo
! o-1lo-1 e-1 fw,

1 1 wlr
Apr op A =7)1=ryY

(Etpﬁgt)l_g

and consequently

e-1-y(o-1)
e-1

(0Por ¢+ (1) (E:PS,,) 1200

1-¢ 1-o

1 1 Wl
Apipp L=p)1-7yY

:( o )_U Y thU(XSt+QDt)(1

o-1) e-1 W, - o) (EPy,)
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We can then solve for the measure of imported varieties.

|$it| =

1-y pY
1 1 l4/i )/IDIV{t

Yo
( o )‘am—w) =1 Pp,”(Xs:+Qpi)
—1

1-¢
w Pp;
- (Etpfh)

1

e—1

W

ADt(P_D (1

Ny

e-1
1—0] e=1-y(o—-1)

This expression does not depend on the identity of the firm and therefore all firms have the same

sourcing strategy. At the same time, this expression defines the minimal level of productivity ¢p

necessary for firms to import and to cover the fixed costs. This is found at |Z;|(@ns;) = 0:

We can use this expression to write the measure of imported inputs more succinctly as a function

<PMt:(

g —

1 W rEPS,

e—1

(o—-1) -
o );’Tl (m —w) T PDIU(XsﬁQDt))
1

Wi

1
o-1

e=1-y(o-1)

Apr (I=p)=7ryY

l-w

of the importing cutoff where we drop the subscript i:

L= ——
2] = ——

|

Pp:

1-¢
Etpfh)

w ( PDt
E.P3,,

(o-1)(e=1)

( @p &1

PMt

)l—s]m

We can then use this result to solve for firm-specific input prices and unit costs, respectively. We

have that
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Manufacturing price index Combining the fact that Pp;; = ﬁMC Dit, the expression for the
marginal cost function and the fact that manufacturers are assumed to be identical, we obtain the
aggregate price index for manufacturing goods.

1
I-0
Ppi; = ([P};if) di
1

(fi(%MCDi[)l_adi)ﬁ

|H

y(o-1) 1-0 -0
o [0 0w T ey B
To-1 fz ®p Ap: A-ptryr @
1-y [ Pmz % NG
PR ) il
o-1¢p Ap: 1-pt-ryr

B.2.4 Heterogeneous firms under monopolistic competition and IRS importing

In this section, we provide the derivations for the model where domestic manufacturers are hetero-
geneous in their productivity and where they can self-select into an importing technology that is
subject to economies of scale. Manufacturers have access to the following technology:
- 1=y 5
Ypir= YD Ap t-l;l) t 4>(i) it
0

1

o-1 8-
and  Quir = (f qumkir ¢ dk
kel %Ll

_£_
=1 =1 -1

1 el 1 el
where Xpj;=|weQp,,+(1-w)cQ,/,

The optimal production strategy is determined in two steps. First, conditional on the sourcing
strategy |.Z;;|, manufacturers choose the cost-minimizing bundle of labor and intermediate inputs
and the cost-minimizing bundle of domestic and foreign intermediate inputs for each level of
output. Second, given this production structure manufacturers determine the optimal measure

| Z;¢| of imported intermediate input varieties subject to the fixed costs of importing.

Conditional optimal input allocation They solve a two-tiered cost minimization problem:

min WiLpit+ Px:Xpit
LDiz,XDt| 1Ll

B 1-7 ¥
st.  Ypir=@pApL,. X},

£
=1

1 el 1 e-1)¢
Xpir= |0 Qp;, + (1 =) Qurir 1 L)) ¢

The first-order conditions for the cost minimization problem are the following. In the upper tier,

manufacturers choose the optimal labor-intermediate inputs bundle (Lp;, Xp;;) subject to input
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prices W; and Py;. The first-order conditions are given:

W;iLpir=(1-y)MCp;Ypi: and Px;;Xpr=yMCp;tYpir

In the lower tier, manufacturers decide on the optimal mix of domestic and imported intermediate

inputs (Qpir, Qumir (1Zi])) given inputs prices Pp; and Pyyi (| Z;¢]), both denominated in domestic

currency. The first-order conditions from the second-tier problem are given by:

Pxi;
Puyric (1 Zit 1)

Py
Pp:Qpir = w( P o

-1
D) Pxi:Xip; and PMitQMit:(l_(U)(
t

These first-order conditions can be combined to write the marginal cost function as:

1 1 th_YPXitY

MCpi; = —
b ¢@p Apt (L=p)1=ryY

Sourcing strategy The end problem to be solved by the manufacturing producer after solving

e—1
) PxitXpit

1
_ _\1-¢
where pXit:((UPDt1 £+ (1-0)Pupic (1 L3N} E]

for optimal prices and input use is to choose a measure of imported varieties. The problem is

structured as follows

max(p;;— ¢i) Yir — Wi f1. L]

| L]
_ 1 WPy 1
Apr YY1 =1)17 o

1
Pxir = [0Pp; ™+ (1 - ) Pprs 51 L0 T

S.t. Cit

([ pir)°
Yir= (Xs¢+Qpyr)
Pp:
o
pitzﬁcit

or when all constraints are substituted in

1
x|
|Zil o0 —1

o Y o
;) Pp,(Xst+ Qpy)-

1 w'r - -
G — (@Pp T+ (1 - ) Pasy' 1 L)
Apt A=D1y i

1-0

- Wi f1Zi4

-
1-¢

Now we propose a change of variables in the maximization problem. Let

e-1 1—
ZtY(U—l) —(UPDt £

o-1
Z, = (wPp, E+ (1 =) Prs 61 L5 1) 5 = | Lyl =
t ( Dt Mt zt) it (l—w)PMtl‘f
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such that the maximization problem becomes

1
max —
Ll 00— 1

o
o—1

(-2=) " Poe® Kse + Qoo

WY

1

Ap; (L=7)=TyY @;

The first-order condition of this problem is the following.

o-—1

: (ail

| Poi? (X5 +Qpo)

WY

Hence we have an expression for Z;:

e-1-y(o-1)
ylo-1)  _
Z, =

Ap; (L= 17y7 ¢;

=
o-—1

and consequently

(0P~ + (1= 0) Par #1214

o-—1

e—-1 th

o )—‘7 y(o 1) Pp:? (Xst+ Qpy)

1 1

(1-

(5=

e-1-y(o-1)
e-1
)_U Y Pp:?(Xs:+Qpy)
1 e—1 th

We can then solve for the measure of imported varieties.

|$it| =

We can use this expression to determine the condition under which the measure of imported

y(o-1)
0 y(l1-w) et Pp2(Xs;+Qpy)

1

(1-w)Py,f [

1-o0

e-1

770D —Pp, ¢

Zi— Wi f

-7 e-1

(1

— )Pyt

_é;_____l
Zt y(o-1)

- Wif

1
w)Pp' 8

wir 1

=0
Y0 -1 (1-w)Pyf

1-0

Ap, A—PryY @;

wir 1

1-0

1- 1
w,-rpl

7=)

e—-1 th

w

(PDt)l—E
l-w

Pyt

varieties is increasing in productivity

01%Z;]
0p;

(c-1)(e—-1)

|

Apt

>
(e-D-yo-1)

=>v<

(1- y)l—YyY

e—1
o-1

-0

Ap (1=7)=1yY @;

@i

and to solve for the cutoff productivity value that leads a firm to import inputs.

We can use this expression to solve for the measure of imported inputs as a function of the importing

cutoff.

(th:(

1
o yo-1) iy
o )— Y1 -w) =T Pp(Xsi+Qpo)| "
o-1 e—1 fWw;
e-1-y(o-1)
1 th_YPM[y n Pp; l-€71 DD
Ap; A =p)-ryY l_w(PMt) ]

e-1

e-1-y(o-1)
U—l}
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(o—-1)(e—-1)

( (pl )elya 1) 1
Pmr

w l) 1-¢
| Ll = ( Dt)

l-w

Pyt

if ; > @ and zero otherwise. We can then use this result to solve for firm-specific input prices

and unit costs, respectively. We have that

-1
(le. sflgy(afl] 1
wI-¢ PD[

PXit:(

i

if 9; = @pe and Py = wﬁPDt when @; < @y.

Manufacturing price index We combine the expression for Pp,1 77, Px,, and aggregate across the

firm size distribution:

1-0
P})ta fpl 7di = f —16”) di

” 1 W, TPy;,Y 1 ‘“’di

o-1Ap YA -7 @;

:( o )1—0’( 1 th Y I_Jf PX”YL l—O'di
o—-1 Apr 1=y)=ryY i i

1-

5 ()
Apt (1 _Y)I_YYY

g-1
oo e=1-y(o-1)
L e
OMmr Qi

—o( 1 w,rpr \"7 L, e
— ( g ) o t - Dt @ YZ ;— { g/ﬂ ?r_-léz((#))(i(ﬁ)
Aps (1-7y) _YYY ¢

e-1- ya 1) )/(1 U) _
PMr i

Now we impose that the distribution of productivities is Pareto:

PMmr
f [T P, V07 g()dg

o-—1 @

y(1-o0)

w?‘lg(ql)dw}

g((p) — Kﬂk(p_K_l

The first integral becomes

K K K

PMmt K@

o—-1 K, —k—1 — o-1- 1<<.0Mz — o-1-x o-1-x
@ (0] dp=——"¢ — | —@

f(p e o-1-x I— o-1- K( Mt )
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while the second one becomes

g—1 K
00 e Y(1-0) K@
Ppy|etmrlo=h o-1,_ «x, —k-—1 _ - o-1-x
f ( Pi ) ¢ e d(P— (@-1)(e-1) Pm

o e-1-y(o-1)

Pmr

so that prices are

_ 1-
plo— (9t L WilTPo )\
bt “\o-1"" Ap, Q-pl-ryr

K

K K (IS.E;)
-1« ( . ¢

Pu 0—1—1<+K_—(‘7—1)(8—1) s o-1-x
e-1-y(c-1)

B.3 Trade balance and labor market clearing

Combining market clearing conditions on goods markets and labor markets leads to intuitive
expressions for savings and labor market clearing. These expressions depend on the assumed
production and market structure in the manufacturing sector.

B.3.1 Homogeneous firms under perfect competition

Goods market clearing Goods market clearing implies that the demand for manufacturing
output by services producers and by other manufacturing producers equals final output in the

manufacturing sector and that total consumption equals output in services
Ypir = Xs¢ +f Qpjid], Ys: = Csy
J

Plugging in the residual demand schedules, we have

. (Pir\7? Pi 77 .
YDit:XSit"‘fQDijtd] = Xsr+[ —| Qpj:dj
i P j\P

Dt Dt

Pitr\7° . Pir\7?
) e ] (2] s
j

Pp: Pp;

where Qp; = f] Qpjrdj. We can also write this in aggregate form by using the corresponding
aggregation for manufacturing output as dictated by the demand system:

o— Uzl -
YDtE(f(YDit) Uldi) =
1

_ o-1 o—1
Pit\7? N
f(( t) (XSt+QDt)) dl)
i \\ Pp¢

o-1
_ ( [ P}t‘“di) P, (Xst+ Qo) = Xst + Qo
1

where we have used the definition of the price index.
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Labor market clearing Labor market clearing requires that all labor demanded by the manufac-
turing and services sectors equals the supply of labor which we assume is perfectly inelastic. Be-

cause manufacturing producers are Homogeneous, we can write the labor market clearing in terms

of aggregate variables.

