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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.

JEL codes: E13, E32, F32, F41 and F44
Keywords: Business cycles, Trade adjustment, Terms-of-trade and Commodity prices

*We thank Filip Abraham, Lars Ljungqvist, and Joep Konings for continuous support and discussions. We also

thank Arpad Abraham, Meredith Crowley, Paul De Grauwe, David Domeij, Tim Kehoe, Franck Portier, Victor Rios-Rull,

Paul Segerstrom, and Frank Verboven for helpful discussions. Finally, we would like to thank seminar participants

at the 2023 International Atlantic Economic Society meeting in Rome and the XXVI Vigo Macroeconomic Dynamics

Workshop for useful comments and suggestions. Joris Hoste gratefully acknowledges financial support from The

Research Foundation - Flanders (FWO) through fellowship 1169722N.
†Corresponding Author - Electronic Adress: joris.hoste@kuleuven.be
‡Electronic Adress: guilherme.tonsiggarciateijeiro@phdstudent.hhs.se

1



Contents

1 Introduction 4

2 Theoretical framework 8
2.1 Technology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

2.1.1 Final good sector . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
2.1.2 Manufacturing sector . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
2.1.3 Commodity sector . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

2.2 Final demand . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
2.3 Equilibrium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

3 Theoretical results 16
3.1 General structure of goods and labor markets . . . . . . . . . . . . . . . . . . . . . . . 17
3.2 Relative importance of terms-of-trade shocks . . . . . . . . . . . . . . . . . . . . . . . 19
3.3 The terms-of-trade elasticity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
3.4 Extensions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

4 Quantitative exercise 24
4.1 Calibration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
4.2 Moments of trade adjustment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
4.3 Quantitative importance of terms-of-trade shocks . . . . . . . . . . . . . . . . . . . . 32

5 Conclusion 34

A Descriptive statistics 39

B Non-linear solutions 41
B.1 Final goods sector . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
B.2 Manufacturing sector . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41

B.2.1 Homogeneous firms under perfect competition . . . . . . . . . . . . . . . . . . 42
B.2.2 Homogeneous firms under monopolistic competition . . . . . . . . . . . . . . 43
B.2.3 Homogeneous firms under monopolistic competition and IRS importing . . 44
B.2.4 Heterogeneous firms under monopolistic competition and IRS importing . . 48

B.3 Trade balance and labor market clearing . . . . . . . . . . . . . . . . . . . . . . . . . . 52
B.3.1 Homogeneous firms under perfect competition . . . . . . . . . . . . . . . . . . 52
B.3.2 Homogeneous firms under monopolistic competition . . . . . . . . . . . . . . 56
B.3.3 Homogeneous firms under monopolistic competition and IRS importing . . 61
B.3.4 Heterogeneous firms under monopolistic competition and IRS importing . . 67

C Equilibrium 76
C.1 Perfect competition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76
C.2 Monopolistic competition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
C.3 Increasing returns to importing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79

D Partial equilibrium: general structure 82
D.1 Benchmark SOE-IRBC model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82
D.2 Homogeneous firms under monopolistic competition . . . . . . . . . . . . . . . . . . 85
D.3 Homogeneous firms under monopolistic competition and IRS Importing . . . . . . . 88

2



D.4 Heterogeneous firms under monopolistic competition and IRS importing . . . . . . 94

E General equilibrium 101
E.1 Equilibrium process . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101
E.2 Terms-of-trade elasticity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102

F Quantitative excercise 104
F.1 Proof to proposition 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104
F.2 Proof to proposition 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105
F.3 Proof to proposition 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 106
F.4 Proof of proposition 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108
F.5 Aggregate production function . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108
F.6 Model equivalence . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111

3



1 Introduction 1

Emerging economies are characterized by substantial volatility in final consumption. Through 2

the lens of International Real Business Cycles (IRBC) models, a large literature investigates which 3

shocks cause this volatility and how important unobserved shocks, such as sectoral total factor 4

productivity (TFP) shocks, are relative to observable shocks, like for example terms-of-trade shocks. 5

Unquestionably, the more models reduce their reliance on unobserved shocks, the better they 6

become (e.g. Abramovitz (1956); Cochrane (1994)). Although studies differ in the exact share 7

attributed to different shocks, most studies agree that substantial sectoral TFP shocks are needed 8

to replicate the volatility observed in the data. 9

At the same time, there is mounting evidence of heterogeneous trade adjustment across im- 10

porting firms (e.g. Amiti & Konings (2007), Goldberg et al. (2010), Gopinath & Neiman (2014) and 11

Halpern et al. (2015)). Aggregate imports adjust because large continuing importers adjust their 12

firm-level imports and because small firms start and stop importing. Whereas small firms predomi- 13

nantly change the set of imported varieties, large importers also change the imported amount of 14

each variety. Importantly, this literature stresses that because bigger firms are more exposed to in- 15

ternational shocks and adjust on multiple margins, terms-of-trade shocks can induce considerable 16

endogenous movements in aggregate productivity through reallocation across firms. Since IRBC 17

models focus on equilibria with perfectly competitive homogenous firms, they cannot account for 18

heterogeneous trade adjustment across firms. As a consequence, these models potentially miss 19

such endogenous aggregate productivity movements that could lower the reliance on exogenous 20

TFP shocks when explaining consumption volatility. 21

In this paper, we study whether models that can generate heterogeneous trade adjustment 22

also predict that shocks to the terms of trade are relatively more important than models that do 23

not. To do so, we develop a framework that inserts the partial equilibrium model proposed by 24

Gopinath & Neiman (2014), which generates heterogeneous trade adjustment across firms, into a 25

benchmark Small Open Economy IRBC (SOE-IRBC) model of a commodity-exporting economy à la 26

Mendoza (1995). In this way, our framework nests a frictionless benchmark SOE-IRBC model with 27

representative producers, a general equilibrium version of the heterogeneous trade adjustment 28

model, and other models in between. 29

The benchmark SOE-IRBC model is composed of a manufacturing sector and a final good 30

sector with representative producers that compete under perfect competition. Manufacturing 31

firms produce according to a constant returns-to-scale technology that combines labor and an 32

input bundle consisting of domestic and foreign intermediate inputs. The final good is produced 33

by combining labor and output from the manufacturing sector through a constant returns-to-scale 34

technology as well. Finally, there is the commodity sector which is modeled as a time-varying 35

endowment that affects domestic households’ disposable income through the budget constraint. 36

To understand the contribution of each additional friction present in the heterogeneous trade 37

adjustment model relative to the SOE-IRBC benchmark model, we move from the latter to the 38
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former in three steps. First, we consider the role of monopolistic competition in the manufacturing 39

sector, which distorts the relative price of domestic and foreign intermediate inputs. Second, we 40

add increasing returns to scale to importing. With this technology manufacturers trade-off the 41

benefits from additional intermediate input varieties stemming from the love-for-variety aggregator 42

on the imported intermediate input bundle with paying a constant fixed cost per imported variety 43

in terms of domestic labor.1 Finally, to capture heterogeneity in firm-level trade adjustment, we 44

introduce heterogeneity in firm-level productivity and allow firms to endogenously select into and 45

out of importing. In this way, the optimal number of intermediate input varieties also varies across 46

firms of different sizes. 47

Our analysis yields three theoretical results. First, across all models considered, the non-linear 48

zero-debt equilibrium is represented by one non-linear equation in one endogenous aggregate 49

variable, which we call the “trade openness”. While trade openness is a function of the set of a 50

set of structural parameters and its exact analytical expression varies across the models, it always 51

represents the imports-to-final consumption ratio of the economy. Therefore, it captures how 52

reliant the economy is on imported intermediate inputs to produce final consumption. 53

Second, up to first-order approximation, the equilibrium process of aggregate consumption 54

is described by an equation in which only the elasticities attached to the exogenous shocks are 55

model-dependent. For instance, in financial autarky, the response of final consumption to a terms- 56

of-trade shock is summarized by one elasticity, which we refer to as the terms-of-trade elasticity. We 57

show that the importance of terms-of-trade shocks relative to sectoral TFP shocks in explaining the 58

variance of final consumption is summarized by an expression that only depends on intermediate 59

input shares and the terms-of-trade elasticity. Moreover, the share explained by terms-of-trade 60

shocks is rising in the terms-of-trade elasticity. Therefore, comparing the relative importance of 61

terms-of-trade and TFP shocks in driving consumption volatility across models can be done by 62

solely looking at the terms-of-trade elasticity. 63

The final theoretical result is that the terms-of-trade elasticity can be decomposed into two 64

intuitive parts. The first part is simply the product technology parameters, that is the intermediate 65

input shares in services and manufacturing, and the steady-state trade openness, which differs 66

across the models. The more production relies on intermediate inputs, and the more those 67

intermediate inputs are sourced from abroad, the more shocks to the terms of trade matter in 68

explaining consumption volatility. As we deviate from the SOE-IRBC benchmark model and add 69

frictions, two competing forces change the terms-of-trade elasticity relative to the one in the 70

SOE-IRBC benchmark model. On the one hand, domestic distortions increase the incentives for 71

manufacturing producers to import intermediate inputs, which increases equilibrium trade 72

openness and exposure to external shocks. On the other hand, domestic distortions in the 73

manufacturing sector also change the allocation of labor to the final goods sector, which can either 74

1Gopinath & 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 75

shocks. 76

Before quantitatively evaluating the models, we show that these results are robust to changing 77

some of the simplifying assumptions we make to derive the results. For instance, accounting for 78

endogenous adjustment of the amount of labor that is supplied by consumers changes the relative 79

importance of terms-of-trade shocks to productivity shocks only by changing the terms-of-trade 80

elasticity. At the same time, the terms-of-trade elasticity in perfect competition remains equal to the 81

product of the intermediate input shares and equilibrium trade openness. If we allow consumers 82

to share risk internationally, the equilibrium process for consumption changes. However, in the 83

situation when the exogenous shocks approach random walks, the share explained in the growth 84

rate of consumption by terms-of-trade shocks relative to productivity shocks remains pinned 85

down by the same expression as in financial autarky. Hence, the expression remains a useful 86

limiting result and this is true for most popular international market structures, including non-state 87

contingent local and foreign currency bonds and segmented financial markets as in Itskhoki & 88

Mukhin (2021). 89

To quantitatively evaluate the models, we calibrate the model with heterogeneous trade 90

adjustment using macro data and firm-level trade data of Colombia and Chile. We show that the 91

model with heterogeneous trade adjustment captures the main stylized facts of heterogeneous 92

trade adjustment across firms. First, importers are larger both in sales and employment than non- 93

importers. Second, the distribution of imports per firm follows a Generalized Pareto distribution 94

and is therefore highly skewed, with a few firms importing large volumes and many firms importing 95

small amounts. Third, larger importers import a more diversified set of goods, rarely stop importing 96

altogether, and mostly adjust on the intensive margin while smaller importers adjust on the 97

extensive margin. Fourth, larger importers adjust their imports mostly on the sub-intensive margin, 98

while smaller firms adjust on the sub-extensive margin and we provide an expression for the 99

relevance of the sub-intensive margin across the firm size distribution and show that it closely 100

matches its empirical counterpart. Finally, through the reallocation of resources across importers 101

of different sizes and through the entry and exit of firms into and out of importing, the complete 102

model generates endogenous movements in total factor productivity. 103

To evaluate whether terms-of-trade shocks have more explanatory power for consumption 104

volatility in a model that generates heterogeneous trade adjustment compared to the benchmark 105

SOE-IRBC, we structure the quantitative analysis of the models into two distinct assumptions about 106

equilibrium trade openness. First, we provide an analysis conditional on structural parameters. 107

That is, we assume that these parameters are the same across models such that models are allowed 108

to differ in how open the economy is in equilibrium. In this case, we find that the terms of trade are 109

two to five times more important than in the benchmark SOE-IRBC model. Thirty-four percent 110

of this difference is accounted for by adding monopolistic competition, sixty-two by including 111

increasing returns to importing, and only four percent by accounting for firm heterogeneity and 112

selection. Introducing monopolistic competition and increasing returns to importing both lower 113
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the relative price of intermediate inputs, which increases the trade openness of the economy and 114

dominates the change in the sensitivity of the labor allocation to the final good sector to shocks. 115

While heterogeneity and selection are crucial to match cross-sectional patterns in trade adjustment, 116

they are inconsequential to the relative importance of the terms of trade in explaining consumption 117

volatility. 118

Second, we consider an analysis in which we test to what extent the differences between 119

the models are reduced when they are calibrated to generate the same level of equilibrium trade 120

openness. To generate the same level of equilibrium trade openness in the different models, we 121

allow the home bias parameter that governs the relative share of domestic to imported intermediate 122

inputs in the production of manufacturing output to differ. Conditional on steady-state openness, 123

we find that the quantitative predictions for the relative importance of the terms of trade of the 124

benchmark SOE-IRBC model and the model that generates heterogeneous trade adjustment are 125

almost identical. Hence, differences in equilibrium trade openness turn out to be the single most 126

important factor that set the models apart. This also implies that if all the researcher is interested 127

in is the relative importance of different shocks as drivers of aggregate consumption volatility, 128

targeting trade openness in the benchmark SOE-IRBC framework, through the imports-to-final 129

consumption in the data, functions as a substitute for specifying a more complex heterogeneous 130

firms framework. 131

This last result is reminiscent of those in Ljungqvist & Sargent (2017) and Arkolakis et al. 132

(2012). In the former, the elasticity of unemployment to productivity in a large class of search-and- 133

matching models hinges on one number alone, the fundamental surplus. In the latter, the welfare 134

change following a change in trade costs is captured in a simple formula of the change in domestic 135

absorption and the trade elasticity in a large class of trade models. Similarly, we find that unless 136

researchers are interested in the micro-moments of heterogeneous trade adjustment in small-open 137

emerging economies, a simple model which is calibrated to the imports-to-consumption ratio of 138

the economy provides a close description of the equilibrium process of aggregate variables. 139

This paper is related to three other strands of literature. The first studies the sources of business 140

cycle fluctuations in emerging economies through the lens of IRBC models. TFP shocks, terms-of- 141

trade shocks, and interest rate shocks all seem to be contributing factors to consumption volatility. 142

For instance, Kydland & Zarazaga (2002) and Aguiar & Gopinath (2007) stress the importance of 143

(non-)stationary TFP shocks in emerging markets, while García-Cicco et al. (2010) point that these 144

shocks have implausible implications for the dynamics of the trade balance. Nevertheless, most 145

papers heavily rely on TFP shocks to rationalize the observed consumption volatility. For instance, 146

Mendoza (1995) attributes 44% to TFP shocks, also García-Cicco et al. (2010), Schmitt-Grohé & Uribe 147

(2018), Kohn et al. (2021) and Drechsel & Tenreyro (2018) estimate that TFP shocks are responsible 148

for respectively 95%, 86%,74% and 60% of the variation in consumption volatility. In addition, 149

Kose (2002) and Fernández et al. (2018) attribute 12% and 25% to TFP shocks. However, all these 150

results are obtained using the same benchmark SOE-IRBC model without heterogeneous trade 151

adjustment. We depart from this literature by studying whether accounting for heterogeneous trade 152
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adjustment changes the importance of terms-of-trade shocks relative to TFP shocks in explaining 153

consumption volatility. 154

We also contribute to the literature that studies heterogeneous trade adjustment. Kehoe & Ruhl 155

(2008) shows how terms-of-trade shocks cannot have first-order effects on aggregate productivity 156

in a neoclassical benchmark model. However, Amiti & Konings (2007); Goldberg et al. (2010); 157

Gopinath & Neiman (2014); Halpern et al. (2015); Blaum et al. (2018) show that in response to 158

terms-of-trade movements small firms change the number of imported varieties and large firms 159

also change the imports of each previously imported product variety. To capture these patterns they 160

introduce models of increasing returns to importing and heterogeneity which creates a connection 161

between movements in the terms-of-trade and aggregate productivity through reallocation across 162

heterogeneous firms. We contribute to this literature by providing a tractable general equilibrium 163

framework that allows researchers to decompose differences between frameworks friction-by- 164

friction and to understand whether accounting for heterogeneous adjustment matters for the 165

relative importance of terms-of-trade shocks in explaining volatility in final consumption. 166

Finally, our paper ties into the literature that studies the relationship between openness and 167

volatility of economic activity. This literature mostly focuses on explaining the relationship between 168

the level of consumption volatility and trade openness using ad-hoc measures for trade openness 169

such as the total trade over GDP (e.g. Koren & Tenreyro (2007), Cavallo (2009) and Giovanni & 170

Levchenko (2009)). Like Caselli et al. (2020), we consider a theoretically grounded measure of trade 171

openness, i.e. the imports-to-final consumption ratio, and use it to study how the importance of 172

terms-of-trade shocks relative to TFP shocks in explaining consumption volatility changes between 173

models with and without heterogeneous trade adjustment. 174

The rest of the paper is structured as follows. Section 2 develops the theoretical model we 175

use to analyze the contribution of different shocks to consumption volatility. Section 3 provides 176

our three main theoretical results. In section 4, we illustrate that the model developed in section 177

2 generates heterogeneous trade adjustment and we discuss the quantitative comparison of the 178

different models. Finally, section 5 concludes. 179

2 Theoretical framework 180

We embed a simplified version of the Gopinath & Neiman (2014)-model in an otherwise standard 181

SOE-IRBC model. We study an economy in which the supply side is composed of three different 182

sectors: a downstream final good sector, an upstream manufacturing sector, and a commodities 183

sector. We first describe how the final consumption good is produced by a final good sector that uses 184

labor and intermediate inputs produced by the upstream manufacturing sector. Manufacturing 185

firms produce intermediate inputs by combining labor and foreign and domestic intermediate 186

inputs. Finally, we model the commodity sector as an endowment process. We close the economy 187

by imposing restrictions on how consumers share risk internationally. 188
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2.1 Technology 189

2.1.1 Final good sector 190

The final good sector consists of a representative firm that combines labor and intermediate inputs 191

to produce the final good with a constant returns-to-scale production function: 192

Yt = ASt LSt
1−µXSt

µ where XSt =
(∫

i
Xi t

σ−1
σ di

) σ
σ−1

193

where LSt denotes the amount of labor used and 1−µ governs the labor share in the production 194

of services. XSt indicates intermediate input use and is a CES-aggregator over the individual 195

intermediate input varieties produced by the manufacturing firms. Substitution across individual 196

intermediate input varieties is controlled by σ. The first-order conditions that determine optimal 197

conditional input demand are given by 198

LSt = (1−µ)
Pt

Wt
Yt , XSt =µ Pt

PDt
Yt and Xi t =

(
Pi t

PDt

)−σ
XSt (2.1) 199

where PDt is the price index of domestically manufactured inputs, Pi t is the price of domestic 200

intermediate input variety i and Wt is the nominal wage paid to workers. The representative firm is 201

assumed to operate in a perfectly competitive market, which together with the production function 202

determines the final price index.2 203

Pt = 1

ASt

Wt
1−µPDt

µ

(1−µ)1−µµµ
(2.2) 204

2.1.2 Manufacturing sector 205

To produce domestic intermediate inputs, the domestic manufacturing sector combines labor 206

and intermediate inputs as well. These intermediate inputs are either produced at home or 207

imported. To transition from the benchmark SOE-IRBC model to the model with heterogeneous 208

trade adjustment, we consider four different setups of the manufacturing sector: (1) the benchmark 209

SOE-IRBC model with homogeneous firms in a perfectly competitive market; (2) a model with 210

homogeneous firms in a monopolistically competitive market; (3) a model with homogeneous 211

firms in a monopolistically competitive market producing under increasing returns to importing; 212

(4) the model with heterogeneous firms which generates heterogeneous trade adjustment. Here 213

we discuss the model that generates heterogeneous trade adjustment and leave the details for the 214

other models in the Appendix. 215

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 216

indexed by i . Domestic firms produce using the following Cobb-Douglas production function: 217

Yi t = ADtϕi LDi t
1−γXDi t

γ
218

where firm i ’s productivity level is a combination of its time-invariant productivity ϕi and ADt 219

which is a sector-level TFP shock process in the manufacturing sector. LDi t and XDi t represent 220

productive labor use and intermediate input use respectively and γ is the intermediate input 221

share in production. The intermediate input bundle is a CES aggregate of foreign and domestic 222

intermediate input bundles: 223

XDi t =
(
ω

1
εQDi t

ε−1
ε + (1−ω)

1
εQMi t

ε−1
ε

) ε
ε−1

224

where QDi t and QMi t represent firm i ’s use of domestic and imported intermediate inputs respec- 225

tively and ε determines the degree of substitutability between the domestic and foreign input bun- 226

dles. ω is a home-bias parameter that determines the extent to which manufacturing firms prefer 227

domestic intermediate input conditional on relative intermediate input prices. Finally, domestic 228

and imported input bundles are CES aggregates of individual domestic and foreign intermediate 229

input varieties. 230

QDi t =
(∫

j
qDi j t

σ−1
σ d j

) σ
σ−1

and QMi t =
(∫

k∈|Li t |
qMi kt

θ−1
θ dk

) θ
θ−1

(2.3) 231

The domestic intermediate input bundle aggregates the varieties produced by the domestic 232

manufacturing sector. The quantity used of the output of firm j by firm i is denoted by qDi j t and 233

substitution among these varieties depends on σ. Substitution across imported input varieties is 234

governed by the elasticity θ. Following Gopinath & Neiman (2014), we assume that individual 235

imported varieties are indistinguishable from one another in their quality or source. Under this 236

assumption, there is a common dollar price P $
M t for all imported varieties k and the firm-specific 237

imported intermediate input bundle price is the following 238

PMi t = Et P $
M t |Li t |

1
1−θ 239

where Et is the nominal exchange rate at time t . The firm-specific intermediate input price is 240

PX i t =
(
ωPDt

1−ε+ (1−ω)PM t
1−ε|Li t |

1−ε
1−θ

) 1
1−ε

241

where PM t = Et P $
M t . In the setups without increasing returns to importing it follows that |Li t | = 242

1 ∀i , t while in setups with increasing returns to importing the measure of imported varieties is 243

optimally chosen. Also, it is allowed to be zero for firms that optimally choose not to import. 244
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Market structure The manufacturing sector sells both to itself and to the services sector. Because 245

manufacturing firms substitute across domestic intermediate inputs with the same elasticity of 246

substitution as the services sector3, final demand for manufacturing output is given by: 247

Yi t =
(

Pi t

PDt

)−σ
(XSt +QDt ) 248

where QDt ≡
∫

i QDi t di is the total demand for manufacturing output from domestic manufacturers. 249

The domestic manufacturing price index is a CES aggregate of domestic variety prices PDt = 250(∫
i Pi t

1−σdi
) 1

1−σ . We assume that manufacturers compete under monopolistic competition which 251

combined with CES demand for manufacturing output leads to a pricing rule that consists of a 252

constant markup over marginal costs.4 253

Pi t = σ

σ−1
MCi t 254

Optimal input allocation Conditional on choosing the measure of imported varieties |Li t |, we 255

derive the firm’s marginal cost function by solving the firm’s cost minimization problem. The 256

first-order conditions for conditional input demand are the following. 257

LDi t = (1−γ)
MCi t

Wt
Yi t and XDi t = γMCi t

PX i t
Yi t (2.4) 258

Optimal demand for domestic and imported bundles is governed by the first-order conditions of 259

the second-tier problem of manufacturing producers and depends on the elasticity of substitution 260

between input bundles. 261

QDi t =ω
(

PDt

PX i t

)−ε
XDi t and QMi t = (1−ω)

(
PMi t

PX i t

)−ε
XDi t 262

Finally, the optimal demand for each type of variety is pinned down by the first-order conditions of 263

the third tier of the manufacturing producer’s problem. 264

qDi j t =
(

P j t

PDt

)−σ
QDi t and qMi kt =

(
PMkt

PMi t

)−θ
QMi t 265

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

4By 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 σ/(σ−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 266

function conditional on a sourcing strategy |Li t | is the following. 267

MCi t (|Li t |) = 1

ADt

1

ϕi

Wt
1−γPX i t

γ

(1−γ)1−γγγ
268

Optimal sourcing decision Without increasing returns to importing, the optimal sourcing strategy 269

is |Li t | = 1. Under increasing returns to importing, firms weigh the benefits of an additional 270

imported intermediate input variety with the additional fixed costs necessary to source it. This 271

fixed cost is paid every period in domestic labor units, such that total fixed costs are Wt f |Li t | 272

where f is the labor requirement per imported variety. Manufacturing firms maximize profits 273

(Pi t −MCi t (|Li t |))Yi t net of fixed costs. To obtain an explicit solution for the measure of imported 274

varieties, we assume that ε= θ such that the fixed costs to be paid are linear in the measure.5 Under 275

these restrictions, the optimal number of intermediate input varieties is 276

|Li t | = ω

1−ω
(

PM t

PDt

)ε−1
[(

ϕi

ϕM t

) (σ−1)(ε−1)
ε−1−γ(σ−1) −1

]
277

where ϕM t is the cutoff productivity level defined by equating revenues to fixed costs, such that 278

|Li t
(
ϕM t

)| = 0.6 Plugging in the cutoff definition and the optimal number of imported intermediate 279

input varieties, we re-express input prices solely as a function of aggregate variables and the firm- 280

level productivity level: 281

PX i t = γDi t
1
ε−1ω− 1

ε−1 PDt where γDi t =


(
ϕM t
ϕi

) (σ−1)(ε−1)
ε−1−γ(σ−1)

if ϕi ≥ϕM t

1 otherwise
282

where γDi t is the domestic intermediate input share which is decreasing in ϕi if γ(σ−1) < ε−1 283

such that the measure is increasing in firm-level productivity. 284

2.1.3 Commodity sector 285

We follow Fernández et al. (2018) and model the commodity sector as an endowment process that 286

is the only source of foreign income for the economy. We make this simplifying assumption for two 287

reasons. First, it is plausible that world commodity prices are exogenously given to the respective 288

economies we consider. For instance, take Colombia and Chile as two representative countries. 289

5This assumption is also imposed in Gopinath & Neiman (2014) and in section 4 we show that these simplifications
do not compromise the model’s ability to match the key empirical patterns.

6The expression for ϕM t is the following

ϕM t =
( σ

σ−1

) σ
σ−1

[
γ

ε−1
(1−ω)γ

σ−1
ε−1

PDt
σ(XSt +QDt )

f Wt

]− 1
σ−1 1

ADt

Wt
1−γPM t

γ

(1−γ)1−γγγ

[
ω

1−ω
(

PM t

PDt

)ε−1] ε−1−γ(σ−1)
(σ−1)(ε−1)

12



While oil represents roughly 60% of Colombia’s total exports, Colombia was only the 20th largest 290

oil producer in 2020, according to the US Energy Information Administration. Also, Colombia has 291

never been a member of OPEC. Chile accounted for a little under 10% of the world’s raw copper 292

production in 2015 according to the US Geological Survey 2017 but copper represents more than 293

half of its exports. Second, adjusting physical commodity output is often hard to achieve in the 294

short run due to significant time-to-build in extraction capacity.7 For these reasons, income from 295

commodity exports is arguably well approximated by an endowment process that keeps physical 296

output fixed in the short run but accounts for income fluctuations stemming from changes in world 297

commodity prices. These restrictions imply that we discard the reallocation of labor in and out of 298

the commodity sector at business cycle frequency. 299

2.2 Final demand 300

The economy is populated by a representative consumer that buys services and supplies labor 301

inelastically.8 For simplicity, we assume that consumers cannot share risks internationally and that 302

the economy is in financial autarky. In financial autarky, consumers consume their full income 303

and the real exchange rate adjusts to ensure that the value of commodity exports equals the value 304

of imported intermediate inputs when expressed in terms of the domestic good such that trade is 305

balanced each period. Formally, we have that: 306

T Bt = Et P $
X t X +Wt L+Πt −PtCt = 0 307

whereΠt are profits paid out to consumers by firms in the manufacturing sector and PtCt is the 308

total expenditure on services in any given period t . 309

2.3 Equilibrium 310

Definition 1 (Stable equilibrium). Given the set of deep parameters 311

Θ =
{
γ,ω,ε,σ,θ,κ,Φ,δ1,δ2,R$,P $

M ,P $
X , X , f

}∞
t=0

and a set of exogenous processes 312{
P $

X t ,P $
M t , ADt , ASt

}∞
t=0

, a stable equilibrium is a set of price processes {PDt ,Wt ,Et }∞t=0 that ensures 313

that the equilibrium processes for the endogenous variables
{

Ct ,Yt , XSt ,QDt ,LSt ,LDt ,LM t ,QM t

}∞
t=0

314

satisfy the following conditions (1) Consumers maximize utility given the budget constraint, (2) final 315

good and manufacturing producers maximize profits and (3) markets clear: 316

7For 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.

