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Abstract10

This paper studies monetary policy design in small open economies with cross-border and input-output
linkages. We derive the divine coincidence (DC) Phillips curve linking the output gap to a DC index that
weights each sector’s inflation by sectoral contents in domestic consumption and exports, and of domestic
labor. Output gap targeting can be implemented by stabilizing the DC index, which assigns larger weights
to sectors that supply more inputs directly or indirectly to domestic output and face larger expenditure-
switching effects. Disregarding openness or treating the economy as one sector overemphasizes inflation in
sectors that export directly or indirectly, and underemphasizes inflation in sectors facing large expenditure-
switching effects. We quantify our theoretical results using the World Input-Output Database, showing that
the Phillips curves are steeper in open than closed economies, and that output gap targeting is near-optimal
as in closed economies and outperforms alternative policies ignoring cross-border or input-output linkages.
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1. Introduction13

Modern production revolves around intricate input-output (IO) relations within domestic firms and be-14

tween domestic and foreign firms, and the position and import-export intensity of each domestic firm along15

the production networks are critical for an economy’s response to shocks and the efficacy of stabilizing16

economic policies. Disruptions to the global supply chain during trade tensions between China and the US17

since the introduction of the “China Section 301-Tariff Actions” in 2018, the COVID-19 pandemic, and at18

the outset of the Trump administration’s trade actions in 2025 exemplify the primal role of international19
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input-output linkages for the changes in output and prices and the stance of monetary policy.320

Yet, there is no systematic research focused on the design of monetary policy in open economies with21

both cross-border and input-output relations —despite two strands of literature providing distinct insights22

on the issue. On the one hand, in a one-sector small open economy (SOE) model with nominal price23

rigidities and without input-output relations as per Galı́ and Monacelli (2005), the optimal monetary policy24

stabilizes domestic inflation, taking into account the terms of trade. On the other hand, in a multi-sector25

closed economy with IO linkages as per Rubbo (2023), the monetary policy closing the output gap should26

target a weighted average of sectoral inflation with the weights proportional to Domar weights (i.e., sectoral27

sales-to-GDP ratio) to account for the propagation of sectoral distortions along input-output linkages.28

In light of these separate findings, it remains unknown what the policy prescription should be for a29

monetary authority that operates in an open, multi-sector economy with both input-output and cross-border30

relations between firms. Our paper sheds light on this outstanding issue by revealing the separate roles31

of input-output and cross-border linkages in the design of monetary policy, and studying the pitfalls of32

monetary policy that disregards either type of linkages.33

We study these issues by developing a small open economy model with production networks between34

domestic and foreign sectors that are subject to nominal rigidities. Our model combines the one-sector open35

economy framework in Galı́ and Monacelli (2005) with the multi-sector, production network framework36

similar to Rubbo (2023), La’O and Tahbaz-Salehi (2022), and Ghassibe (2021b). In our multi-sector econ-37

omy with nominal rigidities, inflation in the different sectors relates to sectoral markup wedges that prevent38

attainment of allocations in the flexible-price equilibrium. The cross-border and input-output linkages fur-39

ther propagate these sectoral markup wedges throughout the economy, resulting in the output gap —defined40

as the difference between the aggregate output in the sticky-price and the flexible-price equilibria.41

We show that the output gap is proportional to a weighted average of sectoral markup wedges. The42

weight assigned to a sector’s markup wedge —which we call the sectoral OG weight— crucially depends43

on the interplay of cross-border and input-output linkages. The size of the sectoral OG weight is determined44

by three channels that rely on the distinct roles of the sector for the aggregate output in the network economy:45

(i) the Consumer Price Index (CPI), (ii) the expenditure-switching, and (iii) the profit channels. While the46

CPI channel is also present in closed economies, the expenditure-switching and profit channels are unique47

to open economies.448

In the CPI channel, negative sectoral markup wedges are associated with a lower CPI than in the flexible-49

price equilibrium. The negative CPI gap links to a positive output gap through a higher real wage that in-50

creases domestic labor supply and a higher real exchange rate (i.e., a depreciation of the domestic currency)51

that increases the income from foreign countries in units of domestic consumption. In the expenditure-52

3See Auray et al. (2024) and Bai et al. (2024, 2025) for discussions on the impacts of trade barriers and Covid-19 on output
and monetary policy.

4The expenditure-switching channel is standard in the international macroeconomic literature. See Engel (2002) for a review.
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switching channel, a negative sectoral markup wedge reduces the prices of domestic relative to foreign53

products and induces a switching of domestic and foreign expenditures from foreign to domestic goods,54

thereby increasing domestic labor income and relating to a positive output gap. The profit channel com-55

prises two sub-channels of export profit and imported factor, respectively. In the export profit sub-channel,56

negative sectoral markup wedges lower the domestic prices that are the (opportunity) costs of exported57

goods, thereby increasing export profits and relating to a positive output gap. In the imported factor sub-58

channel, negative sectoral markup wedges raise domestic sectors’ imported-factor costs relative to sales,59

thus reducing producers’ profits and linking to a negative output gap.60

The sizes of the three foregoing channels are determined by the different roles of the sector in the61

open-economy input-output network as a supplier of inputs to both domestic and foreign demand, as well62

as a customer for domestic labor inputs —which we measure using different sectoral relevance metrics.63

Because the CPI is the price of aggregate output, the size of the CPI channel is determined by the sector’s64

direct and indirect (via the downstream sectors) contribution to domestic aggregate output as a supplier65

of inputs —which we measure using the sectoral total content in domestic consumption. The size of the66

expenditure-switching channel —measured by the sectoral generalized expenditure-switching elasticity—67

is proportional to three components: (i) the direct and indirect (via downstream sectors) impacts of sectoral68

markup wedges on domestic sectors’ prices; (ii) the impacts of domestic sectors’ prices on the domestic and69

foreign expenditures on domestic goods —which we measure using the expenditure-switching elasticity;70

and (iii) the sector’s direct and indirect (via upstream sectors) use of domestic labor factor —which we71

measure using the sectoral total content of domestic labor.5 The size of the export profit sub-channel is72

proportional to two components: (i) the direct and indirect (via downstream sectors) impacts of sectoral73

markup wedges on domestic sectors’ prices, and (ii) the share of the sector’s export value in domestic74

output. Finally, the size of the imported factor sub-channel is also proportional to two components: (i) the75

share of the sector’s sales in domestic output (i.e., the sectoral Domar weight), and (ii) the sector’s direct76

and indirect (via upstream sectors) use of imported intermediate inputs —measured by the sectoral total77

content of foreign factor.78

Our sectoral relevance metrics and OG weights encompass those in the closed economy framework with79

production networks à la Rubbo (2023) and La’O and Tahbaz-Salehi (2022), showing that the OG weight is80

equal to the total content in domestic consumption and the Domar weight in closed economies that abstract81

from cross-border linkages, where the expenditure-switching and profit channels are absent.82

Using the sectoral OG weights that link sectoral markup wedges to the output gap, we derive the divine83

coincidence Phillips curve (DC Phillips curve), which links the output gap to an aggregate inflation index —84

the divine coincidence index (DC index)— thereby allowing for the simultaneous stabilization of domestic85

5The (generalized) expenditure-switching elasticity corresponds to the standard expenditure switching effect in the interna-
tional macroeconomic literature.
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inflation and the output gap, and achieving the divine coincidence. The DC index is a weighted average of86

domestic sectoral inflation, with each sector’s relative weight given by its normalized sectoral OG weight.87

This normalized OG weight equals the product of a sector’s OG weight and its price rigidity —which88

links positive sectoral inflation to the negative sectoral markup wedge— divided by a normalizer given by89

the sum of price-rigidity-adjusted sectoral OG weights. While the normalized OG weights determine the90

relative sectoral weights in the DC index, the sum of price-rigidity-adjusted sectoral OG weights is inversely91

related to the slope of the DC Phillips curve and determines its size through the different channels in the92

OG weight. At the sector level, the sectoral Phillips curves include both output-gap and cost-push driven93

inflation, similar to those in closed economies with production networks.94

We show that the slopes of the DC and the sectoral Phillips curves in open relative to closed economies95

depend on the balance between two main countervailing forces: (i) in the CPI channel, the domestic sectors’96

content in domestic consumption is smaller in open than in closed economies, reducing the elasticity of97

the output gap to domestic inflation and thereby producing a steeper slope in open economies; and (ii)98

the positive expenditure-switching channel, present only in open economies, increases the elasticity of the99

output gap to domestic inflation and hence produces a flatter slope in open economies.100

The DC Phillips curve implies that the monetary policy of output gap targeting can be implemented101

by targeting the DC index to zero. Accordingly, we examine how cross-border and input-output linkages102

determine output gap targeting through their influence on the normalized OG weights in the DC index, fo-103

cusing on the pitfalls of two alternative output gap targeting policies: (i) one that abstracts from input–output104

linkages, as in the one-sector small open economy literature, and (ii) one that abstracts from cross-border105

linkages and targets the closed-economy DC index based on normalized Domar weights —i.e., the Producer106

Price Index (PPI) targeting policy in closed economies with production networks à la Rubbo (2023).6107

In the one-sector SOE model —which abstracts from input-output linkages— output gap targeting is108

the optimal monetary policy, as it simultaneously stabilizes domestic inflation, consistent with the “divine109

coincidence” result in Galı́ and Monacelli (2005). However, in the one-sector SOE literature, output gap110

targeting is implemented by targeting the PPI inflation, which weights sectoral inflation by sectoral sales —111

proportional to the Domar weights rather than our OG weights. We contribute to this literature by deriving112

the appropriate sectoral weights in the domestic aggregate inflation index needed to close the output gap,113

which differ from the PPI weights and account for the interplay of cross-border and input–output linkages.114

Output gap targeting that abstracts from cross-border linkages adopts normalized Domar rather than OG115

weights, and it can overemphasize the relevance of a domestic sector’s inflation for the (domestic) output116

gap. This is because in open economies, a sector’s Domar weight is proportional to its total sales —which117

encompasses its direct and indirect (via downstream sectors) contributions to not only domestic but also118

6For simplicity throughout the paper, we refer to the monetary policy that targets the DC index using price-rigidity-adjusted
PPI (CPI) weights as the PPI (CPI) targeting.
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foreign demand. Output gap targeting that abstracts from cross-border linkages can also underestimate the119

relevance of a domestic sector’s inflation by ignoring its effect on domestic-to-foreign prices and, in turn,120

on the demand for domestic products and labor (i.e., by neglecting the expenditure-switching channel).121