Trade balance The trade balance represents the fundamental demand or supply of international

Ypi:MCp;
Lt:LSt"'fLDitdi=L3t+f(1—y)udi
i ; W,
Yp:MC
:L5t+f(1_Y)Mdi:LSt+LDt
! t

foreign assets and depends on the assumed product structure. We re-write it

TB,=EP}, X +W,L,—P.C, = E,PY X+ W,(Ls; + Lp)) - P,C;

= E,P}, X +(1- )P, Ys; + (1—y)Pp,Yp, - P,C;
= E,PS X - tP:Ce + (1—Y)Pp:(Qp + Xs1)

1139

1140

1141

1142

1143

1144

1145

Now, we can re-write (Qp; + Xs;) by combining the first-order condition for domestic intermediate 114

inputs

QDzEfiQDirdi

f Pxit
= |lw
i \Pp:

Pxit

¢ Pxit
Pxit

¢ MCpi;
Y

Xpirdi

w

&
Pxi¢

Ypidi
PXit Dit

J (5
J

S

Pp:

&
Pxit

MCpi; (PDit

-0
(Qpr + Xsp) di
Pxit PDt) : !

w
i \ Pp:t

)
4 (PDt

-1
h)g
Yo (PDt

PXt)£ p

Ppit (PDit

-0
(Qpr + Xsp) di
Pxit PDt) ! !
g

Dt (Qpr+ Xs1) f (Ppin)™0di
Pxi: i

p e—1
l—yw(P—g)

Xs¢

Xsy
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Plugging this into the budget constraint yields

EPS X+ W L, - P,C; = EPS X — uP,C, +(1-7) e —PpiXsi

1- ’)/w(PDt

= E,PY X —puP,Ci+(1-7)p —PC;

1-yo(3)

Now, we can conveniently re-write

Py,f=wPpf +(1-w)Pyf
1(PXt)1—f ) 1—w(PM[)1_8

t 1-w
] ( MI)

Then we have that

Ppt _ o \ Ppy
1- w(&)g_l_l_y lp ¢
YO Por b
1w [ Pme
it
l_w(Pi)
w P

o Pury -1
Therefore the trade balance can be written as

1

1+(1_ﬂﬁ(€,—g)€_l

TB,=EPY X —puyH,Ps,Cs; where H, =

1148

1149

1150

1151
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Note that the problem for the consumer boils down to satisfying the trade balance condition in

financial autarky. In addition, note that we can write the foreign intermediate input share as:

S

1-¢ 1o (—PMf)l_E
M _ PmeQumie Pp:Qpy Pp; o |\ Pp;
Px:Xp¢ PxXp; Px; w

which in terms of H; becomes:
1

1+(1_Y)ﬁ(£—ﬁff)g_l

H[:

o (Pu ' 1-H
1-w\Pp;) — (A-yH
1-w Py _(1-7)H,
“w \Pp;)] ~ 1-H,

14 Lo (Pue) T _1-7H,

w PDt l—Ht

1o m)” (1-y)H,
SM— w Dt _ 1-H; _ (]- _Y)Hl'
L lo(Pw)t LD 1-yH,
1+T Tt) 1-H;

Labor market clearing - revisited

wiLy=wiLs;+ wiLps = (1 —wPStYs; + (1 -y)Pp:tYpDs
=(1-wPStYs;+ (1 —-y)Ppt(Qpr + Xst)

Now, use the fact that Qp; + Xg; = })X
1o 5]

P e—1 P e—1
w( Xt) —)fa)( Xt) H,=1-H;

Ppt Ppt
w(PXt)H _y(=H)
Ppt 1-vH,
1 1-vH,
p e—1 1—
l—yw(P—g’;) Y

— Xs: which we can re-write in terms of H;:
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Inserting this expression, we arrive at the labor market clearing condition 1163

1-yH
WiLy= (1= @) PStYs; + (1 =) Ppy(Qps + Xso) = (1 = ) PStYs; + (1 =) ———Pp: Xst
1 _ ’)/H Y 1164
= A= pPStYs + L=y “pPs; Vsi = (1— p+ p— wy Hy) P, Yo
Using goods market clearing for final goods Ys; = Cs;, we arrive at the labor market clearing 115
condition: 1166
Wi L = X1 (x1— py He) Ps:Cs: where X;=1, y;=1 (B.7) uer
In addition, note that we can write labor allocated to the service sector solely as a function of H; as 11es
well: 1169
— _ WtLSl’
wele= X1 (01 = py He) Pse Yoo = Xa (1 = py He) 7= m
1 _ L 1170
Lg, = _TH L
X1—pyHe Xa
B.3.2 Homogeneous firms under monopolistic competition 171

Goods market clearing Goods market clearing implies that the demand for manufacturing

output by services producers and by other manufacturing producers equals final output in the 17

manufacturing sector and that total consumption equals output in services 1174
Voir=Xei+ [ Qojedjs  Ysi=Ca

J
Plugging in the residual demand schedules, we have 1176

. (Pir\7? Pit\7° .
Ypir = Xsir+ | Qpijidj= Xse+ | |=—| Qpjedj
j Pp: j Pp:
:(Pit
Pp:

1177

-7 ) Pir\7?
(XSt+fQDjtd]) = (P ) (Xst+Qpy)
j

Dt

where Qp; = fJ Qpjtdj. We can also write this in aggregate form by using the corresponding 1

aggregation for manufacturing output as dictated by the demand system: 1179

o

P\ Rt
f(( t) (Xs:+Qm)) dz)
i \Pp;

51
= (fpilt_adi) P}, (Xs¢+Qpr) = Xs¢ + Qpy
14

o-1 . UUTl
YDtE( .(YDit)le) =
1

1180

where we have used the definition of the price index. 1181

Labor market clearing Labor market clearing requires that all labor demanded by the manufac- s

turing and services sectors equals the supply of labor which we assume is perfectly inelastic. Be- 11
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cause manufacturing producers are Homogeneous, we can write the labor market clearing in terms

of aggregate variables.

Lt—LsﬁfLDndz me(l— )

W,

Yp:MC
:LSt+[(1—Y)¥di =Lst+Lp:
1

t

DltMCDlt

di

Trade balance The trade balance represents the fundamental demand or supply of international

foreign assets and depends on the assumed product structure. We re-write it as

TB;=EP, X +W,L,~P,C, = EP} X+W,L+I,- P,C,

Now, we re-write (Qp; + Xs;) combining the first-order condition for domestic intermediate inputs.

Px; P Px;
Xlt) X”XD”dl f ( Xit
i

QDtEfiQDitdi:fiw(P
YL
i \ Pp¢

Qpt + Xsr =

1
= ErPy X+ Wi(Lsi+ Lpo) + —Ppi Ypi = PiCy

1
= E,PS X+ (1 - WP Ys +(1-y)MCp; Yp, + —PpYp; = PiC

o—-1 1
= E,PS X+ (1P Y +(1 == P: Yo+ —PpiYpi -

1 o-—1
= EIP%X —uP;Cs+ (; +(01- Y)T) Pp(Qpr + Xs¢)

MCpi¢

pr ] Pxit Pp;

MCpi; (Pth
Pxit

Pm) Qi+ Xsp) di

l) . &€ EL:J;})I). 1) X -0
:fw( X”) o ”( Dlt) (Qpr+ Xsp) di
i \Pp: Pth Pp:
o — 1 1))(t )6 L/n 1-0
= w + X P di
Y pu (PDt PX”(QDt st) | (Ppir)
o-1 (PXt)E 1(Q X))
=y—w
=Y pu Po; Dt St
p -1
Y (o (ng)
p -1 ;X:St
1-r% (Pgi)
! X
1 St
o-1,,[Px
7S w(PDi)

E
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Plugging this is in 1191

1 og-1 1
EIP%X+ WtLr—P;:Cr:EtPitX—thCt+(—+(1—y) ) PR — Pp Xs;
7 o 1=y o(5)

o—-1
= E,P} X - thctw( +(1-7) ) P,C,
1 (P 1
o I—Yaglw(p§§)£
P X—pul1 (1+(1 )/)U_) ! P.C
—htE AT s - 1, (Px;\e-1 ]| t+!t
o o -y o(5)
_ l—w(ﬁ)g_l
_ $ _ o-1 Ppt
=E Py, X—py o 1o a_—lw(h)e—lptct
Y g Ppt
Now, we can conveniently re-write 1( ’(3 ) )g r using the intermediate input price index 1192
1 (Px,\'"¢ 1-w (Py:\'™% (P 1
P§(;f:wpg;f+(1—w)1>]{;—(ﬂ) :1+—(ﬂ) w(ﬂ) = -
w \Pp; w \Pp; Px: 1+1—_w(m) &
w \ Pp;
Then we have that 1103
—_—r el - —— 1w (P )¢
@\ Ppr _ ”T(P_m) _ o | Ppr
_ o=l Pxr el 1-y~ ! L = 1;(%)1_8_0_1
1-v= w( Dt) o 1+1;w(%)1 1+ o =Y
_ 1
_1+(1 U—) w Pyy e-1
Y ) 1w\ Py
Therefore the trade balance can be written as 1104
$ o-1 1
TBt:EtPXtX_NY—HtPStCSt where HtE 1 (B.8) 1195
o 1+(1—vo=ly_e_(Pu)
+( Y o )l—w Pp;

Note that the problem for the consumer boils down to satisfying the trade balance condition in 1196

financial autarky. In addition, we can write the foreign intermediate input share as: 1197
PM[QML‘ PDtQDt Pp¢ 1-e o (%)
SM =1- =1l-w (—) 1198
Px:Xp¢ Px:Xp¢ Px; 41w (m)
w | P
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which in terms of H; becomes:

I{t:: 1 e-1
1+ (1-y S 2 ()
o (P \'  1-H
1-w\Pp) — A-yZhHH,
1-w Py ™6 A—-y%HH,
o \Pp: 1-H;
1+l—a) Pyt I_EZI—YUT_lHt
w \Pp: 1-H;

1-¢ g-1
1-0 (Put (-y%HH, o1
oM _ w(m) R R e e Ll
r - 1-¢  (q-ypo=l a -1
1eloe(fu) ™ Lt 1-ySH:
; -

Labor market clearing - revisited Labor market clearing requires that all labor demanded by
the manufacturing and services sectors equals the supply of labor which we assume is perfectly

inelastic. We have:

wiL=wiLss+wiLp; =1 —-pw)PStYs;+(1—-y)MCp: YDt

o-—1
=(1-p)PStYs:+(1 —Y)TPDt(QDt + Xst)

1

el

Now, use the fact that Qp; + Xs; =

— Xs; which we can re-write in terms of H;:

Ppt (o) Pp
o—1 (pXt)f—l yS(-H)
Y———w|l5— = -
o Ppt 1 ’ygElI{t
P e—1 1_ o-1
l—ya)( Xt) _ 7’_(17
PDt 1—YUTH[
1 -y Hy
py, 1 B 1- ag-1
l—yw(Pii) i
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Inserting this expression, we arrive at the labor market clearing condition 1209

o—1
WiL=(1-uPStYs;+(1 —Y)TPDt(QDt + Xst)

—11-y=—H
— (- @PStYs+(1-p LT X
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P I—YUT_I :upStYSt
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_a-n(5 -yl 6 2 o
R (U2 (=) +u— —wrH;
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Using goods market clearing for final goods Ys; = Cs;, we arrive at the labor market clearing 1ou
condition: 1212

W,L= X x2 - pyH;| Ps:Cs;

—1)\2 -1
1-p (%t 1-v>= (o
l1-y=— 1-y ‘o-1

o

o (B.9) 1213

2
where X ) +

2 K o-1

In addition, note that we can write labor allocated to the service sector solely as a function of H; as 121

well: 1215

— _ WILSI
wele= Xz X2 = py He] PsiCsi = Xo [x2 —pyHe| 7= .
L ~ (1 _u) Lt 1216
POl O
CXe-wyH: X
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B.3.3 Homogeneous firms under monopolistic competition and IRS importing

Goods market clearing Goods market clearing implies that the demand for manufacturing
output by services producers and by other manufacturing producers equals final output in the
manufacturing sector and that total consumption equals output in services

Ypir = Xst +fQDjtdj» Ys¢ = Cst
J

Plugging in the residual demand schedules, we have

. (Pir\7? Pit\7° .
Ypir = Xsit+ | Qpijedj = Xse + Qpj:dj
j Pp; i\Pp:
_ ( Pi;
Pp;

-0 Pi -0
(XSt +fQDjtdj) = (P : ) (Xs¢+Qpy)
J Dt

where Qp; = f] Qpj:dj. We can also write this in aggregate form by using the corresponding
aggregation for manufacturing output as dictated by the demand system:

o-1 g

Piy\7° TN
f(( t) (XSt+QDt)) dl)
i \\Pp;

o1
= ([Pilt_adi) Pp, (Xst+Qpr) = Xs¢ + Qe
1

o rasy
YDtE(f(YDiI)TIdi) =
1

where we have used the definition of the price index.