8Doing so, we implicitly assume that domestic financial markets provide full insurance against idiosyncratic shocks
across households.
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Goods market clearing

Yt =Ct , YDi t =
(

Pi t

PDt

)−σ
(XSt +QDt )

Labor market clearing

L = LSt +
∫

i
(LDi t +LMi t )di

Current account

T Bt =Wt L+Πt +Et P $
X t X −PtCt = 0

Finally, we normalize the price of the final good sector: Pt = 1. 317

Defining trade openness In all models we consider, the equilibrium conditions can be written in 318

terms of an auxiliary variable Ht , which we call the “trade openness” of the economy. It is defined 319

by rewriting the expression for imports Wt L+Πt −PtCt as proportional to final consumer spending 320

PtCt (see Appendix B). The trade balance equation is then rewritten as follows. 321

T Bt = Et P $
X t X +Wt L+Πt −PtCt︸ ︷︷ ︸

Imports

= Et P $
X t X −µγσ−1

σ
H m

t (Θ)PtCt︸ ︷︷ ︸
Imports

322

As indicated by the superscript m, the exact expression of Ht differs across the models we consider. 323

However, trade openness is always bounded between zero and one and captures the degree to 324

which the economy depends on imported intermediate inputs to produce final consumption.9 325

Existence and uniqueness of the equilibrium One reason why rewriting the equilibria in terms 326

of Ht is useful is because the non-linear equilibria of all the models are implicitly defined as a fixed 327

point in trade openness. Moreover, the following proposition shows that, apart from the model 328

with heterogeneous trade adjustment, the equilibria are certain to exist and to be unique. 329

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 MC

t is defined below. Also, the share spent on imported intermediate inputs relative to all
intermediate input spending is increasing in trade openness:

F MC
t = 1

1+ (
1−γσ−1

σ

)
ω

1−ω
(

Et P $
M t

PDt

)ε−1
, SM

t ≡ PM t QM t

PX t XDt
=

(
1−γσ−1

σ

)
Ht

1−γσ−1
σ Ht

Ht intuitively depends on the relative input price of foreign and domestic intermediate inputs and the home-bias
parameter ω. For small values of ω manufacturing producers are more dependent on imported inputs and Ht 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



can be solved via a model-specific fixed point equation in trade openness H m
t , given by:

F m (
H m

t ;Θ
)= 0 ∀ m ∈ {IRBC,MC, IRS,HTA}

In addition, the equilibria defined H m
t by F m (·) exist and are unique m ∈ {IRBC,MC, IRS} 330

Proof. See Appendix C. 331

The argument behind this result is that for each model m we can construct a function F m
(
H m

t ;Θ
)

332

such that limH m
t →0 F m

(
H m

t ;Θ
) = −1 and limH→1 F m (H ;Θ) = ∞. By Bolzano’s Theorem, there 333

exists at least one root H m
t ∈ (0,1). The uniqueness of the steady state follows from the fact that 334

F m(H m
t ,Θ) is monotonically increasing in H m

t ∈ (0,1).10 The same argument cannot be used in 335

the heterogeneous model with arbitrary levels of heterogeneity. Nevertheless, when heterogeneity 336

approaches the upper limit, κ→ (σ−1)(ε−1)
ε−1−γ(σ−1) , the limit where model’s moments remain finite, the 337

same argument can be used and the steady state exists and is unique. When the model converges 338

to an economy with a degenerate productivity distribution, κ→∞, the model collapses to the 339

homogenous firm model with increasing returns to scale on the importing bundle for which 340

proposition 1 ensures existence and uniqueness. Therefore, we conjecture that the steady state 341

also exists and is unique in the intermediate heterogeneity cases. To support this claim, Figure 1 342

shows for different values of trade openness the value of the non-linear function that makes up the 343

fixed point equation in each of the models. This figure illustrates that the implicit functions of the 344

homogeneous and heterogeneous firm versions of models with increasing returns to importing 345

behave very similarly. 346

Figure 1 highlights how the different models deliver different equilibrium levels of trade open- 347

ness. First, when the manufacturing sector operates under monopolistic competition, domestic 348

intermediate input prices are higher than in the SOE-IRBC benchmark, where they are priced at 349

the marginal cost of production. This incentivizes domestic manufacturers to substitute domestic 350

intermediate inputs for intermediate inputs sourced from abroad. As a result, there is a departure 351

from the efficient allocation, as the manufacturing sector produces less than under the perfectly 352

competitive benchmark, and the equilibrium trade openness of the economy rises. 353

Second, the model with increasing returns to importing delivers an economy with higher trade 354

openness compared to an economy without increasing returns when the fixed cost of sourcing 355

additional product varieties is not too large. The introduction of increasing returns to importing 356

changes the sourcing problem in two ways. On the one hand, the love-for-variety aggregator 357

provides incentives to lower marginal costs by increasing the set of imported intermediate input 358

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

F MC (H ,Θ) =ΛMC (Θ)
H

ε
ε−1

(
1−γσ−1

σ H
) γ

1−γ
1
ε−1

X2
[
χ2 −µγH

]
(1−H)

1
ε−1

1
1−γ

−1

whereΛMC (Θ) is a function of the structural parameters.
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Figure 1: Equilibrium fixed point equation F m (H ;Θ) for different models
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Notes: This figure plots the fixed point equation F m (H (Θ) ;Θ) 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
section 4.

varieties. On the other hand, using more intermediate input varieties requires higher fixed costs as 359

each variety carries a per-variety fixed cost. When the per-variety fixed cost approaches zero, the 360

benefits of adding intermediate input varieties increasingly outweigh the costs of accessing them, 361

leading to higher equilibrium trade openness.11
362

Finally, trade openness further rises with the introduction of firm-level heterogeneity. As long 363

as ε−1 > γ(1−σ), larger firms will source more intermediate input varieties. As manufacturing firms 364

produce with a production technology that is characterized by love-for-variety on the imported 365

intermediate input bundle, larger firms can reduce their marginal cost more and attract a larger 366

market share. This positive correlation between importing and market share leads to a more open 367

economy in the aggregate, albeit only to a limited extent. 368

3 Theoretical results 369

In this section, we consider the model’s first-order dynamic solutions around the model’s steady 370

state. In particular, we assume that the exogenous stochastic processes {at , aDt , p$
X t , p$

M t } follow 371

shock-specific AR(1)-processes, which are not model-specific. We provide three key results. First, 372

the different models give rise to the same goods and labor market clearing conditions that relate 373

final consumption and the real exchange rate to exogenous shocks and changes in trade openness. 374

The differences between the models are fully captured by the elasticities that pre-multiply changes 375

in trade openness in each of the equations. Second, the contribution of terms-of-trade shocks 376

11Because 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.

16



relative to productivity shocks in explaining consumption volatility is pinned down by one general 377

equilibrium elasticity, which we will refer to as the terms-of-trade elasticity. Third, the terms- 378

of-trade elasticity can always be written as the imports-to-consumption ratio times a distortion 379

term. 380

3.1 General structure of goods and labor markets 381

Theorem 1 shows that across all the models the equilibrium in the goods and labor market can be 382

represented by two equations that relate changes in final consumption and in the real exchange rate 383

to trade openness. The models deliver the same equilibrium relationship between the endogenous 384

variables and the shocks and only differ in terms of the two partial equilibrium elasticities that 385

govern the direct relationship between endogenous openness, changes in final consumption, and 386

the real exchange rate. 387

Theorem 1 (General Structure). Across all models, the equilibrium in labor and goods markets 388

reduces to two equations that express how changes in final consumption and the real exchange rate 389

relate to changes in openness and exogenous shocks. They are given by: 390

cSt = µ

1−γaDt +aSt +νm
cH

(
H ;Θ̃

)
ηt (3.1) 391

392

ηt = 1

νm
q H

(
H ;Θ̃

) (
1−µ
1−γaDt −aSt +p$

M t +qt

)
(3.2) 393

where qt ≡ et −pSt is the real exchange rate and ηt is the deviation from steady state trade openness 394

in percentage changes. Moreover, we have that νm
cH

(
H ;Θ̃

)> 0 and νm
q H

(
H ;Θ̃

)< 0. 395

Proof. See Appendix D. 396

The first equation captures how changes in productivity of domestic factors and foreign factors 397

translate into changes in final consumption. To obtain this equation, we combine the linearized 398

expressions for product market clearing and labor market clearing equation, which together yield: 399

cSt = wt −pSt +νm
l H

(
H ;Θ̃

)
ηt 400

This expression implies that changes in final consumption are determined by changes in real 401

wages and changes in trade openness. On the one hand, changes in real wages reflect changes 402

in the productivity of labor as a domestic factor to produce final goods. On the other hand, 403

changes in trade openness represent changes in the reliance on foreign intermediate inputs which 404

induces reallocation of labor towards the final good sector. The sensitivity of the downstream labor 405

allocation is captured by νm
l H

(
H ;Θ̃

)
.12 Real wages can be expressed as a function of only shocks 406

12In Appendix D we show that νm
l H

(
H ;Θ̃

)
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 407

linearized price level of the manufacturing sector: 408

wt −pSt = 1

1−µaSt − µ

1−µ
(
pDt −pSt

)
, pDt −pSt = aSt − 1−µ

1−γaDt −νm
pH

(
H ;Θ̃

)
ηt 409

In response to an increase in total factor productivity in the production of the final good, real wages 410

rise to reflect the higher marginal product of labor in producing the final good. They fall with an 411

increase in the real price of manufacturing goods, indicating the lower marginal product of labor 412

due to substitution from intermediate inputs towards labor. Real manufacturing prices decrease 413

with a rise in total factor productivity in the manufacturing sector and increase with positive shocks 414

to total factor productivity in producing the final good, through the equilibrium response of real 415

wages. Following an increase in trade openness, real manufacturing prices drop, reflecting the 416

increased use of imported intermediate input relative to domestically produced. The extent to 417

which real manufacturing prices respond to changes in trade openness is captured by νpH , which 418

differs across the models. Combining these last two expressions with the linearized labor market 419

clearing expression delivers the first equation in Theorem 1. 420

The second equation describes how trade openness changes in response to shocks and 421

changes in the real exchange rate, capturing expenditure switching between domestic and foreign 422

intermediate inputs.13 To arrive at this equation, we combine the linearized model-specific 423

definition of trade openness and the expression for the productivity cut-off and obtain, for 424

instance, for the model with increasing returns to importing14: 425

− (ε−1)
(
1−H IRS)(p$

M t +qt −
(
pDt −pSt

))︸ ︷︷ ︸
Substitution channel

=

1−γ
γ

ε−1

1−µ

((
1−γσ−1

σ

)
H IRS

1−γσ−1
σ

H IRS

)
νIRS

pH

(
H ;Θ̃

)
︸ ︷︷ ︸

Profits

−νIRS
l H

(
H ;Θ̃

)︸ ︷︷ ︸
Fixed costs

 (1−H IRS)

︸ ︷︷ ︸
IRS channel

ηt

426

This equation captures two channels that determine the degree of expenditure switching in the 427

model. First, in all models, there is a substitution channel that arises because of cost-minimization 428

by manufacturing firms. When manufacturers choose the bundle of intermediate input that delivers 429

13In contrast to the literature in which final demand is an aggregator over domestic and imported final consumption
goods (e.g. Obstfeld & Rogoff (1995),Galì & 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).

14Given that the expressions for H m
t 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 430

price of foreign inputs to domestic inputs, p$
M t + qt −

(
pDt −pSt

)
, the elasticity of substitution 431

between domestic and imported intermediate inputs and the pool of the domestic intermediate 432

input suppliers, captured through H . Second, in the models with increasing returns to importing, 433

manufacturing firms also solve a profit maximization problem. Doing so, firms decide on how many 434

intermediate input varieties to source from abroad by weighing the additional profits, through 435

lowering marginal costs, with the additional fixed costs associated with importing more varieties. 436

In response to shocks, the pass-through from changes in real manufacturing prices into aggregate 437

manufacturing profits is captured by the coefficient on νm
pH

(
H ;Θ̃

)
and the degree by which demand 438

for manufacturing output changes relative to how per variety fixed costs changes, is captured by 439

νm
l H

(
H ;Θ̃

)
. The heterogeneous firm model admits the same structure, but the difference lies in the 440

coefficient on νm
pH

(
H ;Θ̃

)
that now also the fact that not all firms in the economy will access the 441

IRS technology, which changes how changes in real manufacturing prices pass into profits. After 442

plugging in the expression for changes in real manufacturing prices, we arrive at equation 3.2. 443

3.2 Relative importance of terms-of-trade shocks 444

We use this common structure across models to derive the equilibrium processes for consumption 445

and the real exchange rate and the importance of terms-of-trade shocks relative to sectoral TFP 446

shocks in explaining the variance of final consumption. In the absence of international risk-sharing 447

possibilities, trade must be balanced in each period. Combining the linearized trade balance 448

equation with the general structure of goods and labor markets leads to the following equilibrium 449

processes for changes in consumption and in the real exchange rate: 450

Corollary 1 (Equilibrium processes - Financial Autarky). In financial autarky, the equilibrium 451

processes of final consumption and the real exchange rate as a function of the exogenous shocks are 452

given by: 453

cSt = aSt + 1

1−γ
(
µ−νm

c

(
H ;Θ̃

))
aDt +νm

c

(
H ;Θ̃

)(
p$

X t −p$
M t

)
qt = aSt − 1

1−γ
(
(1−µ)−νm

q

(
H ;Θ̃

))
aDt −νm

q

(
H ;Θ̃

)
p$

X t −
(
1−νm

q

(
H ;Θ̃

))
p$

M t

454

where 455

νm
c

(
H ;Θ̃

)≡ νm
cH

(
H ;Θ̃

)
1+νm

cH

(
H ;Θ̃

)−νm
q H

(
H ;Θ̃

) , νm
q

(
H ;Θ̃

)≡−
νm

q H

(
H ;Θ̃

)
1+νm

cH

(
H ;Θ̃

)−νm
q H

(
H ;Θ̃

) 456

and where νm
c

(
H ;Θ̃

)> 0 and νm
q

(
H ;Θ̃

)> 0 following Theorem 1. 457

Proof. See Appendix E. 458

Following Corollary 1, any differences between frameworks can be thought of as differences in 459
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νm
c

(
H ;Θ̃

)
, which we will refer to as the terms-of-trade elasticity as it determines how final con- 460

sumption responds to terms-of-trade shocks, and νm
q

(
H ;Θ̃

)
. Also, from Corollary 1, it is immediate 461

that models that have a higher terms-of-trade elasticity will put more weight on terms-of-trade 462

shocks as a source for consumption movements and less weight on exogenous manufacturing TFP 463

shocks. Importantly, the extent to which different models will have different predictions for the 464

importance of terms-of-trade shocks relative to sectoral TFP shocks in explaining the variance of 465

final consumption is solely determined by the terms-of-trade elasticity νm
c

(
H ;Θ̃

)
. 466

Theorem 2 (Terms-of-trade relative to TFP). Under financial autarky, the importance of terms-of- 467

trade shocks relative to sectoral TFP shocks in explaining the variance of final consumption is given 468

by: 469

V
(
cSt |p$

M t , p$
X t

)
V

(
cSt |aDt , pSt

) = σ2
X

σ2
A

(
νm

c

(
H ;Θ̃

))2

σ2
S

σ2
D
+

(
µ−νm

c (H ;Θ̃)
1−γ

)2 470

where σ2
i ’s are the variances of the shock processes. In addition, the relative importance of terms-of- 471

trade shocks is rising in νm
c

(
H ;Θ̃

)
, that is 472

∂
V

(
cSt |p$

M t , p$
X t

)
V

(
cSt |aDt , pSt

) /
∂νc

(
H ;Θ̃

)> 0

Proof. Follows directly from applying the unconditional, V (·), and conditional, V (·|), variance 473

operators to the expression for cSt in Corollary 1. 474

While theorem 1 provides a unifying framework for the SOE-IRBC benchmark and the model 475

with heterogeneous trade adjustment, Theorem 2 illustrates that, to understand whether different 476

models have different predictions for the relative importance of terms-of-trade shocks in explaining 477

consumption volatility, all we need to know is the extent to which models have different predictions 478

regarding the terms-of-trade elasticity. 479

3.3 The terms-of-trade elasticity 480

It turns out to be difficult to rank the models in terms of their predictions for the terms-of-trade 481

elasticity ex-ante. Nonetheless, we now provide intuition into how the terms-of-trade elasticity 482

differs across the models. In particular, the following proposition establishes that we can always 483

write the terms-of-trade elasticity as a combination of two distinct elements. 484

Proposition 2 (Decomposing the terms-of-trade elasticity). The terms-of-trade elasticity νm
c

(
H ;Θ̃

)
485

has the following common structure across frameworks. 486

νm
c

(
H m (Θ) ;Θ̃

)= µγH m(Θ)︸ ︷︷ ︸
Imports-to-consumption

·Ξm (
H m (Θ) ,Θ̃

)︸ ︷︷ ︸
Distortion

487
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where Ξm (·) = 1 in the benchmark SOE-IRBC model. 488

Proof. See Appendix E. 489

We refer to the first part of νm
c

(
H m (Θ) ;Θ̃

)
as the “Imports-to-consumption” term and to the 490

second part as the “distortion” term. The imports-to-consumption term is simply the product 491

of the intermediate input elasticity in the final good sector µ, the intermediate input elasticity in 492

the manufacturing sector γ, and the steady-state equilibrium trade openness level H . When H 493

approaches zero, the economy is closed and relies minimally on imports for production. In this 494

case, the portion of consumption variance explained by terms of trade movements approaches 495

zero because import price shocks do not affect input decisions and the exchange rate insulates 496

the economy completely from volatility in export prices by adjusting in the opposite direction. 497

Conversely, as the economy relies more on imported intermediate inputs and opens up, such that 498

H approaches 1, the share in consumption volatility explained by terms-of-trade shocks rises. We 499

allude to the second term as the distortion term because the distortion term is equal to one in the 500

benchmark SOE-IRBC model. However, once the benchmark SOE-IRBC model is enriched with 501

frictions to capture heterogeneous trade adjustment, the importance of terms-of-trade shocks will 502

also depend on the distortion term. 503

To understand how the two terms arise, we start by unpacking the building blocks of its 504

numerator νcH
(
H m (Θ) ;Θ̃

)
, which is given by15: 505

νcH
(
H m (Θ) ;Θ̃

)= µ

1−µνpH
(
H m (Θ) ;Θ̃

)+νl H
(
H m (Θ) ;Θ̃

)
506

where νpH
(
H m (Θ) ;Θ̃

)
captures how manufacturing prices move with openness and where 507

νl H
(
H m (Θ) ;Θ̃

)
captures how the labor allocation to the final good sector moves with openness.16

508

In particular, νpH
(
H m (Θ) ;Θ̃

)
is given by: 509

µ

1−µνpH
(
H m (Θ) ;Θ̃

)≡ µγH m︸ ︷︷ ︸
Imports-to-consumption

· 1

1−γ︸ ︷︷ ︸
roundabout
production

·
(
1−γσ−1

σ

)
H m

1−γσ−1
σ

H m︸ ︷︷ ︸
Import share︸ ︷︷ ︸

Exposure

· 1

H m(1−H m)(ε−1)︸ ︷︷ ︸
No selection

1

γ(σ−1)

κ̃H(1−H m)(ε−1)

H m(1− κ̃H)
(
1−γσ−1

σ

)+H m(1−H m)γσ−1
σ︸ ︷︷ ︸

Selection︸ ︷︷ ︸
Substitution

510

The components of µ
1−µνpH

(
H m (Θ) ;Θ̃

)
can be separated into two main components. First, the 511

“exposure” term is common across models. Apart from the imports-to-consumption term, the 512

extent to which real manufacturing prices are exposed to changes in openness depends on two 513

15See Appendix (D) for more detail on the derivations.
16Both were defined in section 3.1
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additional terms. On the one hand, the presence of roundabout production makes exposure of 514

manufacturing prices to changes in trade openness depend on the intermediate input elasticity 515

in manufacturing γ. On the other hand, exposure additionally depends on the steady-state share 516

of imported intermediate input to total intermediate input spending in manufacturing. Both the 517

extent to which final demand changes and the imported intermediate input share rise in trade 518

openness. 519

Second, the “substitution term” differs across models with and without an active firm-extensive 520

margin. In the absence of a firm-extensive margin, the substitution term depends on H m and 521

the elasticity of substitution between intermediate inputs ε. When the latter is high, domestic 522

inputs are good substitutes for imported inputs and so manufacturing firms can easily substitute if 523

import prices are high, insulating pDt from foreign shocks. This micro elasticity ε−1 is adjusted 524

by 1/(H m(1−H m)) to form a macro elasticity of substitution, where the latter weighs the relative 525

supply of domestic and imported inputs in equilibrium. The higher H m , the smaller the pool of 526

domestically produced intermediate inputs and the lower aggregate substitution becomes. In 527

the model with heterogeneity and an active extensive margin, the substitution term is modified 528

by the “selection” term. As κ goes towards its lower limit and productivity draws become more 529

heterogeneous, the market share allocated to highly productive firms grows.17 Because very large 530

firms also adjust their imports more on the firm-sub-intensive margin and less on the firm-sub- 531

extensive margin, the relevant macro elasticity changes. This is reflected in the fact that as κ goes 532

towards its lower limit and κ̃ goes to one18, the micro-elasticity of the no-selection part, ε−1, is 533

replaced with the lower γ(σ−1).19. In line with Gopinath & Neiman (2014), the macro elasticity 534

in the model with heterogeneous select firms and selection is always higher than in the model 535

without heterogeneity and selection. 536

The expression for νcH
(
H m (Θ) ;Θ̃

)
also depends on νl H

(
H m (Θ) ;Θ̃

)
. In Appendix B, we show 537

that the change in the labor allocation to the final good sector can be written solely as a function of 538

changes in trade openness such that: 539

lSt = µγH︸ ︷︷ ︸
Imports-to-consumption

· 1

χm(Θ̃)−µγH m︸ ︷︷ ︸
∝employment share︸ ︷︷ ︸

≡νl H (H m (Θ);Θ̃)

ηt

where χm(Θ̃) is a combination of deep parameters which is different across the models. Because of 540

the Cobb-Douglas structure, νl H
(
H m (Θ) ;Θ̃

)
is solely composed of an exposure term and has two 541

parts. First, like before, the sensitivity of the labor allocation to the final good sector in response to 542

changes in trade openness depends on the imports-to-consumption ratio. Second, the sensitivity 543

17Recall that ε−1 > γ(σ−1) is necessary for the model to produce finite moments.
18κ̃ is a combination of the subset of deep parameters Θ̃.
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 544

share of the labor allocation to the final good sector in the steady state. On the one hand, the 545

steady-state labor allocation to the final good sector rises with trade openness, capturing the fact 546

that as manufacturing firms increasingly rely on imported intermediate inputs, they substitute 547

away from labor which flows to the final good sector. On the other hand, the steady-state labor 548

allocation to the final good sector also depends on χm(Θ̃). While χm(Θ̃) = 1 in the benchmark 549

SOE-IRBC model, χm(Θ̃) changes discontinuously between different models, making it hard to 550

determine ex-ante whether distortions that work through νl H
(
H m (Θ) ;Θ̃

)
will amplify or dampen 551

the importance of terms-of-trade shocks relative to the benchmark SOE-IRBC model.20
552

The analysis of νcH
(
H m (Θ) ;Θ̃

)
highlights that because the imports-to-consumption ratio is 553

present in both components of νcH
(
H m (Θ) ;Θ̃

)
, it is also one part of the general equilibrium 554

νm
c

(
H m (Θ) ;Θ̃

)
. The remaining elements of νpH

(
H m (Θ) ;Θ̃

)
and νl H

(
H m (Θ) ;Θ̃

)
, such as the 555

substitution term and the term proportional to the steady-state labor allocation to the final good 556

sector, collectively make up the distortion term after being adjusted by 557

(1 + νm
cH

(
H m (Θ) ;Θ̃

) − νm
q H

(
H m (Θ) ;Θ̃

)
)−1 to account for how openness itself moves with 558

exogenous shocks in general equilibrium. While the imports-to-consumption ratio 559

straightforwardly depends on steady-state trade openness across the models, the distortion term 560

depends in a more complicated way on the specifics of each of the models. This precludes us from 561

making ex-ante predictions for the different models and to understand to a full extent which forces 562

matter more, we turn to a quantitative exercise in the next section. 563

3.4 Extensions 564

The previous results are derived under a set of simplifying assumptions. In particular, we assumed 565

that labor supply was fixed and that consumers were not able to share risk internationally. In this 566

section, we consider how the previous results change when we relax those assumptions. 567

Endogenous labor supply We have derived the general structure under the assumption that 568

consumers supply an amount of labor that is invariant to the state of the economy. However, 569

when consumers change the amount of labor they supply in response to shocks, the equilibrium 570

response of consumption and the real exchange rate will be different. A common way to introduce 571

endogenous labor supply is to allow for an additive term in the utility function that captures the 572

disutility of labor (e.g. Itskhoki & Mukhin (2021)). In Appendix D, we show that the effect of 573

this type of endogenous labor supply enters through changing the terms-of-trade elasticity only. 574

Therefore, Theorems 1 and 2 are unaffected. Moreover, the terms-of-trade elasticity is equal to the 575

imports-to-consumption ratio in perfect competition. 576

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.
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International risk sharing So far, we have assumed that the small open economy was in a state 577

of financial autarky. Hence, consumers were forced to consume their full income, stemming from 578

wages, profits and net exports, in each period. Allowing for international risk sharing changes the 579

equilibrium processes for final consumption and the real exchange rate from an AR(1) process to 580

an ARMA(2,1) process. In this case, consumers save and dissave in response to domestic or foreign 581

shocks which increases the persistence of the response to a similar size shock. Nevertheless, in the 582

situation when the exogenous shocks approach a random walk, an adapted version of Theorem 2 583

still holds: 584

Theorem 3 (Terms-of-trade relative to TFP - International risk sharing). Under integrated and 585

segmented financial markets with ρy →∞ with y = {D, X , M }, the importance of terms-of-trade 586

shocks relative to sectoral TFP shocks in explaining the variance of final consumption is given by: 587

V
(
∆cSt |ε$

M t ,ε$
X t

)
V (∆cSt |εDt ,εSt )

=
σ2
ε,X

σ2
ε,A

(
νm

c

(
H ;Θ̃

))2

σ2
ε,S

σ2
ε,D

+
(
µ−νm

c (H ;Θ̃)
1−γ

)2 588

where σ2
ε,i ’s are the variances of the innovations to the shock processes. 589

Proof. See Appendix E. 590

When the shocks approach random walks, the equilibrium process for consumption and the real 591

exchange rate become ARIMA(1,1,1)-processes. Still, after applying the first difference operator, 592

the resulting processes are stationary and Theorem 3 shows that the relative importance of terms- 593

of-trade shocks relative productivity shocks in explaining consumption growth takes the same 594

form as before. Importantly, we show that this result holds under integrated financial markets with 595

non-state contingent local and foreign bonds and segmented financial markets. For this reason, 596

Theorem 2 remains a useful limiting case in the presence of international risk sharing. 597

4 Quantitative exercise 598

In this section, we complement the qualitative comparison of the different models with a 599

quantitative exercise. To this end, we calibrate the parameters in the model based on data from 600

Chile and Colombia. In addition, by comparing the predictions of the model with moments taken 601

from Colombian and Chilean firm-level trade data, we illustrate that the model with 602

heterogeneous trade adjustment can generate the stylized facts of heterogeneous trade adjustment 603

well. Finally, we leverage the rule of thumb described in Theorem 2 to compute the relative 604

importance of TOT to TFP across the different models. 605

4.1 Calibration 606

Table 1 describes the calibrated parameters and their sources. 607
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Table 1: Calibration of main parameters

Manufacturing sector

Parameter Value Reference

γ 0.65 Country IO-tables

ω 0.50 Gopinath & Neiman (2014), Blaum et al. (2018)

ε 3.00 Gopinath & Neiman (2014), Blaum et al. (2018)

θ 3.00 Restriction

ϕ 1.00 Melitz & Redding (2015)

κ 6.95 Estimation

f 0.05 Blaum et al. (2018)

Final good sector

Parameter Value Reference

µ 0.40 Country IO-tables

σ 3.00 Gopinath & Neiman (2014), Blaum et al. (2018)

Input elasticities The input elasticity parameters γ and µ are calibrated to match the cost shares 608

of the Chilean and Colombian manufacturing and the final good sectors, respectively. For the 609

manufacturing input share, the Chilean data has values closer to 0.60, while the Colombian data 610

has values closer to 0.70, so we pick a value in between to study a representative economy. There 611

are no cross-country differences when it comes to µ, so we set it to 0.40. A third parameter that 612

influences cost shares in the model is ω. This parameter cannot be easily matched to an observable 613

moment in the data because we cannot separately identify the home-bias parameter from the 614

relative price of domestic and imported intermediate input prices in equilibrium. Therefore, we 615

follow Gopinath & Neiman (2014) and Blaum et al. (2018) and set ω to 0.50. 616

Elasticities of substitution The elasticity of substitution across final product varieties σ varies in 617

the literature. Gopinath & Neiman (2014) uses a value of 4.00, while Blaum et al. (2018) uses the 618

ratio of firms’ revenues to total cost to back out the elasticity at the sectoral level. They find values 619

in the range of 1.87 to 7.39, with most values in the 3.00 to 3.50 range. Kasahara & Rodrigue (2008) 620

find values in the range of 3.14 to 4.44. We set σ to 3.00, which is in the range of estimates. The 621

elasticity of substitution between imported and domestic inputs ε is also set to 4.00 in Gopinath & 622

Neiman (2014) but Blaum et al. (2018) consider an estimate of 2.38. We set it to the intermediate 623

value of 3.00. The elasticity of substitution between imported varieties θ is restricted to the same 624

value as ε such that the model has an analytical solution as described in section 2. Below, we show 625

that this restriction has no impact on replicating the main empirical facts. 626

Entry costs and debt elasticity The entry fixed cost is calibrated to 0.0075 in Gopinath & Neiman 627

(2014), while it is calibrated to 0.0472 in Blaum et al. (2018). Given this substantial difference, we 628
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consider values between 0.005 and 0.05 but different values for f do not appear to change the 629

quantitative results. 630

Targeting κ To calibrate the parameter that governs the degree of firm heterogeneity, κ, we rely 631

on the fact that the model gives rise to an analytical expression for the distribution of firm-level 632

imports conditional on importing. 633

Proposition 3. Define aggregate imports in domestic currency 634

Mt ≡
∫ ∞
ϕM t

PM t
(
ϕ

)
QM t

(
ϕ

)
g

(
ϕ

)
dϕ, then we have that: 635

1. The dollar amount imported by firm i , M $
i t , can be written as the product of the fixed costs of 636

importing and the firm-specific import measure: 637

Et M $
t

(
ϕ

)= (ε−1)Wt f Lt
(
ϕ

)
2. The distribution of firm imports conditional on importing is Generalized Pareto: 638

Pr
(
M $

i t < M |M > 0
)
= 1−

[
1+ 1

ε−1

Et

Wt f

1−ω
ω

(
PDt

Et P $
Mi t

)ε−1

M

]−κ ε−1−γ(σ−1)
(σ−1)(ε−1)

Proof. See Appendix F. 639

The first part of Proposition 3 states that firm-level imports in domestic currency can be 640

written as a combination of a term that is common for all firms times the number of intermediate 641

input varieties sourced by the firm. Combining this intermediate result with the assumption that 642

firm-level productivity follows a Pareto distribution, we obtain an expression for the distribution 643

of imports across firms conditional on importing. In turn, we use Proposition 3 to calibrate κ by 644

leveraging the fact that we now have an exact solution for what the tail exponent of the import 645

distribution is. Combining the calibrated elasticities with the piecewise maximum-likelihood 646

estimate of the tail exponent of the import distribution of the Colombian data, we arrive at an 647

estimate for κ equal to 6.95. 648

Importantly, Figure 2 illustrates the importance of assuming that manufacturing firms pay a 649

fixed cost per imported variety instead of assuming that firms pay simply one fixed cost to import, 650

as in Melitz (2003). The left panel Figure 2 plots the relationship between log imports and the log of 651

the cumulative distribution of imports in the Colombian data and illustrates the presence of many 652

small importers and a few large importers. In panel (b) of Figure 2 we plot the same relationship 653

for the two types of models. In a model where firms pay only one fixed cost to access imported 654

intermediate inputs, the import distribution would follow a Pareto distribution and the relationship 655

between the log import level and the log cumulative density of imports would be linear with slope 656

− κ
σ−1 . However, when manufacturing firms have to incur a fixed cost per imported variety, the 657

import distribution is Generalized Pareto with a much heavier tail. The model predicts a much 658
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Figure 2: Power Law for Imports
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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 659

importers, which provides a much closer fit to the data.21
660

Equilibrium openness From Proposition (1) it follows that several variables jointly determine 661

the equilibrium H without meaningfully entering into any of the relevant elasticities that make 662

up the dynamic system. For example, in the perfect and monopolistic competition cases, it 663

follows that (LP $
M )/(P $

X X ) jointly determine H , so we don’t need to take a stand on the particular 664

values of foreign prices, the export quantity and the labor force in levels. In practice, we use 665

Colombian and Chilean national accounts to calibrate H as the ratio of total imports to total 666

household consumption together with the calibrated input shares Ĥ = T −1 ∑
(1/µγ)(PM M)/(PC ). 667

In Colombia, this average is 0.87 and is calculated using quarterly data covering the years 2006-2020 668

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 669

calibration. 670

4.2 Moments of trade adjustment 671

To achieve tractability we assumed that fixed costs per variety increase linearly with the number of 672

imported varieties and that the elasticity of substitution between imported varieties θ is the same 673

as the elasticity of substitution between the imported and domestic intermediate input bundles ε. 674

Before turning to the quantitative exercise, we now show that these simplifying assumptions do 675

not compromise the model’s ability to replicate stylized facts of heterogeneous trade adjustment. 676

Besides generating a distribution of firm-level imports conditional on importing that is close to 677

the data, the model also predicts that (1) the firm-intensive margin dominates the firm-extensive 678

margin, (2) the importance of the sub-intensive margin increases with firm size, and (3) terms-of- 679

trade shocks generate endogenous TFP movements. 680

21It 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

Colombia

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
-0.2

-0.1

0

0.1

0.2

0.3

pc
t. 

ch
an

ge

A imports percent change

2006 2008 2010 2012 2014 2016 2018 2020
-0.2

-0.1

0

0.1

0.2

0.3
pc

t. 
ch

an
ge

B aggregate margins

intensive
extensive

2006 2008 2010 2012 2014 2016 2018 2020
-0.2

-0.1

0

0.1

0.2

0.3

pc
t. 