Overall, we find that output gap targeting policies both used in the one-sector SOE literature and disre-122

garding cross-border linkages are equivalent to the PPI targeting —which uses normalized Domar instead123

of OG weights. The extent to which the PPI targeting over- or under-emphasizes the relevance of a sec-124

tor’s inflation depends on the quantitative strength of the aforementioned countervailing sectoral forces for125

a sector relative to the other sectors. This theoretical possibility motivates our quantitative analysis, which126

calibrates the model to major economies based on data from the World Input-Output Database (WIOD) to127

assess the different channels across different economies.128

We derive the welfare loss function and the resulting optimal monetary policy in our small open economies129

with production networks. We show that the welfare loss (up to the second-order approximation) comprises130

the losses from the output gap misallocation and the within- and across-sector misallocation —similar to131

those in closed economies à la La’O and Tahbaz-Salehi (2022) and Rubbo (2023)— as well as the cross-132

border misallocation that is unique to the open economy. The optimal monetary policy —which minimizes133

the welfare loss subject to the sectoral Phillips curves— cannot simultaneously eliminate the output gap, the134

within- and across-sector, and the cross-border misallocations, and thus needs to trade off among them. In135

other words, the “divine coincidence” that holds in one-sector SOEs à la Galı́ and Monacelli (2005) breaks136

down in our multi-sector SOEs.137

Input-output and cross-border linkages enter the welfare loss function and, therefore, play an important138

role in optimal monetary policy. In one-sector SOEs without input–output linkages, only within-sector and139

cross-border misallocations remain, and the output gap is proportional to domestic inflation, making welfare140

loss proportional to the squares of domestic inflation and hence achieving the divine coincidence as in Galı́141

and Monacelli (2005). In multi-sector closed economies without cross-border linkages, the cross-border142

misallocation in the welfare loss function is absent.143

To quantify the relevance of the different channels and countervailing forces in our model for the DC144

Phillips curve and the relative sectoral weights in the DC index, as well as to determine the welfare differ-145

ences across alternative monetary policies, we calibrate the model to the data from the WIOD comprising146

43 countries with 56 major sectors for the year 2014. We show that both the DC and sectoral Phillips curves147

are steeper in open economies relative to closed economies. The steeper slopes are mainly driven by the148

smaller domestic sectors’ contents in domestic consumption in open than closed economies, which reduces149

the CPI channel across all sectors and steepens the Phillips curves.150

We show that the CPI and expenditure-switching channels explain the bulk of the variation in the normal-151

ized OG weights, with the importance of these two channels decreasing and increasing with the openness152

of the economy, respectively. The percentage difference between the normalized Domar and OG weight153

—which captures the pitfalls in the output gap targeting that disregards cross-border linkages— is primar-154
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ily driven by the sector’s export intensity component —which captures the sector’s direct and indirect (via155

downstream sectors) contribution to exports— and the expenditure-switching component.156

We use regression analysis to study the rule-of-thumb combinations of sectoral relevance metrics to157

approximate the normalized sectoral OG weights. We show that the normalized sectoral OG weights can158

be closely approximated by a linear combination of total content in domestic consumption and generalized159

expenditure-switching elasticity. We also reveal that the normalized Domar-OG differences —capturing the160

pitfall in the output gap targeting that disregards cross-border linkages, or equivalently, the PPI targeting161

policy in the one-sector SOE literature— can be closely approximated by a linear combination of export162

intensity and ratio of generalized expenditure-switching elasticity to the Domar weight. Therefore, our163

regression analysis implies that output gap targeting should assign larger weights to inflation in sectors that164

supply more inputs directly or indirectly (i.e., via the downstream sectors) to domestic consumption, and165

that face larger expenditure-switching effects. Disregarding cross-border linkages or treating the economy166

as a one-sector SOE overstates inflation in sectors that export intensively —directly and indirectly— and167

understates inflation in sectors facing large expenditure-switching effects.168

Finally, we compare the welfare under alternative monetary policies, showing that output gap targeting169

is close to the optimal monetary policy —as in closed economies with production networks à la Rubbo170

(2023)— and it outperforms three alternatives: (i) the PPI targeting that targets the aggregate inflation index171

using normalized Domar weights (and therefore abstracts from the cross-border linkages); (ii) the output172

gap targeting that accounts for cross-border but abstracts from input-output linkages; and (iii) the CPI tar-173

geting that targets the aggregate inflation index using normalized CPI weights (and thus abstracts from both174

cross-border and input-output linkages). For instance, in Mexico, output gap targeting outperforms the PPI175

targeting and output gap targeting that ignores IO linkages by 67% and 99%, respectively, toward the opti-176

mal monetary policy in terms of welfare. In the more open economy of Luxembourg, welfare improvements177

by output gap targeting are larger at 95% and 99%, respectively. In the relatively closed economy of the US,178

however, the welfare difference between the output gap and PPI targeting is limited, indicating that inter-179

national trade plays a minor role in monetary policy design for countries with low openness. Accordingly,180

our quantitative analysis underscores the importance of accounting for both input–output and cross-border181

linkages in the design of monetary policy in small open economies with production networks.182

Related literature. Our paper is related to four separate strands of literature. First, we relate to literature183

on the design of monetary policy in closed economies with production networks. Rubbo (2023), La’O and184

Tahbaz-Salehi (2022), and Xu and Yu (2025) show that in closed economies, output gap targeting is nearly185

optimal, and that it weights inflation in the different sectors according to the sectoral Domar weights that186

account for the structure of the domestic production network. La’O and Tahbaz-Salehi (2025) study the187

optimal fiscal and monetary policies in a closed economy. Compared to the foregoing studies, we show that188

output gap targeting in open economies is nearly optimal as in closed economies, but it needs to account for189

the interplay between cross-border and input-output linkages.190
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Second, our paper relates to literature that investigates the aggregation of sectoral distortions and shocks.191

Chari et al. (2007) use labor and efficiency wedges to characterize the aggregation of disaggregated shocks192

and distortions. Acemoglu et al. (2012) show that with input–output linkages, idiosyncratic microeconomic193

shocks can propagate into aggregate fluctuations. Bigio and La’O (2020) extend that analysis to study a194

closed economy with production networks; they reveal that the efficiency wedge does not include first-order195

distortions and that only the labor wedge is critical to first-order economic efficiency. We generalize their196

results to an open economy with international production networks. Baqaee and Farhi (2024) study distor-197

tions in a global economy with interconnected countries and sectors. Elliott and Jackson (2024) examine198

the propagation of supply chain disruption in international production networks. Compared to their work,199

we investigate the distortions in SOEs and focus on the design of monetary policy.200

Third, our paper relates to literature on the transmission of monetary policy in production networks.201

Ghassibe (2021a,b) and Afrouzi and Bhattarai (2023) develop an analytical characterization of the trans-202

mission mechanism of monetary policy in closed economies with production networks. Nakamura and203

Steinsson (2010) and Pasten et al. (2020) provide a numerical characterization of the effect of monetary204

policy on aggregate output and inflation. Silva (2024) explores how the production network alters the prop-205

agation of sectoral shocks into the consumer price index in small open economies. Kalemli-Ozcan et al.206

(2025) develop a New Keynesian open economy model incorporating global production networks and trade207

distortions to study the interaction between monetary policy and trade. Compared to these works, we focus208

on the design rather than the transmission of monetary policy in network economies.209

Fourth, our paper is linked to the numerous studies on the design of monetary policies in small open210

economies without production networks. While earlier work focuses on one-sector small open economies211

(e.g., De Paoli, 2009; Galı́ and Monacelli, 2005; Soffritti and Zanetti, 2008), more recent work —Matsumura212

(2022) and Wei and Xie (2020)— explore small open economy models with multiple sectors. Compared to213

these foregoing studies, we derive closed-form solutions for the output gap targeting and optimal monetary214

policies and provide a comprehensive analysis of the design of monetary policies in small open economies215

with fully-fledged cross-border and input-output linkages.216

Outline. The remainder of the paper is organized as follows. Section 2 describes our model of a small open217

economy with production networks. Section 3 studies the sectoral OG weights that link sectoral markup218

wedges to the output gap. Section 4 derives the Phillips curves and analyzes the output gap targeting policy.219

Section 5 derives the welfare loss function and optimal monetary policy. Section 6 quantifies the theoretical220

results using data and compares the welfare under alternative monetary policies. Section 7 concludes the221

paper.222
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2. Small open economy with production networks223

2.1. Environment224

The static, small open economy is populated by a representative household consuming domestic and225

imported sectoral products and supplying labor in exchange for wage income, a government that levies226

sector-specific taxes and manages the aggregate demand by controlling the money supply, and producers227

that operate in N ∈ N+ different sectors, indexed by i ∈ {1, 2, · · · , N}.228

Each sector i comprises two types of producers: (i) a unit mass of monopolistically competitive firms229

indexed by f ∈ [0, 1] that transform labor and intermediate inputs into differentiated goods, and (ii) a unit230

mass of perfectly competitive firms that pack the differentiated goods of each sector into a domestic sectoral231

product —which is both used domestically and exported to foreign countries. Each domestic sectoral prod-232

uct has a counterpart foreign sectoral product available for import. Consumption and intermediate inputs233

comprise domestic and foreign sectoral products.234

2.2. Producers235

Monopolistically competitive firms. Within each sector i, monopolistically competitive firms use a common236

constant-returns-to-scale production technology to transform labor and intermediate inputs into differenti-237

ated goods. The production technology of each firm f in sector i is238

Yif = Ai ·
(Lif

αi

)αi
N∏
j=1

(Xif,j

ωi,j

)ωi,j

, (1)

where Ai is the sector-specific productivity shock, Yif is the output of firm f in sector i, Lif is its labor239

input, and Xif,j is the intermediate input acquired from sector j. Parameter αi is the share of labor, and ωi,j240

is the share of intermediate inputs from sector j. The collection of {ωi,j}i,j characterizes the input-output241

table. Constant returns-to-scale implies that αi +
∑N

j=1 ωi,j = 1.242

The openness of the economy is reflected in the composition of Xif,j , which is aggregated from a domes-243

tic sectoral product XHif,Hj and an imported foreign sectoral product XHif,F j according to the following244

constant-elasticity-of-substitution technology:245

Xif,j =
(
v

1
θj

x,i,jX

θj−1

θj

Hif,Hj + (1− vx,i,j)
1
θj X

θj−1

θj

Hif,F j

) θj
θj−1

, (2)

where θj is the elasticity of substitution between domestic and foreign sectoral products in intermediate246

input Xif,j . vx,i,j is the home bias parameter, which in equilibrium is equal to the steady-state expenditure247

share of XHif,Hj in the composite intermediate input Xif,j .248
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The total cost of inputs used by the firm is249