Trade balance The trade balance represents the fundamental demand or supply of international
foreign assets and depends on the assumed product structure. We re-write this

TB,=EPS X+W,L,—P,C,=EP} X+W,L+ fl'[,—tdi - P,C;

1
. 1 .
= EIP;B“X—I— 144 (L8t+f(LDit+LMit)dl) +[(;PDitYDit_ WiLnie|di—PiCy
1 1
1

= E,PY X+ W,Ls;+ W,Lp, + —PpYpi = PiCy

1
= EiPy, X+ (1= )P Ys: + (1=yY)MCp Yo+ —PpiYpi = P,Cy

$ o-1 1

=E Py, X+(1—-WwPYs +(1 _Y)TPDtYDt + ;PDIYDL‘ - PCy

1 o-1
:EtpitX—,uPtCt+ ;+(1—Y)T Pp(Qpr + Xst)
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Now, we can re-write (Qp; + Xs;) by combining the first-order condition for domestic intermediate 1230

inputs 1231

PD ~€MCpjtYpj¢
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Then 1232
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Plug this back into the trade balance equation

1 o-1
TB, = EPS X —uP,C, + (; +(1 —y)T) Ppt(Qpr + Xs1)
1

:EtPXtX_lvtPtCt+ ;"'(]—_’}/) P
g ¥YD

1

(o-1)(e—1)

] o=l (<.0Mt e=T—y(@=D

=EPY X—p

$D
[Cod DI ]

1— (tﬂm)e—l—yw—n
— 1 oD

o
= E,PY X -y —P,C,

(o—-1)(e—1
1— O'—l,}/ ((PMt e-1-y(o-1)
Y YD

which yields the expression for the saving:

_(em
1(%

1 La )0 - 1)
- (01 (e~
g g
-1 Qpr ) e-1-ylo-1)
1-— UTY( k

1)

(c=1)(e=1)

) e—1-y(o-1)
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-1| P:C;

o-1
TB=EiPy,X = ——uyHiPs,Coi,  Hi=

(0‘1—1)([5—11))
-1 PMmi | e-1-ylo-
1— U—Y(

o

()]

In addition, we can write the foreign intermediate input share as:

1-¢
M _ PreQme PpQpy Pp;
PxXp:t PxXpy Px
1-¢
Pp: Pmr
=l-w 1 = =1- s
——— [ @mr ) e-1-ylo-D
-1 | ==
Ppw~e ( oD )
which in terms of H; becomes:
(c-1)(e—=1)
1— ((th e-1-y(o-1)
$D
Hy= (@=D(e=1)
_o-1 Qmr |\ e-1-ylo-1
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Therefore, we have that the imported intermediate input share is given by:

Labor market clearing - revisited We start by re-writing demand for labor being used in the
importing of intermediate input varieties. To this end, we rewrite profits and go back to the
first-order condition for the optimal number of imported varieties. Profits can be written as:

1
Il;; = —=PpitYpit — Wtf|/1it| = —Ppi¢
o o

— _]; }) l_T(T
o Dit

where we have defined Yp; = P} X+ f] Py, (

number of imported varieties is given:

Xit

Now,

olnll;, 1-0) olnPp;; _

0l 0l
- (1 -0)y——PT]
B e
— 1_—0(1—(1))
_Yl—s

-0

:YTj;U—Yn)
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Pxit
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M _ (1 _YUT_I) H,y
LIy,

X8t+fQDjtdj] - Wi flAiz]
J
o o P - . 1 l-0y—
P Xst + .PDt P dj| =W flAid = ;PD” Ypr — Wi flAi]
J

Tﬂ)_g dj. The first-order condition for the optimal

_Wtf:()

Ya|/1it| Pxi;

1
Prrel A =2

Al 0l Y

1 \1-¢
= ) is the domestic intermediate input share.
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Going back to the first-order condition, we have:

o

1-
Wif=vy 8(1 th)

1- |/11t|

l1-0
[Aie| W f = Yﬁ(l —vio)ll;

l1-0 1
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where we have used the alternative expression for the domestic intermediate input share. The labor

market condition becomes:
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. 1 . .
Now re-write e as a function of H;:

1_0_—1}/(<ﬂMt ) e-1-y(0-1)
o YD

(o-D(e=1)
1 _ (M) e-1-y(o-1)
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(c-D(-1) o—1
oy e o o1 1-
7] e-1-y(o-1) Y
1-Z Y((,,Afj) N 4
Plugging this back into the labor market clearing condition
o-11-ZyH, o-1
WiLy=(1—-p)PsYse + p(1—7) 1_‘;;1)/ Pt Ysr +p(1—-7y) p 1)_/Y€_1HtPStYSt
g
o-11-Z1yH, o-1 vy 1
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[( W)+ pud—=1y) p. I—UT_IY pd =y o 1-ye-1 t| st ¥se
12 -1 [ -1
1-n(%) -50-%y) [A-w(- )+uﬂ NSt
- ‘71_ ;__11 g —uyH;| PstYst
L ﬂ—w( ) o (1-55ty)
12 =L _ 1- g )L
1oy - -y | (0w
- o-1 o _ —pyH; | PstYs;
I—YT 1_L(LY)
-1\ 1-y

Therefore, using goods market clearing in the services sector, we can write the labor market clearing

condition:

WiL; = X3 [XB - ,u}th] Ps;Cs;

o-1

q

i

(1-7)(%2)* -
1-y

where X3 = , ¥3=

— =

q [e
°|

g
_ 1 o—1 _Y
1 6—1( 1-y )

In addition, note that we can write labor allocated to the service sector solely as a function of H; as

_ 1-y=—
1 (1- %) s maay S
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well:

_ _ WiLst
wele= X3 X3 = py He] PsiCse = X3 [x3 — by He| 7= m
I-w L
Lsp=— L
X3—HyH: X3

B.3.4 Heterogeneous firms under monopolistic competition and IRS importing

Goods market clearing Goods market clearing implies that the demand for manufacturing

output by services producers and by other manufacturing producers equals final output in the

manufacturing sector and that total consumption equals output in services
YDit:XSt+fQDjtdj; Y = Cs;
J

Plugging in the residual demand schedules, we have

. [ Pir\? P\ :
Ypir=Xsit+ | Qpijidj = P Xsi+ | |5 Qpjidj
j Dt j\Pp¢

Pi:\7° . Pit\°
:( ) (X5t+fQDjtd]) :( ) (Xs¢+ Qpy)
Ppy J Pp;

where Qp; = f] Qpj:dj. We can also write this in aggregate form by using the corresponding

aggregation for manufacturing output as dictated by the demand system:

Pi \7° e
f(( t) (XSt+QDt)) dz)
i \Pp;

o1
= (fPilt_Udi) P}, (Xs¢+Qpr) = Xs¢ + Qpy
1

Y
Ype = (f(YDn)TI di) =
1

where we have used the definition of the price index.

Labor market clearing Labor market clearing requires that all labor demanded by the manufac-

turing and services sectors equals the supply of labor which we assume is perfectly inelastic.

L= LSt+[(LDit+LMit)di
1
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Trade balance The trade balance represents the fundamental demand or supply of international

foreign assets and depends on the assumed product structure. We re-write this in turn:

TB,=EP} X +W,L;— Ps;Cs; = E,PS X + W, L+ f M;;di — Ps;Cs;
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Now, we can re-write (Qp; + Xs;) by combining the first-order condition for domestic intermediate

inputs:

1 .
+f(;PDitYDit_WtLMit di—Ps;Cs;
1

¢ MCDjtYDjtdj

. p
QDthQDjthwa(PDt
j j Xjt

—£P X . p
Xjt D]tdj:f_w)f( Dt
J

Jorlse) 5
= (1)7/
j Px ¢ Px ¢

Pp:

_o_
o—1

Pxj¢ Pxj¢

‘l)j t -0 .
(Xst+Qprdj

Jorlees)
= (L))/
j Pth Pth

o

-0 o0
=or(;75) P i Qoo |

o—1

o —

o
=wy (—) PP/f (Xsi+Qpy)

o-—1

g\ 0 ¢ 1
:a)y(m) Pp," (Xst+Qpr)

¢

ylo-1) o
=@ ¢1 ’}/(

o—1

p

Pme o—1 * o
f ¢” glp)de ++ @

9 ho-1 1
—) " PG (Xs:+ Qo)

MCji\™ .
) (Xs:+Qppdj
Dt

|

1-
1 1 W, "Pxi(g)

Apr YY1 -7

Pmr

1=y py
W, "Pp,

ApryYQ -yt

o0

PMmt
f o’ gp)de + f w%lg(cp)dw]
2 PmMmr

Aprp YYQ -ty

1owr f
Apr YY1 -t

wy )1_0(

o—1
-1 (M) g((p)dcp]
@

L4

w =1Pp;

1-

Px ¢

1-0
) P ig(@)dg

Px (@) 1O Do L g(p)dgp

)5—1—}/(0—1)

1281

1282

1283

1284

1285

1286

1287

1288

1289

1290

1291



Now, we use the assumption that productivity is distributed according to a Pareto distribution: 120
K
glp) =x ((p) ¢~ %1, then we have that: 1263

1-0

1-y Yy
W, "Pp,
ApryYQ -yt

y(o-1) g -0 _
Qpi=w'eT y(—) Pgtl(XSﬁQDt)(

q
|
—_

$m o-Kk—2 o—-1 o -x-1
f ¢ do+ ¢y, ¢ de
(7] PMi

1=y py
W, "Pp,
ApryYQ-p)t-7

1
clo) oot g ) ot

y(o—-1) o -0 _
=w &1 Y(—) Pgtl(XSt"‘QDt)

1294
o—-1-x
1-y pY
Wt PDt
Ap: YY1 -yt

o—-1-x
K og—-1-« 1_ 1 ) f
K(Q) [(th (K K—(o—1) +0’—1—K

y(o-1) g -0 _
=@ ¢1 ’}/(—) Pgtl(XSt'l'QDt)

_ e 1-yp_ y\1-0 1 K¢ KX 1 K@
Now use P}, 7 = (Lwl—e 1 M) [ o-1 K(U = = — @l TIK = and 1205

-1-x + _ (0-D(e-1
e=1-y(o-1)
write: 1296

o-1-x (1 1 @
Pme (E K—(0— 1)) o-1-

o—-1-x 1
Pre | o mnED T R (a )

+

e—1-y(o-1)

o-1-x
Pmt + =
o-—1 (qo) ( K(Ul) —K

o-1-x
Pt 1
— +
) k— D=1~ x— (0’ 1) K— (0’ 1)
1

e=1-y(c-1)
o-1-x
PMr 1_ 1
o-1 [ I3 (7 —K
o

1-
o -1-x 1297
PMt _
¢ w_Lo=D(e-1)_ 1)(5 1) xK—(0-1) 1< (U 1)

e=1-y(o-1)

g-1-x
oM 1__ 1
o—1 (g) (K K(Ul))a K
o

1
1-
—-1-x
g M 1
P K— (oc-D(E-1D)  «- (a 1) 1< (0 1)

e-1-y(o-1)
1
Qpr+ Xs¢ = Xst

o-1-x
PMr 1__ 1
o-1 @ K —(o— 1) a K
[

1
o-1-«x
(0'1(51 K(O’ 1)) K(U 1)
Te—1-y(o-1)

Plugging this back into the trade balance equation: 1208
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Therefore, we can write the trade balance equation as:
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(B.12)

Labor market clearing - revisited We start by re-writing demand for labor being used in the
importing of intermediate input varieties. To this end, we rewrite profits and go back to the
first-order condition for the optimal number of imported varieties. Profits can be written as:
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The first-order condition for the optimal number of imported varieties is given:
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Now,
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where 1 —vy;; = %%) is the domestic intermediate input share. Going back to the first-

order condition, we have:
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Now,

(e.9]

WLy = f Wi Lysiedi = f WL @g@de= | WiLyi(@)g(@)de
i ® Pumt
(o—1)(e-1)

[ee] 1 (e-1)-y(c-1)

:f %;(1—(¢$t) )Lm(<p)g(<p)d<ﬂ
PMmr

(o-1)(e=1)

y o-1 (%[, ((th)m
@

Ppi(@)Ypi (@) g(p)de

(0-1)(e=1)
OMr ) €-D-ylc-1)

@
1w )1_”

Ppi(@)' 7 glp)de

- T g Xer+ Qoo [ 1_(
_8—1 o Dt \AASt Dt o

— t
ApryYQ -7

o—-1\?
= (T) P}, (Xst+Qpy)

(e-1)(e=1)

]’OO ((th)m
PMme ¢

o-1\7
= ( ) PDt(XSt"‘QDt)(

0" Py, ()" g(@)dep

1— 1-0
1 l Wl’ v Y(SU_—ID y(1-0)
AprpyY(L-mtY be

(c-1)y(1-0)

o—1 ((th ) e-D-y(@-1

o—1)(e—1)

(
0 (e-D—ylo-1)
f (1 B (wMI) v
PMmt @

1-y 1-0
1 1 W[ ) y(o-1) yY(1-0)

glp)de

—L(U—_l)gpff (Xs: + Qpy) - w T P
= 1 o Dt St Dt ADt (p'yy(]_ _,}/)1_7/ Dt
0 ST o-1
[ A o B T
Pmr 4 4

Use the assumption that productivity is distributed according to a Pareto distribution: g(¢)
K
K ((p) ¢ %1, then we have that:

w ¢-1

1-y 1-0
o-1\? 1 1 w Y- - K
WLy = :Yl (T) pgt (Xst+Qpy) d ) PI 7 (‘P)

Apr @y’ 1 -7 Di
0o (c-1)y(1-0) o—1
f ((th) e1D-y(o-D B ((th) (pU_K_zd(p
PMmr ¢ Y
-y 5y 170
oc-1\? 1 1 W, 'P ylo-1)
=L(—) PO Ppi(Xsi+ Qo) |——=—~—L2L | w e
e-1\ o ApryY(1—-py)77

1 1

 (0=DE-D) (0 —
e-1-y(c-1) K (0 1)

o it

72

1314

1315

1316

1317

1318



use again
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where we have used the expression for (Xs; + Qp;). Now, obtain an expression for fl WiLp;:di
WiLo= [ Wilpidi= [~ Wilodp)g(p)dy

! ¢

b o-1
- [ a-nT = Poe) Yotz pde
[

o-1 o o 1-0
=( _Y)TPDt(XSf + QDt)f Ppi(p) " glp)de
?