ch
an

ge

C aggregate margins

exstensive + subextensive
subintensive

(b) Colombia

Chile

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
-0.4

-0.2

0

0.2

0.4

pc
t. 

ch
an

ge

A imports percent change

2008 2010 2012 2014 2016
-0.4

-0.2

0

0.2

0.4

pc
t. 

ch
an

ge

B aggregate margins

intensive
extensive

2008 2010 2012 2014 2016

-0.2

-0.1

0

0.1

0.2

pc
t. 

ch
an

ge

C aggregate margins

exstensive + subextensive
subintensive

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 681

into a firm-intensive margin and a firm-extensive margin. The firm-intensive margin measures 682

the change in overall imports that is due to continuing importers changing firm-level imports. 683

The firm-extensive margin captures changes in overall imports as firms start and stop importing 684

altogether. Formally, 685

∆mt

mt−1︸ ︷︷ ︸
∆ Aggregate Imports

= ∑
i∈Ω f

t ∩Ω f
t−1

mi t −mi t−1

mt−1︸ ︷︷ ︸
Firm-intensive margin

+ ∑
i∈Ω f

t \Ω
f
t−1

mi t

mt−1
− ∑

i∈Ωt−1\Ω
f
t

mi t−1

mt−1︸ ︷︷ ︸
Firm-extensive margin

Figure 3 plots the split of aggregate change in import values into a firm-intensive margin and 686

a firm-extensive margin for Colombia and Chile separately. For both countries, changes at the 687

firm-intensive margin dominate changes at the extensive firm margin. 688

The prediction that the importance of the firm-extensive margin in explaining changes in 689

aggregate trade is small, is also borne out in the model. In particular, 690

Proposition 4 (Firm-intensive and firm-extensive margin). Changes in aggregate imports are given 691

by: 692

−∂ ln Mt

∂ ln xt
=− xt

Mt


∫ ∞

ϕM t

∂

∂xt
M̃tLt (ϕ)dG(ϕ)︸ ︷︷ ︸
Intensive

−M̃tLt (ϕM t )
∂

∂xt
ϕM t︸ ︷︷ ︸

Extensive

 693

Following any infinitesimal aggregate shock, changes in aggregate imports are accounted for by the 694

firm-intensive margin of trade only. 695

Proof. See Appendix F. 696

Proposition 4 guarantees that all of the adjustments in aggregate imports happen at the intensive 697

margin, which is the case in the data. With no heterogeneity, this is true by construction. However, 698

in the model with heterogeneity and selection, the same is true because the contribution of the 699
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extensive margin depends on the measure of imported intermediate inputs which is zero when 700

evaluated at the cut-off productivity level. 701

Firm sub-intensive versus firm sub-extensive margin Following Gopinath & Neiman (2014), 702

we further decompose the firm-intensive level margin into a firm sub-intensive and a firm sub- 703

extensive margin as follows: 704

∆mt

mt−1︸ ︷︷ ︸
Total change in imports

= ∑
i∈Ω f

t \Ω
f
t−1

mi t

mt−1
− ∑

i∈Ωt−1\Ω
f
t

mi t−1

mt−1︸ ︷︷ ︸
firm-extensive margin

+ ∑
i∈Ω f

t ∩Ω f
t−1


∑

j∈Ωp
i t \Ω

p
i t−1

mi j t

mi t−1
− ∑

j∈Ωp
i t−1\Ω

p
i t

mi j t−1

mi t−1︸ ︷︷ ︸
firm sub-extensive margin

+ ∑
j∈Ωp

i t∩Ω
p
i t−1

mi j t −mi j t−1

mt−1︸ ︷︷ ︸
firm sub-intensive margin


︸ ︷︷ ︸

firm-intensive margin

(4.1) 705

where Ω f
t is the set of firms importing in period t , Ωp

i t is the set of products imported by firm i 706

at time t and mi j t is the imported volume of product j by firm i . The firm sub-intensive margin 707

captures the extent to which firms change firm-level imports by importing a different amount of 708

the set of varieties they already import, while the firm sub-extensive margin measures the extent 709

to which firms change firm-level imports by changing the set of varieties being imported. Figure 710

4 indicates that the firm sub-intensive and firm sub-extensive margins each explain around 50% 711

of the firm-intensive margin in both countries. More importantly, the relative importance of the 712

sub-intensive versus the sub-extensive margins differs greatly across the firm-size distribution. To 713

illustrate this, Figure 5 shows the importance of the firm sub-intensive margin as a share of the 714

firm-intensive margin for different firm-size percentiles. As we move from the lower end of the 715

firm-size distribution to the upper tail of the firm-size distribution, the importance of the firm 716

sub-intensive margin increases, but it turns out that even the largest importers adjust both on the 717

firm sub-intensive and firm sub-extensive margin. 718

The model also generates a positive relationship between firm size and the importance of the 719

firm-sub-intensive margin in response to a commodity price shock. 720

Proposition 5 (Firm sub-intensive vs firm sub-extensive margin). Conditional on a commodity 721

price shock p$
X t , the model with heterogeneous firms predicts that the share of the sub-intensive 722

margin relative to the overall change to total dollar-imports per firm is given by 723

µ
1−µνpH −νq H

µ
1−µνpH −νq H + (ε−1)

(
νpH +νq H + 1

1−γDi

σ−1
ε−1−γ(σ−1)

(κ−(σ−1))−1

(1−κ̃H)
(
1−γσ−1

σ

)+(1−H)σ−1
σ

) 724
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Figure 4: Trade Adjustment Margins
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(b) Colombia

Chile
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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
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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

imports. Consequently, we can map any percentile to a productivity level ϕp = (1−p)−
1
κϕM t and each productivity

level in turn to its domestic input share γDp , 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 share γDi . 725

Proof. See Appendix F. 726

In proposition 5, we focus on commodity price shocks for two reasons. First, section ?? 727

indicates that these shocks account for most movements in the terms-of-trade. Second, in response 728

to a commodity price, the change in the firm-sub-intensive and firm-sub-extensive margins has 729

the same sign which makes the ratio of the two margins interpretable as shares.22 Figure 5 shows 730

that the model closely matches the slope in the data even though this moment is not targeted in 731

the calibration. 732

Manufacturing TFP Finally, there are several papers that present evidence of changes in aggregate 733

productivity through reallocation across firms in response to terms-of-trade shocks (e.g. Pavcnik 734

(2002) and Halpern et al. (2015)). The model with heterogeneous trade adjustment is capable 735

of generating endogenous movements in manufacturing TFP in response to terms of trade and 736

interest rate shocks as well. 737

Proposition 6 (The need for selection). Across all models, 738

1. the aggregate production function in the manufacturing sector is given by: 739

YDt = ADt︸︷︷︸
Technology

LDt
1−γXDt

1−γ︸ ︷︷ ︸
Factor use

∫ ∞

ϕ

(
ϕi

(
LDt

(
ϕ

)
LDt

)1−γ (
XDt

(
ϕ

)
XDt

)γ)σ−1
σ

d
(
ϕ

)
σ
σ−1

︸ ︷︷ ︸
Allocative efficiency

740

2. In the absence of selection, the heterogeneous manufacturing sector can be replaced by a 741

representative producer with the following productivity level. 742

ϕD =ϕ
 κ

κ− (σ−1)(ε−1)
ε−1−γ(σ−1)


ε−1−γ(σ−1)
(σ−1)(ε−1)

743

Proof. See Appendix F. 744

The aggregate production function in the manufacturing section is composed of three elements 745

that map into the framework of Baqaee & Farhi (2020). The first term is the technology term, namely 746

exogenous productivity in the manufacturing sector. The second term captures the contribution of 747

input and factor use to output. LDt accounts for productive labor in manufacturing and XDt is an 748

intermediate input aggregator that accounts for total input use.23 Finally, the allocative efficiency 749

22In 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.

23Even 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 750

productive firms (high ϕ) are allocated more labor and inputs, output increases above and beyond 751

the increase in aggregate labor and inputs allocated to the manufacturing sector. 752

In the absence of changes in the productivity cut-off for importing the model collapses back 753

into a representative-producer framework in which terms-of-trade shocks do not have first-order 754

effects on aggregate productivity as in Kehoe & Ruhl (2008). It follows that heterogeneity, fixed 755

costs, and roundabout production are necessary, but not sufficient conditions for terms-of-trade 756

shocks to induce aggregate productivity effects. Instead, in this model, endogenous selection into 757

importing is also necessary to generate endogenous movements in TFP.24
758

4.3 Quantitative importance of terms-of-trade shocks 759

After establishing that the model with heterogeneous trade adjustment captures key facts of hetero- 760

geneous trade adjustment, we turn to quantitatively evaluating each model’s prediction regarding 761

the relative importance of terms-of-trade shocks. More specifically, theorem 2 enables us to esti- 762

mate the relative importance of terms of trade shocks to total factor productivity shocks for any 763

ratio of their variances. Regardless of the specific values for these variances, we can determine the 764

relative impact of TOT shocks compared to productivity shocks in the models we consider. 765

We present the results from the rule-of-thumb exercise in Table 2. We have two main takeaways. 766

First, conditional on the structural parametersΘ, the last column of Panel A of Table 2 shows that 767

the benchmark SOE-ITBC model understates the importance of the terms of trade by a factor of two 768

to five when compared to a model with heterogeneous trade adjustment, depending on whether we 769

consider the upper or lower bound of the shares. Comparing across the models, thirty-four percent 770

of the gap is explained by moving from a benchmark SOE-IRBC economy to an economy in which 771

the manufacturing sector competes under monopolistic competition. An additional sixty-two is 772

explained by introducing increasing returns to importing. The inclusion of a selection mechanism 773

in the model makes up for the remaining four percent. According to Proposition 2, these differences 774

either originate from differences in the imports-to-consumption ratio or from differences in the 775

distortion term. To this end, Table 2 presents the steady-state level of trade openness, H m , and the 776

size of the distortion term,Λm(H ,Θ) alongside the value of the terms-of-trade elasticity, νc
(
H ,Θ̃

)
. 777

In addition, we provide the ratio of steady-state trade openness in each of the models to the one 778

in the benchmark SOE-IRBC model and the ratio of each model’s terms-of-trade elasticity to the 779

terms-of-trade elasticity in the benchmark SOE-IRBC model.25 From comparing these relative 780

quantities, it is clear that the main driver of the differences in the models originates from the 781

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.

25Because the imports-to-consumption ratio is given by µγH m (Θ), 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

Model H m H m/H I RBC Λm(H ,Θ) νm
c

(
H ,Θ̃

) νm
c (H ,Θ̃)

νIRBC
c (H ,Θ̃)

V
(
cSt |p$

M t ,p$
X t

)
V(cSt |aDt ,pSt )

PANEL A: CONDITIONAL ON Θ
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 m(Θ)
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 onΘ” shows considers
the experiment in which we keep the set of structural parameters fixed and allow changes in the value of νc both
because the expression differs across the models and because the trade openness changes. In the panel “conditional
on H m(Θ)”, 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,Λm (), the value for the general
equilibrium elasticity, νc

(
H ,Θ̃

)
, and the upper and lower bound on the relative importance of terms-of-trade shocks in

explaining consumption volatility, given by

V
(
cSt |p$

M t , p$
X t

)
V

(
cSt |aDt , pSt

) = σ2
X

σ2
A

(
νc

(
H ,Θ̃

))2

σ2
S

σ2
D
+

(
µ−νc (H ,Θ̃)

1−γ
)2 .

The upper and lower bound correspond to the cases where σ2
S /σ2

D 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 782

words, most of the difference can be attributed to the equilibrium values of trade openness. 783

Second, the importance of steady-state trade openness also suggests that the predictions of the 784

different models regarding the importance of terms-of-trade shocks relative to productivity shocks 785

in explaining consumption volatility might be reduced if we were to ensure that each model predicts 786

the same level of steady-state level of trade openness. To examine this, we redo the quantitative 787

exercise and ensure that all models are calibrated to generate the state-state openness level of 788

the complete model. We implement this by appropriately changing the home-bias parameter.26
789

Indeed, when we compare the predictions regarding the relative importance of terms-of-trade 790

shocks in explaining consumption volatility in panel B, the differences across the models essentially 791

vanish. In this case, neither does the imports-to-consumption ratio vary, which is by construction, 792

nor does the distortion term quantitatively vary across the models. We take this as evidence that as 793

long as one appropriately targets steady-state trade openness, introducing distortions to account 794

for micro-moments of trade adjustment does not meaningfully affect the relative importance of 795

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.
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terms-of-trade shocks in the models we consider. 796

5 Conclusion 797

In this paper, we examine whether accounting for heterogeneous trade adjustment across firms in a 798

benchmark SOE-IRBC model changes the importance of terms-of-trade shocks relative to sectoral 799

TFP shocks in explaining consumption volatility in commodity-exporting countries. We develop a 800

small open economy model in which the country exports an endowment stream of commodities, 801

imports intermediate inputs to be used in producing manufacturing output, and produces the final 802

good in a downstream sector. Domestic manufacturing producers, with varying productivity levels, 803

self-select into importing but must pay a fixed cost for each imported intermediate input variety. 804

This results in an equilibrium where more productive domestic manufacturing producers are more 805

susceptible to exchange rate fluctuations and adjust by adjusting both on the firm-sub-intensive 806

and firm-sub-extensive margins. We demonstrate that the model encompasses simpler cases 807

found in the literature, including standard SOE-IRBC models, models with homogeneous firms 808

competing under monopolistic competition, and models with increasing returns to importing. 809

We show that the equilibria of the benchmark SOE-IRBC model and the model with hetero- 810

geneous trade adjustment and all the models in between can be represented by one non-linear 811

equation in one endogenous variable, the economy’s trade openness as it captures the extent to 812

which production of final consumption depends on imported intermediate inputs. We show that, 813

in the steady-state equilibrium, the added frictions lead to a more open economy, as manufactur- 814

ing producers try to avoid double marginalization at home and increase imports in response. In 815

addition, up to a first-order, the dynamics of the models can be summarized in a common struc- 816

ture. In particular, changes in consumption and changes in the real exchange rate in response to 817

changes in openness are captured by two partial-equilibrium elasticities whose values depend on 818

the particular model. Moreover, the same two partial equilibrium elasticities collectively make up 819

the terms-of-trade elasticity that controls the relative importance of terms-of-trade shocks com- 820

pared to TFP shocks in explaining consumption volatility across the models. 821

To understand whether models that account for micro-moments of heterogeneous trade 822

adjustment across firms have different predictions for the relative importance of terms-of-trade 823

shocks, we conduct two experiments. Conditional on the structural parameters of the model, we 824

find that considering these micro-moments increases the significance of terms-of-trade shocks by 825

a factor of two to five. This difference is mostly explained by the introduction of monopolistic 826

competition and increasing returns to importing which increases the incentives to import. While 827

the introduction of heterogeneity and selection is essential to capture micro-moments of 828

heterogeneous trade adjustment, it does not meaningfully change the relative importance of 829

terms-of-trade shocks relative to a model with monopolistic competition and increasing returns to 830

importing. Conditional on the steady-state trade openness of the economy, the different models 831

attribute roughly an equal importance to terms-of-trade shocks in explaining consumption 832
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volatility. Taken together, these two experiments imply that the introduction of frictions to account 833

for realistic firm-level trade adjustment only has a limited impact on the model’s ability to generate 834

consumption volatility from terms-of-trade shocks. This is because a benchmark SOE-IRBC model 835

calibrated to the same steady-state trade openness generates the same relative importance of 836

terms-of-trade shocks relative to sectoral TFP shocks in explaining consumption volatility 837

compared to a model with heterogeneous trade adjustment. 838
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A Descriptive statistics 921

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

σxt−1,xt σx σxt−1,xt σx σx y σx y

yt 0.619 2.160 0.556 2.679 1.000 1.000

ct 0.507 3.913 0.578 3.010 0.884 1.000 0.914 1.000

tbt -0.197 -0.156 1.000 0.039 0.050 1.000

qt 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 922

B.1 Final goods sector 923

The final goods sector is made up of homogeneous producers that combine labor (LSt ) with the 924

final manufacturing output (YSt ) to produce the final consumption good YSt . They have access to 925

the following technology: 926

YSt = ASt L1−µ
St X µ

St 927

Services producers solve the following cost minimization problem: 928

min
LSt ,XSt

Wt LSt +PDt XSt

s.t. YSt = ASt L1−µ
St X µ

St

929

This yields the following first-order conditions 930

Wt LSt = (1−µ)MCSt YSt and PDt XSt =µMCSt YSt 931

and the following marginal cost function: 932

MCSt = 1

ASt

Wt
1−µPDt

µ

(1−µ)1−µµµ
933

Because services producers compete in a perfectly competitive manner, they price to marginal cost. 934

Therefore the price of services is given by: 935

PSt = 1

ASt

Wt
1−µPDt

µ

(1−µ)1−µµµ
(B.1) 936

B.2 Manufacturing sector 937

The equilibrium manufacturing price index depends on the assumed production structure. We 938

consider four options: (1) Homogeneous firms that compete under perfect competition and do not 939

have access to an increasing returns to scale importing technology, (2) Homogeneous firms that 940

compete under monopolistic competition and do not have access to an increasing returns to scale 941

importing technology, (3) Homogeneous firms that compete under monopolistic competition and 942

have access to an increasing returns to scale importing technology, (4) heterogeneous firms that 943

compete under monopolistic competition and that can self-select into an increasing returns to 944

scale importing technology. 945
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B.2.1 Homogeneous firms under perfect competition 946

In this section, we provide the derivations for the model where domestic manufacturers are Homo- 947

geneous in their productivity and where the importing technology is not subject to economies of 948

scale. Manufacturers compete under monopolistic competition and have access to the following 949

technology: 950

YDi t =ϕD ADt L1−γ
Di t X γ

Di t where XDi t =
(
ω

1
εQ

ε−1
ε

Di t + (1−ω)
1
εQ

ε−1
ε

Mi t

) ε
ε−1

951

Optimal conditional input allocation They solve a two-tiered cost minimization problem: 952

min
LDi t ,XDi t

Wt LDi t +PX t XDi t

s.t. YDi t =ϕD ADt L1−γ
Di t X γ

Di t

XDi t =
(
ω

1
εQ

ε−1
ε

Di t + (1−ω)
1
εQ

ε−1
ε

Mi t

) ε
ε−1

953

The first-order conditions for the cost minimization problem are the following. In the upper tier, 954

manufacturing firms choose the optimal labor-intermediate inputs bundle (LDi t , XDi t ) subject to 955

input prices Wt and PX i t . The first-order conditions are given: 956

Wt LDi t = (1−γ)MCDi t YDi t and PX i t XDi t = γMCDi t YDi t 957

In the lower tier, manufacturers decide on the optimal mix of domestic and imported intermediate 958

inputs (QDi t ,QMi t ) given inputs prices PDt and Et P $
M t , both denominated in domestic currency. 959

The first-order conditions from the second-tier problem are given by: 960

PDtQDt =ω
(

PX i t

PDt

)ε−1

PX t XDt and Et p$
M tQMi t = (1−ω)

(
PX i t

Et p$
M t

)ε−1

PX i t XDi t 961

Given that these prices do not depend on the identity of the firm, we can drop the i subscript and 962

combine them to write the marginal cost function as: 963

MCDt = 1

ϕD

1

ADt

Wt
1−γPX t

γ

(1−γ)1−γγγ
where PX t =

(
ωPDt

1−ε+ (1−ω)Et p$
M t

1−ε) 1
1−ε

964

Manufacturing price index Combining the fact that PDi t = MCDi t the expression for the marginal 965

cost function and the fact that manufacturers are assumed to be identical, we obtain the aggregate 966
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price index for manufacturing goods. 967

PDt ≡
(∫

i
P 1−σ

Di t

) 1
1−σ

di

=
(∫

i
(MCDi t )1−σdi

) 1
1−σ

=


∫

i

 1

ϕD

1

ADt

Wt
1−γ

(
ωPDt

1−ε+ (1−ω)PMi t
1−ε

) γ
1−ε

(1−γ)1−γγγ


1−σ

di


1

1−σ

= 1

ϕD

1

ADt

Wt
1−γ

(
ωPDt

1−ε+ (1−ω)PM t
1−ε

) γ
1−ε

(1−γ)1−γγγ

(B.2) 968

B.2.2 Homogeneous firms under monopolistic competition 969

In this section, we provide the derivations for the model where domestic manufacturers are homo- 970

geneous in their productivity and where the importing technology is not subject to economies of 971

scale. Manufacturers compete under monopolistic competition and have access to the following 972

technology: 973

YDi t =ϕD ADt L1−γ
Di t X γ

Di t where XDi t =
(
ω

1
εQ

ε−1
ε

Di t + (1−ω)
1
εQ

ε−1
ε

Mi t

) ε
ε−1

974

Optimal conditional input allocation They solve a two-tiered cost minimization problem: 975

min
LDi t ,XDi t

Wt LDi t +PX t XDi t

s.t. YDi t =ϕD ADt L1−γ
Di t X γ

Di t

XDi t =
(
ω

1
εQ

ε−1
ε

Di t + (1−ω)
1
εQ

ε−1
ε

Mi t

) ε
ε−1

976

The first-order conditions for the cost minimization problem are the following. In the upper tier, 977

manufacturers choose the optimal labor-intermediate inputs bundle (LDi t , XDi t ) subject to input 978

prices Wt and PX i t . The first-order conditions are given: 979

Wt LDi t = (1−γ)MCDi t YDi t and PX i t XDi t = γMCDi t YDi t 980

In the lower tier, manufacturers decide on the optimal mix of domestic and imported intermediate 981

inputs (QDi t ,QMi t ) given inputs prices PDt and Et P $
M t , both denominated in domestic currency. 982
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The first-order conditions from the second-tier problem are given by: 983

PDtQDt =ω
(

PX i t

PDt

)ε−1

PX t XDt and Et p$
M tQMi t = (1−ω)

(
PX i t

Et p$
M t

)ε−1

PX i t XDi t 984

Given that these prices do not depend on the identity of the firm, we can drop the i subscript and 985

combine them to write the marginal cost function as: 986

MCDt = 1

ϕD

1

ADt

Wt
1−γPX t

γ

(1−γ)1−γγγ
where PX t =

(
ωPDt

1−ε+ (1−ω)Et p$
M t

1−ε) 1
1−ε

987

Manufacturing price index Combining the fact that PDt = σ
σ−1 MCDt , the expression for the 988

marginal cost function and the fact that manufacturers are assumed to be identical, we obtain the 989

aggregate price index for manufacturing goods. 990

PDt ≡
(∫

i
P 1−σ

Di t

) 1
1−σ

di

=
(∫

i

( σ

σ−1
MCDi t

)1−σ
di

) 1
1−σ

= σ

σ−1


∫

i

 1

ϕD

1

ADt

Wt
1−γ

(
ωPDt

1−ε+ (1−ω)PMi t
1−ε

) γ
1−ε

(1−γ)1−γγγ


1−σ

di


1

1−σ

= σ

σ−1

1

ϕD

1

ADt

Wt
1−γ

(
ωPDt

1−ε+ (1−ω)PM t
1−ε

) γ
1−ε

(1−γ)1−γγγ

(B.3) 991

B.2.3 Homogeneous firms under monopolistic competition and IRS importing 992

In this section, we provide the derivations for the model where domestic manufacturers are Homo- 993

geneous in their productivity and where the importing technology is subject to economies of scale. 994

Manufacturers have access to the following technology: 995

YDi t =ϕD ADt L1−γ
Dt X γ

Di t

where XDi t =
(
ω

1
εQ

ε−1
ε

Di t + (1−ω)
1
εQ

ε−1
ε

Mi t

) ε
ε−1

and QMi t =
(∫

k∈|Li t |
qMki t

θ−1
θ dk

) θ
θ−1 996

The optimal production strategy is determined in two steps. First, conditional on the sourcing 997

strategy |Li t |, manufacturers choose the cost-minimizing bundle of labor and intermediate inputs 998

and the cost-minimizing bundle of domestic and foreign intermediate inputs for each level of 999

output. Second, given this production structure manufacturers determine the optimal measure 1000

|Li t | 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
LDi t ,XDt

∣∣|Li t |
Wt LDi t +PX t XDi t

s.t. YDi t =ϕD ADt L1−γ
Di t X γ

Di t

XDi t =
(
ω

1
εQ

ε−1
ε

Di t + (1−ω)
1
εQMi t (|Li t |)

ε−1
ε

) ε
ε−1

1003

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 (LDi t , XDi t ) subject to input 1005

prices Wt and PX t . The first-order conditions are given: 1006

Wt LDi t = (1−γ)MCDi t YDi t and PX i t XDt = γMCDi t YDi t 1007

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

inputs (QDi t ,QMi t (|Li t |)) given inputs prices PDt and PMi t (|Li t |), both denominated in domestic 1009

currency. The first-order conditions from the second-tier problem are given by: 1010

PDtQDi t =ω
(

PX i t

PDt

)ε−1

PX i t Xi Dt and PMi tQMi t = (1−ω)

(
PX i t

PMi t (|Li t |)
)ε−1

PX i t XDi t 1011

These first-order conditions can be combined to write the marginal cost function as: 1012

MCDi t = 1

ϕD

1

ADt

Wt
1−γPX i t

γ

(1−γ)1−γγγ
where PX i t =

(
ωPDt

1−ε+ (1−ω)PMi t (|Li t |)1−ε
) 1

1−ε
1013

Sourcing strategy Given the optimal production structure conditional on the sourcing strategy, 1014

we now solve for the optimal sourcing strategy assuming that firms choose the sourcing strategy 1015

that maximizes their profits: 1016

max
|Li t |

(PDi t −MCDi t )Yi t −Wt f |Li t | 1017

s.t. MCDi t = 1

ADt

1

ϕD

Wt
1−γPX i t

γ

γγ(1−γ)1−γ 1018

PX i t =
[
ωPDt

1−ε+ (1−ω)
(
Et P $

M t

)1−ε |Li t |
] 1

1−ε
1019

YDt =
(

PDi t

PDt

)−σ
(XSt +QDt ) 1020

PDi t = σ

σ−1
MCDi t 1021
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where we have used the assumption that θ = ϵ such that PM t = Et p$
M t |Li t | 1

ε−1 or when all 1022

constraints are substituted in 1023

max
|Li t |

1

σ−1

( σ

σ−1

)−σ
Pσ

Dt (XSt +QDt )·[
1

ADt

1

ϕD

Wt
1−γ

(1−γ)1−γγγ

(
ωPDt

1−ε+ (1−ω)
(
Et P $

M t

)1−ε |Li t |
) γ

1−ε
]1−σ

−Wt f |Li t |
1024

Now we propose a change of variables in the maximization problem. Let 1025

Zt =
(
ωPDt

1−ε+ (1−ω)PM t
1−ε|Li t |

)γσ−1
ε−1 ⇒|Li t | = Zt

ε−1
γ(σ−1) −ωPDt

1−ε

(1−ω)
(
Et P $

M t

)1−ε 1026

such that the maximization problem becomes 1027

max
Zt

1

σ−1

( σ

σ−1

)−σ
PDt

σ(XSt +QDt )

[
1

ADt

1

ϕD

Wt
1−γ

(1−γ)1−γγγ

]1−σ
Zt −Wt f

Zt
ε−1

γ(σ−1) −ωPDt
1−ε

(1−ω)
(
Et P $

M t

)1−ε 1028

The first-order condition of this problem is the following. 1029

1

σ−1

( σ

σ−1

)−σ
PDt

σ(XSt +QDt )

[
1

ADt

1

ϕD

Wt
1−γ

(1−γ)1−γγγ

]1−σ

−Wt f
ε−1

γ(σ−1)

Zt
ε−1

γ(σ−1)−1

(1−ω)
(
Et P $

M t

)1−ε = 0
1030

Hence we have an expression for Zt : 1031

Z
ε−1−γ(σ−1)
γ(σ−1)

t = 1

σ−1

( σ

σ−1

)−σ γ(σ−1)

ε−1

PDt
σ(XSt +QDt )

f Wt
(1−ω)·

(
Et P $

M t

)1−ε[
1

ADt

1

ϕD

Wt
1−γ

(1−γ)1−γγγ

]1−σ 1032

and consequently 1033

(
ωPDt

1−ε+ (1−ω)
(
Et P $

M t

)1−ε |Li t |
) ε−1−γ(σ−1)

ε−1

=
( σ

σ−1

)−σ γ

ε−1

PDt
σ(XSt +QDt )

f Wt
(1−ω)

(
Et P $

M t

)1−ε[
1

ADt

1

ϕD

Wt
1−γ

(1−γ)1−γγγ

]1−σ 1034
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We can then solve for the measure of imported varieties. 1035

|Li t | =
[( σ

σ−1

)−σ γ(1−ω)
γ(σ−1)
ε−1

ε−1

PDt
σ(XSt +QDt )

f Wt

(
1

ADt

1

ϕD

Wt
1−γPγ

M t

(1−γ)1−γγγ

)1−σ] ε−1
ε−1−γ(σ−1)

− ω

1−ω

(
PDt

Et P $
M t

)1−ε 1036

This expression does not depend on the identity of the firm and therefore all firms have the same 1037

sourcing strategy. At the same time, this expression defines the minimal level of productivity ϕD 1038

necessary for firms to import and to cover the fixed costs. This is found at |Li t |(ϕM t ) = 0: 1039

ϕM t =
( σ

σ−1

) σ
σ−1

(
γ(1−ω)

γ(σ−1)
ε−1

ε−1

PDt
σ(XSt +QDt )

f Wt

)− 1
σ−1

·

1

ADt

Wt
1−γEt P $

M t

γ

(1−γ)1−γγγ

[
ω

1−ω

(
PDt

Et P $
M t

)1−ε] ε−1−γ(σ−1)
(σ−1)(ε−1)

1040

We can use this expression to write the measure of imported inputs more succinctly as a function 1041

of the importing cutoff where we drop the subscript i : 1042

|Lt | = ω

1−ω

(
PDt

Et P $
M t

)1−ε[(
ϕD

ϕM t

) (σ−1)(ε−1)
ε−1−γ(σ−1) −1

]
1043

We can then use this result to solve for firm-specific input prices and unit costs, respectively. We 1044

have that 1045

PX t =
(
ϕM t

ϕD

) σ−1
ε−1−γ(σ−1)

ω
1

1−ε PDt 1046
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Manufacturing price index Combining the fact that PDi t = σ
σ−1 MCDi t , the expression for the 1047

marginal cost function and the fact that manufacturers are assumed to be identical, we obtain the 1048

aggregate price index for manufacturing goods. 1049

PDi t ≡
(∫

i
P 1−σ

Di t

) 1
1−σ

di

=
(∫

i

( σ

σ−1
MCDi t

)1−σ
di

) 1
1−σ

= σ

σ−1


∫

i

 1

ϕD

1

ADt

Wt
1−γ

(
ϕM t
ϕD

) γ(σ−1)
ε−1−γ(σ−1)

ω
γ

1−ε Pγ

Dt

(1−γ)1−γγγ


1−σ

di


1

1−σ

PDt = σ

σ−1

1

ϕD

1

ADt

Wt
1−γ

(
ϕM t
ϕD

) γ(σ−1)
ε−1−γ(σ−1)

ω
γ

1−ε Pγ

Dt

(1−γ)1−γγγ

(B.4) 1050

B.2.4 Heterogeneous firms under monopolistic competition and IRS importing 1051

In this section, we provide the derivations for the model where domestic manufacturers are hetero- 1052

geneous in their productivity and where they can self-select into an importing technology that is 1053

subject to economies of scale. Manufacturers have access to the following technology: 1054