TCif = WLif +
N∑
j=1

(PjXHif,Hj + S · P ∗
IM,FjXHif,F j), (3)

where W is the nominal wage rate, Pj is the domestic sectoral price, P ∗
IM,Fj is the exogenous sectoral250

import price denominated in the foreign currency, and S is the nominal exchange rate. Given output Yif251

and the production technology in equation (1), the firm optimally chooses labor and intermediate inputs to252

minimize the total cost TCif , which yields the marginal cost of production that equals the average cost due253

to the constant-return-to-scale technology. Moreover, because all firms f in each sector i share the same254

production technology and face the same input prices, the marginal cost of production is identical across all255

firms in sector i, and we denote it by Φi.256

We model nominal rigidity as a static Calvo-pricing friction where only firms indexed by f ≤ δi ∈ [0, 1]257

can choose their desired price P#
i and the remaining firms maintain the price at the steady-state level. We258

refer to (1 − δi)/δi as the price rigidity of sector i. In each sector i, firms operate in a monopolistically259

competitive market and receive a sectoral subsidy rate τi on sales. Those firms that can adjust their prices260

set the desired price to maximize profit.261

In each sector i, the perfectly competitive and identical sectoral goods packers transform the differen-262

tiated goods that the monopolistically competitive firms produce into a sectoral product using a constant-263

elasticity-of-substitution technology, with the within-sector elasticity of substitution between different firms’264

products equal to εi > 1. The price of the domestic sector i’s products —denoted by Pi— is the selling price265

of its sectoral goods packer. We define the sectoral markup and the desired sectoral markup as µi ≡ Pi/Φi266

and µ#
i ≡ P#

i /Φi, respectively. We further define the sectoral markup wedge for domestic sector i as the267

log deviation of the sectoral markup from the desired markup, viz., ln(µi)− ln(µ#
i ). Shown in Appendix A268

are the expressions for the nominal profit, demand function, and desired prices of the firms, as well as the269

sectoral product and price index.270

2.3. Households271

The preference of the representative household is described by the utility function defined over domestic272

aggregate consumption C and labor supply L:273

u(C,L) =
C1−σ

1− σ
− L1+φ

1 + φ
, (4)

where σ is the coefficient of relative risk aversion, and φ is the inverse of the Frisch elasticity of labor supply.274

In our static model without investment, domestic aggregate consumption is equivalent to the (domestic)275

aggregate output; thus, we refer to C as the aggregate output throughout the paper.276

The (domestic) aggregate output C combines sectoral consumption {Ci}i that comprises domestic and277
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imported components, CHi and CFi, respectively, for each sector i, represented by:7
278

C =
N∏
i=1

(Ci

βi

)βi

, where Ci =
(
v

1
θi
i C

θi−1

θi
Hi + (1− vi)

1
θiC

θi−1

θi
Fi

) θi
θi−1

. (5)

Vector {βi}i is the set of consumption shares satisfying
∑N

i=1 βi = 1, and vi is the home bias parameter for279

the consumption of sectoral products. PC is denoted as the price index of the aggregate output C —viz., the280

CPI. The budget constraint of the household is:281

PCC =
N∑
i=1

(
PiCHi + S · P ∗

IM,iCFi

)
≤ WL+

N∑
i=1

∫ 1

0

Πifdf + T, (6)

where Πif is the profit of firm f in sector i, and T is the lump-sum transfer of tax revenues to the household.282

To purchase the consumption goods, households demand the following amount of money as the medium of283

exchange: Md = PCC. Cost minimization by the household yields the CPI:284

PC =
N∏
i=1

(
viP

1−θi
i + (1− vi)(S · P ∗

IM,F i)
1−θi
) βi

1−θi . (7)

2.4. International trade285

In addition to the sales subsidy {τi}i, the government also imposes sector-specific export tax {τEX,i}i286

on the products exported to foreign countries. The no-arbitrage condition implies that there is no difference287

between the prices that producers receive from exporting (i.e., (1−τEX,i)PEX,i) or from selling domestically288

(i.e., Pi): (1− τEX,i)PEX,i = Pi, ∀i ∈ {1, 2, · · · , N}.289

The export demand for sector i’s product is modeled as the reduced-form demand function:8
290

YEX,i = (PEX,i/S)
−θF,iD∗

EX,F i, (8)

where D∗
EX,F i is the exogenous component of foreign demand, PEX,i/S is the price of the exported domestic291

sector i goods in units of foreign currency, and the export demand is inversely related to domestic goods’292

export price, with θF,i as the price elasticity of export demand.293

Trade is balanced in the static economy, which requires the value of exports to be exactly identical to294

7As we show in equation (34) of Proposition 2 in Section 4.1, the aggregate consumption gap (Ĉgap) relates to sectoral
inflation in the sectoral Phillips curves. For consistency with the terminology used in the optimal monetary policy literature, and
with a slight abuse of notation, we refer to Ĉgap as the output gap throughout the paper.

8In general, the export demand in equation (8) can be written as YEX,i = [PEX,i/(S · P ∗
EX,Fi)]

−θF,iD∗
EX,Fi, where P ∗

EX,Fi

is the exogenous price for foreign-produced sector i’s product in foreign markets, and D∗
EX,Fi is the exogenous foreign demand

given the prices. Therefore, D∗
EX,Fi in equation (8) captures the effects of both P ∗

EX,Fi and D∗
EX,Fi on export demand.
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the value of imports in the whole economy, resulting in the following:9
295

N∑
i=1

PEX,iYEX,i = S

N∑
i=1

P ∗
IM,F i

(
N∑
j=1

∫ 1

0

XHjf,F idf + CFi

)
. (9)

This trade balance condition pins down the endogenous nominal exchange rate S in equilibrium.296

2.5. Aggregate states297

There are three types of exogenous sector-level states in the economy: productivity {Ai}i, foreign de-298

mand {D∗
EX,F i}i, and import price {P ∗

IM,F i}i. The aggregate state ξ collects the realized states:299

ξ ≡
{
Ai, D

∗
EX,F i, P

∗
IM,F i

}
i∈{1,2,...,N} ∈ Ξ = R3N

≥0 . (10)

2.6. Government: fiscal and monetary policies300

The government sets fiscal and monetary policies. Fiscal policy includes a pair of non-contingent sec-301

toral sales and export taxes {τi, τEX,i}i that do not respond to changes in exogenous states. The lump-sum302

transfer T to the households satisfies a fiscal budget balance:303

T =
N∑
i=1

(
τi

∫ 1

0

PifYifdf + τEX,iPEX,iYEX,i

)
. (11)

The monetary policy is a one-dimensional state-contingent money supply M(ξ) contingent on the aggregate304

state ξ. We investigate the design of this monetary policy, with a particular focus on the monetary policy of305

output gap targeting that closes the output gap.306

2.7. Equilibrium definition307

The market clearing conditions for product, labor, and money markets are:308

Yi(ξ) = CHi(ξ) +
N∑
j=1

∫ 1

0

XHjf,Hi(ξ)df + YEX,i(ξ), (12)

L(ξ) =
N∑
i=1

∫ 1

0

Lif (ξ)df, M(ξ) = Md(ξ). (13)

Definition 1. A sticky-price equilibrium is a set of allocations, prices, and policies (i.e., {τi, τEX,i}i and309

M(ξ)) such that for any realized state ξ ∈ Ξ,310

(i) producers optimally choose inputs to minimize the cost of production;311

9Engel (2016) advocates using a balanced trade assumption instead of the risk sharing condition in the complete market.
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(ii) monopolistically competitive firms f ∈ [0, δi] set prices to maximize profits subject to their demand312

functions, and the remaining firms f ∈ (δi, 1] do not adjust prices;313

(iii) the representative household chooses consumption and labor to maximize utility subject to its budget314

constraint, and the total expenditure determines the money demand;315

(iv) the government budget constraint is satisfied;316

(v) all markets clear.317

We define the flexible-price equilibrium as the special case of the sticky-price equilibrium in Definition318

1 that involves no Calvo-pricing friction, as stated in the following definition:319

Definition 2. A flexible-price equilibrium is a set of allocations, prices, and policies satisfying all of the320

conditions stated in Definition 1, except that for any sector i ∈ {1, 2, · · · , N}, δi = 1, viz., all firms can321

adjust prices flexibly.322

While the sticky-price equilibrium is our focus, the allocation of the flexible-price equilibrium serves as323

a benchmark to define the distortions and welfare losses that nominal rigidities introduce.324

2.8. Flexible-price equilibrium as reference equilibrium325

As per Woodford (2003) and Galı́ (2015), we use non-contingent subsidies and taxes to eliminate326

domestic-market distortion while allowing domestic producers to exert their market power fully in the in-327

ternational market in the flexible-price equilibrium, as defined by the following assumption:10
328

Assumption 1. The non-contingent tax rates for sales and exports are equal to329

τi = −1/(εi − 1) and τEX,i = 1/θFi, respectively, for ∀i ∈ {1, ..., N}. (14)

Under Assumption 1, the flexible-price equilibrium yields the optimal allocation for the domestic social330

planner, as stated in the following lemma:331

Lemma 1. Under Assumption 1, the flexible-price equilibrium implements the optimal allocation for the332

domestic social planner.333

Proof: See Appendix J.2.334

Lemma 1 allows use of flexible-price equilibrium as the reference equilibrium for our further analyses335

of the domestic country’s aggregate distortion and welfare loss.336

10In one-sector closed economies, Woodford (2003) and Galı́ (2015) show that a sales subsidy eliminates the monopoly distor-
tion and makes the flexible-price equilibrium optimal for the social planner. La’O and Tahbaz-Salehi (2022) and Rubbo (2023)
use sector-specific subsidies for the same purpose in a multi-sector closed economy. In small open economies, given that sales
subsidies eliminate the monopoly distortion, the monopoly power of domestic producers on the international market needs to be
retained for the domestic social planner to restore the optimality of the allocation in the flexible-price equilibrium. Therefore, we
use sector-specific subsidies and export taxes to remove the monopoly distortion in the domestic market and exert the monopoly
power in the international market, respectively, as in Matsumura (2022).
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2.9. Notations337

This section summarizes the notations in the model to facilitate the tracking of variables, vectors, and338

matrices.339

Deviations from the steady state and flexible-price equilibrium. We define the steady state of the static340

economy as the equilibrium in which all exogenous states Ai, P ∗
IM,F i, and P ∗

EX,F i are at the steady state.341

We denote with xss and xflex the values for the variable x in the steady state and in the flexible-price342

equilibrium, respectively. We express the log deviation of the variable x from the steady state xss and the343

flexible-price equilibrium xflex as:344

x̂ ≡ ln(x)− ln(xss) and x̂gap ≡ ln(x)− ln(xflex), (15)

respectively.11 We denote the output gap by Ĉgap. The sectoral markup wedge is ln(µi) − ln(µ#
i ) =345

ln(µi)− ln(µss
i ) ≡ µ̂i as the steady-state markup is equal to the desired markup.346