o—1
=(1 —Y)TPDL‘ (Xs¢+Qpyr)

Lets re-write Xs; + Qp; as a function of H;. From the definition of H;:

ome 71K (1 1 41
1 o—1 [ K  k—(0-1) o-1-« =
-Y t
o ((PMI)U_l_K( 1 S B P |
©@-DE-D (o= o=
[ K_% Kk—(0—-1) Kk—(o—-1)

o \7TVR (1 41
(0] K Kk—(o-1) o—-1-x
=1- —

((pm)"_l_’( 1 1 L1
(4 K

_©DED  x—(o-1)
e-1-y(o-1)
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which becomes 1327

o\ (11 41
(] Kk k—(o-1) o-1-x

(1 71y = 1-H
-7 t - =1-H;
o ((pr)” 1-x 1 ! 1
v I T oD ) e
o-1-x
e 1__ 1 1 B
( (7 ) (K K—(O’—l))+ o-1-x I—YUTI
1- — =
(wa)U_l_K( 1 ! 41 l—YaTlHt
@01 P 7
¢ K_efl—y(fr—l) x=(o-1) x=(o-1) 1328
-1
1 1-y%5 Hi
o-1-x - g—1
® 1 1-y=—
( gt) (;_Kf(éfl))-'-o'*i*K Y o
(‘PMI)U_I_K( 1 | )+ 1
[ _lo=D-1) x-(0-1) | x—(0-1)
- K e—1—y(o-D
1- ')/U__lHt
[
Qpt+ Xst = ———Xst
1—yo=L
i
Now, return to the labor market clearing condition. 1329

WLy = WiLge + f(WtLDit +WiLnpi)di = WiLsy + Wi Lpy + WLy
15

o-11-y=1H o-1

t
=1 —-p)PstYse+(1-7) 1 PDtXSt"'g_LlTHtPDtXSt

o 1-y%
o-11-22vH, o-1 vy 1
=1~ Ps Y+ pu(l—-7y) 17— PstYse +u(1-7y) HPs;Ys;
].—TY o 1- -1
o-11-ZlyH, o-1 vy
= (1—/1)+,LL(1—}/) 0_1 +.u(1_Y) Ht PStYSt 1330
[ 1-2=y o l-ye-1
_1y2 &t _ [ _ _
_0-n () - H - |- -y rpa-pF
B 1-yol e ol oy K Psds
o 1-N(F) -FH0-%7)
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Therefore, using goods market clearing in the services sector, we can write the labor market clearing 1ss:
1332

condition:
WiLy = Xq [Ya— pyH;] Ps:Cs:
[ 1- géi
(1_)’) (U__l)z—zl(l—g—_l)/) ((1_'”) ly—y % :u)% (BIS) 1333
where Xy = g 8_11 g - Ya= _
1- Y% 1- L (ﬁ_Y)
e—1 1-y

In addition, note that we can write labor allocated to the service sector solely as a function of H; as 1334

well: 1335
— _ WiLs

wely = Xy [)(4 - NYHI] PsiCsr = Xy [)(4 - IJYHt] 1—p

1336

I-p) L
Lyy=————F—
Xa—HyH: Xy
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C Equilibrium

In this appendix, we prove that the equilibrium exists and is unique in all variations of the model

studied in the paper. We combine the five main equations of the mode], i.e., the manufacturing

and service prices equations, the trade balance equation, the market clearing equation, and the

endogenous openness equation, into a unique implicit equation in H only.

C.1 Perfect competition

The set of equations that determine the equilibrium is the following.

_r
Wl_YP}; 7 l1-w| Pp o
PD:f(l)_f‘l 1+— —$
A=p"Tyr @ \EPy,
WlHppH
Pg= —1—D
(1—p) ~HuH

EP$ X = pyHPsCs
WL=X;[x1—uyH] PsCs
1

EP$ e—1
1+0-p ()

We start by using the H equation and the services price equation and substitute them into the

manufacturing price equation to solve for Pp.

1 ey P! v (1—yH)\T=
Pr=— (- H*u\ppYtou — D ‘ﬁ( )
D oD ((( .U) ,U) S D) (1—’}/)1_7/’)/7/“) 1_H
1 o1
PR = (- ) ) () (L)
D @p (1—p)1-ryY 1-yH

Second, we use trade balance, market clearing, and final goods prices and then use the H equation

again
L
ops - HYH (=) PPy F) T LPY,
M X1 [x1 - pyH| PSX
1 $
1-H & & wyH - 45 LPy
plr— =) HH) po) -+

Finally, we plug the expression for Pp in to find an equation in H only as follows:

T
1—

1
v e-1

1 = 11
(1 W= ) 7 w )—;11 LPS, uyHs (1— H) &1 (1-yH)
l-w

_ 1-
@p (L= =7yY (( v) PSX X1 [x1-prH]
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which can be written in Proposition|I|as

L
I-

—
,_

H&=T(1-yH) ™7
X1 [x1—-pyH| Q- H)*

FPC(H,0) = A}(©) -1

LL
-11-

1
y —

W T ) = ((1—y) ® )—ﬁ LPS,

where  APC(@) = —
¢p (L=7)""7y7 -0/ pSx

To show that at least one equilibrium exists, let FPC(H,0) : [0,1] — R, which is continuous on
H € [0,1]. Now for any H € [0, 1], we have that:

lim FP¢(H,0)=-1 and lim F’C¢(H,0) =
H—0 H—1

then by Bolzano’s Theorem, F PC (H,0) has at least one root on H € [0, 1]. The latter two limits follow
£ 1 1

from H+T and (1 — H)¢ ' respectively. To show that the equilibrium is unique, consider the

derivative of F*C (H,®) with respect to H:

TS e FY 11 1 £ -,
aFPC (H;@) _ APC(®) (Eflﬁ_ ]_—’}/g_lm'i' gtl—/J’}/H_'—lTy;l_ )Hf 1 ( ')/H)l -
) 1
" n (&1 - pyH) (1 - H)EDT7
1 HY 1 1 1 )/2 e _g;_ E%_
_APC(®) (sflﬁ é&1— IJ}’H+1 -y e— 1(1 H_l—yH))Hg‘l (,U—H)IY 1 o
) 1
. (61— oy ) (1= i

Because FFC (H,0) is globally increasing in H, F*“ (H,®) has only one root for H € [0,1), which

ensures the uniqueness of the equilibrium.

C.2 Monopolistic competition

The set of equations that determine equilibrium in the economy with monopolistic competition is

the following
e-1 —Ll

o wrep o l-ofPp .

Pp= =1 |1+ —
g-1a-pryr” w \EPS,
Wl-HppH

pg= W "Pof
(1—u)1—ﬂuﬂ

$ o-1
EPX = jiy —— HPsCs
WL=X,[y2—pyH|PsCs

H=
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We start by using the H equation, and the price of the final good and substitute them into the

manufacturing price equation and solving it for Pp.

R S PO Ty —p =
Pp = (PD(((I ) ﬂ)PSPD ) 1

= P R 4 ‘
(1- y)l YyY

_L L L T-ye
1-u_ (01 - 1-p - 1 -y _ L. L 1-H
P, —(—0 <pD) (((1 ) )Ps) (—(1—Y)1‘W w T T ey

Second, we use trade balance, market clearing, and the price of the final good and then use the H

equation again

pwySiH  LP, %
EP? = 1— i #u*)PsP g
V= X o - o H] Px ((( @ Hut)PsPp” )
1
- —o |7 olyg Lp _—
(1-ySHH o Xz (X2~ nyH) Py X

Finally, we solve for Pp, to find an equation in H only as follows

X

1 1 7 LPy
(1 a)) o L W 1 1=y 1-H ( 1-H )% =1 ,UYUH
@ o-1op A=y | [(1-yZ)H1-y%2H Xz[Xz—MYH]

which when collecting terms becomes

L

o 1 & ”((1 0—1) w )_e—l LP%,
o—-lep A=yt ryr L 259'¢
a

Xo [x2—pyH|

which can be written in Proposition (1) as

FMC (H,0) = AM€ (@)
Xo[x2—pyH|(1- H)&

1
y -

1 ~e1 = -1 -=1 LP} -1
where  AMC (@) = g ___o- ) ((1—)’0 )lw ) M.UYU

o-1ep(Q—-p)=ryr

To show that at least one equilibrium exists, let FMC(H,0) : [0,1] — R, which is continuous on

H € [0,1]. Now for any H € [0, 1], we have that:

lim FM¢(H,0)=-1 and lim FM¢(H,0) =
H—0 H—1
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then by Bolzano’s Theorem, FMC (H,0) has at least one root on H € [0,1]. The latter two limits
e 11

follow from H+T and (1 — H)¢ ' -7 respectively. To show that the equilibrium is unique, consider

the derivative of FMC (H,®) with respect to H:

0FMC (H,0)
0H
e 1 y yZt 1 Ly L1 1 . A
— AMC(Q) (:ﬁ - IT}/ e—1 1—YUTIH ‘52 IJ’)/H + W;l_—) Hs—l (]_ _'}/TH) -y -
) 1
= (fz—uyH) (1- H)&EDna-n
Y 1
1 wy 1 1 ¥ . e
AMC (@) (g%ﬁ+ G-uyH T 1y y \a % —"—lyH)) He (p— H)Tr et 0
. >
e (62— pyH) (1 - H)EDa=n =

Because FMC (H, ) is globally increasing in H, FMC (H,©) has only one root for H € [0, 1), which
ensures the uniqueness of the equilibrium.

C.3 Increasingreturns to importing

The set of equations that determine equilibrium in the economy with increasing returns to scale in

importing is the following.

ylo-1)

o WI—YPE - 1 (pM)sly(al)

= w €
o-1Q1-yt-ryr ¢p \¢p
W HppH
(11— —HuH
EPSx = iyt HpPoC
X uy pu sCs

Pg =

WL=X3|xs—puyH]PsCs

(o-1)(e-1)
1 _ (‘P_M) e-1-y(o-1)
H= oo
- (o-1)(e=1)
1— Y ((pM e—1-y(o-1)
1
o -1 “o1
ovm_ 1 (o e[y o-1 P
IR Pp(Xs+
o= o l57) (8_1( 7 E S0 Po(Xs + Qo)
e=1-y(@-1)
1 WI‘YPK/[ w (EPM)E 1] DT
Ap®p 1-Y)A—-y)yr Pp

We use the last equation to solve for the productivity ratio as a function of H.

(c—-1)(e-1) (o—-1)(e-1) (c—-1)(e-1)

1 e-1-y(c-1) e-1-y(c-D e-1-y(c-1) 1-H
H-yZ— H((pM N _1—((”—M AN 8 b
¢D

o ®D ¢D 1-yZlH
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such that the price equation can be written as follows

o wirpl 1 1-H &
S o-1(1- - 7’)’7’ ¢op |1l

leading to a similar equation as before

o 1 _ P! [ 1-H &7
Pp = (((1_,“)1 Huk) PsPp~H) T ?_ W —
U_l(pD (1_Y) YYY I—YTH
= (o-1 =T L 1 o 1-H
Pl—u — 1 1-p, ,u ( ) T-y e-1
b= (Tren) T R () e ey

In addition, plug the first-order condition for labor use in services and the services price index into

the trade balance condition:

1
I-

(1 - wi+urpPsP ) TF LPY,
X3 [xs—pyH| PiX

EPS, =uyH

0 1

Use Pp (Xs+Qp) = 1 U : ,uPsCS and to write the cut-off equation as and then use the first-order

condition for labor use in services and the services price index:

__L
1

o wior ()

(o-1) _ —
(¢_M):( 7 ) ya-w) T PE -y H

Ap@p Q-1 —y)yY

17
((1 — ‘u)l_/lluups)ﬁ

_ PsC
o) \o-1 e-1  wf 1-op 1
e=1-y(o-1)
w (EPM)E 1]_0 D(e-1)
Pp
1
0= _ To-1
S (=) yA-w)' o PRIy H L l
og-1 e—1 [ 1-Z1 X3[ys—uyH]
e-1-y(0-1) el 1y el
W \GEDoD —(mﬂ—) $ \o-1
(l—w) P, (EP )

Ap@p(1—-yp)-ryY

Plug in the expression for manufacturing prices and the cut-off as a function of H and collect terms

to obtain an expression solely as a function of H:

U 0—1( w a U—l))ﬁ o 1 W e LP%, (5 11-pu
1—uy o 1w % Ap@p A=y [APSx)\ v n
(1 _Ei)__Tl_ 1 ( g— l.}i) TZ_ _lT
=2 - €
(- - -1

(Xs [xs— WH])H

f)%
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which can be written in Proposition (1)) as

IRS —L% 4
PR (g gy = @0 H) | (l—y‘:TH)l .
(X3 [x3—pyH])="
_x - s
where AIRS(G): o L w1 I-y ((I_YU—I w =1 LPy,
o-1gpA-Piy” o J1-w) Pix

N

—|

1
o—-1__1 (e-11-p &1 e
py——L H( — ) 1—p)=
o Y U ( )

To show that at least one equilibrium exists, let FI*S (H,0) : [0,1] — R, which is continuous on

H € [0,1]. Now for any H € [0, 1], we have that:

lim FF(H,0)=-1 and lim F®S(H,0) =
H—0 H—1

then by Bolzano’s Theorem, F'®S (H,©®) has at least one root on H € [0,1]. The latter two limits
11
follow from H and (1 — H) 1 1-7 respectively. To show that the equilibrium is unique, consider the

derivative of F'®S (H, ®) with respect to H:

OF™®S (H,0)
0H
- (L_LLi+d Hy +LLL)H(1_YU_—1H)%F11
ARS (@) H 1-ye-l1—yZly " e-1&G-pyH * 1-yel- o
%3 (- pyH) T (1 - )@
_AIRS(G)
e

(i+ﬁu_v’+l¢L el 1ol v ))(53_WH)%(1_H)E<+w

o 1-22yH

(€2 -y H) (1 — H) &0
>0

The last inequality follows from rewriting:

e-1 1 o-1 y (=27 yH)5 -2y~ H)
e 1-H | o 1-ZlyH 1-H(1-ZLyH)
(Eel UUIYZ elagl}/ 001,)/2

) H

C-H)(1- %ty H) -
e=2 MKy
TG —HrH

x3 <O. Ifs>2and£—1>“l , then y3 > 1. If£—1<“11Y

which is positive as H € [0, 1] and observing that i

1
rA-H)
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a

e>1+ T{;y I_LY
W—((l—u) e

Because F'®S (H,0) is globally increasing in H, F'®S (H,©) has only one root for H € [0,1), which

ensures the uniqueness of the equilibrium.