YDi t =ϕD ADt L1−γ
Dt X γ

Di t

where XDi t =
(
ω

1
εQ

ε−1
ε

Di t + (1−ω)
1
εQ

ε−1
ε

Mi t

) ε
ε−1

and QMi t =
(∫

k∈|Li t |
qMki t

θ−1
θ dk

) θ
θ−1 1055

The optimal production strategy is determined in two steps. First, conditional on the sourcing 1056

strategy |Li t |, manufacturers choose the cost-minimizing bundle of labor and intermediate inputs 1057

and the cost-minimizing bundle of domestic and foreign intermediate inputs for each level of 1058

output. Second, given this production structure manufacturers determine the optimal measure 1059

|Li t | of imported intermediate input varieties subject to the fixed costs of importing. 1060

Conditional optimal input allocation They solve a two-tiered cost minimization problem: 1061

min
LDi t ,XDt

∣∣|Li t |
Wt LDi t +PX t XDi t

s.t. YDi t =ϕD ADt L1−γ
Di t X γ

Di t

XDi t =
(
ω

1
εQ

ε−1
ε

Di t + (1−ω)
1
εQMi t (|Li t |)

ε−1
ε

) ε
ε−1

1062

The first-order conditions for the cost minimization problem are the following. In the upper tier, 1063

manufacturers choose the optimal labor-intermediate inputs bundle (LDi t , XDi t ) subject to input 1064
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prices Wt and PX t . The first-order conditions are given: 1065

Wt LDi t = (1−γ)MCDi t YDi t and PX i t XDt = γMCDi t YDi t 1066

In the lower tier, manufacturers decide on the optimal mix of domestic and imported intermediate 1067

inputs (QDi t ,QMi t (|Li t |)) given inputs prices PDt and PMi t (|Li t |), both denominated in domestic 1068

currency. The first-order conditions from the second-tier problem are given by: 1069

PDtQDi t =ω
(

PX i t

PDt

)ε−1

PX i t Xi Dt and PMi tQMi t = (1−ω)

(
PX i t

PMi t (|Li t |)
)ε−1

PX i t XDi t 1070

These first-order conditions can be combined to write the marginal cost function as: 1071

MCDi t = 1

ϕD

1

ADt

Wt
1−γPX i t

γ

(1−γ)1−γγγ
where PX i t =

(
ωPDt

1−ε+ (1−ω)PMi t (|Li t |)1−ε
) 1

1−ε
1072

Sourcing strategy The end problem to be solved by the manufacturing producer after solving 1073

for optimal prices and input use is to choose a measure of imported varieties. The problem is 1074

structured as follows 1075

max
|Li t |

(pi t − ci t )Yi t −Wt f |Li t | 1076

s.t. ci t = 1

ADt

Wt
1−γPX i t

γ

γγ(1−γ)1−γ
1

ϕi
1077

PX i t =
[
ωPDt

1−ε+ (1−ω)PM t
1−ε|Li t |

] 1
1−ε

1078

Yi t =
(

pi t

PDt

)−σ
(XSt +QDt ) 1079

pi t = σ

σ−1
ci t 1080

or when all constraints are substituted in 1081

max
|Li t |

1

σ−1

( σ

σ−1

)−σ
Pσ

Dt (XSt +QDt )·[
1

ADt

Wt
1−γ

(1−γ)1−γγγ
1

ϕi

(
ωPDt

1−ε+ (1−ω)PM t
1−ε|Li t |

) γ
1−ε

]1−σ
−Wt f |Li t |

1082

Now we propose a change of variables in the maximization problem. Let 1083

Zt =
(
ωPDt

1−ε+ (1−ω)PM t
1−ε|Li t |

)γσ−1
ε−1 ⇒|Li t | = Zt

ε−1
γ(σ−1) −ωPDt

1−ε

(1−ω)PM t
1−ε 1084
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such that the maximization problem becomes 1085

max
|Li t |

1

σ−1

( σ

σ−1

)−σ
PDt

σ(XSt +QDt )

[
1

ADt

Wt
1−γ

(1−γ)1−γγγ
1

ϕi

]1−σ
Zt −Wt f

Zt
ε−1

γ(σ−1) −ωPDt
1−ε

(1−ω)PM t
1−ε 1086

The first-order condition of this problem is the following. 1087

1

σ−1

( σ

σ−1

)−σ
PDt

σ(XSt +QDt )

[
1

ADt

Wt
1−γ

(1−γ)1−γγγ
1

ϕi

]1−σ
−Wt f

ε−1

γ(σ−1)

Zt
ε−1

γ(σ−1)−1

(1−ω)P 1−ε
M t

= 0 1088

Hence we have an expression for Zt : 1089

Z
ε−1−γ(σ−1)
γ(σ−1)

t = 1

σ−1

( σ

σ−1

)−σ γ(σ−1)

ε−1

PDt
σ(XSt +QDt )

f Wt
(1−ω)PM t

1−ε
[

1

ADt

Wt
1−γ

(1−γ)1−γγγ
1

ϕi

]1−σ
1090

and consequently 1091

(
ωPDt

1−ε+ (1−ω)PM t
1−ε|Li t |

) ε−1−γ(σ−1)
ε−1

=
( σ

σ−1

)−σ γ

ε−1

PDt
σ(XSt +QDt )

f Wt
(1−ω)P 1−ε

M t

[
1

ADt

Wt
1−γ

(1−γ)1−γγγ
1

ϕi

]1−σ 1092

We can then solve for the measure of imported varieties. 1093

|Li t | =
[( σ

σ−1

)−σ γ(1−ω)
γ(σ−1)
ε−1

ε−1

PDt
σ(XSt +QDt )

f Wt

(
1

ADt

Wt
1−γPγ

M t

(1−γ)1−γγγ

)1−σ
ϕi

σ−1

] ε−1
ε−1−γ(σ−1)

− ω

1−ω
(

PDt

PM t

)1−ε
1094

We can use this expression to determine the condition under which the measure of imported 1095

varieties is increasing in productivity 1096

∂|Li |
∂ϕi

> 0 ⇔ (σ−1)(ε−1)

(ε−1)−γ(σ−1)
> 0 ⇒ γ< ε−1

σ−1
1097

and to solve for the cutoff productivity value that leads a firm to import inputs. 1098

ϕM t =
( σ

σ−1

) σ
σ−1

(
γ(1−ω)

γ(σ−1)
ε−1

ε−1

PDt
σ(XSt +QDt )

f Wt

)− 1
σ−1

1

ADt

Wt
1−γPM t

γ

(1−γ)1−γγγ

[
ω

1−ω
(

PDt

PM t

)1−ε] ε−1−γ(σ−1)
(σ−1)(ε−1)

1099

We can use this expression to solve for the measure of imported inputs as a function of the importing 1100

cutoff. 1101
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|Li t | = ω

1−ω
(

PDt

PM t

)1−ε[(
ϕi

ϕM t

) (σ−1)(ε−1)
ε−1−γ(σ−1) −1

]
1102

if ϕi >ϕM t and zero otherwise. We can then use this result to solve for firm-specific input prices 1103

and unit costs, respectively. We have that 1104

PX i t =
(
ϕM t

ϕi

) σ−1
ε−1−γ(σ−1)

ω
1

1−ε PDt 1105

if ϕi ≥ϕM t and PX i t =ω 1
1−ε PDt when ϕi <ϕM t . 1106

Manufacturing price index We combine the expression for PDt
1−σ, PXi t and aggregate across the 1107

firm size distribution: 1108

P 1−σ
Dt =

∫
i

p1−σ
i t di =

∫
i

( σ

σ−1
ci t

)1−σ
di 1109

=
∫

i

[
σ

σ−1

1

ADt

Wt
1−γPX i t

γ

γγ(1−γ)1−γ
1

ϕi

]1−σ
di 1110

=
( σ

σ−1

)1−σ (
1

ADt

Wt
1−γ

(1−γ)1−γγγ

)1−σ ∫
i

[
PX i t

γ 1

ϕi

]1−σ
di 1111

=
( σ

σ−1

)1−σ (
1

ADt

Wt
1−γ

(1−γ)1−γγγ

)1−σ{∫ ϕM t

ϕ

[
ω

1
1−ε PDt

]γ(1−σ)
ϕσ−1

i g (ϕ)dϕ 1112

+
∫ ∞

ϕM t

[(
ϕM t

ϕi

) σ−1
ε−1−γ(σ−1)

ω
1

1−ε PDt

]γ(1−σ)

ϕσ−1
i g (ϕ)dϕ

}
1113

=
( σ

σ−1

)1−σ
(

1

ADt

Wt
1−γPγ

Dt

(1−γ)1−γγγ

)1−σ
ω

γ(σ−1)
ε−1

{∫ ϕM t

ϕ
ϕσ−1

i g (ϕ)dϕ 1114

+
∫ ∞

ϕM t

(
ϕM t

ϕi

) σ−1
ε−1−γ(σ−1)γ(1−σ)

ϕσ−1
i g (ϕ)dϕ

}
1115

Now we impose that the distribution of productivities is Pareto: 1116

g (ϕ) = κϕκϕ−κ−1
1117

The first integral becomes 1118

∫ ϕM t

ϕ
ϕσ−1κϕκϕ−κ−1dϕ=

κϕκ

σ−1−κϕ
σ−1−κ|ϕM t

ϕ =
κϕκ

σ−1−κ
(
ϕM t

σ−1−κ−ϕσ−1−κ
)

1119
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while the second one becomes 1120∫ ∞

ϕM t

(
ϕM t

ϕi

) σ−1
ε−1−γ(σ−1)γ(1−σ)

ϕσ−1κϕκϕ−κ−1dϕ=
κϕκ

κ− (σ−1)(ε−1)
ε−1−γ(σ−1)

ϕσ−1−κ
M t 1121

so that prices are 1122

P 1−σ
Dt =

(
σ

σ−1
ω

γ
1−ε

1

ADt

Wt
1−γPDt

γ

(1−γ)1−γγγ

)1−σ
·ϕσ−1−κ

M t

( κϕκ

σ−1−κ +
κϕκ

κ− (σ−1)(ε−1)
ε−1−γ(σ−1)

)
−ϕσ−1−κ κϕκ

σ−1−κ

 (B.5) 1123

B.3 Trade balance and labor market clearing 1124

Combining market clearing conditions on goods markets and labor markets leads to intuitive 1125

expressions for savings and labor market clearing. These expressions depend on the assumed 1126

production and market structure in the manufacturing sector. 1127

B.3.1 Homogeneous firms under perfect competition 1128

Goods market clearing Goods market clearing implies that the demand for manufacturing 1129

output by services producers and by other manufacturing producers equals final output in the 1130

manufacturing sector and that total consumption equals output in services 1131

YDi t = XSt +
∫

j
QD j t d j , YSt =CSt 1132

Plugging in the residual demand schedules, we have 1133

YDi t = XSi t +
∫

j
QDi j t d j =

(
Pi t

PDt

)−σ
XSt +

∫
j

(
Pi t

PDt

)−σ
QD j t d j

=
(

Pi t

PDt

)−σ (
XSt +

∫
j
QD j t d j

)
=

(
Pi t

PDt

)−σ
(XSt +QDt )

1134

where QDt ≡ ∫
j QD j t d j . We can also write this in aggregate form by using the corresponding 1135

aggregation for manufacturing output as dictated by the demand system: 1136

YDt ≡
(∫

i
(YDi t )

σ−1
σ di

) σ
σ−1 =

(∫
i

((
Pi t

PDt

)−σ
(XSt +QDt )

)σ−1
σ

di

) σ
σ−1

=
(∫

i
P 1−σ

i t di

) σ
σ−1

Pσ
Dt (XSt +QDt ) = XSt +QDt

1137

where we have used the definition of the price index. 1138
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Labor market clearing Labor market clearing requires that all labor demanded by the manufac- 1139

turing and services sectors equals the supply of labor which we assume is perfectly inelastic. Be- 1140

cause manufacturing producers are Homogeneous, we can write the labor market clearing in terms 1141

of aggregate variables. 1142

Lt = LSt +
∫

i
LDi t di = LSt +

∫
i
(1−γ)

YDi t MCDi t

Wt
di

= LSt +
∫

i
(1−γ)

YDt MCDt

Wt
di = LSt +LDt

1143

Trade balance The trade balance represents the fundamental demand or supply of international 1144

foreign assets and depends on the assumed product structure. We re-write it 1145

T Bt = Et P $
X t X +Wt Lt −PtCt = Et P $

X t X +Wt (LSt +LDt )−PtCt

= Et P $
X t X + (1−µ)Pt YSt + (1−γ)PDt YDt −PtCt

= Et P $
X t X −µPtCt + (1−γ)PDt (QDt +XSt )

Now, we can re-write (QDt +XSt ) by combining the first-order condition for domestic intermediate 1146

inputs 1147

QDt ≡
∫

i
QDi t di

=
∫

i
ω

(
PX i t

PDt

)ε PX i t

PX i t
XDi t di

=
∫

i
ω

(
PX i t

PDt

)ε
γ

MCDi t

PX i t
YDi t di

=
∫

i
ω

(
PX i t

PDt

)ε
γ

MCDi t

PX i t

(
PDi t

PDt

)–σ

(QDt +XSt )di

=
∫

i
ω

(
PX i t

PDt

)ε
γ

PDi t

PX i t

(
PDi t

PDt

)–σ

(QDt +XSt )di

= γω
(

PX t

PDt

)ε Pσ
Dt

PX i t
(QDt +XSt )

∫
i

(PDi t )1–σdi

=
γω

(
PX t
PDt

)ε−1

1−γω
(

PX t
PDt

)ε−1 XSt

QDt +XSt = 1

1−γω
(

PX t
PDt

)ε−1 XSt
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Plugging this into the budget constraint yields 1148

Et P $
X t X +Wt Lt −PtCt = Et P $

X t X −µPtCt + (1−γ)
1

1−γω( PX t
PD t

)ε−1 PDt XSt

= Et P $
X t X −µPtCt + (1−γ)µ

1

1−γω( PX t
PD t

)ε−1 PtCt

= Et P $
X t X −µ

1− (1−γ)
1

1−γω( PX t
PD t

)ε−1

PtCt

= Et P $
X t X −µγ

1−ω( PX t
PD t

)ε−1

1−γω( PX t
PD t

)ε−1 PtCt

Now, we can conveniently re-write
1−ω

(
PX t
PD t

)ε−1

1−γω
(

PX t
PD t

)ε−1 using the intermediate input price index 1149

P 1−ε
X t =ωP 1−ε

Dt + (1−ω)P 1−ε
M t

1

ω

(
PX t

PDt

)1−ε
= 1+ 1−ω

ω

(
PM t

PDt

)1−ε

ω

(
PDt

PX t

)1−ε
= 1

1+ 1−ω
ω

(
PM t
PDt

)1−ε

Then we have that 1150

1−ω
(

PX t
PD t

)ε−1

1−γω
(

PX t
PD t

)ε−1 =
1− 1

1+ 1−ω
ω

(
PM t
PDt

)1−ε

1−γ 1

1+ 1−ω
ω

(
PM t
PDt

)1−ε

=
1−ω
ω

(
PM t
PDt

)1−ε

1+ 1−ω
ω

(
PM t
PDt

)1−ε−γ

= 1

1+ (1−γ) ω
1−ω

(
PM t
PDt

)ε−1

Therefore the trade balance can be written as 1151

T Bt = Et P $
X t X −µγHt PStCSt where Ht ≡ 1

1+ (1−γ) ω
1−ω

(
PM t
PDt

)ε−1 (B.6) 1152
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Note that the problem for the consumer boils down to satisfying the trade balance condition in 1153

financial autarky. In addition, note that we can write the foreign intermediate input share as: 1154

SM
t ≡ PM tQM t

PX t XDt
= 1− PDtQDt

PX t XDt
= 1−ω

(
PDt

PX t

)1−ε
=

1−ω
ω

(
PM t
PDt

)1−ε

1+ 1−ω
ω

(
PM t
PDt

)1−ε 1155

which in terms of Ht becomes: 1156

Ht = 1

1+ (1−γ) ω
1−ω

(
PM t
PDt

)ε−1

ω

1−ω
(

PM t

PDt

)ε−1

= 1−Ht

(1−γ)Ht

1−ω
ω

(
PM t

PDt

)1−ε
= (1−γ)Ht

1−Ht

1+ 1−ω
ω

(
PM t

PDt

)1−ε
= 1−γHt

1−Ht

1157

Therefore, we have that the imported intermediate input share is given by: 1158

SM
t =

1−ω
ω

(
PM t
PDt

)1−ε

1+ 1−ω
ω

(
PM t
PDt

)1−ε =
(1−γ)Ht

1−Ht

(1−γη)Ht
1−Ht

= (1−γ)Ht

1−γHt
1159

Labor market clearing - revisited

wt Lt = wt LSt +wt LDt = (1−µ)PStYSt + (1−γ)PDt YDt

= (1−µ)PStYSt + (1−γ)PDt (QDt +XSt )
1160

Now, use the fact that QDt +XSt = 1

1−γω
(

PX t
PDt

)ε−1 XSt which we can re-write in terms of Ht : 1161

Ht =
1−ω

(
PX t
PD t

)ε−1

1−γω
(

PX t
PD t

)ε−1

ω

(
PX t

PD t

)ε−1

−γω
(

PX t

PD t

)ε−1

Ht = 1−Ht

γω

(
PX t

PD t

)ε−1

= γ(1−Ht )

1−γHt

1

1−γω
(

PX t
PDt

)ε−1 = 1−γHt

1−γ

1162
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Inserting this expression, we arrive at the labor market clearing condition 1163

Wt Lt = (1−µ)PStYSt + (1−γ)PDt (QDt +XSt ) = (1−µ)PStYSt + (1−γ)
1−γHt

1−γ PDt XSt

= (1−µ)PStYSt + (1−γ)
1−γHt

1−γ µPSt YSt =
(
1−µ+µ−µγHt

)
PSt YSt

1164

Using goods market clearing for final goods YSt = CSt , we arrive at the labor market clearing 1165

condition: 1166

Wt Lt = X1
(
χ1 −µγHt

)
PStCSt where X1 = 1, χ1 = 1 (B.7) 1167

In addition, note that we can write labor allocated to the service sector solely as a function of Ht as 1168

well: 1169

wt Lt = X1
(
χ1 −µγHt

)
PSt YSt = X1

(
χ1 −µγHt

) Wt Lst

1−µ
LSt = 1−µ

χ1 −µγHt

Lt

X1

1170

B.3.2 Homogeneous firms under monopolistic competition 1171

Goods market clearing Goods market clearing implies that the demand for manufacturing 1172

output by services producers and by other manufacturing producers equals final output in the 1173

manufacturing sector and that total consumption equals output in services 1174

YDi t = XSt +
∫

j
QD j t d j , YSt =CSt 1175

Plugging in the residual demand schedules, we have 1176

YDi t = XSi t +
∫

j
QDi j t d j =

(
Pi t

PDt

)−σ
XSt +

∫
j

(
Pi t

PDt

)−σ
QD j t d j

=
(

Pi t

PDt

)−σ (
XSt +

∫
j
QD j t d j

)
=

(
Pi t

PDt

)−σ
(XSt +QDt )

1177

where QDt ≡ ∫
j QD j t d j . We can also write this in aggregate form by using the corresponding 1178

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

YDt ≡
(∫

i
(YDi t )

σ−1
σ di

) σ
σ−1 =

(∫
i

((
Pi t

PDt

)−σ
(XSt +QDt )

)σ−1
σ

di

) σ
σ−1

=
(∫

i
P 1−σ

i t di

) σ
σ−1

Pσ
Dt (XSt +QDt ) = XSt +QDt

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- 1182

turing and services sectors equals the supply of labor which we assume is perfectly inelastic. Be- 1183
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cause manufacturing producers are Homogeneous, we can write the labor market clearing in terms 1184

of aggregate variables. 1185

Lt = LSt +
∫

i
LDi t di = LSt +

∫
i
(1−γ)

YDi t MCDi t

Wt
di

= LSt +
∫

i
(1−γ)

YDt MCDt

Wt
di = LSt +LDt

1186

Trade balance The trade balance represents the fundamental demand or supply of international 1187

foreign assets and depends on the assumed product structure. We re-write it as 1188

T Bt = Et P $
X t X +Wt Lt −PtCt = Et P $

X t X +Wt L+Πt −PtCt

= Et P $
X t X +Wt (LSt +LDt )+ 1

σ
PDt YDt −PtCt

= Et P $
X t X + (1−µ)Pt YSt + (1−γ)MCDt YDt + 1

σ
PDt YDt −PtCt

= Et P $
X t X + (1−µ)Pt YSt + (1−γ)

σ−1

σ
PDt YDt + 1

σ
PDt YDt −PtCt

= Et P $
X t X −µPtCt +

(
1

σ
+ (1−γ)

σ−1

σ

)
PDt (QDt +XSt )

1189

Now, we re-write (QDt +XSt ) combining the first-order condition for domestic intermediate inputs. 1190

QDt ≡
∫

i
QDi t di =

∫
i
ω

(
PX i t

PDt

)ε PX i t

PX i t
XDi t di =

∫
i
ω

(
PX i t

PDt

)ε
γ

MCDi t

PX i t
YDi t di

=
∫

i
ω

(
PX i t

PDt

)ε
γ

MCDi t

PX i t

(
PDi t

PDt

)–σ

(QDt +XSt )di

=
∫

i
ω

(
PX i t

PDt

)ε
γ

σ−1
σ PDi t

PX i t

(
PDi t

PDt

)–σ

(QDt +XSt )di

= γσ−1

σ
ω

(
PX t

PDt

)ε Pσ
Dt

PX i t
(QDt +XSt )

∫
i

(PDi t )1–σdi

= γσ−1

σ
ω

(
PX t

PDt

)ε−1

(QDt +XSt )

=
γσ−1

σ ω
(

PX t
PDt

)ε−1

1−γσ−1
σ
ω

(
PX t
PDt

)ε−1 XSt

QDt +XSt = 1

1−γσ−1
σ ω

(
PX t
PDt

)ε−1 XSt
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Plugging this is in 1191

Et P $
X t X +Wt Lt −PtCt = Et P $

X t X −µPtCt +
(

1

σ
+ (1−γ)

σ−1

σ

)
1

1−γσ−1
σ
ω

( PX t
PD t

)ε−1 PDt XSt

= Et P $
X t X −µPtCt +µ

(
1

σ
+ (1−γ)

σ−1

σ

)
1

1−γσ−1
σ
ω

( PX t
PD t

)ε−1 PtCt

= Et P $
X t X −µ

1−
(

1

σ
+ (1−γ)

σ−1

σ

)
1

1−γσ−1
σ
ω

( PX t
PD t

)ε−1

PtCt

= Et P $
X t X −µγσ−1

σ

1−ω( PX t
PD t

)ε−1

1−γσ−1
σ
ω

( PX t
PD t

)ε−1 PtCt

Now, we can conveniently re-write
1−ω

(
PX t
PD t

)ε−1

1−γσ−1
σ ω

(
PX t
PD t

)ε−1 using the intermediate input price index 1192

P 1−ε
X t =ωP 1−ε

Dt + (1−ω)P 1−ε
M t

1

ω

(
PX t

PDt

)1−ε
= 1+ 1−ω

ω

(
PM t

PDt

)1−ε
ω

(
PDt

PX t

)1−ε
= 1

1+ 1−ω
ω

(
PM t
PDt

)1−ε

Then we have that 1193

1−ω
(

PX t
PD t

)ε−1

1−γσ−1
σ
ω

(
PX t
PD t

)ε−1 =
1− 1

1+ 1−ω
ω

(
PM t
PDt

)1−ε

1−γσ−1
σ

1

1+ 1−ω
ω

(
PM t
PDt

)1−ε
=

1−ω
ω

(
PM t
PDt

)1−ε

1+ 1−ω
ω

(
PM t
PDt

)1−ε− σ−1
σ
γ

= 1

1+ (1−γσ−1
σ

) ω
1−ω

(
PM t
PDt

)ε−1

Therefore the trade balance can be written as 1194

T Bt = Et P $
X t X −µγσ−1

σ
Ht PStCSt where Ht ≡ 1

1+ (1−γσ−1
σ ) ω

1−ω
(

PM t
PDt

)ε−1 (B.8) 1195

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

SM
t ≡ PM tQM t

PX t XDt
= 1− PDtQDt

PX t XDt
= 1−ω

(
PDt

PX t

)1−ε
=

1−ω
ω

(
PM t
PDt

)1−ε

1+ 1−ω
ω

(
PM t
PDt

)1−ε 1198
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which in terms of Ht becomes: 1199

Ht = 1

1+ (1−γσ−1
σ

) ω
1−ω

(
PM t
PDt

)ε−1

ω

1−ω
(

PM t

PDt

)ε−1

= 1−Ht

(1−γσ−1
σ

)Ht

1−ω
ω

(
PM t

PDt

)1−ε
= (1−γσ−1

σ )Ht

1−Ht

1+ 1−ω
ω

(
PM t

PDt

)1−ε
= 1−γσ−1

σ
Ht

1−Ht

1200

Therefore, we have that the imported intermediate input share is given by: 1201

SM
t =

1−ω
ω

(
PM t
PDt

)1−ε

1+ 1−ω
ω

(
PM t
PDt

)1−ε =
(1−γσ−1

σ )Ht

1−Ht

(1−γσ−1
σ η)Ht

1−Ht

= (1−γσ−1
σ )Ht

1−γσ−1
σ Ht

1202

Labor market clearing - revisited Labor market clearing requires that all labor demanded by 1203

the manufacturing and services sectors equals the supply of labor which we assume is perfectly 1204

inelastic. We have: 1205

wt L = wt LSt +wt LDt = (1−µ)PStYSt + (1−γ)MCDt YDt

= (1−µ)PStYSt + (1−γ)
σ−1

σ
PDt (QDt +XSt )

1206

Now, use the fact that QDt +XSt = 1

1−γσ−1
σ ω

(
PX t
PDt

)ε−1 XSt which we can re-write in terms of Ht : 1207

Ht =
1−ω

(
PX t
PD t

)ε−1

1−γσ−1
σ
ω

(
PX t
PD t

)ε−1

ω

(
PX t

PD t

)ε−1

−γσ−1

σ
ω

(
PX t

PD t

)ε−1

Ht = 1−Ht

γ
σ−1

σ
ω

(
PX t

PD t

)ε−1

= γσ−1
σ (1−Ht )

1−γσ−1
σ

Ht

1−γω
(

PX t

PD t

)ε−1

= 1−γσ−1
σ

1−γσ−1
σ

Ht

1

1−γω
(

PX t
PDt

)ε−1 = 1−γσ−1
σ

Ht

1−γσ−1
σ

1208
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Inserting this expression, we arrive at the labor market clearing condition 1209

Wt L = (1−µ)PStYSt + (1−γ)
σ−1

σ
PDt (QDt +XSt )

= (1−µ)PStYSt + (1−γ)
σ−1

σ

1−γσ−1
σ Ht

1−γσ−1
σ

PDt XSt

= (1−µ)PStYSt + (1−γ)
σ−1

σ

1−γσ−1
σ Ht

1−γσ−1
σ

µPSt YSt

=
[

1−µ+µ(1−γ)
σ−1

σ

1−γσ−1
σ

Ht

1−γσ−1
σ

]
PSt YSt

= 1

1−γσ−1
σ

[
(1−µ)

(
1−γσ−1

σ

)
+µ(1−γ)

σ−1

σ
−µγ(1−γ)

σ−1

σ
Ht

]
PSt YSt

= (1−γ)
(
σ−1
σ

)2

1−γσ−1
σ

[
(1−µ)

1−γσ−1
σ

1−γ
( σ

σ−1

)2
+µ σ

σ−1
−µγHt

]
PSt YSt

1210

Using goods market clearing for final goods YSt = CSt , we arrive at the labor market clearing 1211

condition: 1212

Wt L = X2
[
χ2 −µγHt

]
PStCSt

where X2 ≡
(1−γ)

(
σ−1
σ

)2

1−γσ−1
σ

, χ2 ≡ (1−µ)
1−γσ−1

σ

1−γ
( σ

σ−1

)2
+µ σ

σ−1

(B.9) 1213

In addition, note that we can write labor allocated to the service sector solely as a function of Ht as 1214

well: 1215

wt Lt = X2
[
χ2 −µγHt

]
PStCSt = X2

[
χ2 −µγHt

] Wt Lst

1−µ
LSt = (1−µ)

χ2 −µγHt

Lt

X2

1216
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B.3.3 Homogeneous firms under monopolistic competition and IRS importing 1217

Goods market clearing Goods market clearing implies that the demand for manufacturing 1218

output by services producers and by other manufacturing producers equals final output in the 1219

manufacturing sector and that total consumption equals output in services 1220

YDi t = XSt +
∫

j
QD j t d j , YSt =CSt 1221

Plugging in the residual demand schedules, we have 1222

YDi t = XSi t +
∫

j
QDi j t d j =

(
Pi t

PDt

)−σ
XSt +

∫
j

(
Pi t

PDt

)−σ
QD j t d j

=
(

Pi t

PDt

)−σ (
XSt +

∫
j
QD j t d j

)
=

(
Pi t

PDt

)−σ
(XSt +QDt )

1223

where QDt ≡ ∫
j QD j t d j . We can also write this in aggregate form by using the corresponding 1224

aggregation for manufacturing output as dictated by the demand system: 1225

YDt ≡
(∫

i
(YDi t )

σ−1
σ di

) σ
σ−1 =

(∫
i

((
Pi t

PDt

)−σ
(XSt +QDt )

)σ−1
σ

di

) σ
σ−1

=
(∫

i
P 1−σ

i t di

) σ
σ−1

Pσ
Dt (XSt +QDt ) = XSt +QDt

1226

where we have used the definition of the price index. 1227

Trade balance The trade balance represents the fundamental demand or supply of international 1228

foreign assets and depends on the assumed product structure. We re-write this 1229

T Bt = Et P $
X t X +Wt Lt −PtCt = Et P $

X t X +Wt L+
∫

i
Πi t di −PtCt

= Et P $
X t X +Wt

(
LSt +

∫
i
(LDi t +LMi t )di

)
+

∫
i

(
1

σ
PDi t YDi t −Wt LMi t

)
di −PtCt

= Et P $
X t X +Wt LSt +Wt LDt + 1

σ
PDt YDt −PtCt

= Et P $
X t X + (1−µ)Pt YSt + (1−γ)MCDt YDt + 1

σ
PDt YDt −PtCt

= Et P $
X t X + (1−µ)Pt YSt + (1−γ)

σ−1

σ
PDt YDt + 1

σ
PDt YDt −PtCt

= Et P $
X t X −µPtCt +

(
1

σ
+ (1−γ)

σ−1

σ

)
PDt (QDt +XSt )

61



Now, we can re-write (QDt +XSt ) by combining the first-order condition for domestic intermediate 1230

inputs 1231

QDt =
∫

j
QD j t d j =

∫
j
ωγ

( PDt

PX j t

)−εMCD j t YD j t

PX j t
d j

=
∫

j
ωγ

( PDt

PX j t

)−εMCD j t

PX j t

( σ
σ−1 MC j t

PDt

)−σ
(XSt +QDt )d j

=ωγ
( σ

σ−1

)−σ
Pσ−ε

Dt (XSt +QDt )
∫

j

 1

ϕD ADt

W 1−γ
t Pγ

X j t

γγ(1−γ)1−γ

1−σ

Pε−1
X j t d j

=ωγ
( σ

σ−1

)−σ
Pσ−ε

Dt (XSt +QDt )

(
1

ϕD ADt

W 1−γ
t

γγ(1−γ)1−γ

)1−σ ∫
j

Pε−1−γ(σ−1)
X j t d j

=ωγ
( σ

σ−1

)−σ
Pσ−ε

Dt (XSt +QDt )

(
1

ϕD ADt

W 1−γ
t

γγ(1−γ)1−γ

)1−σ (
ϕM t

ϕD

)σ−1

·

ω− ε−1−γ(σ−1)
ε−1 Pε−1−γ(σ−1)