Table 1: Notations of parameters and steady-state objects

Name Expression
Consumption shares and home bias β ≡ (β1, β2, · · · , βN)

⊤ & v ≡ (v1, v2, · · · , vN)⊤
Labor shares α ≡ (α1, α2, · · · , αN)

⊤

Intermediate input shares and home bias Ω ≡ {ωi,j}i,j∈{1,2,··· ,N} & Vx ≡ {vx,i,j}i,j∈{1,2,··· ,N}
Elasticity of home-foreign substitution θ ≡ (θ1, θ2, · · · , θN)⊤ & θF ≡ (θF,1, θF,2, · · · , θF,N)⊤
Frequency of price adjustment ∆ = diag(δ1, δ2, · · · , δN)

Steady-state sectoral Domar weight λ ≡ (λ1, λ2, · · · , λN)
⊤ ≡

(
P ss
1 Y ss

1

P ss
C Css ,

P ss
2 Y ss

2

P ss
C Css , · · · ,

P ss
N Y ss

N

P ss
C Css

)⊤
Steady-state sectoral export-to-GDP ratio λEX ≡ (λEX,1, · · · , λEX,N)

⊤ ≡
(

P ss
1 Y ss

EX,1

P ss
C Css , · · · , P

ss
N Y ss

EX,N

P ss
C Css

)⊤
Steady-state economy-wise labor share ΛL ≡ W ssLss/P ss

C Css

Total content in domestic consumption & exports λ̃D ≡
(
λ̃D,1, λ̃D,2, · · · , λ̃D,N

)⊤
& λ̃F ≡

(
λ̃F,1, λ̃F,2, · · · , λ̃F,N

)⊤
Total content of domestic labor α̃ ≡ (α̃1, α̃2, · · · , α̃N)

⊤

Expenditure-switching (ES) & generalized ES elasticities ρES ≡ (ρES,1, ρES,2, · · · , ρES,N)
⊤ & ρ̃ES ≡ (ρ̃ES,1, ρ̃ES,2, · · · , ρ̃ES,N)

⊤

Parameters and steady-state objects. Summarized in Table 1 are the key parameters and steady-state vari-347

ables. Throughout the paper, for any variable x, we use bold fonts to denote the corresponding vector348

or matrix —i.e., x ≡ {xi}i or x ≡ {xi,j}i,j . For expositional simplicity, the superscript “ss” to denote349

the steady state is omitted when there is no obvious confusion. In particular, we introduce the open-350

economy version of the Leontief-inverse matrix: Lvx ≡ (I−Ω⊙Vx)
−1 = {lvx,i,j}i,j , where lvx,i,j =351

Ii,j +(Ω⊙Vx)i,j +(Ω⊙Vx)
2
i,j + · · · captures the total elasticity of sector i’s cost to a change in domestic352

sector j’s price, directly and indirectly through the use of domestic products as intermediate inputs.353

11In our static model, the sectoral inflation is identical to the log deviation of the sectoral price from its steady-state level.
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2.10. Sectoral relevance metrics in an open economy with networks354

To facilitate the study of the link between sectoral inflation (or markup wedges) and the output gap, we355

define the sectoral metrics below that depend on the cross-border and input-output linkages of the economy356

and represent the relevance of a sector in the economy across different dimensions.357

Definition 3 (Sectoral relevance metrics). For each domestic sector i, the total content in domestic con-358

sumption λ̃D,i and the total content in exports λ̃F,i are defined as:12
359

λ̃D,i ≡
∑
r

βrvrlvx,r,i and λ̃F,i ≡
∑
r

λEX,rlvx,r,i, respectively. (16)

The total content of domestic labor α̃i and the total content of foreign factor are:360

α̃i ≡
∑
r

lvx,i,rαr and 1− α̃i, respectively. (17)

The expenditure-switching elasticity ρES,r is:361

ρES,r ≡ (θF,r − 1)λEX,r︸ ︷︷ ︸
foreign expenditure

+ (θr − 1)
[
βrvr (1− vr) +

∑
s λsωs,rvx,s,r (1− vx,s,r)

]︸ ︷︷ ︸
domestic expenditure

, (18)

based on which the generalized expenditure-switching elasticity ρ̃ES,i is defined as:362

ρ̃ES,i ≡
∑
r

ρES,rα̃rlvx,r,i. (19)

The total content in domestic consumption λ̃D,i (vs. total content in exports λ̃F,i) of a domestic sector363

i in equation (16) encapsulates the importance of a domestic sector in the network economy as both a364

direct and an indirect supplier (via downstream sectors) —captured by the Leontief inverse lvx,r,i— for the365

domestic aggregate consumption or output (vs. exports).13 As a result, a sector’s total content in domestic366

consumption decreases in the import shares of the sector and its downstream sectors, as shown in Proposition367

G.1 of Appendix G. The total content of domestic labor α̃i (vs. total content of foreign factor 1 − α̃i) of a368

domestic sector i in equation (17) summarizes the sector’s role in the network economy as both a direct and369

an indirect customer (via upstream sectors) —captured by the Leontief inverse lvx,i,r— of domestic labor370

factor (vs. imported foreign factor).371

The expenditure-switching elasticity ρES,i of a domestic sector i in equation (18) —corresponding to the372

12In matrix forms, the total contents in domestic consumption and exports, the total content of domestic labor, and the general-
ized elasticity of expenditure switching are equal to λ̃⊤

D ≡ (β⊙v)⊤Lvx, λ̃⊤
F ≡ λ⊤

EXLvx, α̃ ≡ Lvxα, and ρ̃⊤
ES ≡ (ρES⊙α̃)⊤Lvx,

respectively.
13For a pair of domestic sectors r ̸= i, r is defined as a downstream (vs. upstream) sector of i if lvx,r,i > 0 (vs. lvx,i,r > 0).
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standard expenditure switching effect in international macroeconomic literature— captures the elasticity of373

the domestic and foreign expenditures on domestic products to the relative prices of foreign versus domestic374

sector i’s products. To further capture the impact of the domestic-to-foreign price on domestic labor income375

through the expenditure switching effect, we define the generalized expenditure-switching elasticity ρ̃ES,i.376

Specifically, it is equal to the elasticity of domestic labor income —evinced by the total content of domestic377

labor α̃r in equation (19)— to the relative price of foreign versus domestic sector i, through the direct and378

indirect (via downstream sectors) impact of the foreign-to-domestic price on the expenditures on domestic379

products —captured by the expenditure-switching elasticity ρES,i multiplied by the Leontief inverse lvx,r,i.380

The vector formats for these defined sectoral metrics are summarized in Table 1.381

3. Sectoral markup wedges and the output gap382

In this section, we derive the output gap as a weighted average of the sectoral markup wedges, and383

the sectoral weights are functions of the sectoral relevance metrics, as introduced in Section 2.10, thereby384

depending on the cross-border and input-output linkages.14
385

Under nominal rigidities, as a fraction (1 − δi) of sector i’s firms cannot adjust prices in response to386

changes in marginal costs, sectoral inflation is linked to sectoral markup wedges —encapsulating sectoral387

distortions— through sectoral price rigidities as follows:15
388

µ̂i(ξ) = −(1− δi)/δi · P̂i(ξ). (20)

These negative sectoral markup wedges relate to a positive output gap through three distinct channels, as389

outlined in the following theorem:390

Theorem 1 (Output gap and sectoral markup wedges). In a sticky-price equilibrium, the output gap Ĉgap(ξ)391

is proportional to a weighted average of sectoral markup wedges {µ̂i(ξ)}i:16
392

κC · Ĉgap(ξ) = −
N∑
i=1

MOG,i · µ̂i(ξ), (21)

where the vector of sectoral OG weights (MOG ≡ (MOG,1,MOG,2, · · · ,MOG,N)) is equal to:393

MOG ≡ λ̃D︸︷︷︸
CPI channel

+ κ−1
CPI · ρ̃ES︸ ︷︷ ︸

expenditure-switching channel

+ κ−1
CPI ·

(
λ̃F − λ⊙ (1− α̃)

)︸ ︷︷ ︸
profit channel

, (22)

14In Appendix B.1, we show that up to the first-order approximation, the aggregate distortion is proportional to the output gap.
15Exogenous shocks to sectoral productivity, import prices, and export demand drive sectoral inflation in the sticky-price

equilibrium. Shown in Appendix J.6 is the derivation of equation (20).
16The negative sign on the RHS of equation (21) indicates that the negative sectoral markup wedges linked to the positive

sectoral inflation are associated with a positive output gap.
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κCPI ≡
(ρES ⊙ α̃+ λEX)

⊤α̃

1− λ̃⊤
Dα

+ 1, (23)

κC ≡
[(ρES ⊙ α̃+ λEX)

⊤α̃

1− λ̃⊤
Dα

(
σ + φ/ΛL

)
+ λ̃⊤

Dα
(
σ + φ/ΛL

)
+ (1− λ̃⊤

Dα)
]
/κCPI . (24)

Proof: See Appendix K.6.394

Equation (21) shows that negative sectoral markup wedges relate to a positive output gap. The sectoral395

OG weight (MOG,i) in equation (22) measures the relevance of the sector’s markup wedge for the output396

gap, with its size determined by three distinct channels: (i) the CPI, (ii) the expenditure-switching, and397

(iii) the profit channels. To illustrate the three channels, we first present and interpret the two equilibrium398

conditions that we combine to derive equation (21), contrasting the cases of closed and open economies.399

The first condition is the log-linearized labor supply equation around the flexible-price equilibrium400

(equation 25) combined with the equation of real wage gap (equation 26) as follows:401

(
σ + φ/ΛL

)
Ĉgap(ξ) = Ŵ gap(ξ)− P̂ gap

C (ξ) (25)

= (1− λ̃⊤
Dα)

(
Ŵ gap(ξ)− Ŝgap(ξ)

)
− λ̃⊤

Dµ̂(ξ) + o(∥ξ̂∥). (26)

The second condition is the log-linearized open-economy budget constraint around the flexible-price402

equilibrium, given by:17
403

(1− λ̃⊤
Dα)Ĉgap(ξ) = −(ρES ⊙ α̃)⊤

(
P̂gap(ξ)− 1Ŝgap(ξ)

)︸ ︷︷ ︸
expenditure-switching channel

+ [λ⊙ (1− α̃)]⊤µ̂(ξ)︸ ︷︷ ︸
imported factor channel

−λ⊤
EX

(
P̂gap(ξ)− 1Ŝgap(ξ)