D Partial equilibrium: general structure

In this section we provide the first-order linearized solutions to the non-linear equilibrium systems.

We consider a first-order Taylor approximation around the steady state which we know exists and
is unique in the Benchmark SOE-IRBC model, the model in which manufacturing firms compete
under monopolistic competition, and the model with monopolistic competition and increasing

returns to importing. In addition, we know the steady state exists and is unique in the limiting cases

e—1
e=1-y(c-1)

that this remains true away from these limits.

fork —ooand x — or the heterogeneous firm model with selection and we conjecture

D.1 Benchmark SOE-IRBC model

In this section, we derive the equilibrium system for the model with homogeneous producers that
compete under perfect competition.

Rewriting in terms of H; The non-linear equilibrium goods and labor markets block can be fully

rewritten in terms of H;. In this case, only the manufacturing price index needs re-writing:

Y
P _ 1 1 th—)’ (a)PDtl_£+(1_w)PMtl_8) 1-¢
Pt op Apy (L—p)1yr

Y
l-g)\1-¢
w,'rP), (1 + Lo (fu) )

w Ijl)t

11
~ ¢p Ap; (1 —p)-ryY

1-¢
Using the definition of H;, we can write 1 + 1_7‘“ (};—1[")’;) as

l-w (PM[)I_E_ I_YHt

1+——
w PD[ l—Ht

Thus, it can be re-written as:

1-¢

1 1 WIA'PL oy [1-yH, T
Pp¢

" D Ap 1—7)1-TyY 1-H,
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, which is smaller than 1 and therefore this is always satisfied.
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Given this expression for manufacturing prices, the non-linear goods and labor markets block is
given by:
TB; = E;P}, X — iy H;PsCs;

WL =X (x1—pyH;)Ps:Cs;

1 1 th_YP};t w%[l—)/Ht]%

Pp, = —
P b Apy A=) ryy 1-H,
1 W/l HppH
Pg= ——F7——
Agt (1 —p) ~Hut
1
Ht:

1+(1_Y)&(1;—A£)8_1

First-order linearization Linearizing the services price index, the labor market clearing condition,
and the trade balance condition is immediate. The linearized manufacturing price index is obtained
by:

Y
o 1 Y l—yHt)
In(Ppy) =1 —In(Aps) + 1 =y)In (W) +yIn(Pp,) + 1
1P n( ®p (l—y)l—m) nlApe) + (1 =y)n(We) +yIn (Ppy) 1—gn(1—Ht
=—aprt+ (1 -y)w;+ rH + H ]
Ppt = —apt Y)Wt +YPbt T 1yH T 1-H Nt
+(1-y)w; + [I_Y H
=—a — w —
Pbt Dt Y)Wt +YPDt 1_yH1-H Nt
where small letters indicate percentage deviations from the steady state: 7, = H”;IH
definition of H; is given by:
In(H,) =-In|1+(1- y)—(Pi) ]
py\E1
(e-1) ST (P) (1_7/)%(%) Pp:—Pp
T - e-1
TR T T SR

~(e-1) (1= H) [ p}y, + e~ poi]

General structure To obtain the general structure, we combine the equilibrium conditions in
the following way. The price index for services yields an expression for real wages as a function of

services productivity and the relative price of manufacturing goods:

pst=—asr+ (1 —pws+ upp;

1

—Pst = 1_M615t— lf'u(th_pSt)

Given this expression for real wages, we can solve for manufacturing prices as a function of the
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shocks and 7n;:

1-y H
l—yHl—H]n
-y H
1-yH1-H

(I_Y)PDr:_aDt+(1_Y)wt_E}_/l [

(l—y)(th—pSI)Z—ﬂDt+(1_7’)(wt_pSt)_gr1[ ]Ut
-y H

1-yH1-H

1
=—th+(1—Y)( asg — £ (th_pSt))_gil[ Mt

1-p 1-pu
H 1-p Y A-yH
apt — Nt
Y 1-y(€-1)A-H) 1-yH

~
EVpH

1-
PDt = ast — 1

Now, use the labor market clearing condition to express final consumption

pyH
Cst=Wr—pPstt —————1MN:
X1—uyH
[ —
=ViH
1 M
=—as—— +v
l—li St 1 (th PSt) 1HMt
aSt_—(aSt_—'uaDt VpHﬂt)+VlH77t
1 u 1-vy
—aSt+—aDt+(VlH+ VpH)TIt
=Verr

To obtain the expenditure switching expression, we combine the relative input equation with the

expression for how manufacturing prices respond to changes in openness:

ne=—(e- 11~ H|pl, +e—ppi]

=~~~ H) |p,, +ec— psi— (ppi— psi)]

; .
=—-(e-1)(1-H) Pﬁ/[t"“h—(aSt— 1_5“Dt—VpH77t)]
. -1a-m S T
1+ (e~ D)1= Hyvpy | e 9 dser =, ape
El;;qH
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D.2 Homogeneous firms under monopolistic competition

In this section, we derive the equilibrium system for the model with homogeneous producers that

compete under monopolistic competition.

Rewriting in terms of H;

rewritten in terms of H;. In this case, only the manufacturing price index needs re-writing:

Using the definition of H;, we can write 1 +

Thus, it can be re-written as:

o 1 1 WV (wPp/'*+1—-w)Py' )

-
1-¢

Pp: =

o—-1¢p Apt

o 1 1

w,rpl, (1 + 1w

(1- Y)l‘YyY

w

(

-
Pasy ) 1-€\1-¢
Pp;

_U_I(PDADL‘

Pp;

1-w (P
1+_(ﬂ

w

o 1 1

w

Pp:

A-ytryY

1-¢
1—a>(PMt) as

Ppy

-

1_
W, ngt

r
1-¢

g—1

1 -y H
- 1-H,

T o—1gp Ap 1—p)YyT

w

T
1-¢

The non-linear equilibrium goods and labor markets block can be fully

Given this expression for manufacturing prices, the non-linear goods and labor markets block is

given by:

TB; = E;P}, X — iy H;Ps:Cs;

W;L= X5 (x2— nyH) PsiCs:

Pp:

Pg;

H[:

o 1 1

th‘YPlY)t v

™

T o—1gp Apr - YT

wl-

1 W lHPpH
Agt (1—w)l-#pur
1
_ p -1
1+ -y%h e (5
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First-order linearization Linearizing the services price index, the labor market clearing condition, 14ss
and the trade balance condition is immediate. The linearized manufacturing price index is obtained 14z
by: 1487
Y
wi-: 1
o-1 ¢p A-p)7yY
-1
y o |1-r% Hi
1-H;
Y

- In
PDt:—aDt+(1—Y)wt+YPDt—8_1 [—

In(Pp;s) = ln( ) —In(Apy) + (1 —y)In(Wy) +yIn (Pp;)

e—1

1488

YU;lH H
1—Y0_1H+ 1-H nt
g

Y [ T ‘m

ppr=—ap;+ (1 —=yY)ws+yppsr—

- -1 -
e—1(1- YUTH 1-H
where small letters indicate percentage deviations from the steady state: n; = H[;IH . The linearized 10
definition of H; is given by: 1490
-1 [Py )1
In(H)=-In|1+(1-y—>) ( Mt) ]
o 1-w\Pp;
e-1
-2t ()
ne=—(€-1 15— Pmr—Pm)
1+(1—yZl)o P_) P
Y o ’1-w \ Pp 1491
_ p e-1
a-ye3hess ()

nt:—(e—l)(l—H)[pi”+et—th]

General structure To obtain the general structure, we combine the equilibrium conditions in 12
the following way. The price index for services yields an expression for real wages as a function of 1493

services productivity and the relative price of manufacturing goods: 1494

Psr=—ass+ (1 —p)ws+ uUpp:

0=—ag+(1—w(w:—ps:)+1(ppr— pst) 1495

1

Wt — pst = l_uaSt— 1fu(PDt—PSt)

86



Given this expression for real wages, we can solve for manufacturing prices as a function of the

shocks and n;:

1_YU__1 H
(1-Y)ppr=—apr+Q-y)w; — Y [1 =

e—1 —YUT_lHl—H

(1_7)(th_pSt):—aD[+(1—y)(wt_pSt)_gi1 [

1 1—7/"—'1 H
_uaSt—%(PDt—PSt)) Y [1 Uk,

1
(1-y%H)H ]nt
l—y”T_lH

:—aDt"‘(l—Y)(l

1-p 1-p vy 1
Pp: = ast -y Dt 1—ye-11-H

-~

EW/pIJ

Now, use the labor market clearing condition to express final consumption

pyH
Cst=Wr—pst+————1;
X2—pyH
_—
=Vin
=Las—i(p Pst) +Vian
l—li tTC Dt — PSt 1HM:
ast——(dst——udpt vam)+ant
T1- u 1 1-vy
—aSt+—aDt+(VlH+ VpH)nt
E“'?{

To obtain the expenditure switching expression, we combine the relative input equation with the

expression for how manufacturing prices respond to changes in openness:
ne=-e-10 -1 [p,, +e— ppi]
=~~~ H) |p},, + e~ psi— (ppi— psy)]
1 —
1-—

1 —

$ U
+q,—as; + a
q:— asy -y Dr

=—-(e-1)(1-H) Pﬂt"'ﬂh—(dsl‘— )lfaDt_VpHnt)]
_ (e-DHA-H)
1+(€-1DA-Hvpn P

=1/vqn
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D.3 Homogeneous firms under monopolistic competition and IRS Importing

In this section, we derive the equilibrium system for the model with homogeneous producers that

compete under monopolistic competition.