Dt

= γ
( σ

σ−1

)−σ
ω

γ(σ−1)
ε−1 Pσ−1

Dt (XSt +QDt )

(
1

ϕD ADt

W 1−γ
t Pγ

Dt

γγ(1−γ)1−γ

)1−σ (
ϕM t

ϕD

)σ−1

= γ
( σ

σ−1

)−σ
ω

γ(σ−1)
ε−1 (XSt +QDt )

(
1

ϕD ADt

W 1−γ
t Pγ

Dt

γγ(1−γ)1−γ

)1−σ (
ϕM t

ϕD

)σ−1

[
σ

σ−1

1

ϕD ADt

W 1−γ
t Pγ

Dtω
γ
ε−1

γγ(1−γ)1−γ

(
ϕM t

ϕD

) γ(σ−1)
ε−1−γ(σ−1)

]σ−1

= σ−1

σ
γ

(
ϕM t

ϕD

) (σ−1)(ε−1)
ε−1−γ(σ−1)

(XSt +QDt )

Then 1232

QDt =
σ−1
σ
γ

(
ϕM t
ϕD

) (σ−1)(ε−1)
ε−1−γ(σ−1)

1− σ−1
σ γ

(
ϕM t
ϕD

) (σ−1)(ε−1)
ε−1−γ(σ−1)

XSt ⇒ QDt +XSt = 1

1− σ−1
σ γ

(
ϕM t
ϕD

) (σ−1)(ε−1)
ε−1−γ(σ−1)

XSt
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Plug this back into the trade balance equation 1233

T Bt = Et P $
X t X −µPtCt +

(
1

σ
+ (1−γ)

σ−1

σ

)
PDt (QDt +XSt )

= Et P $
X t X −µPtCt +

(
1

σ
+ (1−γ)

σ−1

σ

)
1

1− σ−1
σ
γ

(
ϕM t
ϕD

) (σ−1)(ε−1)
ε−1−γ(σ−1)

PDt XSt

= Et P $
X t X −µ

(
1

σ
+ (1−γ)

σ−1

σ

)
1

1− σ−1
σ γ

(
ϕM t
ϕD

) (σ−1)(ε−1)
ε−1−γ(σ−1)

−1

PtCt

= Et P $
X t X −µγσ−1

σ

1−
(
ϕM t
ϕD

) (σ−1)(ε−1)
ε−1−γ(σ−1)

1− σ−1
σ
γ

(
ϕM t
ϕD

) (σ−1)(ε−1)
ε−1−γ(σ−1)

PtCt

which yields the expression for the saving: 1234

T Bt = Et P $
X t X − σ−1

σ
µγHt PStCSt , Ht ≡

1−
(
ϕM t
ϕD

) (σ−1)(ε−1)
ε−1−γ(σ−1)

1− σ−1
σ
γ

(
ϕM t
ϕD

) (σ−1)(ε−1)
ε−1−γ(σ−1)

(B.10) 1235

In addition, we can write the foreign intermediate input share as: 1236

SM
t ≡ PM tQM t

PX t XDt
= 1− PDtQDt

PX t XDt
= 1−ω

(
PDt

PX t

)1−ε

= 1−ω

 PDt

PDtω
− 1
ε−1

(
ϕM t
ϕD

) (σ−1)
ε−1−γ(σ−1)


1−ε

= 1−
(
ϕM t

ϕD

) (σ−1)(ε−1)
ε−1−γ(σ−1)

1237

which in terms of Ht becomes: 1238

Ht =
1−

(
ϕM t
ϕD

) (σ−1)(ε−1)
ε−1−γ(σ−1)

1− σ−1
σ γ

(
ϕM t
ϕD

) (σ−1)(ε−1)
ε−1−γ(σ−1)

(
ϕM t

ϕD

) (σ−1)(ε−1)
ε−1−γ(σ−1) = 1−Ht

1−γσ−1
σ Ht

1−
(
ϕM t

ϕD

) (σ−1)(ε−1)
ε−1−γ(σ−1) =

(
1−γσ−1

σ

)
Ht

1−γσ−1
σ

Ht

1239
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Therefore, we have that the imported intermediate input share is given by: 1240

SM
t =

(
1−γσ−1

σ

)
Ht

1−γσ−1
σ Ht

1241

Labor market clearing - revisited We start by re-writing demand for labor being used in the 1242

importing of intermediate input varieties. To this end, we rewrite profits and go back to the 1243

first-order condition for the optimal number of imported varieties. Profits can be written as: 1244

Πi t = 1

σ
PDi t YDi t −Wt f |λi t | = 1

σ
PDi t

(
Pi t

PDt

)−σ[
XSt +

∫
j
QD j t d j

]
−Wt f |λi t |

= 1

σ
P 1−σ

Di t

[
Pσ

Dt XSt +
∫

j
Pσ

Dt

(
PDt

PX j t

)−ε
d j

]
−Wt f |λi t | = 1

σ
P 1−σ

Di t ỸDt −Wt f |λi t |
1245

where we have defined ỸDt ≡ Pσ
Dt XSt +

∫
j Pσ

Dt

(
PDt
PX j t

)−ε
d j . The first-order condition for the optimal 1246

number of imported varieties is given: 1247

∂Πi t

∂|λi t |
−Wt f = 0

∂lnΠi t

∂|λi t |
Πi t = 0

1248

Now, 1249

∂lnΠi t

∂|λi t |
= (1−σ)

∂lnPDi t

∂|λi t |
= (1−σ)γ

∂lnPX i t

∂|λi t |
= (1−σ)γ

∂PX i t

∂|λi t |
1

PX i t

= (1−σ)γ
1

1−εP
ε
ε−1
X i t (1−ω)P 1−ε

M t
1

PX i t
= γ1−σ

1−ε (1−ω)

(
PM t

PX i t

)1−ε

= γ1−σ
1−ε (1−ω)

(
PM t |λi t | 1

1−ε

PX i t

)1−ε
1

|λi t |

= γ1−σ
1−ε (1−γi t )

1

|λi t |
∂Πi t

∂|λi t |
= γ1−σ

1−ε (1−γi t )
Πi t

|λi t |

1250

where 1−γi t ≡
(

PM t |λi t |
1

1−ε
PX i t

)1−ε
is the domestic intermediate input share. 1251
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Going back to the first-order condition, we have: 1252

Wt f = γ1−σ
1−ε (1−γi t )

Πi t

|λi t |
|λi t |Wt f = γ1−σ

1−ε (1−γi t )Πi t

LMi t Wt = γ1−σ
1−ε (1−γi t )Πi t = γ

1−ε
1−σ
σ

(1−γi t )PDi t YDi t = γ

ε−1
(1−γi t )MCDi t YDi t

= γ

1−γ
1

ε−1
(1−γi t )Wt LDi t

LMi t = γ

1−γ
1

ε−1
(1−γi t )LDi t = γ

1−γ
1

ε−1

(
1−

(
ϕM t

ϕD

) (σ−1)(ε−1)
(ε−1)−γ(σ−1)

)
LDi t

1253

where we have used the alternative expression for the domestic intermediate input share. The labor 1254

market condition becomes: 1255

Wt Lt = LSt +
∫

i
(LDi t +LMi t )di = LSt +

∫
i

[
1+ γ

1−γ
1

ε−1

(
1−

(
ϕM t

ϕD

) (σ−1)(ε−1)
(ε−1)−γ(σ−1)

)]
LDi t di

= LSt + (1−γ)
σ−1

σ

[
1+ γ

1−γ
1

ε−1

(
1−

(
ϕM t

ϕD

) (σ−1)(ε−1)
(ε−1)−γ(σ−1)

)]
PDt YDt

= (1−µ)PStCSt + (1−γ)
σ−1

σ

[
1+ γ

1−γ
1

ε−1

(
1−

(
ϕM t

ϕD

) (σ−1)(ε−1)
(ε−1)−γ(σ−1)

)]
PDt (XS +QDt )

= (1−µ)PStCSt + (1−γ)
σ−1

σ

[
1+ γ

1−γ
1

ε−1

(
1−

(
ϕM t

ϕD

) (σ−1)(ε−1)
(ε−1)−γ(σ−1)

)]
1

1− σ−1
σ γ

(
ϕM t
ϕD

) (σ−1)(ε−1)
ε−1−γ(σ−1)

PDt XSt

= (1−µ)PSt YSt + (1−γ)
σ−1

σ

[
1+ γ

1−γ
1

ε−1

(
1−

(
ϕM t

ϕD

) (σ−1)(ε−1)
(ε−1)−γ(σ−1)

)]
1

1− σ−1
σ
γ

(
ϕM t
ϕD

) (σ−1)(ε−1)
ε−1−γ(σ−1)

µPSt YSt

= (1−µ)PSt YSt +
µ(1−γ)σ−1

σ

1− σ−1
σ
γ

(
ϕM t
ϕD

) (σ−1)(ε−1)
ε−1−γ(σ−1)

PSt YSt

+µ(1−γ)
σ−1

σ

γ

1−γ
1

ε−1

1−
(
ϕM t
ϕD

) (σ−1)(ε−1)
(ε−1)−γ(σ−1)

1− σ−1
σ γ

(
ϕM t
ϕD

) (σ−1)(ε−1)
ε−1−γ(σ−1)

1256
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Now re-write 1

1−σ−1
σ γ

(
ϕM t
ϕD

) (σ−1)(ε−1)
ε−1−γ(σ−1)

as a function of Ht : 1257

Ht =
1−

(
ϕM t
ϕD

) (σ−1)(ε−1)
ε−1−γ(σ−1)

1− σ−1
σ γ

(
ϕM t
ϕD

) (σ−1)(ε−1)
ε−1−γ(σ−1)

(1− σ−1

σ
γHt )

(
ϕM t

ϕD

) (σ−1)(ε−1)
ε−1−γ(σ−1) = 1−Ht

σ−1

σ
γ

(
ϕM t

ϕD

) (σ−1)(ε−1)
ε−1−γ(σ−1) =

σ−1
σ
γ(1−Ht )

1− σ−1
σ
γHt

1− σ−1

σ
γ

(
ϕM t

ϕD

) (σ−1)(ε−1)
ε−1−γ(σ−1) = 1− σ−1

σ
γ

1− σ−1
σ
γHt

1

1− σ−1
σ γ

(
ϕM t
ϕD

) (σ−1)(ε−1)
ε−1−γ(σ−1)

= 1− σ−1
σ
γHt

1− σ−1
σ
γ

1258

Plugging this back into the labor market clearing condition 1259

Wt Lt = (1−µ)PSt YSt +µ(1−γ)
σ−1

σ

1− σ−1
σ γHt

1− σ−1
σ
γ

PSt YSt +µ(1−γ)
σ−1

σ

γ

1−γ
1

ε−1
Ht PSt YSt

=
[

(1−µ)+µ(1−γ)
σ−1

σ

1− σ−1
σ
γHt

1− σ−1
σ
γ

+µ(1−γ)
σ−1

σ

γ

1−γ
1

ε−1
Ht

]
PSt YSt

= (1−γ)
(
σ−1
σ

)2 −
σ−1
σ

ε−1

(
1− σ−1

σ γ
)

1−γσ−1
σ

 (1−µ)
(
1−γσ−1

σ

)+µ(1−γ)σ−1
σ

(1−γ)
(
σ−1
σ

)2 −
σ−1
σ

ε−1

(
1− σ−1

σ
γ
) −µγHt

PSt YSt

= (1−γ)
(
σ−1
σ

)2 −
σ−1
σ

ε−1

(
1− σ−1

σ γ
)

1−γσ−1
σ


(
(1−µ)

1−γσ−1
σ

1−γ
σ
σ−1 +µ

)
σ
σ−1

1− 1
ε−1

( σ
σ−1−γ

1−γ
) −µγHt

PSt YSt

1260

Therefore, using goods market clearing in the services sector, we can write the labor market clearing 1261

condition: 1262

Wt Lt = X3
[
χ3 −µγHt

]
PStCSt

where X3 ≡
(1−γ)

(
σ−1
σ

)2 −
σ−1
σ

ε−1

(
1− σ−1

σ γ
)

1−γσ−1
σ

, χ3 ≡

(
(1−µ)

1−γσ−1
σ

1−γ
σ
σ−1 +µ

)
σ
σ−1

1− 1
ε−1

( σ
σ−1−γ

1−γ
) (B.11) 1263

In addition, note that we can write labor allocated to the service sector solely as a function of Ht as 1264
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well: 1265

wt Lt = X3
[
χ3 −µγHt

]
PStCSt = X3

[
χ3 −µγHt

] Wt Lst

1−µ
LSt = (1−µ)

χ3 −µγHt

Lt

X3

1266

B.3.4 Heterogeneous firms under monopolistic competition and IRS importing 1267

Goods market clearing Goods market clearing implies that the demand for manufacturing 1268

output by services producers and by other manufacturing producers equals final output in the 1269

manufacturing sector and that total consumption equals output in services 1270

YDi t = XSt +
∫

j
QD j t d j , YSt =CSt 1271

Plugging in the residual demand schedules, we have 1272

YDi t = XSi t +
∫

j
QDi j t d j =

(
Pi t

PDt

)−σ
XSt +

∫
j

(
Pi t

PDt

)−σ
QD j t d j

=
(

Pi t

PDt

)−σ (
XSt +

∫
j
QD j t d j

)
=

(
Pi t

PDt

)−σ
(XSt +QDt )

1273

where QDt ≡ ∫
j QD j t d j . We can also write this in aggregate form by using the corresponding 1274

aggregation for manufacturing output as dictated by the demand system: 1275

YDt ≡
(∫

i
(YDi t )

σ−1
σ di

) σ
σ−1 =

(∫
i

((
Pi t

PDt

)−σ
(XSt +QDt )

)σ−1
σ

di

) σ
σ−1

=
(∫

i
P 1−σ

i t di

) σ
σ−1

Pσ
Dt (XSt +QDt ) = XSt +QDt

1276

where we have used the definition of the price index. 1277

Labor market clearing Labor market clearing requires that all labor demanded by the manufac- 1278

turing and services sectors equals the supply of labor which we assume is perfectly inelastic. 1279

L = LSt +
∫

i
(LDi t +LMi t )di 1280
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Trade balance The trade balance represents the fundamental demand or supply of international 1281

foreign assets and depends on the assumed product structure. We re-write this in turn: 1282

T Bt = Et P $
X t X +Wt Lt −PStCSt = Et P $

X t X +Wt L+
∫

i
Πi t di −PStCSt 1283

= Et P $
X t X +Wt

(
LSt +

∫
i
(LDi t +LMi t )di

)
+

∫
i

(
1

σ
PDi t YDi t −Wt LMi t

)
di −PStCSt 1284

= Et P $
X t X +Wt LSt +Wt LDt + 1

σ
PDt YDt −PStCSt 1285

= Et P $
X t X + (1−µ)PSt YSt + (1−γ)MCDt YDt + 1

σ
PDt YDt −PStCSt 1286

= Et P $
X t X + (1−µ)PSt YSt + (1−γ)

σ−1

σ
PDt YDt + 1

σ
PDt YDt −PStCSt 1287

= Et P $
X t X −µPStCSt +

(
1

σ
+ (1−γ)

σ−1

σ

)
PDt (QDt +XSt ) 1288

Now, we can re-write (QDt +XSt ) by combining the first-order condition for domestic intermediate 1289

inputs: 1290

QDt =
∫

j
QD j t d j =

∫
j
ω

(
PDt

PX j t

)−ε PX j t XD j t

PX j t
d j =

∫
j
ωγ

(
PDt

PX j t

)−ε MCD j t YD j t

PX j t
d j

=
∫

j
ωγ

(
PDt

PX j t

)−ε MCD j t

PX j t

(
P j t

PDt

)−σ
(XSt +QDt )d j

=
∫

j
ωγ

(
PDt

PX j t

)−ε MCD j t

PX j t

( σ
σ−1 MC j t

PDt

)−σ
(XSt +QDt )d j

=ωγ
( σ

σ−1

)−σ
Pσ−ε

Dt (XSt +QDt )
∫ ∞

ϕ

(
1

ADt

1

ϕ

W 1−γ
t PX t (ϕ)γ

γγ(1−γ)1−γ

)1−σ
Pε−1

X j t g (ϕ)dϕ

=ωγ
( σ

σ−1

)−σ
Pσ−ε

Dt (XSt +QDt )

(
1

ADt

W 1−γ
t

γγ(1−γ)1−γ

)1−σ ∫ ∞

ϕ
PX t (ϕ)ε−1−γ(σ−1)ϕσ−1g (ϕ)dϕ

=ωγ
( σ

σ−1

)−σ
Pσ−ε

Dt (XSt +QDt )

(
1

ADt

W 1−γ
t

γγ(1−γ)1−γ

)1−σ (
ω− 1

ε−1 PDt

)ε−1−γ(σ−1)

[∫ ϕM t

ϕ
ϕσ−1g (ϕ)dϕ++

∫ ∞

ϕM t

ϕσ−1
(
ϕM t

ϕ

)σ−1

g (ϕ)dϕ

]

=ω γ(σ−1)
ε−1 γ

( σ

σ−1

)−σ
Pσ−1

Dt (XSt +QDt )

(
1

ADt

W 1−γ
t Pγ

Dt

γγ(1−γ)1−γ

)1−σ

[∫ ϕM t

ϕ
ϕσ−1g (ϕ)dϕ+

∫ ∞

ϕM t

ϕσ−1
M t g (ϕ)dϕ

]

1291
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Now, we use the assumption that productivity is distributed according to a Pareto distribution: 1292

g (ϕ) = κ
(
ϕ

)κ
ϕ−κ−1, then we have that: 1293

QDt =ω
γ(σ−1)
ε−1 γ

( σ

σ−1

)−σ
Pσ−1

Dt (XSt +QDt )

(
1

ADt

W 1−γ
t Pγ

Dt

γγ(1−γ)1−γ

)1−σ

κ
(
ϕ

)κ[∫ ϕM t

ϕ
ϕσ−κ−2dϕ+ϕσ−1

M t

∫ ∞

ϕM t

ϕ−κ−1dϕ

]

=ω γ(σ−1)
ε−1 γ

( σ

σ−1

)−σ
Pσ−1

Dt (XSt +QDt )

(
1

ADt

W 1−γ
t Pγ

Dt

γγ(1−γ)1−γ

)1−σ

κ
(
ϕ

)κ[
1

σ−1−κ
(
ϕσ−1−κ

M t −ϕσ−1−κ
)
+ 1

κ
ϕσ−1−κ

M t

]

=ω γ(σ−1)
ε−1 γ

( σ

σ−1

)−σ
Pσ−1

Dt (XSt +QDt )

(
1

ADt

W 1−γ
t Pγ

Dt

γγ(1−γ)1−γ

)1−σ

κ
(
ϕ

)κ[
ϕσ−1−κ

M t

(
1

κ
− 1

κ− (σ−1)

)
+
ϕσ−1−κ

σ−1−κ

]

1294

Now use P 1−σ
Dt =

(
σ
σ−1ω

γ
1−ε 1

ADt

Wt
1−γPDt

γ

(1−γ)1−γγγ

)1−σ[
ϕσ−1−κ

M t

(
κϕκ

σ−1−κ +
κϕκ

κ− (σ−1)(ε−1)
ε−1−γ(σ−1)

)
− ϕσ−1−κ κϕκ

σ−1−κ

]
and 1295

write: 1296

QDt = γσ−1

σ
(XSt +QDt )

ϕσ−1−κ
M t

(
1
κ
− 1

κ−(σ−1)

)
+ ϕσ−1−κ

σ−1−κ

ϕσ−1−κ
M t

(
1

κ− (σ−1)(ε−1)
ε−1−γ(σ−1)

− 1
κ−(σ−1)

)
+ ϕσ−1−κ

κ−(σ−1)

= γσ−1

σ
(XSt +QDt )

(
ϕM t
ϕ

)σ−1−κ (
1
κ − 1

κ−(σ−1)

)
+ 1

σ−1−κ(
ϕM t
ϕ

)σ−1−κ (
1

κ− (σ−1)(ε−1)
ε−1−γ(σ−1)

− 1
κ−(σ−1)

)
+ 1

κ−(σ−1)

=

γσ−1
σ

(
ϕM t
ϕ

)σ−1−κ(
1
κ− 1

κ−(σ−1)

)
+ 1
σ−1−κ(

ϕM t
ϕ

)σ−1−κ(
1

κ− (σ−1)(ε−1)
ε−1−γ(σ−1)

− 1
κ−(σ−1)

)
+ 1
κ−(σ−1)

1−γσ−1
σ

(
ϕM t
ϕ

)σ−1−κ(
1
κ− 1

κ−(σ−1)

)
+ 1
σ−1−κ(

ϕM t
ϕ

)σ−1−κ(
1

κ− (σ−1)(ε−1)
ε−1−γ(σ−1)

− 1
κ−(σ−1)

)
+ 1
κ−(σ−1)

XSt

QDt +XSt = 1

1−γσ−1
σ

(
ϕM t
ϕ

)σ−1−κ(
1
κ− 1

κ−(σ−1)

)
+ 1
σ−1−κ(

ϕM t
ϕ

)σ−1−κ(
1

κ− (σ−1)(ε−1)
ε−1−γ(σ−1)

− 1
κ−(σ−1)

)
+ 1
κ−(σ−1)

XSt

1297

Plugging this back into the trade balance equation: 1298
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T Bt = Et P $
X t X −µPtCt

+
(

1

σ
+ (1−γ)

σ−1

σ

)
1

1−γσ−1
σ

(
ϕM t
ϕ

)σ−1−κ(
1
κ− 1

κ−(σ−1)

)
+ 1
σ−1−κ(

ϕM t
ϕ

)σ−1−κ(
1

κ− (σ−1)(ε−1)
ε−1−γ(σ−1)

− 1
κ−(σ−1)

)
+ 1
κ−(σ−1)

PDt XSt

= Et P $
X t X −µγσ−1

σ



1−
(
ϕM t
ϕ

)σ−1−κ(
1
κ− 1

κ−(σ−1)

)
+ 1
σ−1−κ(

ϕM t
ϕ

)σ−1−κ(
1

κ− (σ−1)(ε−1)
ε−1−γ(σ−1)

− 1
κ−(σ−1)

)
+ 1
κ−(σ−1)

1−γσ−1
σ

(
ϕM t
ϕ

)σ−1−κ(
1
κ− 1

κ−(σ−1)

)
+ 1
σ−1−κ(

ϕM t
ϕ

)σ−1−κ(
1

κ− (σ−1)(ε−1)
ε−1−γ(σ−1)

− 1
κ−(σ−1)

)
+ 1
κ−(σ−1)


PtCt

1299

Therefore, we can write the trade balance equation as: 1300

T Bt = Et P $
X t X −µγσ−1

σ
Ht PStCSt ,

where Ht ≡

(
ϕM t
ϕ

)σ−1−κ
1

1−γσ−1
σ

(
1

κ− (σ−1)(ε−1)
ε−1−γ(σ−1)

− 1
κ

)
(
ϕM t
ϕ

)σ−1−κ
1

1−γσ−1
σ

[(
1

κ− (σ−1)(ε−1)
ε−1−γ(σ−1)

− 1
κ−(σ−1)

)
+ γσ−1

σ

1−γσ−1
σ

(
1

κ− (σ−1)(ε−1)
ε−1−γ(σ−1)

− 1
κ

)]
+ 1

κ−(σ−1)

(B.12) 1301

Labor market clearing - revisited We start by re-writing demand for labor being used in the 1302

importing of intermediate input varieties. To this end, we rewrite profits and go back to the 1303

first-order condition for the optimal number of imported varieties. Profits can be written as: 1304

Πi t = 1

σ
PDi t YDi t −Wt f |λi t | = 1

σ
PDi t

(
Pi t

PDt

)−σ[
XSt +

∫
j
QD j t d j

]
−Wt f |λi t |

= 1

σ
P 1−σ

Di t

[
Pσ

Dt XSt +
∫

j
Pσ

Dt

(
PDt

PX j t

)−ε
d j

]
−Wt f |λi t | = 1

σ
P 1−σ

Di t ỸDt −Wt f |λi t |
1305

where we have defined ỸDt ≡ Pσ
Dt XSt +

∫
j Pσ

Dt

(
PDt
PX j t

)−ε
d j . 1306

The first-order condition for the optimal number of imported varieties is given: 1307

∂Πi t

∂|λi t |
−Wt f = 0

∂lnΠi t

∂|λi t |
Πi t = 0

1308
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Now, 1309

∂lnΠi t

∂|λi t |
= (1−σ)

∂lnPDi t

∂|λi t |
= (1−σ)γ

∂lnPX i t

∂|λi t |
= (1−σ)γ

∂PX i t

∂|λi t |
1

PX i t

= (1−σ)γ
1

1−εP
ε
ε−1
X i t (1−ω)P 1−ε

M t
1

PX i t
= γ1−σ

1−ε (1−ω)

(
PM t

PX i t

)1−ε

= γ1−σ
1−ε (1−ω)

(
PM t |λi t | 1

1−ε

PX i t

)1−ε
1

|λi t |
= γ1−σ

1−ε (1−γi t )
1

|λi t |

= γ1−σ
1−ε (1−γi t )

Πi t

|λi t |

1310

where 1−γi t ≡
(

PM t |λi t |
1

1−ε
PX i t

)1−ε
is the domestic intermediate input share. Going back to the first- 1311

order condition, we have: 1312

Wt f = γ1−σ
1−ε (1−γi t )

Πi t

|λi t |
|λi t |Wt f = γ1−σ

1−ε (1−γi t )Πi t

LMi t Wt = γ1−σ
1−ε (1−γi t )Πi t LMi t Wt = γ

1−ε
1−σ
σ

(1−γi t )PDi t YDi t

LMi t Wt = γ

ε−1
(1−γi t )MCDi t YDi t LMi t Wt = γ

1−γ
1

ε−1
(1−γi t )Wt LDi t

LMi t = γ

1−γ
1

ε−1
(1−γi t )LDi t = γ

1−γ
1

ε−1

(
1−

(
ϕM t

ϕ

) (σ−1)(ε−1)
(ε−1)−γ(σ−1)

)
LDi t

1313
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Now, 1314

Wt LM t ≡
∫

i
Wt LMi t di =

∫ ∞

ϕ
Wt LM t (ϕ)g (ϕ)dϕ=

∫ ∞

ϕM t

Wt LM t (ϕ)g (ϕ)dϕ

=
∫ ∞

ϕM t

γ

1−γ
1

ε−1

(
1−

(
ϕM t

ϕ

) (σ−1)(ε−1)
(ε−1)−γ(σ−1)

)
LDt (ϕ)g (ϕ)dϕ

= γ

ε−1

σ−1

σ

∫ ∞

ϕM t

(
1−

(
ϕM t

ϕ

) (σ−1)(ε−1)
(ε−1)−γ(σ−1)

)
PDt (ϕ)YDt (ϕ)g (ϕ)dϕ

= γ

ε−1

σ−1

σ
Pσ

Dt (XSt +QDt )
∫ ∞

ϕM t

(
1−

(
ϕM t

ϕ

) (σ−1)(ε−1)
(ε−1)−γ(σ−1)

)
PDt (ϕ)1−σg (ϕ)dϕ

= γ

ε−1

(
σ−1

σ

)σ
Pσ

Dt (XSt +QDt )

(
1

ADt

1

ϕ

W 1−γ
t

γγ(1−γ)1−γ

)1−σ

∫ ∞

ϕM t

(
1−

(
ϕM t

ϕ

) (σ−1)(ε−1)
(ε−1)−γ(σ−1)

)
ϕσ−1PX t (ϕ)γ(1−σ)g (ϕ)dϕ

= γ

ε−1

(
σ−1

σ

)σ
Pσ

Dt (XSt +QDt )

(
1

ADt

1

ϕ

W 1−γ
t

γγ(1−γ)1−γ

)1−σ
ω

γ(σ−1)
ε−1 Pγ(1−σ)

Dt∫ ∞

ϕM t

(
1−

(
ϕM t

ϕ

) (σ−1)(ε−1)
(ε−1)−γ(σ−1)

)
ϕσ−1

(
ϕM t

ϕ

) (σ−1)γ(1−σ)
(ε−1)−γ(σ−1)

g (ϕ)dϕ

= γ

ε−1

(
σ−1

σ

)σ
Pσ

Dt (XSt +QDt )

(
1

ADt

1

ϕ

W 1−γ
t

γγ(1−γ)1−γ

)1−σ
ω

γ(σ−1)
ε−1 Pγ(1−σ)

Dt∫ ∞

ϕM t

[(
ϕM t

ϕ

) (σ−1)γ(1−σ)
(ε−1)−γ(σ−1) −

(
ϕM t

ϕ

)σ−1
]
ϕσ−1g (ϕ)dϕ

1315

Use the assumption that productivity is distributed according to a Pareto distribution: g (ϕ) = 1316

κ
(
ϕ

)κ
ϕ−κ−1, then we have that: 1317

Wt LM t = γ

ε−1

(
σ−1

σ

)σ
Pσ

Dt (XSt +QDt )

(
1

ADt

1

ϕ

W 1−γ
t

γγ(1−γ)1−γ

)1−σ
ω

γ(σ−1)
ε−1 Pγ(1−σ)

Dt κ
(
ϕ

)κ
∫ ∞

ϕM t

[(
ϕM t

ϕ

) (σ−1)γ(1−σ)
(ε−1)−γ(σ−1) −

(
ϕM t

ϕ

)σ−1
]
ϕσ−κ−2dϕ

= γ

ε−1

(
σ−1

σ

)σ
Pσ−1

Dt PDt (XSt +QDt )

(
1

ADt

1

ϕ

W 1−γ
t Pγ

Dt

γγ(1−γ)1−γ

)1−σ
ω

γ(σ−1)
ε−1

κ
(
ϕ

)κ
ϕσ−1−κ

M t

 1

κ− (σ−1)(ε−1)
ε−1−γ(σ−1)

− 1

κ− (σ−1)



1318
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use again 1319

P 1−σ
Dt =

(
σ

σ−1
ω

γ
1−ε

1

ADt

Wt
1−γPDt

γ

(1−γ)1−γγγ

)1−σ
·

[
ϕσ−1−κ

M t

 κϕκ

σ−1−κ +
κϕκ

κ− (σ−1)(ε−1)
ε−1−γ(σ−1)

−ϕσ−1−κ κϕκ

σ−1−κ
] 1320

and write: 1321

Wt LM t = γ

ε−1

σ−1

σ
PDt (XSt +QDt )

(
ϕM t
ϕ

)σ−1−κ (
1

κ− (σ−1)(ε−1)
ε−1−γ(σ−1)

− 1
κ

)
(
ϕM t
ϕ

)σ−1−κ (
1

κ− (σ−1)(ε−1)
ε−1−γ(σ−1)

− 1
κ−(σ−1)

)
+ 1

κ−(σ−1)

= γ

ε−1

σ−1

σ
Ht PDt XSt

1322

where we have used the expression for (XSt +QDt ). Now, obtain an expression for
∫

i Wt LDi t di 1323

Wt LDt ≡
∫

i
Wt LDi t di =

∫ ∞

ϕ
Wt LDt (ϕ)g (ϕ)dϕ

=
∫ ∞

ϕ
(1−γ)

σ−1

σ
PDt (ϕ)YDt (ϕ)g (ϕ)dϕ

= (1−γ)
σ−1

σ
Pσ

Dt (XSt +QDt )
∫ ∞

ϕ
PDt (ϕ)1−σg (ϕ)dϕ

= (1−γ)
σ−1

σ
PDt (XSt +QDt )

1324

Lets re-write XSt +QDt as a function of Ht . From the definition of Ht : 13251−γσ−1