)︸ ︷︷ ︸
export profit channel

+ (1− λ̃⊤
Dα)

(
Ŝgap(ξ)− P̂ gap

C (ξ)
)︸ ︷︷ ︸

real exchange rate mechanism

+ o(∥ξ̂∥), (27)

where the gaps in domestic sectoral prices and CPI relative to foreign prices are both functions of the gap404

in domestic wage relative to foreign prices (Ŵ gap(ξ)− Ŝgap(ξ)) and sectoral markup wedges as follows:405

P̂gap(ξ)− 1Ŝgap(ξ) = α̃
(
Ŵ gap(ξ)− Ŝgap(ξ)

)
+ Lvxµ̂(ξ) + o(∥ξ̂∥), (28)

P̂ gap
C (ξ)− Ŝgap(ξ) = λ̃⊤

Dα
(
Ŵ gap(ξ)− Ŝgap(ξ)

)
+ λ̃⊤

Dµ̂(ξ) + o(∥ξ̂∥). (29)

The first condition in equation (25) is similar to that in closed economies, by relating the output gap to the406

real wage gap through labor supply and linking the real wage gap to sectoral markup wedges (equation 26).407

17The nominal exchange rate (S) is the endogenous component in foreign goods prices (in units of the domestic currency)
that relates to sectoral markup wedges and, therefore, monetary policy. As such, the exchange rate gap (Ŝgap) reflects the prices
of foreign products or the values of foreign demand in the log-linearization of equilibrium conditions around the flexible-price
equilibrium. The unitary vector 1 in equations (27) and (28) indicates that a depreciation of domestic currency (i.e., an increase
in Ŝgap) uniformly raises the prices of foreign products or the values of foreign demand in units of domestic currency.
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In particular, while the real wage gap is a function of only sectoral markup wedges in closed economies —408

where the total share of domestic labor in domestic output λ̃⊤
Dα = 1— it also relates to the gap in domestic409

wage relative to foreign prices (Ŵ gap − Ŝgap) in open economies. The second condition in equation (27) is410

specific to open economies. It relates the output gap to changes in domestic income through the switch of411

expenditures from foreign to domestic products, changes in expenditures on imported foreign factors and412

export profits, and the real exchange rate gap. In closed economies, condition (27) does not affect the output413

gap, and condition (26) of the real wage gap alone determines the relationship of the output gap to sectoral414

markup wedges. Using the equilibrium conditions in equations (26) and (27), we now interpret each of the415

three channels in the OG weight in Theorem 1.416

(i) CPI channel. The CPI channel describes the relationship between sectoral markup wedges and the out-417

put gap through distortion in the price of the aggregate output —i.e., the CPI. Specifically, negative sectoral418

markup wedges are associated with a lower CPI in the sticky-price relative to the flexible-price equilibrium,419

and the negative CPI gap relates to a positive output gap through two complementary mechanisms. One op-420

erates through the real wage —a standard mechanism in closed economies with nominal rigidities— where421

a lower CPI increases the real wage (W/PC) and stimulates a higher supply of domestic labor, thereby being422

linked to a positive output gap, as evinced by the negative coefficient −λ̃⊤
D in equation (26). The second423

mechanism operates through the real exchange rate and is specific to open economies, where a lower CPI424

increases the domestic income from foreign countries in units of domestic consumption —as evinced by the425

term of the real exchange rate gap (1− λ̃⊤
Dα)(Ŝgap − P̂ gap

C ) in equation (27).426

For a domestic sector in an open economy with production networks, the size of the CPI channel is427

proportional to the domestic sector’s total content in domestic consumption λ̃D,i —as shown in the CPI428

channel in the OG weight of equation (22). In particular, both the CPI channel and the OG weight in429

equation (22) reduce to the corresponding Domar weight in closed economies à la Rubbo (2023).18
430

(ii) Expenditure-switching channel. The expenditure-switching channel —specific to the open economy—431

is standard in the international macroeconomic literature. It describes how domestic sectoral markup wedges432

are linked to the (domestic) output gap, by changing the relative price of domestic to foreign products and433

generating a switch of domestic and foreign expenditures from foreign toward domestic products.434

Equation (28) shows that negative sectoral markup wedges —directly and indirectly via the Leontief435

inverse Lvx— reduce the prices of domestic products relative to foreign products, which are captured by436

18The OG weight reduces to the Domar weight in closed economies under our normalization by the scalar κCPI in equation
(23). κCPI captures the size of the CPI channel relative to the CPI gap, and it is equal to the sum of the following two elasticities
relating to the real wage and exchange rate mechanisms, respectively: (i) the elasticity of the real wage gap to the CPI gap that
equals unity, multiplied by the elasticity of the output gap to the real wage gap in equation (27) (with equations 26, 28, and 29
substituted in) —which equals (ρES ⊙ α̃ + λEX)

⊤α̃/(1 − λ̃⊤
Dα) + λ̃⊤

Dα; and (ii) the elasticity of the real exchange rate gap
(Ŝgap − P̂ gap

C ) to the CPI gap that equals unity, multiplied by the elasticity of the output gap to the real exchange rate gap in
equation (27) —which equals the share of income from foreign countries in total domestic income (1− λ̃⊤

Dα).
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the difference between the sectoral inflation gap P̂gap and the exchange rate gap 1Ŝgap. This reduction437

in domestic-to-foreign goods prices generates a switch of both domestic and foreign expenditures from438

foreign to domestic products —as evinced by the negative coefficient −ρES in equation (27). As a result,439

domestic labor income from international trade increases —as captured by the total content of domestic440

labor α̃— thereby connecting negative sectoral markup wedges with a positive output gap, as shown by the441

expenditure-switching term in equation (27).442

Consequently, for a domestic sector of an open economy with production networks, the size of the443

expenditure-switching channel is determined jointly by the magnitudes of (i) the Leontief inverse Lvx in444

equation (28) —which links negative sectoral markup wedges to the gaps in domestic-to-foreign goods445

prices and (ii) the elasticity of domestic labor income to the domestic-to-foreign goods prices (−(ρES⊙α̃)⊤446

in equation 27). These two sub-components are combined to yield the generalized expenditure-switching447

elasticity in the expenditure-switching channel in the OG weight of equation (22).448

(iii) Profit channel. The profit channel —also specific to the open economy— describes how domestic449

sectoral markup wedges relate to the output gap through both the profits from exports and the costs of450

imported foreign inputs. In the export profit sub-channel, negative sectoral markup wedges directly and451

indirectly reduce domestic prices or, equivalently, the (opportunity) costs of exported goods, increasing the452

profits from exports and relating to a positive output gap. In the imported factor sub-channel, negative453

sectoral markup wedges are associated with higher sectoral costs of imported foreign factors in production454

(relative to sectoral sales) and lower domestic producers’ profits, thus linking to a negative output gap.19
455

For a domestic sector in an open economy with production networks, the size of the export profit sub-456

channel is determined by both the Leontief inverse Lvx in equation (28) —which links negative sectoral457

markup wedges to the gaps in domestic prices— and the share of the sector’s exports in domestic output458

—i.e., λ⊤
EX in equation (27). The size of the imported factor channel is determined by both the sector’s459

size and its direct and indirect (via upstream sectors) use of imported inputs —captured by the product of460

the sectoral Domar weight (i.e., λi) and the sectoral content of foreign factor (i.e., 1− α̃i) in equation (27).461

These two sub-channels are combined to yield the profit channel in the OG weight of equation (22).462

Role of the exchange rate in the output gap. Negative markup wedges lower the domestic-to-foreign463

prices relative to the flexible-price equilibrium, thus improving trade conditions through the expenditure-464

switching effect. Under our key assumption of balanced trade, the domestic currency (relative to domestic465

wage) appreciates (i.e., Ŝgap − Ŵ gap decreases) —as we show in equation (K.29) of Appendix K.7— to466

attenuate the positive output gap and preserve the trade balance in two ways. First, the currency appreciation467

19In general, the two sub-channels of export profits and imported factors do not perfectly offset one another. For example, in
the special case of a multi-sector small open economy that imports foreign goods only for consumption but not as intermediate
inputs, the export profit sub-channel is nonzero while the imported factor sub-channel reduces to zero, thereby allowing sectoral
markup wedges to link positively to the output gap through the profit channel. Discussed in Appendix C is why the optimization
by the domestic planner does not imply a zero profit channel in general.
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can attenuate the positive output gap by increasing the domestic-to-foreign price gaps in equation (27),468

which reduces export profit and domestic labor income through expenditure switching. Second, currency469

appreciation can attenuate the positive output gap by reducing the income from foreign countries in units of470

domestic consumption through the lower real exchange rate.20
471

In Appendix B.2, we show that in a dynamic environment with the standard assumption of a complete472

(asset) market à la Galı́ and Monacelli (2005) —such that the Backus-Smith and uncovered interest rate473

conditions hold— the consumption gap (i.e., Ĉgap) is proportional to the real exchange rate gap according474

to the international risk-sharing condition à la Galı́ and Monacelli (2005) and Corsetti et al. (2010), rather475

than determined by the open-economy budget constraint in equation (27) that is based on the trade balance476

condition. Using the risk-sharing condition, we derive the sectoral OG weight in complete markets and477

show that the share of the CPI channel in the OG weight of complete markets is smaller than that in our478

baseline case of balanced trade.21
479

4. The Phillips curves and the output gap targeting policy480

In this section, we use the sectoral OG weight introduced in the previous section to derive an aggregate-481

level Phillips curve that links an aggregate inflation index to the output gap, which allows for the divine482

coincidence.22 We follow Rubbo (2023) to refer to this aggregate Phillips curve as the divine coincidence483

Phillips curve and to the associated aggregate inflation index as the divine coincidence index.484

In subsection 4.1, we derive the DC and sectoral Phillips curves. We show that the slope of the DC485

Phillips curve is inversely related to the sum of the sectoral OG weights, while the relative OG weights486

determine the relative sectoral weights in the DC index. Subsection 4.2 compares the slopes of the DC487

and sectoral Phillips curves to the counterfactual slopes in closed economies and without IO linkages.488

Subsection 4.3 studies how the relative sectoral weights in the DC index —which is targeted to zero to489

implement the policy of output gap targeting— depend on cross-border and input-output linkages.490

20In contrast, in our multi-sector small open economies, the terms of trade (an important concept in the SOE literature) has
a limited role in the output gap. In the special case of one-sector small open economies à la Galı́ and Monacelli (2005), the
terms of trade gap is proportional to the output gap, both of which are equal to zero under the optimal policy of domestic inflation
stabilization. In our multi-sector small open economies, as we show in Appendix K.8, the terms of trade gap is equal to a weighted
average of sectoral domestic-to-foreign price gaps (i.e.,

[
(θF ⊘ (θF − 1))⊤λEX

]−1
(θF ⊘ (θF − 1)⊙ λEX)

⊤(P̂gap − 1Ŝgap),
where ⊙ is the Hadamard (element-wise) product). As shown in equation (27), the sectoral domestic-to-foreign price gaps are
important components of the expenditure-switching channel in the output gap. However, their relationships to the output gap are
captured by their sectoral weights in equation (27) rather than their weights in the terms of trade gap. As such, the relevance of
the terms of trade for the output gap in multi-sector open economies with production networks is limited.