Rewriting in terms of H; The non-linear equilibrium goods and labor markets block can be fully

rewritten in terms of H;. Using the definition of H;, we can write

(c-1)(e-1)
1— ((th) e=T-y(o-1)
YD

H; = @-1e-1
ag—1 PMmt | e-1-ylo-1
1- TY(

®D

(o=1)(e=1)

-1 e—1-y(o-1)
(1 o YHt) ((th T
g YD

y(o-1) _ r
((th F=1-y(0-1) ( 1- UTl)/Ht) =

YD ]-_Ht

:l_HI

Thus, aggregate manufacturing prices can be re-written as:

y(o-1)

1oy (o \FI7oD Xy
_ 11 W (tpn) wreP
0-1¢p Ap: (1-Niryr
o 1 1 th_YPZ;I L 1_UT_IYHI e
= R w1-¢
o—-1¢p Ap; 1-p)177yY 1-H;

o

Dt

Next, we rewrite the productivity cut-off relation:

o ylo-1) o _ﬁ
o _( o )m YA -w) =T Pp;” (Xs: + Qpy) .
M=o -1 e—1 W,
(g ps. | e SR
1 Wi Y(EtPM;) w Ppy e
Apr =P'y" |1-w|EPS,

y(o- -1
-

1) _ _
(DU—I_( o )" y(-w) et PY'1-2yH, PeC
Mt o-1 e—1 ‘frpx/i 1— fzi;!;)/ ,L St St

1- $ Y
(sl
Ap: (A=-yiryr

-1 e-l-y(o-1)

1-¢ e—1
w PD[-
1-w (EtP}’ih) ]
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Given this expression for manufacturing prices and the productivity cut-off, the non-linear goods
and labor markets block is given by:

TB;= EtP X —pyHPs;Cs;
W,L= X3 (x3— wyH;) Ps,Cs;

Pp: = o 11 th_yplgt wIYTe (1_%YHt)%
o-1¢p Ap; 1-)1"7yY 1-H;
Ps = L—th‘“PDt”
Agy (1—p)l-#ur
Ome)e ﬁay;al) v —UT_lyHt =
( YD - 1-H; )

_ o (1-w) & PO -2y,
=52 WPy C,

g—l th 1—071’)/

1- $ Y o-1 - &J;ﬂU—D
1 W Y(EIPM[) w (PDt ) S] '
— $
l-w Etth

Ap; (A-=-p)t-ryY

First-order linearization Linearizing the services price index, the labor market clearing condition,

and the trade balance condition is immediate. The linearized manufacturing price index is obtained
by:

i 1=y py
O wi-= 1 w, 'P

In(Pps) =In +In ! Dt

Apt

_ In
o-1 ¢p A-Pryr
)/(7 1 }i’ _fi
Y [ + ]77:

e—1

I—Y"T‘lﬂ

= — +(1 - + _
Pt api+ (1 =y)w:+Yyppt e—1| 12 YU g 1-H

-y H
-1 Ne
l-y% H1-H

PDtZ—aDt+(1—Y)wt+YPDt—8f1 [

where small letters indicate percentage deviations from the steady state: n; = H};H

@M as a function of n; is executed using the definition of H;:

r
(0-1e-1) (cDMt) (I_JT_IYHL‘)IE
In =-In
E-1-y(oc-1) dp 1-H;
(c-1D(E-1) | H N Varatzl
s—l—y(a—l)(’oMt_ 1-H 1—YUT_IH nt
_ e-l-y(o-1 1-Zy)H
M e DEe-D a-m(1-Ziym) "

Next, the linearized cut-off equation is given by:
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e-1-y(o-1)

ylo-1) -1
~ B o Y- w) T H w T
(0= 1DIn®y,, ln((a 1) ( 1 f((l—Y)l_YYY)l_U) (1—w) )

PR 15y H:

~In| 2t e, PSICS,)+(0—1)ln(A—DtWt (EIPM[))
P
-(e-1-y(@-1)In D$[
E.P},
-1
YU_H L
(0 =D =—(0—-Dppi+ Wi+ —Z——0;— st — Pst
1—YTH

+(@-DA-Pw,+ (- Dy(p}, +e)— (@ -Dap;
+(€Ee-1-y(o—-1)) (piﬂntet— th)

(c-Deoyr=—-(0c-1) (th—pSt—(1—)/)(wt—pSt)—Y(Pi/”ﬁLet_PSt) +aD[)

T

g—1

v
Tm)ﬂe 1=y =1) (P}, + e~ poi)

Therefore, the linearized system is given by: 1526

tbt:et+p§(;_nt+p8t+08t
pyH

Wr=——"———"MN¢t+t Pst+Cs;

X3—uMyH

-1
-y H ]n

_1 _
1-y5 H1-H

PD:Z—th‘*'(l—Y)wt"‘Yth—gj_/l [

pse=—as;+ (1 —pwr+ upp; 1527
e-1-yoc-1) (1-Zty)H
(c-DE-1 Q-0 (1-ZyH)

OMr=—

(U—l)(th:—(O'_l)(th_pSt (1=7) (we=pse) - (pﬁ/”+et—p5t)+dm)
o-1 1

_(CSt_(wt_pSt) 77t)+(€—1—Y(U—1))(P§4t+er—PDt)

I—YUT_lH
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General structure To obtain the general structure, we combine the equilibrium conditions in

the following way. The price index for services yields an expression for real wages as a function of

services productivity and the relative price of manufacturing goods:

pst=—as+ (1 — W we+ Upp:

0=—as;+ 10— (w—pse) + 1 (ppr— ps:)

1

—Pst= 1_'u6l8t— ll_l'u(th_pSt)

Given this expression for real wages, we can solve for manufacturing prices as a function of the

shocks and 7;:

=1

-y H ]n
-1 _

1y HI-H
1-y% H

Iyt

(I_Y)PDt:—aDt"‘(l—Y)wt—g)_/l [

(1—Y)(PDr—PSr)Z—am+(1—y)(wt_psl)_gfl [

-1
p y | 1=y H
:—aDt"'(l—Y)( aSt——(PDt—PSt)) [ 1 Nt
1-pu 1-u e-1|1-y>—=HI1-H
_ o l-p 1-p y 1 [(0-yZHH
PpD: = asy l—yam I—ye-11-H| 1-y2ly Mt
5;7;1{

Now, use the labor market clearing condition to express final consumption

pyH
Cst =Wy — pst+ ————
t r— PSr Xg—uyHnt
[ ———
=VIiH
1
ZmaSt—lL(PDt PSt)"‘VlHﬂt
el G
asg — a -V %
1 " St St Y pHT ¢t IHM ¢
—a8t+_aDt+(VlH+ VpH)TIt

=VcH
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To obtain the expenditure switching expression, combine the expression for how manufacturing 1ss

prices respond to changes in openness and the labor market clearing condition to reduce the 1s3:

system:

(0—1)(th=—(U—1)(PDt—PSt (1) (w: = ps:) - (pi/”+et—pszr)+6lm)

o—1

%
- (cSt— (we=pse) - —nt) +e=1=y(o=1)(p, +e— poi

l—yaT_lH
1 __)/El:;l .fi

:—(0—1)(PDt—PSt—(1—Y) (ppe—pst) —ape— 7’1 [

_Y(P?\/H +er— PSt) + aDt)

o-—1
N $
_(CSI_(wt_pSt)_l_ ;1H77t)+(€—1—Y(U—1))(PMt+et—PDt)
yo-1[ 1-y=E H
P S _ _yo- 7
=@ =17 (pos=psi= (P + 0= P e-1 |[1-yZiH1-H

g—1

ag

Y s
—-|\vig—-—————|ni+(e-1-y(0o -1 +e;—
(IH I_Y%?Lan (e=1-y(0=1)(p, + e~ P

=(-1) (pﬁ/” +e;—psi—(ppr— pSt)) -

)/(T l‘fi
— V — ——
IlH I—YUTlH Uk

’ﬂa—l)[l—Y%? H‘]n
_ -1 _ t
e—1 1_YUTH1 H

Now, note that:

yo-n[1-v% H | _(-pye-1

e-1 [1-yZiH1I-H|" y(l-p pHTt
_e-1-ylo-1) 1-Z=y)H 1-y e-1-y(6-1)

1 t=— ‘/l7f{17t

(0-D(-1) (1-H)(1-% yH) yd-p  (0-1)

Y H 1- \ors

= - —3r——
I—YUT_lHnt Y- )(E )( 77) YTvaHnt

1- y—Hl H

1539
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Then, we have that: 1543

-y e-1-y(o-1)

-1
(o )Y(l_ﬂ) -1 VpH ¢
(1-y)ylo-1)
:—(8—1)(p}sht-i-et—pslh—(th—pst))-Fﬁvant
1-y YUT_lH
+(V,H TR =y LT
o
— (e=1Dvpun:

Y1 —pw

Y
y(l—p)

=—(e—-1) (Pﬁ,[t +e;—pst— (Ppi— PSt)) + (VIH - (e-1a —n)l_;‘—g;lepH) ur
o

( =Y oy ((1—7"7_1)11

1544

)va— VlH) ne=—(€—-1) (pfm +e;—psi—(ppi— pSt))

Y- 1-yZ1lH
1- 1-y<=HH
((s— D= Hvpu+ _Ym (- 1)1~ H) ((1_1—0;)11) Vpr = (1~ H)wH)nt

_ s 1-p
=—(-1)(1-H) th"‘et_pSt_aSt"'ﬂaDt

(e-DA-H)vpu+H-0-Hvig)n;
= ~(e- 1)1~ H)(p},, + e~ psi— (pi - psi))

where we used the expression for v, ;. Therefore, we have that the expenditure switching expression s

becomes. 1546
N = (I1-H)e-1)
p=—

H-(1-Hvig+(1-H(E- vy

U
p}si/[t+6]t—6l3,;+ 1_yaDt 1547
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D.4 Heterogeneous firms under monopolistic competition and IRS importing

In this section, we derive the equilibrium system for the model with heterogeneous producers that

compete under monopolistic competition.

Rewriting in terms of H; The non-linear equilibrium goods and labor markets block can be fully

rewritten in terms of H;. Using the definition of H;, we can write:

011(

(ﬂ [) K T k- (0’ 1)+U—%—K
1 - —-1-x
AM_ 1 1
[ ( EUI 1))/((.2_1) T x—(0— 1)) xk—(0—-1)
Ht = o-1-x
(m) ([
o-1 %4 x k—(o-1) o-1-x
1_YT o-1-k
(u) ( L. )+ i
[ K— (-1 (e-1) K—(0—-1) x—(0—-1)
L e-1-y(o-1) p
— o-1-x
1=y 22 Hy | ([ s (1 1 )+ 1
1-H; @ K Kk—(-1) o—1—-x
o-1-x
Pmt 1 1 1
- WDl x—(g-1 | xk-(@-1)
¢ K_e—l—y(o—l) K-lo Kl
L 1 (1-r’z)
o)’ 1=« K—(U—l)( 1-H,
% 1y Hi (1 _ 1 1
L 1-H; Kk  k—(o-1) K_% T x—(0-1)

K—(clr—l) ( _YT) H;

1 1 -1 1
(;_K—(U—l))(l_YUTHI)_(K_M Kk—(0— 1))(1 H)

e-1-y(o-1

1
~ (@ DE-1)  x—(o-1)

1
. K= e 1—y(o-1 o=
Now define x; = ——2 0 andx, = —5%Y% _ such that:
~ (0-DE-1)  « ~ (0-DE-1)  «
K= e—T—y(o-D K= e—T—y(0-D)

(¢Mj04_K_ x2(1-y%F) H,

¢ S -x)(1-yZEH) -k (1- Hy)
~ KZ(I—YUT_I)HI
C1-H+0-x)(1-yZHH

Aggregate manufacturing prices are given by

_ —-1-
po-1 ( o 1 1 W!TPp? )U te
= wl-¢
bt lg-1 Aps 1 =y)1-ryY KK
o-1-x -1
PYMmr 1 1 1
@ _lo-DeE-D  x—(g-1) +1<—(0—1)
b K=t Ty0-1
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Using the expresion for (%), we obtain:

o-1-x
((th) 1 1 1
0-D(E=1D) 1 (g— (7 —
¢ k- LD (o~ 1) (c-1)
1 -1
~ 1 1 oy 1-r%) Hi
- (0-1)(e-1) — (7 —
k-2 xk—(0-1) ) (, 1 -1 1
ET-y(0-D) (L- ) (1 -y 2t Hy) - e 1 sla-H
1
+—
K—(0—-1)

1 1 1 -1
o—1-x (K_ A E) (1 _YUTHf)

e-1-y(o-1)

(% - _K—((17'_—1)) (1—y%5H,) - ( —

S
_ J_}_K(l-ygglffﬂ
K1 (1-H)+ 1 —x1) (1- Y=L Hy)
_ U—l ( Y Ulfﬂ)
1-H+(1-x)(1-ySL) H

such that aggregate manufacturing prices can be written as:

o—1

4

1-Hi+(1-x1)(1-

[

Dt —

( o lY 1 W[l_YPDtY )U
— w1-¢
o-1 Ape A=t ryY

Next, we rewrite the productivity cut-off relation:

-1 o—-1-x
K K
K—(a—l)f (

—_L
-1

1-y% Hy

()

YU;)Ht)

)y o-1

. ylo-1)
o _( o )JT y(1-w) =T Pp,7(Xst +Qpy)
M=o -1 e-1 fw; Ap: (1-pryY
1-¢ 1 T
w Ppy ]
_ $
W\ E;Py,,
- 1- $
_( o ) Y- w) Pall 2Ly H, Pe.C 1 W Y(EIPMf
v -1 fW, 1—”7_1)/ S B R L
le - 2?? 1)
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$
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Given this expression for manufacturing prices and the productivity cut-off, the non-linear goods s
and labor markets block is given by: 1565

TB: = E¢P§, X — uy HePsCs;
W,L= Xy (x4—pyH;) Ps,Cs;

1 o—-1-x

o 1 W,lrpp, Y\ @
nglz( i t Dt ) hd

o-1 Ap: (1- Y)l—yy)/ K_(ﬁ_l)f’(
(l—Ht+(l—1<1)(1—y°T_l)Ht)

-1
I—YUTH
po 1 W, lHpp,H
St—ASt (l—u)l‘”pﬂ 1566
-1- _
(PMtU K: Kz(l_YGTI)H
9 1—Ht+(1—1<1)(1—y"—_1)Ht
-1
1
B o y(1- w) 51 PU 1- )/Ht
@I 1 = Ps;C
Mt (0—1) ( e—1 th 1—0717/ HESs:Cst

)y o-1 - £—1—6)_/(l¢7—1)
w I?Dt
1-w (EtPf\}t) ]