σ

(
ϕM t
ϕ

)σ−1−κ (
1
κ − 1

κ−(σ−1)

)
+ 1

σ−1−κ(
ϕM t
ϕ

)σ−1−κ (
1

κ− (σ−1)(ε−1)
ε−1−γ(σ−1)

− 1
κ−(σ−1)

)
+ 1

κ−(σ−1)

Ht

= 1−

(
ϕM t
ϕ

)σ−1−κ (
1
κ − 1

κ−(σ−1)

)
+ 1

σ−1−κ(
ϕM t
ϕ

)σ−1−κ (
1

κ− (σ−1)(ε−1)
ε−1−γ(σ−1)

− 1
κ−(σ−1)

)
+ 1

κ−(σ−1)

1326
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which becomes 1327

(
1−γσ−1

σ
Ht

) (
ϕM t
ϕ

)σ−1−κ (
1
κ − 1

κ−(σ−1)

)
+ 1

σ−1−κ(
ϕM t
ϕ

)σ−1−κ (
1

κ− (σ−1)(ε−1)
ε−1−γ(σ−1)

− 1
κ−(σ−1)

)
+ 1

κ−(σ−1)

= 1−Ht

1−

(
ϕM t
ϕ

)σ−1−κ (
1
κ
− 1

κ−(σ−1)

)
+ 1

σ−1−κ(
ϕM t
ϕ

)σ−1−κ (
1

κ− (σ−1)(ε−1)
ε−1−γ(σ−1)

− 1
κ−(σ−1)

)
+ 1

κ−(σ−1)

= 1−γσ−1
σ

1−γσ−1
σ

Ht

1(
ϕM t
ϕ

)σ−1−κ(
1
κ− 1

κ−(σ−1)

)
+ 1
σ−1−κ(

ϕM t
ϕ

)σ−1−κ(
1

κ− (σ−1)(ε−1)
ε−1−γ(σ−1)

− 1
κ−(σ−1)

)
+ 1
κ−(σ−1)

= 1−γσ−1
σ

Ht

1−γσ−1
σ

QDt +XSt =
1−γσ−1

σ Ht

1−γσ−1
σ

XSt

1328

Now, return to the labor market clearing condition. 1329

Wt Lt =Wt LSt +
∫

i
(Wt LDi t +Wt LMi t )di =Wt LSt +Wt LDt +Wt LM t

= (1−µ)PSt YSt + (1−γ)
σ−1

σ

1−γσ−1
σ

Ht

1−γσ−1
σ

PDt XSt + γ

ε−1

σ−1

σ
Ht PDt XSt

= (1−µ)PSt YSt +µ(1−γ)
σ−1

σ

1− σ−1
σ
γHt

1− σ−1
σ
γ

PSt YSt +µ(1−γ)
σ−1

σ

γ

1−γ
1

ε−1
Ht PSt YSt

=
[

(1−µ)+µ(1−γ)
σ−1

σ

1− σ−1
σ
γHt

1− σ−1
σ γ

+µ(1−γ)
σ−1

σ

γ

1−γ
1

ε−1
Ht

]
PSt YSt

= (1−γ)
(
σ−1
σ

)2 −
σ−1
σ

ε−1

(
1− σ−1

σ
γ
)

1−γσ−1
σ

 (1−µ)
(
1−γσ−1

σ

)+µ(1−γ)σ−1
σ

(1−γ)
(
σ−1
σ

)2 −
σ−1
σ

ε−1

(
1− σ−1

σ γ
) −µγHt

PSt YSt

= (1−γ)
(
σ−1
σ

)2 −
σ−1
σ

ε−1

(
1− σ−1

σ
γ
)

1−γσ−1
σ


(
(1−µ)

1−γσ−1
σ

1−γ
σ
σ−1 +µ

)
σ
σ−1

1− 1
ε−1

( σ
σ−1−γ

1−γ
) −µγHt

PSt YSt

1330
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Therefore, using goods market clearing in the services sector, we can write the labor market clearing 1331

condition: 1332

Wt Lt = X4
[
χ4 −µγHt

]
PStCSt

where X4 ≡
(1−γ)

(
σ−1
σ

)2 −
σ−1
σ

ε−1

(
1− σ−1

σ
γ
)

1−γσ−1
σ

, χ4 ≡

(
(1−µ)

1−γσ−1
σ

1−γ
σ
σ−1 +µ

)
σ
σ−1

1− 1
ε−1

( σ
σ−1−γ

1−γ
) (B.13) 1333

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

well: 1335

wt Lt = X4
[
χ4 −µγHt

]
PStCSt = X4

[
χ4 −µγHt

] Wt Lst

1−µ
LSt = (1−µ)

χ4 −µγHt

Lt

X4

1336
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C Equilibrium 1337

In this appendix, we prove that the equilibrium exists and is unique in all variations of the model 1338

studied in the paper. We combine the five main equations of the model, i.e., the manufacturing 1339

and service prices equations, the trade balance equation, the market clearing equation, and the 1340

endogenous openness equation, into a unique implicit equation in H only. 1341

C.1 Perfect competition 1342

The set of equations that determine the equilibrium is the following. 1343

PD = W 1−γPγ

D

(1−γ)1−γγγ
ω− γ

ε−1

[
1+ 1−ω

ω

(
PD

EP $
M

)ε−1]− γ
ε−1

PS = W 1−µPD
µ

(1−µ)1−µµµ

EP $
X X =µγHPSCS

W L = X1
[
χ1 −µγH

]
PSCS

H = 1

1+ (1−γ) ω
1−ω

(
EP $

M
PD

)ε−1

1344

We start by using the H equation and the services price equation and substitute them into the 1345

manufacturing price equation to solve for PD . 1346

PD = 1

ϕD

((
(1−µ)1−µµµ

)
PSP−µ

D

) 1−γ
1−µ Pγ

D

(1−γ)1−γγγ
ω− γ

ε−1

(
1−γH

1−H

) γ
1−ε

P
1

1−µ
D = ((

(1−µ)1−µµµ
)

PS
) 1

1−µ
(

1

ϕD

1

(1−γ)1−γγγ

) 1
1−γ

ω
− γ

1−γ
1
ε−1

(
1−H

1−γH

) γ
1−γ

1
ε−1

1347

Second, we use trade balance, market clearing, and final goods prices and then use the H equation 1348

again 1349

EP $
M = µγH

((
(1−µ)1−µµµ

)
PSP−µ

D

) 1
1−µ

X1
[
χ1 −µγH

] LP $
M

P $
X X(

1−H

(1−γ) ω
1−ωH

) 1
ε−1

P
1

1−µ
D = µγH

1−µγH

((
(1−µ)1−µµµ

)
PS

) 1
1−µ LP $

M

P $
X X

1350

Finally, we plug the expression for PD in to find an equation in H only as follows: 1351

(
1

ϕD

ω− γ
ε−1

(1−γ)1−γγγ

)− 1
1−γ ((

1−γ) ω

1−ω
)− 1

ε−1 LP $
M

P $
X X

µγH
ε−1
ε (1−H)−

1
1−γ

1
ε−1

(
1−γH

) γ
1−γ

1
ε−1

X1
[
χ1 −µγH

] = 1 1352
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which can be written in Proposition 1 as 1353

F PC (H ,Θ) =Λ1
1(Θ)

H
ε
ε−1 (1−γH)

γ
1−γ

1
ε−1

X1
[
χ1 −µγH

]
(1−H)

1
ε−1

1
1−γ

−1

where ΛPC(Θ) =µγ
(

1

ϕD

ω− γ
ε−1

(1−γ)1−γγγ

)− 1
1−γ ((

1−γ) ω

1−ω
)− 1

ε−1 LP $
M

P $
X X

1354

To show that at least one equilibrium exists, let F PC (H ,Θ) : [0,1] → R, which is continuous on 1355

H ∈ [0,1]. Now for any H ∈ [0,1], we have that: 1356

lim
H→0

F PC (H ,Θ) =−1 and lim
H→1

F PC (H ,Θ) =∞ 1357

then by Bolzano’s Theorem, F PC (H ,Θ) has at least one root on H ∈ [0,1]. The latter two limits follow 1358

from H
ε
ε−1 and (1− H)

1
ε−1

1
1−γ respectively. To show that the equilibrium is unique, consider the 1359

derivative of F PC (H ,Θ) with respect to H : 1360

∂F PC (H ,Θ)

∂H
= Λ

PC(Θ)

X1

(
ε
ε−1

1
H − γ

1−γ
γ
ε−1

1
1−γH + µγ

ξ1−µγH + 1
1−γ

1
ε−1

1
1−H

)
H

ε
ε−1

(
1−γH

) γ
1−γ

1
ε−1(

ξ1 −µγH
)

(1−H)
1

(ε−1)(1−γ)

= Λ
PC(Θ)

X1

(
ε
ε−1

1
H + µγ

ξ1−µγH + 1
1−γ

1
ε−1

(
1

1−H − γ2

1−γH

))
H

ε
ε−1

(
µ−H

) γ
1−γ

1
ε−1(

ξ1 −µγH
)

(1−H)
1

(ε−1)(1−γ)

> 0

Because F PC (H ,Θ) is globally increasing in H , F PC (H ,Θ) has only one root for H ∈ [0,1), which 1361

ensures the uniqueness of the equilibrium. 1362

C.2 Monopolistic competition 1363

The set of equations that determine equilibrium in the economy with monopolistic competition is 1364

the following 1365

PD = σ

σ−1

W 1−γPγ

D

(1−γ)1−γγγ
ω− γ

ε−1

[
1+ 1−ω

ω

(
PD

EP $
M

)ε−1]− γ
ε−1

1366

PS = W 1−µPD
µ

(1−µ)1−µµµ
1367

EP $
X X =µγσ−1

σ
HPSCS 1368

W L = X2
[
χ2 −µγH

]
PSCS 1369

H = 1

1+ (
1−γσ−1

σ

)
ω

1−ω

(
EP $

M
PD

)ε−1 1370
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We start by using the H equation, and the price of the final good and substitute them into the 1371

manufacturing price equation and solving it for PD . 1372

PD = σ

σ−1

1

ϕD

((
(1−µ)1−µµµ

)
PSPD

−µ
) 1−γ

1−µ Pγ

D

(1−γ)1−γγγ
ω− γ

ε−1

(
1−H

1−γσ−1
σ H

) γ
ε−1

1373

P 1−µ
D =

(
σ−1

σ
ϕD

)− 1
1−γ ((

(1−µ)1−µµµ
)
PS

) 1
1−µ

(
1

(1−γ)1−γγγ

) 1
1−γ

ω
− γ

1−γ
1
ε−1

(
1−H

1−γσ−1
σ H

) γ
1−γ

1
ε−1

1374

Second, we use trade balance, market clearing, and the price of the final good and then use the H 1375

equation again 1376

EP $
M = µγσ−1

σ H

X2
[
χ2 −µγH

] LP $
M

P $
X X

((
(1−µ)1−µµµ

)
PSPD

−µ
) 1

1−µ
1377

[
1−H(

1−γσ−1
σ

)
H

1−ω
ω

] 1
ε−1

P
1

1−µ
D = µγσ−1

σ H

X2
[
χ2 −µγH

] LP $
M

P $
X X

((
(1−µ)1−µµµ

)
PS

) 1
1−µ

1378

Finally, we solve for PD to find an equation in H only as follows 1379

(
1−ω
ω

) 1
ε−1

(
σ

σ−1

1

ϕD

ω− γ
ε−1

(1−γ)1−γγγ

) 1
1−γ [

1−H(
1−γσ−1

σ

)
H

( 1−H

1−γσ−1
σ H

) γ
1−γ

] 1
ε−1

=
µγσ−1

σ
H

LP $
M

P $
X X

X2
[
χ2 −µγH

] 1380

which when collecting terms becomes 1381

(
σ

σ−1

1

ϕD

ω− γ
ε−1

(1−γ)1−γγγ

)− 1
1−γ ((

1−γσ−1

σ

)
ω

1−ω
)− 1

ε−1 LP $
M

P $
X X

µγσ−1
σ H

ε−1
ε (1−H)−

1
1−γ

1
ε−1

(
1−γσ−1

σ H
) γ

1−γ
1
ε−1

X2
[
χ2 −µγH

] = 1

1382

which can be written in Proposition (1) as 1383

F MC (H ,Θ) =ΛMC (Θ)
H

ε
ε−1

(
1−γσ−1

σ H
) γ

1−γ
1
ε−1

X2
[
χ2 −µγH

]
(1−H)

1
ε−1

1
1−γ

−1

where ΛMC (Θ) =
(

σ

σ−1

1

ϕD

ω− γ
ε−1

(1−γ)1−γγγ

)− 1
1−γ ((

1−γσ−1

σ

)
ω

1−ω
)− 1

ε−1 LP $
M

P $
X X

µγ
σ−1

σ

1384

To show that at least one equilibrium exists, let F MC (H ,Θ) : [0,1] → R, which is continuous on 1385

H ∈ [0,1]. Now for any H ∈ [0,1], we have that: 1386

lim
H→0

F MC (H ,Θ) =−1 and lim
H→1

F MC (H ,Θ) =∞ 1387
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then by Bolzano’s Theorem, F MC (H ,Θ) has at least one root on H ∈ [0,1]. The latter two limits 1388

follow from H
ε
ε−1 and (1−H)

1
ε−1

1
1−γ respectively. To show that the equilibrium is unique, consider 1389

the derivative of F MC (H ,Θ) with respect to H : 1390

∂F MC (H ,Θ)

∂H

= Λ
MC(Θ)

X2

(
ε
ε−1

1
H − γ

1−γ
γσ−1

σ

ε−1
1

1−γσ−1
σ H

+ µγ
ξ2−µγH + 1

1−γ
1
ε−1

1
1−H

)
H

ε
ε−1

(
1−γσ−1

σ
H

) γ
1−γ

1
ε−1

(
ξ2 −µγH

)
(1−H)

1
(ε−1)(1−γ)

= Λ
MC(Θ)

X2

(
ε
ε−1

1
H + µγ

ξ2−µγH + 1
1−γ

1
ε−1

(
1

1−H −γσ−1
σ

γ

1−σ−1
σ γH

))
H

ε
ε−1

(
µ−H

) γ
1−γ

1
ε−1

(
ξ2 −µγH

)
(1−H)

1
(ε−1)(1−γ)

> 0

Because F MC (H ,Θ) is globally increasing in H , F MC (H ,Θ) has only one root for H ∈ [0,1), which 1391

ensures the uniqueness of the equilibrium. 1392

C.3 Increasing returns to importing 1393

The set of equations that determine equilibrium in the economy with increasing returns to scale in 1394

importing is the following. 1395

PD = σ

σ−1

W 1−γPγ

D

(1−γ)1−γγγ
ω− γ

ε−1
1

ϕD

(
ϕM

ϕD

) γ(σ−1)
ε−1−γ(σ−1)

1396

PS = W 1−µPD
µ

(1−µ)1−µµµ
1397

EP $
X X =µγσ−1

σ
HPSCS 1398

W L = X3
[
χ3 −µγH

]
PSCS 1399

H =
1−

(
ϕM
ϕD

) (σ−1)(ε−1)
ε−1−γ(σ−1)

1−γσ−1
σ

(
ϕM
ϕD

) (σ−1)(ε−1)
ε−1−γ(σ−1)

1400

ϕM

ϕD
= 1

ϕD

( σ

σ−1

) σ
σ−1

(
γ

ε−1
(1−ω)γ

σ−1
ε−1

Pσ−1
D

W f
PD (XS +QD )

)− 1
σ−1

1401

(
1

ADΦD

W 1−γPγ

M

(1−γ)(1−γ)γγ

)[
ω

1−ω
(

EPM

PD

)ε−1] ε−1−γ(σ−1)
(σ−1)(ε−1)

1402

We use the last equation to solve for the productivity ratio as a function of H . 1403

H −γσ−1

σ
H

(
ϕM

ϕD

) (σ−1)(ε−1)
ε−1−γ(σ−1) = 1−

(
ϕM

ϕD

) (σ−1)(ε−1)
ε−1−γ(σ−1) ⇒

(
ϕM

ϕD

) (σ−1)(ε−1)
ε−1−γ(σ−1) = 1−H

1−γσ−1
σ H

1404
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such that the price equation can be written as follows 1405

PD = σ

σ−1

W 1−γPγ

D

(1−γ)1−γγγ
ω− γ

ε−1
1

ϕD

(
1−H

1−γσ−1
σ H

) γ
ε−1

1406

leading to a similar equation as before 1407

PD = σ

σ−1

1

ϕD

((
(1−µ)1−µµµ

)
PSPD

−µ) 1−γ
1−µ Pγ

D

(1−γ)1−γγγ
ω− γ

ε−1

(
1−H

1−γσ−1
σ H

) γ
ε−1

P
1

1−µ
D =

(
σ−1

σ
ϕD

)− 1
1−γ ((

(1−µ)1−µµµ
)

PS
) 1

1−µ
(

1

(1−γ)1−γγγ

) 1
1−γ

ω
− γ

1−γ
1
ε−1

(
1−H

1−γσ−1
σ H

) γ
1−γ

1
ε−1

1408

In addition, plug the first-order condition for labor use in services and the services price index into 1409

the trade balance condition: 1410

EP $
M =µγH

(
(1−µ)1−µµµPSP−µ

D

) 1
1−µ

X3
[
χ3 −µγH

] LP $
M

P $
X X

1411

Use PD (Xs +QD ) = 1−γσ−1
σ H

1−σ−1
σ

µPSCS and to write the cut-off equation as and then use the first-order 1412

condition for labor use in services and the services price index: 1413

(
ΦM

ΦD

)
=

( σ

σ−1

) σ
σ−1

(
γ(1−ω)

γ(σ−1)
ε−1

ε−1

Pσ−1
D

W f

1−γσ−1
σ H

1− σ−1
σ

µPSCS

)− 1
σ−1

 1

ADΦD

W 1−γ
(
EP $

M

)γ
(1−γ)(1−γ)γγ


[

ω

1−ω
(

EPM

PD

)ε−1] ε−1−γ(σ−1)
(σ−1)(ε−1)

=
( σ

σ−1

) σ
σ−1

(
γ(1−ω)

γ(σ−1)
ε−1

ε−1

Pσ−1
D

f

1−γσ−1
σ H

1− σ−1
σ

L

X3
[
χ3 −µγH

])− 1
σ−1

(
(1−µ)1−µµµPs

) 1−µ
1−γ

ADΦD (1−γ)1−γγγ


( ω

1−ω
) ε−1−γ(σ−1)

(ε−1)(σ−1)
P
−

(
ε−1
σ−1+

1−γ
1−µ

)
D

(
EP $

M

) ε−1
σ−1

1414

Plug in the expression for manufacturing prices and the cut-off as a function of H and collect terms 1415

to obtain an expression solely as a function of H : 1416

µ

1−µγ
σ−1

σ

(
ω

1−ω (1−γσ−1

σ
)

) 1
ε−1

(
σ

σ−1

1

ADΦD

ω− γ
ε−1

(1−γ)1−γγγ

)(
LP $

M

P $
X X

)(
ε−1

γ

1−µ
µ

f

) 1
ε−1

(
1−µ) ε−2

ε−1 L− 1
ε−1

(1−H)−
1

1−γ
1
ε H

(
1−γσ−1

σ
H

) γ
1−γ

1
ε−1(

X3
[
χ3 −µγH

]) ε−2
ε−1

= 1

1417
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which can be written in Proposition (1) as 1418

F IRS (H ,Θ) = Λ
IRS (Θ) (1−H)−

1
1−γ

1
ε H

(
1−γσ−1

σ H
) γ

1−γ
1
ε−1(

X3
[
χ3 −µγH

]) ε−2
ε−1

−1

where ΛIRS (Θ) =
(

σ

σ−1

1

ϕD

ω− γ
ε−1

(1−γ)1−γγγ

)− 1
1−γ ((

1−γσ−1

σ

)
ω

1−ω
)− 1

ε−1 LP $
M

P $
X X

µγ
σ−1

σ
L− 1

ε−1

(
ε−1

γ

1−µ
µ

f

) 1
ε−1 (

1−µ) ε−2
ε−1

1419

To show that at least one equilibrium exists, let F IRS (H ,Θ) : [0,1] → R, which is continuous on 1420

H ∈ [0,1]. Now for any H ∈ [0,1], we have that: 1421

lim
H→0

F IRS (H ,Θ) =−1 and lim
H→1

F IRS (H ,Θ) =∞ 1422

then by Bolzano’s Theorem, F IRS (H ,Θ) has at least one root on H ∈ [0,1]. The latter two limits 1423

follow from H and (1−H)
1
ε−1

1
1−γ respectively. To show that the equilibrium is unique, consider the 1424

derivative of F IRS (H ,Θ) with respect to H : 1425

∂F IRS (H ,Θ)

∂H

= Λ
IRS(Θ)

X3

(
1
H − γ

1−γ
1
ε−1

γσ−1
σ

1−γσ−1
σ H

+ ε−2
ε−1

µγ
ξ3−µγH + 1

1−γ
1
ε

1
1−H

)
H

(
1−γσ−1

σ
H

) γ
1−γ

1
ε−1

(
ξ3 −µγH

) ε−2
ε−1 (1−H)

1
ε(1−γ)

= Λ
IRS(Θ)

X3(
1
H + ε−2

ε−1
µγ

ξ3−µγH + 1
1−γ

1
ε−1

(
ε−1
ε

1
1−H −γσ−1

σ
γ

1−σ−1
σ γH

))(
ξ3 −µγH

) ε−2
ε−1 (1−H)

1
ε(1−γ)

(
ξ2 −µγH

)
(1−H)

1
(ε−1)(1−γ)

> 0

The last inequality follows from rewriting: 1426

ε−1

ε

1

1−H
−γσ−1

σ

γ

1− σ−1
σ
γH

=
(
1− σ−1

σ
γH

)
ε−1
ε

− σ−1
σ
γ2(1−H)

(1−H)
(
1− σ−1

σ
γH

)
=

(
ε−1
ε

− σ−1
σ
γ2 − ε−1

ε
σ−1
σ
γ− σ−1

σ
γ2

)
H

(1−H)
(
1− σ−1

σ γH
)− σ−1

σ γ2(1−H)

which is positive as H ∈ [0,1] and observing that 1
H + ε−2

ε−1
µγ

ξ3−µγH > 0. This is because if ε< 2 then 1427

χ3 < 0. If ε > 2 and ε− 1 >
σ
σ−1−γ

1−γ , then χ3 > 1. If ε− 1 <
σ
σ−1−γ

1−γ , then from the definition of χ3, 1428
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ε> 1+
σ
σ−1−γ

1−γ
µγ

µγ−
(
(1−µ)

1−σ−1
σ γ

1−γ
σ
σ−1+µ

)
σ
σ−1

, which is smaller than 1 and therefore this is always satisfied. 1429

Because F IRS (H ,Θ) is globally increasing in H , F IRS (H ,Θ) has only one root for H ∈ [0,1), which 1430

ensures the uniqueness of the equilibrium. 1431

D Partial equilibrium: general structure 1432

In this section we provide the first-order linearized solutions to the non-linear equilibrium systems. 1433

We consider a first-order Taylor approximation around the steady state which we know exists and 1434

is unique in the Benchmark SOE-IRBC model, the model in which manufacturing firms compete 1435

under monopolistic competition, and the model with monopolistic competition and increasing 1436

returns to importing. In addition, we know the steady state exists and is unique in the limiting cases 1437

for κ→∞ and κ→ ε−1
ε−1−γ(σ−1) or the heterogeneous firm model with selection and we conjecture 1438

that this remains true away from these limits. 1439

D.1 Benchmark SOE-IRBC model 1440

In this section, we derive the equilibrium system for the model with homogeneous producers that 1441

compete under perfect competition. 1442

Rewriting in terms of Ht The non-linear equilibrium goods and labor markets block can be fully 1443

rewritten in terms of Ht . In this case, only the manufacturing price index needs re-writing: 1444

PDt = 1

ϕD

1

ADt

Wt
1−γ (

ωPDt
1−ε+ (1−ω)PM t

1−ε) γ
1−ε

(1−γ)1−γγγ

= 1

ϕD

1

ADt

Wt
1−γPγ

Dt

(
1+ 1−ω

ω

(
PM t
PDt

)1−ε) γ
1−ε

(1−γ)1−γγγ

1445

Using the definition of Ht , we can write 1+ 1−ω
ω

(
PM t
PDt

)1−ε
as 1446

1+ 1−ω
ω

(
PM t

PDt

)1−ε
= 1−γHt

1−Ht
1447

Thus, it can be re-written as: 1448

PDt = 1

ϕD

1

ADt

Wt
1−γPγ

Dt

(1−γ)1−γγγ
ω

γ
1−ε

[
1−γHt

1−Ht

] γ
1−ε

1449
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Given this expression for manufacturing prices, the non-linear goods and labor markets block is 1450

given by: 1451

T Bt = Et P $
X t X −µγHt PStCSt

Wt L = X1
(
χ1 −µγHt

)
PStCSt

PDt = 1

ϕD

1

ADt

Wt
1−γPγ

Dt

(1−γ)1−γγγ
ω

γ
1−ε

[
1−γHt

1−Ht

] γ
1−ε

PSt = 1

ASt

Wt
1−µPDt

µ

(1−µ)1−µµµ

Ht = 1

1+ (1−γ) ω
1−ω

(
PM t
PDt

)ε−1

1452

First-order linearization Linearizing the services price index, the labor market clearing condition, 1453

and the trade balance condition is immediate. The linearized manufacturing price index is obtained 1454

by: 1455

ln(PDt ) = ln

(
ω

γ
1−ε

ϕD

1

(1−γ)1−γγγ

)
− ln(ADt )+ (1−γ)ln(Wt )+γln(PDt )+ γ

1−ε ln

(
1−γHt

1−Ht

)
pDt =−aDt + (1−γ)wt +γpDt − γ

ε−1

[
− γH

1−γH
+ H

1−H

]
ηt

pDt =−aDt + (1−γ)wt +γpDt − γ

ε−1

[
1−γ

1−γH

H

1−H

]
ηt

1456

where small letters indicate percentage deviations from the steady state: ηt ≡ Ht−H
H . The linearized 1457

definition of Ht is given by: 1458

ln(Ht ) =−ln

[
1+ (1−γ)

ω

1−ω
(

PM t

PDt

)ε−1]

ηt =− (ε−1)

 (1−γ) ω
1−ω

(
PM
PD

)ε−1

1+ (1−γ) ω
1−ω

(
PM
PD

)ε−1

PM t −PM

PM
−

(1−γ) ω
1−ω

(
PM
PD

)ε−1

1+ (1−γ) ω
1−ω

(
PM
PD

)ε−1

PDt −PD

PD


ηt =− (ε−1)(1−H)

[
p$

M t +et −pDt

]
1459

General structure To obtain the general structure, we combine the equilibrium conditions in 1460

the following way. The price index for services yields an expression for real wages as a function of 1461

services productivity and the relative price of manufacturing goods: 1462

pSt =−aSt + (1−µ)wt +µpDt

wt −pSt = 1

1−µaSt − µ

1−µ
(
pDt −pSt

) 1463

Given this expression for real wages, we can solve for manufacturing prices as a function of the 1464
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shocks and ηt : 1465

(1−γ)pDt =−aDt + (1−γ)wt − γ

ε−1

[
1−γ

1−γH

H

1−H

]
ηt

(1−γ)
(
pDt −pSt

)=−aDt + (1−γ)
(
wt −pSt

)− γ

ε−1

[
1−γ

1−γH

H

1−H

]
ηt

=−aDt + (1−γ)

(
1

1−µaSt − µ

1−µ
(
pDt −pSt

))− γ

ε−1

[
1−γ

1−γH

H

1−H

]
ηt

pDt = aSt − 1−µ
1−γaDt − 1−µ

1−γ
γ

(ε−1)(1−H)

(1−γ)H

1−γH︸ ︷︷ ︸
≡νpH

ηt

1466

Now, use the labor market clearing condition to express final consumption 1467

cSt = wt −pSt + µγH

χ1 −µγH︸ ︷︷ ︸
≡νl H

ηt

= 1

1−µaSt − µ

1−µ
(
pDt −pSt

)+νl Hηt

= 1

1−µaSt − µ

1−µ
(

aSt − 1−µ
1−γaDt −νpHηt

)
+νl Hηt

= aSt + µ

1−γaDt +
(
νl H + µ

1−µνpH

)
︸ ︷︷ ︸

≡νcH

ηt

1468

To obtain the expenditure switching expression, we combine the relative input equation with the 1469

expression for how manufacturing prices respond to changes in openness: 1470

ηt =−(ε−1)(1−H)
[

p$
M t +et −pDt

]
=−(ε−1)(1−H)

[
p$

M t +et −pSt − (pDt −pSt )
]

=−(ε−1)(1−H)

[
p$

M t +qt −
(

aSt − 1−µ
1−γaDt −νpHηt

)]
=− (ε−1)(1−H)

1+ (ε−1)(1−H)νpH︸ ︷︷ ︸
≡1/νq H

[
p$

M t +qt −aSt + 1−µ
1−γaDt

] 1471
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D.2 Homogeneous firms under monopolistic competition 1472

In this section, we derive the equilibrium system for the model with homogeneous producers that 1473

compete under monopolistic competition. 1474

Rewriting in terms of Ht The non-linear equilibrium goods and labor markets block can be fully 1475

rewritten in terms of Ht . In this case, only the manufacturing price index needs re-writing: 1476

PDt = σ

σ−1

1

ϕD

1

ADt

Wt
1−γ (

ωPDt
1−ε+ (1−ω)PM t

1−ε) γ
1−ε

(1−γ)1−γγγ

= σ

σ−1

1

ϕD

1

ADt

Wt
1−γPγ

Dt

(
1+ 1−ω

ω

(
PM t
PDt

)1−ε) γ
1−ε

(1−γ)1−γγγ

1477

Using the definition of Ht , we can write 1+ 1−ω
ω

(
PM t
PDt

)1−ε
as 1478

1+ 1−ω
ω

(
PM t

PDt

)1−ε
= 1−γσ−1

σ Ht

1−Ht
1479

Thus, it can be re-written as: 1480

PDt = σ

σ−1

1

ϕD

1

ADt

Wt
1−γPγ

Dt

(1−γ)1−γγγ
ω

γ
1−ε

[
1−γσ−1

σ
Ht

1−Ht

] γ
1−ε

1481

Given this expression for manufacturing prices, the non-linear goods and labor markets block is 1482

given by: 1483

T Bt = Et P $
X t X −µγHt PStCSt

Wt L = X2
(
χ2 −µγHt

)
PStCSt

PDt = σ

σ−1

1

ϕD

1

ADt

Wt
1−γPγ

Dt

(1−γ)1−γγγ
ω

γ
1−ε

[
1−γσ−1

σ Ht

1−Ht

] γ
1−ε

PSt = 1

ASt

Wt
1−µPDt

µ

(1−µ)1−µµµ

Ht = 1

1+ (1−γσ−1
σ ) ω

1−ω
(

PM t
PDt

)ε−1

1484
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First-order linearization Linearizing the services price index, the labor market clearing condition, 1485

and the trade balance condition is immediate. The linearized manufacturing price index is obtained 1486

by: 1487

ln(PDt ) = ln

(
σ

σ−1

ω
γ

1−ε

ϕD

1

(1−γ)1−γγγ

)
− ln(ADt )+ (1−γ)ln(Wt )+γln(PDt )