21According to the analysis in Section 4.1, the smaller share of the CPI channel in the OG weight in complete markets than
under balanced trade implies a smaller (vs. larger) relative sectoral weights in the DC index in complete markets for sectors
with a larger (vs. smaller) CPI channel. In Appendix B.2, we also show that the slope of the DC Phillips curve is flatter in
complete markets than under balanced trade. Provided in Appendix B.2 are the detailed DC Phillips curve and DC index, with
the economic intuition behind the flatter slope in complete markets.

22In multi-sector open economies, sector-level Phillips curves include a residual of exogenous shocks (see subsection 4.1),
preventing simultaneous stabilization of inflation and output gap —i.e., the “divine coincidence” fails to hold— both at the sector
level and under arbitrary aggregation, similar to the case of closed economies à la Rubbo (2023).
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4.1. The divine coincidence and sectoral Phillips curves491

The divine coincidence Phillips curves. Based on the sectoral OG weights in equation (22) that relate sec-492

toral markup wedges to the output gap, we construct the following divine coincidence index as a weighted493

average of sectoral inflation.494

Definition 4 (Divine coincidence index). Assume that no sector has perfectly rigid prices (i.e., δi ̸= 0 ∀i).495

The divine coincidence index (DC index for short) weights sectors according to their sectoral OG weights496

—adjusted by the sectoral price rigidity— as in the following equation:497

πDC ≡
N∑
i=1

M̃OG,iP̂i, (30)

where the normalized OG weight (M̃OG,i) is equal to:498

M̃OG,i ≡
MOG,i · (1− δi)/δi∑N

i′=1 MOG,i′ · (1− δi′)/δi′
, (31)

and we denote the normalization factor by κOG as follows:499

κOG ≡
N∑

i′=1

MOG,i′ · (1− δi′)/δi′ . (32)

Notably, the normalized sectoral OG weight (M̃OG,i) in equation (31) is the price-rigidity-adjusted500

sectoral OG weight normalized by its sum across all sectors κOG. Thus, the normalized sectoral OG weight501

sums to one (i.e.,
∑N

i=1 M̃OG,i = 1) and reflects the sectoral weight relative to the sum of weights, in502

contrast to the original sectoral OG weight that determines both the sum of sectoral weights and the relative503

sectoral weights.23 Based on the DC index defined in equation (30), we derive the divine coincidence504

Phillips curve that is consistent with the simultaneous stabilization of domestic aggregate inflation and the505

output gap, as stated in the next proposition.506

Proposition 1 (Divine coincidence Phillips curve). For any realized state ξ ∈ Ξ, the divine coincidence507

Phillips curve (DC Phillips curve for short) is given by:508

πDC(ξ) =
κC

κOG

Ĉgap(ξ). (33)

Proof: Straightforward substitution of equation (20) in equation (21) from Theorem 1.509

23We distinguish between normalized and original sectoral OG weights because the original OG weight reduces to the Domar
weight in closed economies, making our analysis of the DC Phillips curve directly comparable to the case of the closed economy.
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The divine coincidence Phillips curve in Proposition 1 links domestic inflation in the form of the DC510

index in equation (30) to the output gap, allowing for the simultaneous stabilization of domestic aggregate511

inflation and the output gap that achieves the divine coincidence, as in closed economies à la Rubbo (2023).512

In particular, equation (31) reveals that the DC index assigns higher weights to sectors with high nominal513

rigidities —as captured by the sectoral price rigidity (1 − δi)/δi— which is consistent with the results in514

closed economies (La’O and Tahbaz-Salehi, 2022; Rubbo, 2023). However, in an open economy, equation515

(31) indicates that the weight assigned to sector i is proportional to the OG weight (MOG,i) defined in516

equation (22), which internalizes the structure of both input-output and cross-border linkages, as stated in517

Theorem 1. Our DC index in equation (30) nests the DC index of Rubbo (2023) in the case of the closed518

economy with production networks.519

Equation (33) shows that, in our small open economy with production networks, the slope of the DC520

Phillips curve is equal to κC/κOG, which is inversely related to the sum of the price-rigidity-adjusted OG521

weights (i.e., κOG). In contrast, the relative sectoral OG weights determine the shares of sectoral inflation522

in the DC index, as evinced by the normalized OG weights in equation (31).523

In Appendix E, we extend our baseline model of producer-currency pricing (PCP) to the setting of524

foreign-currency pricing —which encompasses the alternatives of local-currency pricing (LCP) and dominant-525

currency pricing (DCP). We show that the divine coincidence index under foreign-currency pricing includes526

sectoral inflation of both domestic-market prices and export prices in the foreign market (Corollary E.1).527

Particularly, while the CPI and profit channels depend on domestic inflation, the expenditure-switching528

channel depends on both domestic and export price inflation.529

The sectoral Phillips curves. In addition to the DC Phillips curve that simultaneously stabilizes domestic530

aggregate inflation and the output gap, we also derive the sectoral Phillips curves linking sectoral inflation531

to both the output gap and the exogenous sectoral shocks, as stated in the next proposition.532

Proposition 2 (Sectoral Phillips curves). In the sticky-price equilibrium, the following sectoral-level533

Phillips curves hold:534

P̂(ξ) = BĈgap(ξ)︸ ︷︷ ︸
output-gap-driven inflation

+ V ξ̂︸︷︷︸
cost-push inflation

+ o(∥ξ̂∥), (34)

where P̂(ξ) is an N-by-1 vector of sectoral inflation, and parameters B (an N-by-1 vector) and V (an535

N-by-3N matrix) are the slopes of Phillips curves and the coefficients of exogenous shocks, respectively.536

Proof: See Appendix L.1.537

In Proposition 2, the slopes of the sectoral Phillips curves are equal to:538

B ≡ ∆Φ

{
α (σ + φ/ΛL + ΓCPI,C)︸ ︷︷ ︸

nominal wage component

+ (Ω⊙V1−x)1ΓS,C︸ ︷︷ ︸
nominal exchange rate component

}
, (35)
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∆Φ ≡
[
∆−1 −Ω⊙Vx −αΓ⊤

CPI,P − (Ω⊙V1−x)1Γ
⊤
S,P

]−1 (36)

where the scalar ΓCPI,C ≡
(
β⊤v +M⊤

p 1
)−1

(1−β⊤v) and vector ΓCPI,P are the elasticities of the CPI to539

the output gap and domestic sectoral inflation, respectively. The scalar ΓS,C ≡
(
1 +M⊤

p 1
)−1

(1 + ΓCPI,C)540

and the vector ΓS,P are the elasticities of the nominal exchange rate to the output gap and domestic sectoral541

inflation, respectively.24
542

Consistent with the sectoral OG weight in equation (22), the slopes of sectoral Phillips curves —which543

also link domestic inflation to the output gap— include the same three channels. The terms representing the544

domestic contents in domestic consumption (i.e., β⊤v and β ⊙ v in ΓCPI,C and ΓCPI,P , and Vx in ∆Φ)545

capture the CPI channel in the slopes of sectoral Phillips curves. The terms ρES ⊙ α̃ and λEX in the vector546

Mp ≡ (1 − λ̃⊤
Dα)−1(ρES ⊙ α̃ + λEX) and the vector Mµ ≡ (1 − λ̃⊤

Dα)−1(∆−1 − I)
[
λ ⊙ (1 − α̃)

]
547

capture the relations of domestic sectoral inflation to the output gap in the open-economy budget constraint,548

through the expenditure-switching, export profit, and imported factor channels, respectively.549

Equation (35) shows that sectoral inflation is linked to the output gap via the positive nominal wage and550

nominal exchange rate components, thereby making the slopes of sectoral Phillips curves positive for all551

sectors. The nominal wage component demonstrates that a positive output gap is linked to a higher wage552

via the labor supply —as captured by the term (σ + φ/ΛL)— thus relating to higher sectoral inflation. The553

nominal exchange rate component demonstrates that a positive output gap relates to an increased nominal554

expenditure and a worsened current account, hence occurring with a depreciation of the domestic currency555

and an increase in the real exchange rate, captured by the term
(
1 +M⊤

p 1
) −1 in ΓS,C . The increase in the556

nominal exchange rate propagates into the cost of imported inputs and accordingly into sectoral inflation,557

captured by the term (Ω⊙V1−x)1. The nominal wage and exchange rate components are in nominal558

terms and, therefore, affected by the CPI —as captured by the term ΓCPI,C in both components.25
559

4.2. The slopes of Phillips curves560

In this section, we study the slopes of the DC and sectoral Phillips curves, comparing them to their561

counterparts in the counterfactual cases of closed economies and no input-output linkages.562

Equation (33) in Proposition 1 shows that the slope of the DC Phillips curve is inversely related to the563

sum of the price-rigidity-adjusted OG weights, thereby depending on the three channels that comprise the564

sectoral OG weight in equation (22). Similarly, the slopes of the sectoral Phillips curves in equation (36)565

also depend on these three channels, as we discussed in the previous subsection. In closed economies,566

the slopes of the DC and sectoral Phillips curves reduce to (σ + φ) / (
∑

i λi(1− δi)/δi) and (∆−1 −Ω −567

24The vectors ΓCPI,P and ΓS,P are equal to: ΓCPI,P ≡
(
β⊤v +M⊤

p 1
)−1 [ (

1 +M⊤
p 1
)
(β⊙v)+(1−β⊤v) (Mp +Mµ)

]
and ΓS,P ≡

(
1 +M⊤

p 1
)−1

(Mp +Mµ + ΓCPI,P ), respectively. Appendix L.1 reports the definition of the matrix V .
25Sectoral inflation also directly and positively links to the nominal CPI and exchange rate —as evinced by the positive vectors

ΓCPI,P and ΓS,P in the denominator of ∆Φ in equation (36)— which generates a positive feedback effect that increases the
elasticity of domestic inflation to the output gap (i.e., flattens the slope of the sectoral Phillips curve).
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αβ⊤)−1α(σ + φ), respectively, consistent with the results of Rubbo (2023).568