First-order linearization Linearizing the services price index, the labor market clearing condition, 1ser

1- $
| W Y(EIPMt
Apr (1=p)l7ryY

and the trade balance condition is immediate. The linearized manufacturing price index is obtained 1ses
by: 1569

Y o—-1-x 1-v 5y
1-¢ (P w pP
In(Ppy) =In|———2 " = +in|——Dt
o-1A-M""Y == ¢" Apy

1 (I—Ht+(1—1<1)(1—y”T_1)H[)
- In

o-1 I—YUT_IHI
apr+ (1 -y)w,+ + L _H+(1_Kl)( )H UIH
- _ _ 1570
Pp: Dt Y)W +YPp: o-1\1-H+(1- Kl)( O’)H YJTI Mt
1 A-x)(1-ySH )H 1-yZH)H
=—ap;+(1- + +
ape+ (L =y we+yppe+ (I-H+A-x) (1S H) (1-—y=tm)) "
1 ((1-y=h)H K1
=—apt+(1—-Y)ws+yppt— - Uk,
-1\ 1-yZ=lH 1-H+Q-x)(1-yZ4) H
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Linearizing the relation between the productivity cut-off and H; is given by: 1571

1-— og-1 H
—(K—(a—l))ln(%)zln( K2 (1-7%) t—l )
hd 1-Hi+(1-x) (1-y%SE) Hy
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1 1

1572
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Next, the linearized cut-off equation is given by: 1573
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To arrive at 1575

(0 -Dpme=—(0-1) (PDt—PSt—(1—Y)(wf_pSf)_7(pﬁ4t+et_p“)+am)

g—1

1576
—ese— (we = pse) —%m +(E-1-y(c-1)) (Pﬁ/n‘“et—PDt)
1- ’}’T H
General structure To obtain the general structure, we combine the equilibrium conditions in 157
the following way. The price index for services yields an expression for real wages as a function of 17

services productivity and the relative price of manufacturing goods: 1579

pst=—as;+ (1 —wWws+ upp:
1 u 1580

Wi —=pse = 1_#61&— 1_IJ(PDt—PSt)

Given this expression for real wages, we can solve for manufacturing prices as a function of the 1sa
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shocks and 7n;:

(=) pe = —an, + (1 —7) w, — 1 ((1-y%H)H K1
Y)PD:t = —apy Y)Wy o_1 1—YJT_1H 1—H+(1—K1)(1—YUT_1)H Nt
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Now, use the labor market clearing condition to express final consumption
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H |
=asi+——apr+|vig+ v
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To obtain the expenditure switching expression, combine the expression for how manufacturing 1sss

prices respond to changes in openness and the labor market clearing condition to reduce the s
system: 1588

(0-Dem:
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Now, note that: 1590
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Using these expressions, we get: 1502

1y _yle-) 1-y%H
YA-p ;K@ -1) (1-ySHH

VpHT ¢

1_
(e $ e _ Y _
=(e 1)(PMt+et pst— (ppe PSt))JrYU_u)Y(U Dvpuan: 1503
1-y Y%s H 1-H+(0-x)(1-y%H H
- - (c-1) v
( H Y(l—,u)y 1-yZ1H K1 pH |11t

Now, we use a change of variables and define ¢ as the difference between x and its smallest 15

possible value such that the moments of the firm-size distribution still exist. Therefore, we define 1505

K=& % Given this definition, we can re-write x; and 1 —x as 1596
-1 ~1)—ylo-1
K1 = ¢ro-1b) ) I-x1=(-1) €Dyl ) 1597
C-DE-D+ylc-1) C-DE-D+ylo-1)
Using these substitutions, we get: 1508

_A=-yyle-1D(-1)-yl-1) 1_)/07-1H

Y —p) &ylo—1) (1—YUT‘I)HV”HW
=e-1)(p® +e - psi—(pp— a-nyle-1
=(€-1 (th +e;—psi—(ppe Psr)) + Y0-p VpHT ¢ -

( (e-1-y(0-D)(1+E-DySLH)+&y(0-1DH
(I-H)(A-HE-D+y@-D)+¢E-1(e-1-y0-D)(1-yS H
=—(e-1) (Pﬁ/”"'et—PSt— (th_pSt))

—VIH)TIt

where we used the expression for v, ;. Therefore, we have that the expenditure switching expression 1600

becomes: -
__ 1-H)(e-1) S Lo o +1_ .
Ne= ((H)-(1-H)vig+Q-H(E-Dvpn Pyt qe— ase =y Dt
where  ((H) = (e-1-y(0-D)(1+E-DySLH)+¢éy(0-DH 1602

(I-H)(A-HE-D+y@-D)+E-D(e-1-y0-D)(1-yS H
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E General equilibrium

E.1 Equilibrium process

In financial autarky, the trade balance condition implies the following equality:

*
Cst=er—Pr+Px;—MNt

Successively plugging in the equilibrium relations between changes in trade openness, changes in

final consumption, and changes in the real exchange rate:

cst=er—Pi+Px;— Nt
* l_lu’ * A
= +pXt+aSt_ﬂaDt_th-FV;nH(Hm;@)nt_nt

1- ~
=+py,+asi— ﬁam— Pret (vZ’H(Hm;@) - l)nt

. —p v am6) 1)
—+pXt+aSt_ﬂaDt_th St

vy (H™;0)
Collecting terms on cg;, we have:
1+v™ (H™;0) - VZ?H (H™;0)
Ven (H™;6) ot
_ 1+v7, (H™;0) - VE’nH (H™;0) o
Ve (H™6)

(1 - mnull, (H™0) - p(l - nujy, (H™;0))
1-y)vm (H™;0)

p(1+ v, (H™0) = v, (H™;0)) - nult, (H™;6)

= + = =~
cse = dst (1—y)1+v£"H(H’";®)—V?H(Hm;(a)

gty (7:0)

+ m m.Q m m.Q
1+v" (H ,@)—qu(H qe)

] (PX: = Phre)

Therefore, we arrive at

I

-y

* *
apt+ Pxt~ Pmr

ape

1 ~ ~ * *
cst = ase+—— (u—vI'(H™;0))ap + v (H™;0) (px, — Pare)

-y

nuTI{(H’";@) _
l+v£"H (H™;0) —VZ”H (H™0)"

where v (H™;0) =

To solve for the equilibrium processes of the real
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exchange rate, first note that the equilibrium process of openness is given by:

1 M
=—|ags+ ——ap;—c¢
Uk; VZ”(H’";@) St 1—y Dt — CSt

1 1 1

= = ~~ 4Dt
1=y L+ v, (H":6) v, (H";6)
Given this, we can solve the equilibrium process for the real exchange rate:

1- ~
€r— Pr=ast— ﬁam— th+V;nH(Hm;®)7]t

1 ~ ~\ % = *
= ase = 7 (1= = vy (H30)) = v (H73:0) pi, = (1= (H736) ) iy,

1-—

_ Vi (H™;0)
1+vy (H™:0)-vyy (H™0)

where v} (H"; 6)

E.2 Terms-of-trade elasticity

To show that the terms-of-trade elasticity collapses to uy H'®BC, note that:

mee My H™®EC
LH = 7y HIRBC

IRBC

and and then onto v pH

mec _ 1= H 1 py H™PC
pH i (1—HRBC)(g—1)1—yHIRBC

These allow us to solve for the partial elasticity of consumption to imports

IRBC _ H  1RBC
Vel _VZH+1—HVPH

_ wy HIRBC s 1 wy HIRBC
1-— ,LLYHIRBC (8 _ 1) (1 _ HIRBC) 1-— 7/I_IIRBC

and the partial elasticity of the RER to imports

IRBC _ 1 IRBC _ 1 1-p py

1 +VTH(H’”;(:)) —leH(H’”;@)

HIRBC

(p}k(t - p;[t)

VqH =
_ 1 1 —,u)/HIRBC
(8 _ 1)(1 _ HIRBC) 1-— 7,HIRBC

- = +
(e —1)(1 — HIRBC) VpH ((e — 1)1 — HIRBC) u 1—7yHIRBC
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such that

VIRBC
VIRBC _ cH
c - IRBC IRBC
I+v g —v gH
,UYHIRBC I—YHIRBC 1
_ l—}’HIRBC ( l—y)/HIRBC + (e-1) (1_HIRBC) )
= Lt /JYHIRBC ( I—YHIRBC + 1 )+ 1 I—NYHIRBC
l—}’HIRBC l—yYHIRBC (e—1) (1_HIRBC) (5_1)(1_HIRBC) I—YHIRBC
IJYHIRBC ( l—yHIRBC + 1 )
_ l—YHIRBC I—NYHIRBC (8_1)(1_HIRBC)
B pry HIRBC 1 1 IRB IRB
1+ -y HFBC T (¢—1)(1— FIIRBC) Ty HTRBC (uy H™BBC +1 — py H'REC)

HYHIRBC 1 —}/HIRBC + 1
l_YHIRBC I—MYHIRBC (5_1)(1_HIRBC)

1 + 1 1
].—/J}’HIRBC (8_1)(1_HIRBC) 1—)’HIRBC
1 + 1 1
IRBC l_ﬂYHIRBC (8_1)(1_HIRBC) I—YHIRBC
'UYH 1 1 1
1_#YHIRBC + (8_1)(1_HIRBC) I—YHIRBC
HIRBC

=HY

This implies that ZREC (FREC; @) =1.
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F Quantitative excercise

E1 Proof to proposition

Imports per firm We start by proving that firm-specific variety-level imports gy;x; are not k

specific or i specific, that is, they are the same for every importing firm.

Py \7? (PMt)“’ (PMt)f
. — .= ]_—(,{) X 1
dMikr PMit QMzt PMit ( ) PMit Dit
Pas ) P\ MC;
_ Mt (1_w)( Mt) y ltYit
Pyt Pyt Pxit
Pass \ P\ MG, [ Pig\°
= [ (1—w)( M”) ”( ”) (Xs¢ +Qpr)
Pt Pyt Pxit \Pp;¢
= y0-0)(=Z) " Pud ™ Pri® (P MCi) 0 (P (Xsi + Qp)
P;—MC o-1
it it =1

1-0

1 1 WI_YPY

=y1-) (=) " Py (Pxi* | ——
o-1 Ap; @i (L=y)177y?

@i A=p=7yr
e-1-y(c-1)

o-1_ \° 1w y
\Z,_ﬂ/(l—a)) (TPDt) Py~ ¢ (—t—) (Xs: + Qpr)

Pyt

og-1
Mt e-1-y(o-1) 1
((,0 ) w =1Pp;

PDi

1-y 1-0

1 W, (Xs; + Opo)
Y (1 —Y)I_YYY St Dt
e-1-y(c-1)

o-1 7 e
=yl -w) > Ppi| (Pmo)

o-1
(th e=1-y(c-1) 1
( w &1 PDI

Pi

o1, o1 WP\

=y(l-w P Pr) VO —

y( )( p Dt) (Pmr) ((Pi A=) 1y

e-1-y(o-1) ((th)U—l
Pi

(Xst+Qpy) (w_ETIIPDt)

Notice how both elements that depend on firm-level productivity cancel out, leading to

-y py 7€
Wt PMI -1
- (P
Apt (L=y)77yY

dMmikt = (OT) Y1 —w)(Ppy)? (Xst + Qpr)

e-1-y(c-1)

o—1
Pyt
Pyt

L Xir ) (Ppy)° (Xs: + Qpy)
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Now recall the expression for the cutoff

-1

a—1_( o )‘7( Y (l_w)ygjl(PDt)U(XSt+QDt))_1
o-1

1— o
1w Py,
e = e-1 fw;

Ap: 1=p)1=7yY

e-1-y(o-1)
w (P e T
( l-w ( Ppt ) )
Notice that there are many common elements in the last two equations, leading to significant

simplification
Wi f
Py

qmike = (€—1)

The total amount imported per firm in peso is then M;; = (e - 1) W; f L.

Import distribution Next, consider the closed-form solution form for the import distribution:

e-1 %
$ _ ) 1 E[ l1-w PDL‘ .
Pr|M?, < M|M>0|=Pr|¢; < 3 +1 Pmelpi > Pme
e-1Wif o \EP}.

e=1-y(oc-1)

e-1 0-DE-D
+1) e (I_F((PMt))_l

1 E 1-w| P

e-1W,f w Etpiﬁt

E2 Proof to proposition 4]

The statement is trivially true by construction in the models with a representative producer, while
in the model with selection and heterogeneous firms, it follows from applying Leibniz’s rule to
the total amount imported per firm. Following Proposition 3} total imports can be expressed as
a combination of firm-specific terms and an aggregate term as follows where M, = (e — 1) W, f/ E;
and such that

alth Xt © 9 - ~ 0
— = —— ————']»{ ;i? Ci(; _‘]»1 :2? -
3lnx, M, | s, 33 1L (p)dG(p) : tZL(Pmr) o, PMmt

P J

v v
Intensive Extensive

and the extensive margin part is zero since Z; (@) = 0, that is, the measure evaluated at the cutoff
is nil. This is true for any shock.
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E3 Proof to proposition

We start with firm-level imports in ROW terms:

W, f W, f w (P e
£ y(o
M, =(-D)—"%Ly= (e-1)— ( Mt) ("" ) -1
E; E; 1-w\ Pp; POMt
—_——

. . . . v
Firm sub-intensive margin Firm sub-extensive margin

Now we approximate it to the first order.