− γ

ε−1
ln

[
1−γσ−1

σ
Ht

1−Ht

]

pDt =−aDt + (1−γ)wt +γpDt − γ

ε−1

[
− γσ−1

σ
H

1−γσ−1
σ H

+ H

1−H

]
ηt

pDt =−aDt + (1−γ)wt +γpDt − γ

ε−1

[
1−γσ−1

σ

1−γσ−1
σ H

H

1−H

]
ηt

1488

where small letters indicate percentage deviations from the steady state: ηt ≡ Ht−H
H . The linearized 1489

definition of Ht is given by: 1490

ln(Ht ) =−ln

[
1+ (1−γσ−1

σ
)
ω

1−ω
(

PM t

PDt

)ε−1]

ηt =− (ε−1)

[ (1−γσ−1
σ

) ω
1−ω

(
PM
PD

)ε−1

1+ (1−γσ−1
σ ) ω

1−ω
(

PM
PD

)ε−1

1

PM
(PM t −PM )

−
(1−γσ−1

σ
) ω

1−ω
(

PM
PD

)ε−1

1+ (1−γσ−1
σ ) ω

1−ω
(

PM
PD

)ε−1

1

PD
(PDt −PD )

]

ηt =− (ε−1)(1−H)
[

p$
M t +et −pDt

]

1491

General structure To obtain the general structure, we combine the equilibrium conditions in 1492

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

pSt =−aSt + (1−µ)wt +µpDt

0 =−aSt + (1−µ)
(
wt −pSt

)+µ(
pDt −pSt

)
wt −pSt = 1

1−µaSt − µ

1−µ
(
pDt −pSt

) 1495
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Given this expression for real wages, we can solve for manufacturing prices as a function of the 1496

shocks and ηt : 1497

(1−γ)pDt =−aDt + (1−γ)wt − γ

ε−1

[
1−γσ−1

σ

1−γσ−1
σ H

H

1−H

]
ηt

(1−γ)
(
pDt −pSt

)=−aDt + (1−γ)
(
wt −pSt

)− γ

ε−1

[
1−γσ−1

σ

1−γσ−1
σ

H

H

1−H

]
ηt

=−aDt + (1−γ)

(
1

1−µaSt − µ

1−µ
(
pDt −pSt

))− γ

ε−1

[
1−γσ−1

σ

1−γσ−1
σ

H

H

1−H

]
ηt

pDt = aSt − 1−µ
1−γaDt − 1−µ

1−γ
γ

ε−1

1

1−H

[(
1−γσ−1

σ

)
H

1−γσ−1
σ

H

]
︸ ︷︷ ︸

≡νpH

ηt

1498

Now, use the labor market clearing condition to express final consumption 1499

cSt = wt −pSt + µγH

χ2 −µγH︸ ︷︷ ︸
≡νl H

ηt

= 1

1−µaSt − µ

1−µ
(
pDt −pSt

)+νl Hηt

= 1

1−µaSt − µ

1−µ
(

aSt − 1−µ
1−γaDt −νpHηt

)
+νl Hηt

= aSt + µ

1−γaDt +
(
νl H + µ

1−µνpH

)
︸ ︷︷ ︸

≡νcH

ηt

1500

To obtain the expenditure switching expression, we combine the relative input equation with the 1501

expression for how manufacturing prices respond to changes in openness: 1502

ηt =−(ε−1)(1−H)
[

p$
M t +et −pDt

]
=−(ε−1)(1−H)

[
p$

M t +et −pSt − (pDt −pSt )
]

=−(ε−1)(1−H)

[
p$

M t +qt −
(

aSt − 1−µ
1−γaDt −νpHηt

)]
=− (ε−1)(1−H)

1+ (ε−1)(1−H)νpH︸ ︷︷ ︸
≡1/νq H

[
p$

M t +qt −aSt + 1−µ
1−γaDt

] 1503
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D.3 Homogeneous firms under monopolistic competition and IRS Importing 1504

In this section, we derive the equilibrium system for the model with homogeneous producers that 1505

compete under monopolistic competition. 1506

Rewriting in terms of Ht The non-linear equilibrium goods and labor markets block can be fully 1507

rewritten in terms of Ht . Using the definition of Ht , we can write 1508

Ht =
1−

(
ϕM t
ϕD

) (σ−1)(ε−1)
ε−1−γ(σ−1)

1− σ−1
σ
γ

(
ϕM t
ϕD

) (σ−1)(ε−1)
ε−1−γ(σ−1)

(
1− σ−1

σ
γHt

)(
ϕM t

ϕD

) (σ−1)(ε−1)
ε−1−γ(σ−1) = 1−Ht

(
ϕM t

ϕD

) γ(σ−1)
ε−1−γ(σ−1) =

(
1− σ−1

σ
γHt

1−Ht

) γ
1−ε

1509

Thus, aggregate manufacturing prices can be re-written as: 1510

PDt = σ

σ−1

1

ϕD

1

ADt

Wt
1−γ

(
ϕM t
ϕD

) γ(σ−1)
ε−1−γ(σ−1)

ω
γ

1−ε Pγ

Dt

(1−γ)1−γγγ

= σ

σ−1

1

ϕD

1

ADt

Wt
1−γPγ

Dt

(1−γ)1−γγγ
ω

γ
1−ε

(
1− σ−1

σ
γHt

1−Ht

) γ
1−ε

1511

Next, we rewrite the productivity cut-off relation: 1512

ΦM t =
( σ

σ−1

) σ
σ−1

(
γ(1−ω)

γ(σ−1)
ε−1

ε−1

PDt
σ(XSt +QDt )

f Wt

)− 1
σ−1

·

1

ADt

Wt
1−γ

(
Et P $

M t

)γ
(1−γ)1−γγγ

[
ω

1−ω

(
PDt

Et P $
M t

)1−ε] ε−1−γ(σ−1)
(σ−1)(ε−1)

Φσ−1
M t =

( σ

σ−1

)σ (
γ(1−ω)

γ(σ−1)
ε−1

ε−1

Pσ−1
Dt

f Wt

1− σ−1
σ γHt

1− σ−1
σ
γ

µPStCSt

)−1

· 1

ADt

Wt
1−γ

(
Et P $

M t

)γ
(1−γ)1−γγγ


σ−1 [

ω

1−ω

(
PDt

Et P $
M t

)1−ε] ε−1−γ(σ−1)
ε−1

1513
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Given this expression for manufacturing prices and the productivity cut-off, the non-linear goods 1514

and labor markets block is given by: 1515

T Bt = Et P $
X t X −µγHt PStCSt

Wt L = X3
(
χ3 −µγHt

)
PStCSt

PDt = σ

σ−1

1

ϕD

1

ADt

Wt
1−γPγ

Dt

(1−γ)1−γγγ
ω

γ
1−ε

(
1− σ−1

σ γHt

1−Ht

) γ
1−ε

PSt = 1

ASt

Wt
1−µPDt

µ

(1−µ)1−µµµ(
ϕM t

ϕD

) γ(σ−1)
ε−1−γ(σ−1) =

(
1− σ−1

σ
γHt

1−Ht

) γ
1−ε

Φσ−1
M t =

( σ

σ−1

)σ (
γ(1−ω)

γ(σ−1)
ε−1

ε−1

Pσ−1
Dt

f Wt

1− σ−1
σ γHt

1− σ−1
σ γ

µPStCSt

)−1

 1

ADt

Wt
1−γ

(
Et P $

M t

)γ
(1−γ)1−γγγ


σ−1 [

ω

1−ω

(
PDt

Et P $
M t

)1−ε] ε−1−γ(σ−1)
ε−1

1516

First-order linearization Linearizing the services price index, the labor market clearing condition, 1517

and the trade balance condition is immediate. The linearized manufacturing price index is obtained 1518

by: 1519

ln(PDt ) = ln

(
σ

σ−1

ω
γ

1−ε

ϕD

1

(1−γ)1−γγγ

)
+ ln

(
W 1−γ

t Pγ

Dt

ADt

)
− γ

ε−1
ln

[
1−γσ−1

σ
Ht

1−Ht

]

pDt =−aDt + (1−γ)wt +γpDt − γ

ε−1

[
− γσ−1

σ
H

1−γσ−1
σ

H
+ H

1−H

]
ηt

pDt =−aDt + (1−γ)wt +γpDt − γ

ε−1

[
1−γσ−1

σ

1−γσ−1
σ H

H

1−H

]
ηt

1520

where small letters indicate percentage deviations from the steady state: ηt ≡ Ht−H
H . Solving for 1521

ϕM t as a function of ηt is executed using the definition of Ht : 1522

(σ−1)(ε−1)

ε−1−γ(σ−1)
ln

(
ΦM t

ΦD

)
=−ln

(
1− σ−1

σ γHt

1−Ht

) γ
1−ε


(σ−1)(ε−1)

ε−1−γ(σ−1)
ϕM t =

(
− H

1−H
+ γσ−1

σ
H

1−γσ−1
σ H

)
ηt

ϕM t =−ε−1−γ(σ−1)

(σ−1)(ε−1)

(
1− σ−1

σ γ
)

H

(1−H)
(
1− σ−1

σ γH
)ηt

1523

Next, the linearized cut-off equation is given by: 1524
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(σ−1)lnΦM t = ln

( σ

σ−1

)σ (
γ(1−ω)

γ(σ−1)
ε−1

ε−1

µ

f
(
(1−γ)1−γγγ

)1−σ

)−1 ( ω

1−ω
) ε−1−γ(σ−1)

ε−1


− ln

(
Pσ−1

Dt

Wt

1− σ−1
σ γHt

1− σ−1
σ γ

PStCSt

)
+ (σ−1)ln

(
1

ADt
Wt

1−γ
(
Et P $

M t

)γ)

− (
ε−1−γ(σ−1)

)
ln

(
PDt

Et P $
M t

)

(σ−1)ϕM t =−(σ−1)pDt +wt +
γσ−1

σ H

1−γσ−1
σ H

ηt − cSt −pSt

+ (σ−1)(1−γ)wt + (σ−1)γ(p$
M t +et )− (σ−1)aDt

+ (ε−1−γ(σ−1))
(
p$

M t +et −pDt

)
(σ−1)ϕM t =−(σ−1)

(
pDt −pSt −

(
1−γ)(

wt −pSt
)−γ(

p$
M t +et −pSt

)
+aDt

)
−

(
cSt −

(
wt −pSt

)− γσ−1
σ H

1−γσ−1
σ H

ηt

)
+ (ε−1−γ(σ−1))

(
p$

M t +et −pDt

)

1525

Therefore, the linearized system is given by: 1526

tbt = et +p$
X t −ηt +pSt + cSt

wt =− µγH

χ3 −µγH
ηt +pSt + cSt

pDt =−aDt + (1−γ)wt +γpDt − γ

ε−1

[
1−γσ−1

σ

1−γσ−1
σ H

H

1−H

]
ηt

pSt =−aSt + (1−µ)wt +µpDt

ϕM t =−ε−1−γ(σ−1)

(σ−1)(ε−1)

(
1− σ−1

σ γ
)

H

(1−H)
(
1− σ−1

σ
γH

)
(σ−1)ϕM t =−(σ−1)

(
pDt −pSt −

(
1−γ)(

wt −pSt
)−γ(

p$
M t +et −pSt

)
+aDt

)
−

(
cSt −

(
wt −pSt

)− γσ−1
σ H

1−γσ−1
σ

H
ηt

)
+ (ε−1−γ(σ−1))

(
p$

M t +et −pDt

)

1527
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General structure To obtain the general structure, we combine the equilibrium conditions in 1528

the following way. The price index for services yields an expression for real wages as a function of 1529

services productivity and the relative price of manufacturing goods: 1530

pSt =−aSt + (1−µ)wt +µpDt

0 =−aSt + (1−µ)
(
wt −pSt

)+µ(
pDt −pSt

)
wt −pSt = 1

1−µaSt − µ

1−µ
(
pDt −pSt

) 1531

Given this expression for real wages, we can solve for manufacturing prices as a function of the 1532

shocks and ηt : 1533

(1−γ)pDt =−aDt + (1−γ)wt − γ

ε−1

[
1−γσ−1

σ

1−γσ−1
σ

H

H

1−H

]
ηt

(1−γ)
(
pDt −pSt

)=−aDt + (1−γ)
(
wt −pSt

)− γ

ε−1

[
1−γσ−1

σ

1−γσ−1
σ

H

H

1−H

]
ηt

=−aDt + (1−γ)

(
1

1−µaSt − µ

1−µ
(
pDt −pSt

))− γ

ε−1

[
1−γσ−1

σ

1−γσ−1
σ H

H

1−H

]
ηt

pDt = aSt − 1−µ
1−γaDt − 1−µ

1−γ
γ

ε−1

1

1−H

[(
1−γσ−1

σ

)
H

1−γσ−1
σ H

]
︸ ︷︷ ︸

≡νpH

ηt

1534

Now, use the labor market clearing condition to express final consumption 1535

cSt = wt −pSt + µγH

χ3 −µγH︸ ︷︷ ︸
≡νl H

ηt

= 1

1−µaSt − µ

1−µ
(
pDt −pSt

)+νl Hηt

= 1

1−µaSt − µ

1−µ
(

aSt − 1−µ
1−γaDt −νpHηt

)
+νl Hηt

= aSt + µ

1−γaDt +
(
νl H + µ

1−µνpH

)
︸ ︷︷ ︸

≡νcH

ηt

1536
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To obtain the expenditure switching expression, combine the expression for how manufacturing 1537

prices respond to changes in openness and the labor market clearing condition to reduce the 1538

system: 1539

(σ−1)ϕM t =−(σ−1)
(
pDt −pSt −

(
1−γ)(

wt −pSt
)−γ(

p$
M t +et −pSt

)
+aDt

)
−

(
cSt −

(
wt −pSt

)− γσ−1
σ H

1−γσ−1
σ H

ηt

)
+ (ε−1−γ(σ−1))

(
p$

M t +et −pDt

)
=−(σ−1)

(
pDt −pSt −

(
1−γ)(

pDt −pSt
)−aDt − γ

ε−1

[
1−γσ−1

σ

1−γσ−1
σ

H

H

1−H

]
ηt

−γ
(
p$

M t +et −pSt

)
+aDt

)
−

(
cSt −

(
wt −pSt

)− γσ−1
σ H

1−γσ−1
σ H

ηt

)
+ (ε−1−γ(σ−1))

(
p$

M t +et −pDt

)
=−(σ−1)γ

(
pDt −pSt −

(
p$

M t +et −pSt

))
− γ(σ−1)

ε−1

[
1−γσ−1

σ

1−γσ−1
σ

H

H

1−H

]
ηt

−
(
νl H − γσ−1

σ
H

1−γσ−1
σ

H

)
ηt + (ε−1−γ(σ−1))

(
p$

M t +et −pDt

)
= (ε−1)

(
p$

M t +et −pSt −
(
pDt −pSt

))− γ(σ−1)

ε−1

[
1−γσ−1

σ

1−γσ−1
σ

H

H

1−H

]
ηt

−
(
νl H − γσ−1

σ
H

1−γσ−1
σ H

)
ηt

1540

Now, note that: 1541

γ(σ−1)

ε−1

[
1−γσ−1

σ

1−γσ−1
σ

H

H

1−H

]
ηt = (1−γ)γ(σ−1)

γ(1−µ)
νpHηt

−ε−1−γ(σ−1)

(σ−1)(ε−1)

(
1− σ−1

σ
γ
)

H

(1−H)
(
1− σ−1

σ
γH

)ηt =− 1−γ
γ(1−µ)

ε−1−γ(σ−1)

(σ−1)
νpHηt

γσ−1
σ

H

1−γσ−1
σ

H
ηt = 1−γ

γ(1−µ)
(ε−1)(1−η)

γσ−1
σ

H

1−γσ−1
σ

H
νpHηt

1542
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Then, we have that: 1543

(σ−1)
1−γ

γ(1−µ)

ε−1−γ(σ−1)

(σ−1)
νpHηt

=−(ε−1)
(
p$

M t +et −pSt −
(
pDt −pSt

))+ (1−γ)γ(σ−1)

γ(1−µ)
νpHηt

+
(
νl H − 1−γ

γ(1−µ)
(ε−1)(1−η)

γσ−1
σ

H

1−γσ−1
σ H

νpH

)
ηt

1−γ
γ(1−µ)

(ε−1)νpHηt

=−(ε−1)
(
p$

M t +et −pSt −
(
pDt −pSt

))+(
νl H − 1−γ

γ(1−µ)
(ε−1)(1−η)

γσ−1
σ H

1−γσ−1
σ H

νpH

)
ηt(

1−γ
γ(1−µ)

(ε−1)

((
1−γσ−1

σ

)
H

1−γσ−1
σ

H

)
νpH −νl H

)
ηt =−(ε−1)

(
p$

M t +et −pSt −
(
pDt −pSt

))
(
(ε−1)(1−H)νpH + 1−γ

γ(1−µ)
(ε−1)(1−H)

((
1−γσ−1

σ

)
H

1−γσ−1
σ

H

)
νpH − (1−H)νl H

)
ηt

=−(ε−1)(1−H)

(
p$

M t +et −pSt −aSt + 1−µ
1−γaDt

)
(
(ε−1)(1−H)νpH +H − (1−H)νl H

)
ηt

=−(ε−1)(1−H)
(
p$

M t +et −pSt −
(
pDt −pSt

))

1544

where we used the expression forνpH . Therefore, we have that the expenditure switching expression 1545

becomes. 1546

ηt =− (1−H)(ε−1)

H − (1−H)νl H + (1−H)(ε−1)νpH

[
p$

M t +qt −aSt + 1−µ
1−γaDt

]
1547
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D.4 Heterogeneous firms under monopolistic competition and IRS importing 1548

In this section, we derive the equilibrium system for the model with heterogeneous producers that 1549

compete under monopolistic competition. 1550

Rewriting in terms of Ht The non-linear equilibrium goods and labor markets block can be fully 1551

rewritten in terms of Ht . Using the definition of Ht , we can write: 1552

Ht =



1−
(
ϕM t
ϕ

)σ−1−κ(
1
κ− 1

κ−(σ−1)

)
+ 1
σ−1−κ(

ϕM t
ϕ

)σ−1−κ(
1

κ− (σ−1)(ε−1)
ε−1−γ(σ−1)

− 1
κ−(σ−1)

)
+ 1
κ−(σ−1)

1−γσ−1
σ

(
ϕM t
ϕ

)σ−1−κ(
1
κ− 1

κ−(σ−1)

)
+ 1
σ−1−κ(

ϕM t
ϕ

)σ−1−κ(
1

κ− (σ−1)(ε−1)
ε−1−γ(σ−1)

− 1
κ−(σ−1)

)
+ 1
κ−(σ−1)


(

1−γσ−1
σ Ht

1−Ht

)((
ϕM t

ϕ

)σ−1−κ (
1

κ
− 1

κ− (σ−1)

)
+ 1

σ−1−κ

)

=
(
ϕM t

ϕ

)σ−1−κ 1

κ− (σ−1)(ε−1)
ε−1−γ(σ−1)

− 1

κ− (σ−1)

+ 1

κ− (σ−1)


(
ϕM t

ϕ

)σ−1−κ
=−

1
κ−(σ−1)

( (
1−γσ−1

σ

)
Ht

1−Ht

)
1−γσ−1

σ Ht

1−Ht

(
1
κ
− 1

κ−(σ−1)

)
−

(
1

κ− (σ−1)(ε−1)
ε−1−γ(σ−1)

− 1
κ−(σ−1)

)
=−

1
κ−(σ−1)

(
1−γσ−1

σ

)
Ht(

1
κ − 1

κ−(σ−1)

)(
1−γσ−1

σ Ht
)−(

1
κ− (σ−1)(ε−1)

ε−1−γ(σ−1)

− 1
κ−(σ−1)

)
(1−Ht )

1553

Now define κ1 ≡
1

κ− (σ−1)(ε−1)
ε−1−γ(σ−1)

− 1
κ−(σ−1)

1

κ− (σ−1)(ε−1)
ε−1−γ(σ−1)

− 1
κ

and κ2 ≡
1

κ−(σ−1)
1

κ− (σ−1)(ε−1)
ε−1−γ(σ−1)

− 1
κ

, such that: 1554(
ϕM t

ϕ

)σ−1−κ
= κ2

(
1−γσ−1

σ

)
Ht

(1−κ1)
(
1−γσ−1

σ
Ht

)−κ1 (1−Ht )

= κ2
(
1−γσ−1

σ

)
Ht

1−Ht + (1−κ1)
(
1−γσ−1

σ

)
Ht

1555

Aggregate manufacturing prices are given by 1556

Pσ−1
Dt =

(
σ

σ−1
ω

γ
1−ε

1

ADt

Wt
1−γPDt

γ

(1−γ)1−γγγ

)σ−1 ϕσ−1−κ

κϕκ(
ϕM t

ϕ

)σ−1−κ 1

κ− (σ−1)(ε−1)
ε−1−γ(σ−1)

− 1

κ− (σ−1)

+ 1

κ− (σ−1)

−1 1557
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Using the expresion for
(
ϕM t
ϕ

)
, we obtain: 1558

(
ϕM t

ϕ

)σ−1−κ 1

κ− (σ−1)(ε−1)
ε−1−γ(σ−1)

− 1

κ− (σ−1)

+ 1

κ− (σ−1)

=−
 1

κ− (σ−1)(ε−1)
ε−1−γ(σ−1)

− 1

κ− (σ−1)

 1
κ−(σ−1)

(
1−γσ−1

σ

)
Ht(

1
κ − 1

κ−(σ−1)

)(
1−γσ−1

σ Ht
)−(

1
κ− (σ−1)(ε−1)

ε−1−γ(σ−1)

− 1
κ−(σ−1)

)
(1−Ht )

+ 1

κ− (σ−1)

=−
1

σ−1−κ

(
1

κ− (σ−1)(ε−1)
ε−1−γ(σ−1)

− 1
κ

)(
1−γσ−1

σ
Ht

)
(

1
κ
− 1

κ−(σ−1)

)(
1−γσ−1

σ
Ht

)−(
1

κ− (σ−1)(ε−1)
ε−1−γ(σ−1)

− 1
κ−(σ−1)

)
(1−Ht )

=
1

σ−1−κ
(
1−γσ−1

σ
Ht

)
κ1 (1−Ht )+ (1−κ1)

(
1−γσ−1

σ
Ht

)
=

1
σ−1−κ

(
1−γσ−1

σ
Ht

)
1−Ht + (1−κ1)

(
1−γσ−1

σ

)
Ht

1559

such that aggregate manufacturing prices can be written as: 1560

Pσ−1
Dt =

(
σ

σ−1
ω

γ
1−ε

1

ADt

Wt
1−γPDt

γ

(1−γ)1−γγγ

)σ−1 ϕσ−1−κ

κ
κ−(σ−1)ϕ

κ

(
1−Ht + (1−κ1)

(
1−γσ−1

σ

)
Ht

1−γσ−1
σ

Ht

)
1561

Next, we rewrite the productivity cut-off relation: 1562

ΦM t =
( σ

σ−1

) σ
σ−1

(
γ(1−ω)

γ(σ−1)
ε−1

ε−1

PDt
σ(XSt +QDt )

f Wt

)− 1
σ−1

1

ADt

Wt
1−γ

(
Et P $

M t

)γ
(1−γ)1−γγγ[

ω

1−ω

(
PDt

Et P $
M t

)1−ε] ε−1−γ(σ−1)
(σ−1)(ε−1)

=
( σ

σ−1

)σ (
γ(1−ω)

γ(σ−1)
ε−1

ε−1

Pσ−1
Dt

f Wt

1− σ−1
σ
γHt

1− σ−1
σ
γ

µPStCSt

)−1
 1

ADt

Wt
1−γ

(
Et P $

M t

)γ
(1−γ)1−γγγ


σ−1

[
ω

1−ω

(
PDt

Et P $
M t

)1−ε] ε−1−γ(σ−1)
ε−1

1563
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Given this expression for manufacturing prices and the productivity cut-off, the non-linear goods 1564

and labor markets block is given by: 1565

T Bt = Et P $
X t X −µγHt PStCSt

Wt L = X4
(
χ4 −µγHt

)
PStCSt

Pσ−1
Dt =

(
σ

σ−1
ω

γ
1−ε

1

ADt

Wt
1−γPDt

γ

(1−γ)1−γγγ

)σ−1 ϕσ−1−κ

κ
κ−(σ−1)ϕ

κ
·(

1−Ht + (1−κ1)
(
1−γσ−1

σ

)
Ht

1−γσ−1
σ Ht

)

PSt = 1

ASt

Wt
1−µPDt

µ

(1−µ)1−µµµ(
ϕM t

ϕ

)σ−1−κ
= κ2

(
1−γσ−1

σ

)
Ht

1−Ht + (1−κ1)
(
1−γσ−1

σ

)
Ht

Φσ−1
M t =

( σ

σ−1

)σ (
γ(1−ω)

γ(σ−1)
ε−1

ε−1

Pσ−1
Dt

f Wt

1− σ−1
σ
γHt

1− σ−1
σ γ

µPStCSt

)−1

 1

ADt

Wt
1−γ

(
Et P $

M t

)γ
(1−γ)1−γγγ


σ−1 [

ω

1−ω

(
PDt

Et P $
M t

)1−ε] ε−1−γ(σ−1)
ε−1

1566

First-order linearization Linearizing the services price index, the labor market clearing condition, 1567

and the trade balance condition is immediate. The linearized manufacturing price index is obtained 1568

by: 1569

ln(PDt ) = ln

(
σ

σ−1

ω
γ

1−ε

(1−γ)1−γγγ
ϕσ−1−κ

κ
κ−(σ−1)ϕ

κ

)
+ ln

(
W 1−γ

t Pγ

Dt

ADt

)

− 1

σ−1
ln

(
1−Ht + (1−κ1)

(
1−γσ−1

σ

)
Ht

1−γσ−1
σ

Ht

)

pDt =−aDt + (1−γ)wt +γpDt + 1

σ−1

( −H + (1−κ1)
(
1−γσ−1

σ

)
H

1−H + (1−κ1)
(
1−γσ−1

σ

)
H

+ γσ−1
σ

H

1−γσ−1
σ

H

)
ηt

=−aDt + (1−γ)wt +γpDt + 1

σ−1

(
(1−κ1)

(
1−γσ−1

σ

)
H − (

1−γσ−1
σ

)
H(

1−H + (1−κ1)
(
1−γσ−1

σ

)
H

)(
1−γσ−1

σ H
))ηt

=−aDt + (1−γ)wt +γpDt − 1

σ−1

((
1−γσ−1

σ

)
H

1−γσ−1
σ H

κ1

1−H + (1−κ1)
(
1−γσ−1

σ

)
H

)
ηt

1570
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Linearizing the relation between the productivity cut-off and Ht is given by: 1571

− (κ− (σ−1)) ln

(
ΦM t

ϕ

)
= ln

(
κ2

(
1−γσ−1

σ

)
Ht

1−Ht + (1−κ1)
(
1−γσ−1

σ

)
Ht

)

− (κ− (σ−1))ϕM t =
(

1− (1−κ1)(1−γσ−1
σ

H −H)

1−H + (1−κ1)
(
1−γσ−1

σ

)
H

)
ηt

ϕM t =− 1

κ− (σ−1)

1

1−H + (1−κ1)
(
1−γσ−1

σ

)
H

1572

Next, the linearized cut-off equation is given by: 1573

(σ−1)lnΦM t = ln

( σ

σ−1

)σ (
γ(1−ω)

γ(σ−1)
ε−1

ε−1

µ

f
(
(1−γ)1−γγγ

)1−σ

)−1 ( ω

1−ω
) ε−1−γ(σ−1)

ε−1


− ln

(
Pσ−1

Dt

Wt

1− σ−1
σ
γHt

1− σ−1
σ
γ

PStCSt

)
+ (σ−1)ln

(
1

ADt
Wt

1−γ
(
Et P $

M t

)γ)

− (
ε−1−γ(σ−1)

)
ln

(
PDt

Et P $
M t

)

(σ−1)ϕM t =−(σ−1)pDt +wt +
γσ−1

σ
H

1−γσ−1
σ

H
ηt − cSt −pSt + (σ−1)(1−γ)wt

+ (σ−1)γ(p$
M t +et )− (σ−1)aDt + (ε−1−γ(σ−1))

(
p$

M t +et −pDt

)

1574

To arrive at 1575

(σ−1)ϕM t =−(σ−1)
(
pDt −pSt −

(
1−γ)(

wt −pSt
)−γ(

p$
M t +et −pSt

)
+aDt

)
−

(
cSt −

(
wt −pSt

)− γσ−1
σ H

1−γσ−1
σ H

ηt

)
+ (ε−1−γ(σ−1))

(
p$

M t +et −pDt

) 1576

General structure To obtain the general structure, we combine the equilibrium conditions in 1577

the following way. The price index for services yields an expression for real wages as a function of 1578

services productivity and the relative price of manufacturing goods: 1579

pSt =−aSt + (1−µ)wt +µpDt

wt −pSt = 1

1−µaSt − µ

1−µ
(
pDt −pSt

) 1580

Given this expression for real wages, we can solve for manufacturing prices as a function of the 1581
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shocks and ηt : 1582

(1−γ)pDt =−aDt + (1−γ)wt − 1

σ−1

((
1−γσ−1

σ

)
H

1−γσ−1
σ

H

κ1

1−H + (1−κ1)
(
1−γσ−1

σ

)
H

)
ηt

=−aDt + (1−γ)

(
1

1−µaSt − µ

1−µ
(
pDt −pSt

))
− γ

(ε−1)(1−H)

ε−1

γ (σ−1)

((
1−γσ−1

σ

)
H

1−γσ−1
σ

H

κ1

1−H + (1−κ1)
(
1−γσ−1

σ

)
H

)
ηt

pDt = aSt − 1−µ
1−γaDt

− 1−µ
1−γ

γ

(ε−1)(1−H)

ε−1

γ (σ−1)

((
1−γσ−1

σ

)
H

1−γσ−1
σ H

κ1(1−H)

1−H + (1−κ1)
(
1−γσ−1

σ

)
H

)
︸ ︷︷ ︸

≡νpH

ηt

1583

Now, use the labor market clearing condition to express final consumption 1584

cSt = wt −pSt + µγH

χ4 −µγH︸ ︷︷ ︸
≡νl H

ηt

= 1

1−µaSt − µ

1−µ
(

aSt − 1−µ
1−γaDt −νpHηt

)
+νl Hηt

= aSt + µ

1−γaDt +
(
νl H + µ

1−µνpH

)
︸ ︷︷ ︸

≡νcH

ηt

1585
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To obtain the expenditure switching expression, combine the expression for how manufacturing 1586

prices respond to changes in openness and the labor market clearing condition to reduce the 1587

system: 1588

(σ−1)ϕM t

=−(σ−1)
(
pDt −pSt −

(
1−γ)(

wt −pSt
)−γ(

p$
M t +et −pSt

)
+aDt

)
−

(
cSt −

(
wt −pSt

)− γσ−1
σ H

1−γσ−1
σ H

ηt

)
+ (ε−1−γ(σ−1))

(
p$

M t +et −pDt

)
=−(σ−1)

(
pDt −pSt −

(
1−γ)(

pDt −pSt
)−aDt

− 1

σ−1

((
1−γσ−1

σ

)
H

1−γσ−1
σ H

κ1

1−H + (1−κ1)
(
1−γσ−1

σ

)
H

)
ηt −γ

(
p$

M t +et −pSt

)
+aDt

)

−
(

cSt −
(
wt −pSt

)− γσ−1
σ H

1−γσ−1
σ H

ηt

)
+ (ε−1−γ)(σ−1)

(
p$

M t +et −pDt

)
=−(σ−1)γ

(
pDt −pSt −

(
p$

M t +et −pSt

))
+

((
1−γσ−1

σ

)
H

1−γσ−1
σ

H

κ1

1−H + (1−κ1)
(
1−γσ−1

σ

)
H

)
ηt

−
(
νl H − γσ−1

σ
H

1−γσ−1
σ

H

)
ηt + (ε−1−γ)(σ−1)