Compared to the closed-economy case, the slopes of the DC and sectoral Phillips curves in open569

economies can be flatter or steeper, depending on the quantitative strength of two main countervailing570

forces. First, in the CPI channel, the content of domestic sectoral goods in domestic consumption is smaller571

in open than in closed economies —as shown by λ̃⊤
D < λ⊤ in the sum of the CPI channels of the OG572

weights in equation (D.4) for the DC Phillips curve.26 Therefore, the elasticity of the (domestic) output gap573

to domestic sectoral inflation through the CPI channel is smaller in open economies, thereby steepening the574

slopes of both the DC and sectoral Phillips curves relative to the closed-economy case. Second, the positive,575

open-economy-specific expenditure-switching channel increases the elasticity of the output gap to domestic576

sectoral markups and inflation —as shown by the sum of the expenditure-switching channels in equation577

(D.1) for the DC Phillips curve— thereby flattening the slopes in open relative to closed economies.27
578

In Section 6.1, we calibrate our model using the WIOD data and show that the first force —namely,579

the smaller content of domestic goods in domestic consumption in open relative to closed economies—580

dominates in most cases, generally making the slopes of both the DC and the sectoral Phillips curves steeper581

in open economies. In Figure D.2 of Appendix D.1, we also show that the DC Phillips curve slope in582

the baseline economy with IO linkages is flatter than that in one-sector SOEs and in multi-sector SOEs583

without IO linkages, consistent with the results in closed economies à la Rubbo (2023). Intuitively, with584

the introduction of IO linkages, domestic sectoral goods are not only directly but also indirectly used by585

domestic output, which increases the elasticity of the domestic output gap to domestic sectoral inflation,586

thereby flattening the slope of the DC Phillips curve. In particular, the figure shows that the introduction587

of IO linkages flattens the slope more in closed (relative to open) economies for those economies that are588

relatively open.589

Takeaways for the DC Phillips curve slope. Overall, our analysis shows that the sum of the sectoral OG590

weight —through the sum of each of the three channels across sectors— determines the slope of the DC591

Phillips curve —which, therefore, depends on cross-border and input-output linkages.592

4.3. Relative sectoral weights in the divine coincidence index for output gap targeting593

In this section, we show that the monetary policy of output gap targeting that closes the output gap594

is implemented by targeting the divine coincidence index —which depends on the relative sectoral OG595

weights— to zero. Therefore, we study the role of input-output and cross-border linkages for output gap596

targeting through their impacts on the relative sectoral weights in the DC index. We do so by focusing on597

the pitfalls of the normalized sectoral OG weights in alternative output gap targeting that: (i) disregards the598

26For sectoral Phillips curves, this is shown by β⊤v < 1, β ⊙ v < 1 in ΓCPI,C and ΓCPI,P , and Vx < I in ∆Φ in equation
(35).

27For sectoral Phillips curves, this is shown by ρES ⊙ α̃ > 0 in Mp which comprises ΓCPI,C , ΓCPI,P , ΓS,C , and ΓS,P in
equation (35).
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role of input-output linkages as in the one-sector small open economy literature, and (ii) disregards the role599

of cross-border linkages and targets the output gap in closed economies with production networks.600

Output gap targeting. Proposition 1 implies that the DC index is a sufficient statistic for the output gap in601

multi-sector open economies with production networks, as in closed economies à la Rubbo (2023). There-602

fore, the monetary policy of output gap targeting that fully closes the output gap can be implemented by603

targeting the DC index to zero. As we show later in the paper, although output gap targeting is not optimal604

in multi-sector open economies because the divine coincidence fails to hold (Section 5), it remains a useful605

policy that closely approximates the optimal monetary policy in minimizing welfare loss, similar to the case606

of multi-sector closed economies à la Rubbo (2023) (Section 6.3).607

Pitfall in output gap targeting in one-sector small open economy literature. A well-established result608

in one-sector SOE models without input-output linkages is that optimal monetary policy should stabilize609

domestic inflation (Galı́ and Monacelli, 2005), which simultaneously closes the output gap, as well as the610

terms-of-trade gap —i.e., the divine coincidence holds. This result is consistent with our theoretical finding611

in the special case of the one-sector version of our model (Section 5).612

However, in the one-sector SOE literature, the optimal policy of output gap targeting is usually imple-613

mented by targeting the PPI inflation, where domestic sectoral inflation rates are weighted by the sectoral614

sales that are proportional to the sectoral Domar weights. Below, we analyze the pitfalls of using Domar615

weights in place of OG weights for output gap targeting. Thus, our results are consistent with the findings616

in one-sector SOE models that domestic inflation should be stabilized. We contribute to this line of research617

by deriving the appropriate sectoral weights for output gap targeting in open economies with production618

networks.619

Pitfall in output gap targeting that disregards cross-border linkages. To assess the relevance of openness620

for output gap targeting, we study the pitfalls of using OG weights that ignore cross-border linkages in the621

DC index.622

As a first step, we determine the OG weight in closed economies. In a closed economy, only domestic623

demand exists; consequently, the total content of domestic goods in exports is zero (i.e., λ̃F,i = 0, ∀i).624

Moreover, the expenditure-switching and profit channels are equal to zero. Thus, total content in domestic625

consumption uniquely determines the closed-economy OG weight, which is equal to the Domar weight and626

consistent with the results of Rubbo (2023), as summarized in the next lemma.28
627

Lemma 2. In a closed economy, the OG weight of each sector i ∈ {1, 2, · · · , N} reduces to the Domar628

weight, i.e., MOG,i = λi. In the open economy, the Domar weight of each sector i equals the sum of the629

28Our standard assumption of a Cobb-Douglas production function is crucial for establishing the equivalence between the
sectoral total content in domestic consumption and the Domar weight, as discussed in Baqaee (2018).
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sectoral total contents in domestic consumption and in exports, viz.:630

λi = λ̃D,i + λ̃F,i. (37)

Proof: See Appendix L.2.631

Lemma 2 implies that output gap targeting that ignores the cross-border linkages will adopt the Domar632

weight in place of the OG weight. Thus, we construct the normalized sectoral Domar weights for closed633

economies as λ̃i ≡ (λi(1− δi)/δi)/κλ, where κλ ≡
∑

i′ λi′(1− δ′i)/δ
′
i —similar to the normalized sectoral634

OG weights for open economies in equation (31). The corresponding monetary policy that targets the ag-635

gregate inflation index using the normalized Domar weights —or, equivalently, the (price-rigidity-adjusted)636

PPI targeting policy— coincides with output gap targeting in closed economies à la Rubbo (2023). For637

simplicity, we refer to the price-rigidity-adjusted PPI targeting policy as “PPI targeting” throughout the638

paper.29
639

Equation (37) in Lemma 2 further shows that, unlike in closed economies, the Domar weight in open640

economies includes not only total content in domestic consumption (λ̃D,i), but also total content in exports641

(λ̃F,i) as domestic output in open economies is supplied to both domestic and foreign customers. Combining642

Lemma 2 and Theorem 1 gives the percentage deviation of the normalized closed-economy OG weight (i.e.,643

the Domar weight) from the normalized open-economy OG weight, as stated in the following proposition:644

Proposition 3. The percentage deviation of the normalized Domar weight relative to the normalized OG645

weight is:646

λ̃i − M̃OG,i

λ̃i

=
κλ

κOG

[ λ̃F,i

λi︸︷︷︸
export intensity

−κ−1
CPI ·

ρ̃ES,i

λi︸ ︷︷ ︸
expenditure switching

+ κ−1
CPI ·

(
(1− α̃i)− λ̃F,i/λi

)︸ ︷︷ ︸
profit

]
+
(
1− κλ

κOG

)
. (38)

Proof: Straightforward result from Lemma 2 and Theorem 1.647

Proposition 3 shows that the percentage deviation of the normalized Domar weight from the normalized648

OG weight is equal to the percentage deviation of the Domar from OG weights (in brackets) —rescaled649

by the ratio of the sums of (price-rigidity-adjusted) Domar to OG weights (κλ/κOG)— plus the sector-650

invariant constant 1 − κλ/κOG. Proposition 3 demonstrates that the PPI targeting that fails to consider651

cross-border linkages and uses Domar weights can either overstate or understate the inflation of a domestic652

sector, depending on the magnitudes of two main countervailing forces.30
653

29Similarly, throughout the paper, we refer to the price-rigidity-adjusted CPI targeting policy as “CPI targeting,” which targets
the aggregate inflation index using the normalized CPI weights, i.e., β̃i ≡ (βi(1− δi)/δi)/κβ , where κβ ≡

∑
i′ βi′(1− δ′i)/δ

′
i.

30As we show in the quantitative section 6.2, the magnitude of the profit channel is close to zero.
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First, Domar weights in open economies capture domestic sectors’ supply of inputs to foreign countries654

in addition to domestic output —summarized by the sectoral export intensity, which we define as the ratio655

of a sector’s total content in exports to its Domar weight (i.e., the first component in the brackets on the RHS656

of equation 38). Thus, the output gap targeting that disregards cross-border linkages and uses the Domar657

weights overemphasizes the contribution of the domestic sector to the domestic output as a supplier, thereby658

overstating the relative weights of sectors that export more directly and indirectly in the DC index.659

Second, the normalized Domar weights —which disregard cross-border imports and exports— can un-660

derstate the importance of a domestic sector’s inflation by failing to consider its impact on the domestic-661

to-foreign prices and, in turn, the demand for domestic goods and labor —as captured by the negative662

expenditure-switching component (i.e., the second component in the brackets on the RHS of equation 38).663

Accordingly, the output gap targeting that ignores openness understates the relative weights of sectors that664

face a large expenditure-switching effect and a large total content of domestic labor in the DC index.665

Takeaways for relative sectoral weights in output gap targeting. Overall, we find that the output gap tar-666

geting policies used in the one-sector SOE literature and disregarding cross-border linkages both implement667

the PPI targeting —which uses normalized Domar instead of OG weights. The extent to which the PPI tar-668

geting over- or under-states the relevance of a sector’s inflation depends on the strengths of the two major669

countervailing forces —namely, an overestimation from overstating the sector’s total content in domestic670

output versus an underestimation from ignoring the expenditure-switching channel— for this sector relative671

to other sectors.31
672

5. Welfare loss and optimal monetary policy673

In this section, we study the welfare loss function and optimal monetary policy. As in Woodford (2003)674

and Galı́ (2015), we derive the closed-form solution of the policy that minimizes welfare losses up to the675

second-order approximation.676

Welfare loss. Under the assumption of non-contingent subsidy and tax rates in Lemma 1, the flexible-price677

equilibrium represents the optimal allocation for the domestic social planner. We define welfare loss as the678

utility gap of the representative household between the sticky and flexible-price equilibria, u(ξ)− uflex(ξ),679

and approximate it to the second order, as stated in the following proposition:680