(o=1)(e=1)
e-1-y(c-1)
. . $ (0-1D(e-1) ( )
m;,=wr—er+(€— )(6t+pM,;_th) e—1-y(0-1) (L)eollq)/(frll)) 1‘th
%

Now we use the definition of the domestic input share:

(0-1(e-1)
(pi e=1-y(oc-1)

PMr

YDit E(

leading to

1
(c-DE-1) 7y
1= -1 L _
e-1-y(o-1) L1

mft: wt—et+(€—1)(et+Pﬁ4t—PDt)—

Recall the linear equation for openness in the model with selection

1 1

I = =

We split the margins, starting with the sub-intensive

1
1 —
1
1-p

wy—e; = . (ast+ pst — uppe) —e:
1 —

asg+ psg—H (aSt + pst— ﬁam - VpHnt)

M K
=astt pstt ﬂam*‘ EVpHUr -

=asst %am‘" 1 ”'quHTYt q:

Now recall the equation for 1 in autarky

1 1

$ $
e 1+VCH_V6]H 1—’)/ bt pXt th
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and the equation for the real exchange rate

1-

q:r = asg — ﬁam - Pﬁ/[,;""’qH’h

which we plug into the equation of the sub-intensive margin
1-p

—a
1-
1

p p
mi" = w, —e, = as, + ap; +

-y 1-p

VpHaN 't — (aSt -

Dt — Piﬂ + Vant)

1 K
= Tf)/aDt + pi/[t+ (_VPH_VL]H)

1-p 1+veg—vgn

(_ 1
1-y

$ $
aDt"'pXt_th)

1+v,;H VgH — ” TpVpHTVqH (1 $ ﬁvPH_V‘?H $
_ + +
l+ven —vgn (1— “r th) 1+VcH—VquXt
u
1+vig ( 1 $ ) T-pVpH = V4l
= + t+t—
1+Vveg—vqn 1_7/th Pt 1+V0H_V61HPXI
and now we solve the sub-extensive margin
c-D-1) 1 1 1
mé*t=(e-1)|e; + +
: (0 P = P e=1-y@-D1-ypix-@-D1-[(1-y Sk +y S 1"
=(-1 eﬁpﬁh—(asﬁpsl‘— 1:¢“Dt—VpH77t))
c-DE-1) 1 1 1
e T-y@-D1-ypix-@-D1-[(1-y S )x+y S| H "
5 1-p
=(-1 qt+pM[—aSt+l_yaDt+VpHnt
c-DE-1) 1 1 1
e-1y0-D1-ypik—(0-D1-[(1-y=L)z+y=La "
1- 1-
=(€—1)(6lsz— _uaDt—th+qunt+th—a3t+ aDt+VpH77t)
c-DE-1) 1 1 1
e-1-y(o—-1D1-ypix—(o-1)1-[(1- -%Hﬁ+Y%?]Hnt
=(€-D(vgu+vpr)ne+ (o-Dle-1) ! ! :
= gH Y VpH)MNt e-1-y(@-1)1-ypik—(c-11-[(1 %)K"‘YUT_I]HT”
1
o—1 —ypi k—(0—-1)
:(8—1) 1% +v +
qH* VpH s—1—yur—n1—[(— K+Y(J]H)
1
o—1 —YDi K— (U 1
=(e-1)|vgg+vyg+
qH pH U 1 K+YU I]H)

8—1—)/(0—1)1—[( -

$
+Px:

1 s
- maDt"'PM[
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E4 Proof of proposition 6]

In this section, we explain why heterogeneity in productive efficiency and fixed costs to import
are only necessary and not sufficient ingredients to obtain dynamics that are distinct from a
neoclassical setting. Instead, we show that selection is a sufficient ingredient and key for generating

dynamics that are different for models with and without heterogeneity in productivity.

E5 Aggregate production function

This section derives the aggregate production function in a model without selection. It also
rationalizes the choice for Xp ; as the one that makes aggregate productivity in the model without
selection equal to the degenerate productivity level in a neoclassical model defined in equation[E1}
To derive the aggregate production function use the definition of Y;

o=l \o1
Yl’ = (inL‘J dl)
i
. ol g
= (f(ADﬂpiLDi)t/Xz)iz) 7 di)
l

Consider the first order condition for Lp;;

MC;;Yi;
Lpir=1A-y)———
it W,
_(1 )O- IPit(Pit)_o(X +Q )
= Y o W, \Pp, St Dt
U'_IPDt (Pi[)l_a
=1-y)——— X +
1-=7) pn Wt( st +Qpy) Po;
l)' 1-0
:LDI( n)
Pp;

where we have used the expression for aggregate labor demand from manufacturing for productive

labor use. Insert and re-write:

P\ S\
YI: f ADt(Pi (P_) LDZ’ XD,‘t di
i Dt
o-1 Ll
\1-0)(1-p) T o
_ 1-y . Piy Y .
—ADtLDt [ (pl(PDt) XDi[) di
1-y Y P\ (Xp,\T T
st [l )
bt =Dt J; Pp; Xpt
. . Xp;1 P, . ... Xpjt
Now we obtain expression for 5 and Pp. as functions of ¢ only. Start by re-writing X, asa
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function of productivity and Py, 1603

YMC;:Yie
XDit _ XD,‘[ _ pXit
XDZ’ B e-1 sf_l - -1 g%
& q; YMC; Y\ € .
(f, XDitdZ) (fl (Tﬁ) dz)
Lprly. 1pr-lp-o
pi Pxe Yit _ o1t Xit Uit
) 1 el ﬁ - 1 -l ﬁ 1694
1 pr-ly. £ ; 1 pY-Ip-o) ¢ .
(fi(‘/’ipxif Y”) dl) (fi(tpipxitpit ) dl)
o-1pY—1-yo
_ (pi PXit
- 1 e=1 =1
—1pY—L—-Y0)\ € .
(f,- (071 PY, 7 dz)
Use the definition of Py, to write the expression as a function of ¢, Loos
o2
Mt e-1-y(o-1) 1
Pxit = ((P ) w =1Pp; 1696
i
. Xp;e .
To obtain <~ solely as a function of ¢ o
—o-1 1 ) Y—-1-yo
o-1|(®m:)e-1-ye-1) 1 y-1-yo
i e w 1P
Xp;t ?i (( Qi ) Dt )
- _€_
XDZ’ og—1 1 . Y_I_YU 86;1 e-1
o-1[[@m:)\e-1-yc-D L y-1-yo )
Ji v; ((7) w =P, ) di
1698
-1 Y-1l-yo o
o-1|[@mr)e-1-ylo-1) o-1)e
QDI- (( Pi ) ) ;:—l—y(a—n
T e-Dy-1-y0) (o=1)(e—1) = - (o—1)e—1) £
e-1-y(o-1) e-1-y(0-1) 7. e=1—y(o-1 g.:
P e (fi(pi dl) (fi(Pl- dl)
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Now re-write }I:—;‘t also as a function of productivity solely: 1699

Pit %Mcil

PDt PDt
1-y oy
o 1 u
) 0-1¢;Ap; 1-y1=7yY
— __1 1
) o o1 TETe-D
o~ 1 WPy, X ] ( ey '
— &1—-— - —1)(e— (p (th !
= — Y~ Y (c-1)(e-1)
o—1 Apr A-p)=Yy K= e Ty-1) -
1 1) 10;(11) L !
-y Mt \e—1—y(o— =1
O
o 1
_ o-1@;Ap; 1-y!™ryy
_ _Ll 1 1700
) o - R )
o, -X 1 wlrpp, K ] ( e-1 ~y(o-1) !
—w &-1—-— 1— - - (p (th ’
g vy vl B eI
o-1 Apr A=D1y [« e-1-y(o-1)) -

-1
1 ((ﬂMt) s—lfy(o—l) Y
Qi \ Pi

|H

_ 1
o-1 ——
K -1 _ -1 e=1-y(oc-1)
[K_w_W] (‘P“" oMY ’)
e-1-y(o-1)) —
1
(e-1) o-1
R sl 9 (e=1)
— (p (e-1)-y(c-1) K (p—m
i K — (c-1)(e-1) R
e=1-y(c-1))
We can put these pieces together as: 1701
1 (1-0)(1-7y)
1~y ¥ NG Ry K T en
— - . (e=D-y(o-1 - T l-D—yle-D
YI_ADILDt XDt . @i (pi (o=1)(e=1) g € v
i K— o
e-1-y(o-1))
Y
(c-1)e 1
—]1— — g— ag
@; Y T o1
= di
(01—1)((5—11]) =—1
e-1-y(o— .
S
- O£ 1702
(e-1)(1-0)(1-y) Lo=1)(e=1) o-1 Ve
- yyr [ ® T | [ o e g
=ApcLp, Xp, o (c-DE-1) ¢ Y l.(pi di
| e-1-y(c-1) |
1 a £
171 1 Vet
1=y vY K ' (e-1)1-0)(1-y) K (e-1)(1-0) 7 ¢
= - (e-1)-y(oc-1) - (p(e-D-ylo-1)
ApeLp, Xp, _ 0= ¢ «— 0=DE=D 4
| e-1-y(c-1)) | e-1-y(o-1))
e=1-y(o-1)
(0-1D(e-1)
_ 1=y ¥ K
=Apilp, Xp,® — 0=D(=D
e-1-y(o-1))
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Note that this expression yields two insights. First, the production function in a model with het-

erogeneous firms, fixed costs of importing, and roundabout production, but without selection is

equivalent to the production function obtained from a model with a degenerate productivity level

given by equation[E1] Second, the combination of heterogeneity across firms, fixed costs of import-

ing, and roundabout production is not sufficient to generate changes in aggregate manufacturing

productivity following aggregate shocksF_7] Instead, we show in the next section that selection into

importing is a sufficient condition for aggregate productivity shocks

E6 Model equivalence

To see this, we consider two nested specifications of the main model in which we do not allow

for selection. This is implemented by assuming a minimum level of productivity that is above

the importing cutoff, not only in the steady state but far enough from the cutoff that all firms

in the economy are always importing (¢ > ¢ys;). To show how a model with heterogeneity and

fixed costs, but without selection is dynamically equivalent to a model with only one producer, we

specialize the heterogeneous firm model to a homogeneous firm model by letting kK — oo such that

the productivity distribution becomes degenerate at some level ¢ . Next, we show that these two

models are dynamically equivalent because they give rise to the same equilibrium conditions for

the endogenous variables. Starting with the aggregate manufacturing price indices:

o 1 WY Pp,Y
-

Degenerate Pp;= ——w~
& b1 Ap (1=p)l7ryy
_1
o 1 th_YPDtY X o-1
Pareto PDt:—lw HA 1 =7~y (0-1)(e=1)
o— pr L=7)"MY | — 5=

The two latter expressions are equivalent whenever

e-1-y(o-1)
(o-1)(e-1)
K

$o=9 _ (o-D-1)
e-1-y(c-1)

and these equalities remain when we consider the other equations for these two different models.

For example, in the model with degenerate heterogeneity, we have

(c-1)(e=1)

(fe—l(th

1
-1 Y-\~ i o=T
(‘PDS e y(o )) e-1-y(o-1)

(=1)(e=1)

Ome\ -1y @D (., _(c=1(e-1) )(tpm)(e——n—y(a—n
1- (T,D ) K (K eD-ye-D)| ¢
H; = D1 0-De-1)
— 0=l [P ) e-l-vlo-D) _pozl o _(e=D(e=1) | Pmz|E-D-rlo-D
1-y=5 ((pD K=Y~ (K (e—l)—y(o—l))( ® )

1

—y(o-1) ) T e—1-y(o-D

(E1)

2"Here we refer to aggregate shocks that are not shocks to aggregate productivity in the manufacturing sector. These

would trivially lead to changes in aggregate manufacturing productivity.
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which are the two placeholder variables that enter the trade balance equation 1726

$

B/ $ 5 o—-1
Et R _EtB[ :EIPXIX_uY—HtPStCSt 1727
t o

which is the same in both cases. The final check is to assess whether or not labor allocated to 172

importing is expressed in the same equations in both cases. Under the Pareto distribution, we have 172

(e=D)(-1)
w Pp \"E|( @ \erren K
Lu:=f —onen !
l-w \EPym: Pmt K — T lE
e-1-y(o-1) 1730
1-¢ (c-1D(e-1)
_ w ( PDl’ ) ( (pD ) e=1-y(o-1) 1
1-w\E/Pp; PMr

which again means the frameworks are in concordance. 1731
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