(
p$

M t +et −pDt

)
= (ε−1)

(
p$

M t +et −pSt −
(
pDt −pSt

))+((
1−γσ−1

σ

)
H

1−γσ−1
σ

H

κ1

1−H + (1−κ1)
(
1−γσ−1

σ

)
H

)
ηt

−
(
νl H − γσ−1

σ
H

1−γσ−1
σ H

)
ηt

1589

Now, note that: 1590

− σ−1

κ− (σ−1)

1

1−H + (1−κ1)
(
1−γσ−1

σ

)
H
ηt =− 1−γ

γ(1−µ)

γ(σ−1)
κ1
σ−1 (κ− (σ−1))

1−γσ−1
σ H(

1−γσ−1
σ

)
H
νpHηt

κ1

1−H + (1−κ1)
(
1−γσ−1

σ

)
H

(
1− σ−1

σ γ
)

H(
1− σ−1

σ
γH

)ηt = 1−γ
γ(1−µ)

γ(σ−1)νpHηt

γσ−1
σ

H

1−γσ−1
σ

H
ηt = 1−γ

γ(1−µ)
γ(σ−1)

γσ−1
σ

H

1−γσ−1
σ

H

1−H + (1−κ1)
(
1−γσ−1

σ

)
H

κ1
νpHηt

1591
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Using these expressions, we get: 1592

− 1−γ
γ(1−µ)

γ(σ−1)
κ1
σ−1 (κ (σ−1))

1−γσ−1
σ H(

1−γσ−1
σ

)
H
νpHηt

= (ε−1)
(
p$

M t +et −pSt −
(
pDt −pSt

))+ 1−γ
γ(1−µ)

γ(σ−1)νpHηt

−
(
νl H − 1−γ

γ(1−µ)
γ(σ−1)

γσ−1
σ

H

1−γσ−1
σ

H

1−H + (1−κ1)
(
1−γσ−1

σ

)
H

κ1
νpH

)
ηt

1593

Now, we use a change of variables and define ξ as the difference between κ and its smallest 1594

possible value such that the moments of the firm-size distribution still exist. Therefore, we define 1595

κ= ξ (σ−1)(ε−1)
(ε−1)−γ(σ−1) . Given this definition, we can re-write κ1 and 1−κ1 as 1596

κ1 = ξγ(σ−1)

(ξ−1)(ε−1)+γ(σ−1)
, 1−κ1 = (ξ−1)

(ε−1)−γ(σ−1)

(ξ−1)(ε−1)+γ(σ−1)
1597

Using these substitutions, we get: 1598

− (1−γ)γ(σ−1)

γ(1−µ)

(ε−1)−γ(σ−1)

ξγ(σ−1)

1−γσ−1
σ

H(
1−γσ−1

σ

)
H
νpHηt

= (ε−1)
(
p$

M t +et −pSt −
(
pDt −pSt

))+ (1−γ)γ(σ−1)

γ(1−µ)
νpHηt( (

ε−1−γ(σ−1)
)(

1+ (ξ−1)γσ−1
σ

H
)+ξγ(σ−1)H

(1−H)
(
(1−H) (ε−1)+γ(σ−1)

)+ (ξ−1)
(
ε−1−γ(σ−1)

)(
1−γσ−1

σ

)
H

−νl H

)
ηt

=−(ε−1)
(
p$

M t +et −pSt −
(
pDt −pSt

))
1599

where we used the expression forνpH . Therefore, we have that the expenditure switching expression 1600

becomes: 1601

ηt =− (1−H)(ε−1)

ζ(H)− (1−H)νl H + (1−H)(ε−1)νpH

[
p$

M t +qt −aSt + 1−µ
1−γaDt

]
where ζ(H) ≡

(
ε−1−γ(σ−1)

)(
1+ (ξ−1)γσ−1

σ
H

)+ξγ(σ−1)H

(1−H)
(
(1−H) (ε−1)+γ(σ−1)

)+ (ξ−1)
(
ε−1−γ(σ−1)

)(
1−γσ−1

σ

)
H

1602
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E General equilibrium 1603

E.1 Equilibrium process 1604

In financial autarky, the trade balance condition implies the following equality: 1605

cSt = et −pt +p∗
X t −ηt 1606

Successively plugging in the equilibrium relations between changes in trade openness, changes in 1607

final consumption, and changes in the real exchange rate: 1608

cSt = et −pt +p∗
X t −ηt

=+p∗
X t +aSt − 1−µ

1−γaDt −p∗
M t +νm

q H

(
H m ;Θ̃

)
ηt −ηt

=+p∗
X t +aSt − 1−µ

1−γaDt −p∗
M t +

(
νm

q H

(
H m ;Θ̃

)−1
)
ηt

=+p∗
X t +aSt − 1−µ

1−γaDt −p∗
M t +

(
νm

q H

(
H m ;Θ̃

)−1
)

νm
cH

(
H m ;Θ̃

) (
cSt −aSt − µ

1−γ
)

1609

Collecting terms on cSt , we have: 1610

1+νm
cH

(
H m ;Θ̃

)−νm
q H

(
H m ;Θ̃

)
νm

cH

(
H m ;Θ̃

) cSt

=
1+νm

cH

(
H m ;Θ̃

)−νm
q H

(
H m ;Θ̃

)
νm

cH

(
H m ;Θ̃

) aSt

−
(1−µ)num

cH

(
H m ;Θ̃

)−µ(1−num
q H

(
H m ;Θ̃

)
)

(1−γ)νm
cH

(
H m ;Θ̃

) aDt +p∗
X t −p∗

M t

cSt = aSt +
µ

(
1+νm

cH

(
H m ;Θ̃

)−νm
q H

(
H m ;Θ̃

))−num
cH

(
H m ;Θ̃

)
(1−γ)1+νm

cH

(
H m ;Θ̃

)−νm
q H

(
H m ;Θ̃

) aDt

+ num
cH

(
H m ;Θ̃

)
1+νm

cH

(
H m ;Θ̃

)−νm
q H

(
H m ;Θ̃

) (
p∗

X t −p∗
M t

)

1611

Therefore, we arrive at 1612

cSt = ast + 1

1−γ
(
µ−νm

c

(
H m ;Θ̃

))
aDt +νm

c

(
H m ;Θ̃

)(
p∗

X t −p∗
M t

)
where νm

c

(
H m ;Θ̃

) ≡ num
cH (H m ;Θ̃)

1+νm
cH (H m ;Θ̃)−νm

q H (H m ;Θ̃) . To solve for the equilibrium processes of the real 1613
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exchange rate, first note that the equilibrium process of openness is given by: 1614

ηt = 1

νm
c

(
H m ;Θ̃

) (
aSt + µ

1−γaDt − cSt

)
= 1

1−γ
1

1+νm
cH

(
H m ;Θ̃

)−νm
q H

(
H m ;Θ̃

)aDt − 1

1+νm
cH

(
H m ;Θ̃

)−νm
q H

(
H m ;Θ̃

) (
p∗

X t −p∗
M t

) 1615

Given this, we can solve the equilibrium process for the real exchange rate: 1616

et −pt = aSt − 1−µ
1−γaDt −pM t +νm

q H

(
H m ;Θ̃

)
ηt

= aSt − 1

1−γ
(
1−µ−νm

q

(
H m ;Θ̃

))−νm
q

(
H m ;Θ̃

)
p∗

X t −
(
1−νm

q

(
H m ;Θ̃

))
p∗

M t

1617

where νm
q

(
H m ;Θ̃

)≡ νm
q H (H m ;Θ̃)

1+νm
cH (H m ;Θ̃)−νm

q H (H m ;Θ̃) . 1618

E.2 Terms-of-trade elasticity 1619

To show that the terms-of-trade elasticity collapses to µγH IRBC, note that: 1620

νIRBC
l H = µγH IRBC

1−µγH IRBC
1621

and and then onto νIRBC
pH 1622

νIRBC
pH = 1−µ

µ

1

(1−H IRBC)(ε−1)

µγH IRBC

1−γH IRBC
1623

These allow us to solve for the partial elasticity of consumption to imports 1624

νIRBC
cH = νl H + µ

1−µν
IRBC
pH

= µγH IRBC

1−µγH IRBC
+ 1

(ε−1)(1−H IRBC)

µγH IRBC

1−γH IRBC

1625

and the partial elasticity of the RER to imports 1626

νIRBC
q H =− 1

(ε−1)(1−H IRBC)
−νIRBC

pH = 1

((ε−1)1−H IRBC)

(
1+ 1−µ

µ

µγH IRBC

1−γH IRBC

)
=− 1

(ε−1)(1−H IRBC)

1−µγH IRBC

1−γH IRBC

1627
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such that 1628

νIRBC
c = νIRBC

cH

1+νIRBC
cH −νIRBC

q H

=
µγH IRBC

1−γH IRBC

(
1−γH IRBC

1−µγH IRBC + 1
(ε−1)(1−H IRBC)

)
1+ µγH IRBC

1−γH IRBC

(
1−γH IRBC

1−µγH IRBC + 1
(ε−1)(1−H IRBC)

)
+ 1

(ε−1)(1−H IRBC)
1−µγH IRBC

1−γH IRBC

=
µγH IRBC

1−γH IRBC

(
1−γH IRBC

1−µγH IRBC + 1
(ε−1)(1−H IRBC)

)
1+ µγH IRBC

1−µγH IRBC + 1
(ε−1)(1−H IRBC)

1
1−γH IRBC (µγH IRBC +1−µγH IRBC)

=
µγH IRBC

1−γH IRBC

(
1−γH IRBC

1−µγH IRBC + 1
(ε−1)(1−H IRBC)

)
1

1−µγH IRBC + 1
(ε−1)(1−H IRBC)

1
1−γH IRBC

=µγH IRBC

1
1−µγH IRBC + 1

(ε−1)(1−H IRBC)
1

1−γH IRBC

1
1−µγH IRBC + 1

(ε−1)(1−H IRBC)
1

1−γH IRBC

=µγH IRBC

1629

This implies that ΞIRBC
(
H IRBC;Θ̃

)= 1. 1630
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F Quantitative excercise 1631

F.1 Proof to proposition 3 1632

Imports per firm We start by proving that firm-specific variety-level imports qMi kt are not k 1633

specific or i specific, that is, they are the same for every importing firm. 1634

qMi kt =
(

PM t

PMi t

)−θ
QMi t =

(
PM t

PMi t

)−θ
(1−ω)

(
PM t

PMi t

)ε
XDi t

=
(

PM t

PMi t

)−θ
(1−ω)

(
PM t

PMi t

)ε
γ

MCi t

PX i t
Yi t

=
(

PM t

PMi t

)−θ
(1−ω)

(
PM t

PMi t

)ε
γ

MCi t

PX i t

(
Pi t

PDt

)−σ
(XSt +QDt )

=︸︷︷︸
Pi t→MCi t

γ(1−ω)
( σ

σ−1

)−σ
(PM t )−θ (PMi t )θ−ε︸ ︷︷ ︸

=1

(PX i t )ε−1(MCi t )1−σ(PDt )σ (XSt +QDt )

= γ(1−ω)
( σ

σ−1

)−σ
(PM t )−θ(PX i t )ε−1

(
1

ADt

1

ϕi

W 1−γ
t Pγ

X i t

(1−γ)1−γγγ

)1−σ
(PDt )σ (XSt +QDt )

=︸︷︷︸
PX i t

γ(1−ω)

(
σ−1

σ
PDt

)σ
(PM t )−ε

(
1

ϕi

W 1−γ
t

(1−γ)1−γγγ

)1−σ
(XSt +QDt )

[(
ϕM t

ϕi

) σ−1
ε−1−γ(σ−1)

ω− 1
ε−1 PDt

]ε−1−γ(σ−1)

= γ(1−ω)

(
σ−1

σ
PDt

)σ
(PM t )−ε

(
1

ϕi

W 1−γ
t

(1−γ)1−γγγ

)1−σ
(XSt +QDt )

[(
ϕM t

ϕi

) σ−1
ε−1−γ(σ−1)

ω− 1
ε−1 PDt

]ε−1−γ(σ−1)

= γ(1−ω)

(
σ−1

σ
PDt

)σ
(PM t )−ε+γ(σ−1)

(
1

ϕi

W 1−γ
t Pγ

M t

(1−γ)1−γγγ

)1−σ

(XSt +QDt )
(
ω− 1

ε−1 PDt

)ε−1−γ(σ−1)
(
ϕM t

ϕi

)σ−1

1635

Notice how both elements that depend on firm-level productivity cancel out, leading to 1636

qMi kt =
(
σ−1

σ

)σ
γ(1−ω)(PDt )σ(XSt +QDt )

(
1

ADt

W 1−γ
t Pγ

M t

(1−γ)1−γγγ

)1−σ
(PM t )−1

(
ω− 1

ε−1
PDt

PM t

)ε−1−γ(σ−1)

ϕσ−1
M t

1637
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Now recall the expression for the cutoff 1638

ϕσ−1
M t =

( σ

σ−1

)σ (
γ

ε−1
(1−ω)γ

σ−1
ε−1

(PDt )σ(XSt +QDt )

f wt

)−1
(

1

ADt

W 1−γ
t Pγ

M t

(1−γ)1−γγγ

)σ−1

(
ω

1−ω
(

PM t

PDt

)ε−1) ε−1−γ(σ−1)
ε−1

1639

Notice that there are many common elements in the last two equations, leading to significant 1640

simplification 1641

qMi kt = (ε−1)
Wt f

PM t
1642

The total amount imported per firm in peso is then Mi t = (ε−1)Wt f Li t . 1643

Import distribution Next, consider the closed-form solution form for the import distribution: 1644

Pr
(
M $

i t < M |M > 0
)
= Pr

ϕi <
(

1

ε−1

Et

Wt f

1−ω
ω

(
PDt

Et P $
Mi t

)ε−1

+1

) ε−1−γ(σ−1)
(σ−1)(ε−1)

ϕM t |ϕi >ϕM t


= F

(
1

ε−1

Et

Wt f

1−ω
ω

(
PDt

Et P $
Mi t

)ε−1

+1

) ε−1−γ(σ−1)
(σ−1)(ε−1)

ϕM t

(
1−F (ϕM t )

)−1

1645

F.2 Proof to proposition 4 1646

The statement is trivially true by construction in the models with a representative producer, while 1647

in the model with selection and heterogeneous firms, it follows from applying Leibniz’s rule to 1648

the total amount imported per firm. Following Proposition 3, total imports can be expressed as 1649

a combination of firm-specific terms and an aggregate term as follows where M̃t = (ε−1)Wt f /Et 1650

and such that 1651

−∂ ln Mt

∂ ln xt
=− xt

Mt


∫ ∞

ϕM t

∂

∂xt
M̃tLt (ϕ)dG(ϕ)︸ ︷︷ ︸
Intensive

−M̃tLt (ϕM t )
∂

∂xt
ϕM t︸ ︷︷ ︸

Extensive

 1652

and the extensive margin part is zero since Lt (ϕM t ) = 0, that is, the measure evaluated at the cutoff 1653

is nil. This is true for any shock. 1654
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F.3 Proof to proposition 5 1655

We start with firm-level imports in ROW terms: 1656

M∗
i t = (ε−1)

Wt f

Et
Li t = (ε−1)

Wt f

Et︸ ︷︷ ︸
Firm sub-intensive margin

ω

1−ω
(

PM t

PDt

)ε−1
[(

ϕi

ϕM t

) (σ−1)(ε−1)
ε−1−γ(σ−1) −1

]
︸ ︷︷ ︸

Firm sub-extensive margin

1657

Now we approximate it to the first order. 1658

m∗
i t = wt −et + (ε−1)

(
et +p$

M t −pDt

)
− (σ−1)(ε−1)

ε−1−γ(σ−1)

(
ϕi
ϕM

) (σ−1)(ε−1)
ε−1−γ(σ−1)

(
ϕi
ϕM

) (σ−1)(ε−1)
ε−1−γ(σ−1) −1

ϕM t 1659

Now we use the definition of the domestic input share: 1660

γDi t ≡
(
ϕi

ϕM t

) (σ−1)(ε−1)
ε−1−γ(σ−1)

1661

leading to 1662

m$
i t = wt −et + (ε−1)

(
et +p$

M t −pDt

)
− (σ−1)(ε−1)

ε−1−γ(σ−1)

1
γDi

1
γDi

−1
ϕM t 1663

Recall the linear equation for openness in the model with selection 1664

ϕM t =− 1

κ− (σ−1)

1

1− [(
1−γσ−1

σ

)
κ̃+γσ−1

σ

]
H
ηt 1665

We split the margins, starting with the sub-intensive 1666

wt −et = 1

1−µ
(
aSt +pSt −µpDt

)−et

= 1

1−µ
[

aSt +pSt −µ
(

aSt +pSt − 1−µ
1−γaDt −νpHηt

)]
−et

= aSt +pSt + µ

1−γaDt + µ

1−µνpHηt −et

= aSt + µ

1−γaDt + µ

1−µνpHηt −qt

1667

Now recall the equation for ηt in autarky 1668

ηt = 1

1+νcH −νq H

(
− 1

1−γaDt +p$
X t −p$

M t

)
1669

106



and the equation for the real exchange rate 1670

qt = aSt − 1−µ
1−γaDt −p$

M t +νq Hηt 1671

which we plug into the equation of the sub-intensive margin 1672

mi nt
t = wt −et = aSt + µ

1−γaDt + µ

1−µνpHηt −
(

aSt − 1−µ
1−γaDt −p$

M t +νq Hηt

)
= 1

1−γaDt +p$
M t +

(
µ

1−µνpH −νq H

)
1

1+νcH −νq H

(
− 1

1−γaDt +p$
X t −p$

M t

)

=
1+νcH −νq H − µ

1−µνpH +νq H

1+νcH −νq H

(
1

1−γaDt +p$
M t

)
+

µ
1−µνpH −νq H

1+νcH −νq H
p$

X t

= 1+νl H

1+νcH −νq H

(
1

1−γaDt +p$
M t

)
+

µ
1−µνpH −νq H

1+νcH −νq H
p$

X t

1673

and now we solve the sub-extensive margin 1674

mext
t = (ε−1)

(
et +p$

M t −pDt

)
+ (σ−1)(ε−1)

ε−1−γ(σ−1)

1

1−γDi

1

κ− (σ−1)

1

1− [(
1−γσ−1

σ

)
κ̃+γσ−1

σ

]
H
ηt

= (ε−1)

(
et +p$

M t −
(

aSt +pSt − 1−µ
1−γaDt −νpHηt

))
+ (σ−1)(ε−1)

ε−1−γ(σ−1)

1

1−γDi

1

κ− (σ−1)

1

1− [(
1−γσ−1

σ

)
κ̃+γσ−1

σ

]
H
ηt

= (ε−1)

(
qt +p$

M t −aSt + 1−µ
1−γaDt +νpHηt

)
+ (σ−1)(ε−1)

ε−1−γ(σ−1)

1

1−γDi

1

κ− (σ−1)

1

1− [(
1−γσ−1

σ

)
κ̃+γσ−1

σ

]
H
ηt

= (ε−1)

(
aSt − 1−µ

1−γaDt −p$
M t +νq Hηt +p$

M t −aSt + 1−µ
1−γaDt +νpHηt

)
+ (σ−1)(ε−1)

ε−1−γ(σ−1)

1

1−γDi

1

κ− (σ−1)

1

1− [(
1−γσ−1

σ

)
κ̃+γσ−1

σ

]
H
ηt

= (ε−1)
(
νq H +νpH

)
ηt + (σ−1)(ε−1)

ε−1−γ(σ−1)

1

1−γDi

1

κ− (σ−1)

1

1− [(
1−γσ−1

σ

)
κ̃+γσ−1

σ

]
H
ηt

= (ε−1)

(
νq H +νpH + σ−1

ε−1−γ(σ−1)

1
1−γDi

1
κ−(σ−1)

1− [(
1−γσ−1

σ

)
κ̃+γσ−1

σ

]
H

)
ηt

= (ε−1)

(
νq H +νpH + σ−1

ε−1−γ(σ−1)

1
1−γDi

1
κ−(σ−1)

1− [(
1−γσ−1

σ

)
κ̃+γσ−1

σ

]
H

)
·[

−
(

1

1−γaDt +p$
M t

)
+p$

X t

]

1675
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F.4 Proof of proposition 6 1676

In this section, we explain why heterogeneity in productive efficiency and fixed costs to import 1677

are only necessary and not sufficient ingredients to obtain dynamics that are distinct from a 1678

neoclassical setting. Instead, we show that selection is a sufficient ingredient and key for generating 1679

dynamics that are different for models with and without heterogeneity in productivity. 1680

F.5 Aggregate production function 1681

This section derives the aggregate production function in a model without selection. It also 1682

rationalizes the choice for XD,t as the one that makes aggregate productivity in the model without 1683

selection equal to the degenerate productivity level in a neoclassical model defined in equation F.1. 1684

To derive the aggregate production function use the definition of Yt 1685

Yt ≡
(∫

i
Y

σ−1
σ

i t di

) σ
σ−1

=
(∫

i

(
ADtϕi L1−γ

Di t X γ

Di t

)σ−1
σ

di

) σ
σ−1

1686

Consider the first order condition for LDi t 1687

LDi t = (1−γ)
MCi t Yi t

Wt

= (1−γ)
σ−1

σ

Pi t

Wt

(
Pi t

PDt

)−σ
(XSt +QDt )

= (1−γ)
σ−1

σ

PDt

Wt
(XSt +QDt )

(
Pi t

PDt

)1−σ

= LDt

(
Pi t

PDt

)1−σ

1688

where we have used the expression for aggregate labor demand from manufacturing for productive 1689

labor use. Insert and re-write: 1690

Yt =
∫

i

(
ADtϕi

(
Pi t

PDt

)(1−σ)(1−γ)

L1−γ
Dt X γ

Di t

)σ−1
σ

di


σ
σ−1

= ADt L1−γ
Dt

∫
i

(
ϕi

(
Pi t

PDt

)(1−σ)(1−γ)

X γ

Di t

)σ−1
σ

di


σ
σ−1

= ADt L1−γ
Dt X γ

Dt

∫
i

(
ϕi

(
Pi t

PDt

)(1−σ)(1−γ) ( XDi t

XDt

)γ)σ−1
σ

di


σ
σ−1

1691

Now we obtain expression for
XDi t

XDt
and Pi t

PDt
as functions of ϕ only. Start by re-writing

XDi t

XDt
as a 1692
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function of productivity and PXi t 1693

XDi t

XDt
= XDi t(∫

i X
ε−1
ε

Di t di

) ε
ε−1

=
γMCi t Yi t

PXi t(∫
i

(
γMCi t Yi t

PXi t

) ε−1
ε

di

) ε
ε−1

=
1
ϕi

Pγ−1
Xi t Yi t(∫

i

(
1
ϕi

Pγ−1
Xi t Yi t

) ε−1
ε

di

) ε
ε−1

=
1
ϕi

Pγ−1
Xi t P−σ

i t(∫
i

(
1
ϕi

Pγ−1
Xi t P−σ

i t

) ε−1
ε

di

) ε
ε−1

=
ϕσ−1

i Pγ−1−γσ
Xi t(∫

i

(
ϕσ−1

i Pγ−1−γσ
Xi t

) ε−1
ε

di

) ε
ε−1

1694

Use the definition of PXi t to write the expression as a function of ϕM t 1695

PX i t =
(
ϕM t

ϕi

) σ−1
ε−1−γ(σ−1)

ω− 1
ε−1 PDt 1696

To obtain
XDi t

XDt
solely as a function of ϕ 1697

XDi t

XDt
=

ϕσ−1
i

((
ϕM t
ϕi

) σ−1
ε−1−γ(σ−1)

ω− 1
ε−1 Pγ−1−γσ

Dt

)γ−1−γσ

∫
i

(
ϕσ−1

i

((
ϕM t
ϕi

) σ−1
ε−1−γ(σ−1)

ω− 1
ε−1 Pγ−1−γσ

Dt

)γ−1−γσ) ε−1
ε

di


ε
ε−1

=
ϕσ−1

i

((
ϕM t
ϕi

) σ−1
ε−1−γ(σ−1)

)γ−1−γσ

ϕ
(σ−1)(γ−1−γσ)
ε−1−γ(σ−1)

M t

(∫
i ϕ

(σ−1)(ε−1)
ε−1−γ(σ−1)

i di

) ε
ε−1

= ϕ
(σ−1)ε

ε−1−γ(σ−1)

i(∫
i ϕ

(σ−1)(ε−1)
ε−1−γ(σ−1)

i di

) ε
ε−1

1698
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Now re-write Pi t
PDt

also as a function of productivity solely: 1699

Pi t

PDt
=

σ
σ−1 MCi t

PDt

=
σ
σ−1

1
ϕi ADt

W
1−γ
t P

γ
Xi t

1−γ1−γγγ

σ
σ−1ω

− γ
ε−1 1

ADt

Wt
1−γPDt

γ

(1−γ)1−γγγ

[
κ

κ− (σ−1)(ε−1)
ε−1−γ(σ−1))

]− 1
σ−1 (

ϕε−1ϕM t
−γ(σ−1)

)− 1
ε−1−γ(σ−1)

=
σ
σ−1

1
ϕi ADt

W
1−γ
t

((
ϕM t
ϕi

) σ−1
ε−1−γ(σ−1) ω− 1

ε−1 PDt

)γ
1−γ1−γγγ

σ
σ−1ω

− γ
ε−1 1

ADt

Wt
1−γPDt

γ

(1−γ)1−γγγ

[
κ

κ− (σ−1)(ε−1)
ε−1−γ(σ−1))

]− 1
σ−1 (

ϕε−1ϕM t
−γ(σ−1)

)− 1
ε−1−γ(σ−1)

=
1
ϕi

(
ϕM t
ϕi

) σ−1
ε−1−γ(σ−1)γ

[
κ

κ− (σ−1)(ε−1)
ε−1−γ(σ−1))

]− 1
σ−1 (

ϕε−1ϕM t
−γ(σ−1)

)− 1
ε−1−γ(σ−1)

=ϕ− (ε−1)
(ε−1)−γ(σ−1)

i

 κ

κ− (σ−1)(ε−1)
ε−1−γ(σ−1))

 1
σ−1

ϕ
− (ε−1)

(ε−1)−γ(σ−1)

1700

We can put these pieces together as: 1701

Yt = ADt L1−γ
Dt X γ

Dt

(∫
i

{
ϕi

ϕ− (ε−1)
(ε−1)−γ(σ−1)

i

 κ

κ− (σ−1)(ε−1)
ε−1−γ(σ−1))

 1
σ−1

ϕ
− (ε−1)

(ε−1)−γ(σ−1)


(1−σ)(1−γ)

 ϕ
(σ−1)ε

ε−1−γ(σ−1)

i(∫
i ϕ

(σ−1)(ε−1)
ε−1−γ(σ−1)

i di

) ε
ε−1


γ}σ−1

σ

di

) σ
σ−1

= ADt L1−γ
Dt X γ

Dt

 κ

κ− (σ−1)(ε−1)
ε−1−γ(σ−1))

 1
γ−1

ϕ
(ε−1)(1−σ)(1−γ)

(ε−1)−γ(σ−1)

(∫
i
ϕ

(σ−1)(ε−1)
ε−1−γ(σ−1)

i di

) σ
σ−1−γ ε

ε−1

= ADt L1−γ
Dt X γ

Dt

 κ

κ− (σ−1)(ε−1)
ε−1−γ(σ−1))

 1
γ−1

ϕ
(ε−1)(1−σ)(1−γ)

(ε−1)−γ(σ−1)

 κ

κ− (σ−1)(ε−1)
ε−1−γ(σ−1))

ϕ
(ε−1)(1−σ)

(ε−1)−γ(σ−1)

 σ
σ−1−γ ε

ε−1

= ADt L1−γ
Dt X γ

Dtϕ

 κ

κ− (σ−1)(ε−1)
ε−1−γ(σ−1))


ε−1−γ(σ−1)
(σ−1)(ε−1)

1702
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Note that this expression yields two insights. First, the production function in a model with het- 1703

erogeneous firms, fixed costs of importing, and roundabout production, but without selection is 1704

equivalent to the production function obtained from a model with a degenerate productivity level 1705

given by equation F.1. Second, the combination of heterogeneity across firms, fixed costs of import- 1706

ing, and roundabout production is not sufficient to generate changes in aggregate manufacturing 1707

productivity following aggregate shocks.27 Instead, we show in the next section that selection into 1708

importing is a sufficient condition for aggregate productivity shocks. 1709

F.6 Model equivalence 1710

To see this, we consider two nested specifications of the main model in which we do not allow 1711

for selection. This is implemented by assuming a minimum level of productivity that is above 1712

the importing cutoff, not only in the steady state but far enough from the cutoff that all firms 1713

in the economy are always importing (ϕ > ϕM t ). To show how a model with heterogeneity and 1714

fixed costs, but without selection is dynamically equivalent to a model with only one producer, we 1715

specialize the heterogeneous firm model to a homogeneous firm model by letting k →∞ such that 1716

the productivity distribution becomes degenerate at some level ϕD . Next, we show that these two 1717

models are dynamically equivalent because they give rise to the same equilibrium conditions for 1718

the endogenous variables. Starting with the aggregate manufacturing price indices: 1719

Degenerate PDt = σ

σ−1
ω− γ

ε−1
1

ADt

Wt
1−γPDt

γ

(1−γ)1−γγγ
(
ϕD

ε−1ϕM t
−γ(σ−1))− 1

ε−1−γ(σ−1)

Pareto PDt = σ

σ−1
ω− γ

ε−1
1

ADt

Wt
1−γPDt

γ

(1−γ)1−γγγ

 κ

κ− (σ−1)(ε−1)
ε−1−γ(σ−1)

− 1
σ−1 (

ϕε−1ϕM t
−γ(σ−1)

)− 1
ε−1−γ(σ−1)

1720

The two latter expressions are equivalent whenever 1721

ϕD =ϕ
 κ

κ− (σ−1)(ε−1)
ε−1−γ(σ−1)


ε−1−γ(σ−1)
(σ−1)(ε−1)

(F.1) 1722

and these equalities remain when we consider the other equations for these two different models. 1723

For example, in the model with degenerate heterogeneity, we have 1724

Ht =
1−

(
ϕM t
ϕD

) (σ−1)(ε−1)
ε−1−γ(σ−1)

1−γσ−1
σ

(
ϕM t
ϕD

) (σ−1)(ε−1)
ε−1−γ(σ−1)

=
κ−

(
κ− (σ−1)(ϵ−1)

(ϵ−1)−γ(σ−1)

)(
ϕM t
ϕ

) (σ−1)(ϵ−1)
(ϵ−1)−γ(σ−1)

κ−γσ−1
σ

(
κ− (σ−1)(ϵ−1)

(ϵ−1)−γ(σ−1)

)(
ϕM t
ϕ

) (σ−1)(ϵ−1)
(ϵ−1)−γ(σ−1)

1725

27Here 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

Et
B $

t+1

Rt
−Et B $

t = Et P $
X t X −µγσ−1

σ
Ht PStCSt 1727

which is the same in both cases. The final check is to assess whether or not labor allocated to 1728

importing is expressed in the same equations in both cases. Under the Pareto distribution, we have 1729

LM t = f
ω

1−ω
(

PDt

Et PM t

)1−ε
( ϕ

ϕM t

) (σ−1)(ε−1)
ε−1−γ(σ−1) κ

κ− (σ−1)(ε−1)
ε−1−γ(σ−1)

−1


= ω

1−ω
(

PDt

Et PM t

)1−ε[(
ϕD

ϕM t

) (σ−1)(ε−1)
ε−1−γ(σ−1) −1

] 1730

which again means the frameworks are in concordance. 1731
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