Proposition 4 (Welfare loss). Given the realized state ξ ∈ Ξ, the welfare loss can be decomposed as:681

u(ξ)− uflex(ξ) = −1

2

(
σ − 1 +

φ+ 1

ΛL

)
Ĉgap(ξ)2︸ ︷︷ ︸

output-gap misallocaton

−1

2
P̂(ξ)⊤(Lwithin +Lacross +Lcb)P̂(ξ)︸ ︷︷ ︸

within- and across-sector, and cross-border misallocations

, (39)

31In Appendix F, we study the impacts of introducing input–output linkages into a multi-sector, horizontal SOE versus a multi-
sector, horizontal closed economy on normalized sectoral OG weights. We show that the increase in the sectoral normalized OG
weights due to the introduction of IO linkages is positively linked to the sector’s share of the CPI channel in the OG weight.
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where the within-sector, across-sector, and cross-border misallocations are equal to682

−1

2
P̂(ξ)⊤LwithinP̂(ξ) =− 1

2

∑
i

λiεi
1− δi
δi

P̂i(ξ)
2, (40)

−1

2
P̂(ξ)⊤LacrossP̂(ξ) =− 1

2

n∑
i=1

βi
[
Ĉgap
i (ξ)− Ĉgap(ξ)

]2 − 1

2

n∑
i=1

λiαi

[
L̂gap
i (ξ)− Ŷ gap

i (ξ)
]2 (41)

− 1

2

n∑
i=1

n∑
j=1

λiωi,j

[
X̂gap

i,j (ξ)− Ŷ gap
i (ξ)

]2
,

−1

2
P̂(ξ)⊤LcbP̂(ξ) =− 1

2

n∑
i=1

βi
θi
vi(1− vi)

[
Ĉgap
Hi (ξ)− Ĉgap

F i (ξ)
]2 (42)

− 1

2

n∑
i=1

n∑
j=1

λiωi,j

θj
vx,i,j(1− vx,i,j)

[
X̂gap

Hi,Hj(ξ)− X̂gap
Hi,F j(ξ)

]2
− 1

2

n∑
i=1

λEX,i

θF,i − 1

[θF,i − 1

θF,i
Ŷ gap
EX,i(ξ)

2 − ΛLL̂
gap(ξ)2

]
.

Proof: See Appendix M.1.683

Equation (39) shows that, to a second-order approximation, welfare loss consists of the sum of losses684

from the output gap misallocation, within- and across-sector misallocation —similar to those in closed685

economies à la La’O and Tahbaz-Salehi (2022) and Rubbo (2023)— as well as the cross-border misallo-686

cation, which is specific to the open economy. Specifically, the within-sector misallocation is the sum of687

the misallocation arising from inflation dispersion in all sectors, which is similar to its counterpart in one-688

sector economies. The across-sector misallocation includes those arising from the disproportional sectoral689

consumption relative to aggregate consumption (first term on the RHS of equation 41), as well as those aris-690

ing from the disproportional use of sectoral labor and intermediate inputs relative to sectoral output across691

different sectors i (second and third terms on the RHS of equation 41, respectively). The cross-border mis-692

allocation includes distortions arising from the disproportional use of domestic versus foreign goods for693

both consumption and intermediate inputs (first and second terms on the RHS of equation 42). The cross-694

border misallocation also includes distortions arising from disproportionate exports relative to the use of695

domestic labor, which cause domestic producers’ monopoly power in international markets to deviate from696

the optimal level (the third term on the right-hand side of equation 42).697

Role of input-output and cross-border linkages in the welfare loss. In what follows, we analyze how698

input–output and cross-border linkages affect welfare loss using two special cases of our framework: (i)699

the workhorse model of the one-sector small open economy without IO linkages, as in Galı́ and Monacelli700

(2005), and (ii) the multi-sector closed economy without cross-border linkages à la Rubbo (2023).701

In the one-sector small open economy, the welfare loss in equation (39) reduces to the sum of the output702

gap, within-sector misallocation, and cross-border misallocation, the latter two terms being proportional to703

the square of domestic inflation, as shown in equation (39). In addition, in the one-sector economy, the704
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output gap is proportional to domestic inflation, as can be seen by substituting equation (20) into (21). As705

a result, the welfare loss is proportional to the square of domestic inflation, allowing the optimal monetary706

policy to achieve the first-best allocation by fully stabilizing domestic inflation (i.e., the divine coincidence)707

as in Galı́ and Monacelli (2005). In multi-sector closed economies with production networks, the welfare708

loss in equation (39) reduces to the cases in La’O and Tahbaz-Salehi (2022) and Rubbo (2023). In other709

words, the OG weights MOG in the output-gap misallocation reduce to the Domar weight, and cross-border710

misallocation is absent.711

Optimal monetary policy. Next, we provide an analytical characterization of the optimal monetary policy.712

Definition 5 (Optimal monetary policy). For any aggregate state ξ ∈ Ξ, the optimal monetary pol-713

icy sets the money supply M(ξ) —which is equivalent to choosing the aggregate output gap Ĉgap(ξ) in714

equilibrium— to minimize the welfare loss in equation (39) subject to the sectoral Phillips curves in equa-715

tion (34).716

Consistent with Definition 5, we derive the aggregate inflation index that the monetary authority should717

target to implement the optimal monetary policy, as stated in the following proposition:718

Proposition 5 (Implementation of the optimal monetary policy). The optimal monetary policy is imple-719

mented by setting the following aggregate inflation index to zero:720

{
[σ − 1 + (φ+ 1)/ΛL]κ

−1
C M⊤

OG(∆
−1 − I) +B⊤(Lwithin +Lacross +Lcb)

}
P̂ = 0, (43)

for any realized state ξ ∈ Ξ.721

Proof: See Appendix M.2.722

Equation (43) shows that the optimal policy accounts for both the output gap misallocation —as evinced723

by the OG weights M⊤
OG, as the first term in the brackets— and the within- and across-sector, and cross-724

border misallocation generated by sectoral distortions —as captured by the second term B⊤(Lwithin +725

Lacross + Lcb) in the curly brackets. In contrast, output gap targeting closes the output gap, but it does726

not simultaneously eliminate the within- and across-sector, and cross-border misallocations, because the727

sectoral inflation underlying these misallocations is not proportional to the output gap according to sectoral728

Phillips curves (34). Therefore, the “divine coincidence” —which holds in the workhorse model of one-729

sector SOEs, as in Galı́ and Monacelli (2005)— fails to hold in our multi-sector open economies, similar730

to the case of the multi-sector closed economies in La’O and Tahbaz-Salehi (2022) and Rubbo (2023).731

However, as we show in Section 6.3, the optimal monetary policy is well approximated by output gap732

targeting in terms of welfare loss, as in the case of multi-sector closed economies à la Rubbo (2023).733
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Takeaways for welfare loss and optimal monetary policy. Overall, our analysis demonstrates that treat-734

ing the economy as a one-sector SOE and as a closed economy with production networks ignores the735

across-sector and cross-border distortions, respectively, in welfare losses and in the formulation of optimal736

monetary policy.737

6. Quantitative analysis738

In this section, we quantify our theoretical results by calibrating the model to the input-output matrices739

of major economies in the WIOD. Subsection 6.1 studies the slopes of the DC and sectoral Phillips curves740

in open economies relative to closed economies, focusing on the relevance of different channels for the741

differences between open-economy and closed-economy slopes. Subsection 6.2 examines the relevance of742

the different channels for the normalized OG weights and for the differences between normalized Domar and743

OG weights. It then uses the rule-of-thumb combinations of sectoral relevance metrics to approximate the744

normalized OG weights and Domar-OG differences, revealing the relevance of cross-border and IO linkages745

for the normalized OG weights. Subsection 6.3 investigates the welfare of alternative monetary policies,746

showing that output gap targeting is close to the optimal policy, and enhances welfare over alternative747

policies that ignore cross-border or input-output linkages.748

Our quantitative analysis uses the National Input-Output Tables (NIOTS) for 43 economies (28 EU and749

15 OECD countries, each of them comprising 56 sectors) from the WIOD for the year 2014. We calibrate750

the input-output matrix and import and export shares of each country using its NIOTS sector-level data.32
751

Table 2 shows the calibration of the key parameters in our model. Appendix I.1 presents the calibration of752

the full set of parameters and provides additional details on the WIOD.753

Table 2: Model calibration

Parameters Data variables/moments used
Common across all countries
Risk aversion, σ = 2 Business cycle literature (e.g., Corsetti et al., 2010; Arellano et al., 2019)
Labor supply elasticity, φ = 1 Business cycle literature (e.g., Corsetti et al., 2010; Arellano et al., 2019)
Elasticity of substitution (EOS) across varieties, εi = 8 Atkeson and Burstein (2008)
EOS. btw. domestic and foreign goods, θi = θFi = 5 Head and Mayer (2014)
Sector-level frequency of price adjustment, δi Pasten et al. (2024)
Frequency of wage adjustment, δ0 Beraja et al. (2019) and Barattieri et al. (2014)
Country specific
Input-output matrix, Ω Sectoral gross output, intermediate goods from both domestic and foreign
Home bias for firms’ import, Vx Intermediate goods from both domestic and foreign
Labor share, α Sectoral gross output, labor compensation
Export to foreign countries in steady state, D∗

EX,F i Sectoral exports to foreign countries
Consumer consumption share, β Sectoral consumption from both domestic and foreign, and GDP
Consumer consumption home bias, v Sectoral consumption from both domestic and foreign

32Data source: https://www.rug.nl/ggdc/valuechain/wiod/?lang=en. The release of the WIOD in 2016
provides information for the period 2000-2014. In our analysis, we use the latest available year, 2014. The NIOTS provides each
country’s sector-level imports from the Rest of the World (RoW) and exports to the RoW, which are aggregates of the country’s
imports from and exports to all other countries, respectively, including those countries that are not listed in the WIOD. Using
the NIOTS data, we calibrate each country individually as a small open economy relative to the rest of the world, rather than
calibrating all countries simultaneously within a global equilibrium.
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6.1. The slopes of Phillips curves in open versus closed economies754

Figure 1: Slopes of Phillips curves (relative to a closed economy)
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(a) The DC Phillips curve
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(b) Sectoral Phillips curves (Mexico)

Notes: Shown in panel (a) is the ratio of the slope of the DC Phillips curve in open economies to its counterpart in closed
economies, for each country in the sample. Shown in panel (b) are the ratios of the slopes of the sectoral Phillips curves in
open economies to their counterparts in closed economies, for Mexico. The closed-economy slopes are normalized to one,
corresponding to the bold black horizontal line at one. In both panels, the blue circles indicate the baseline open-economy
Phillips curve slopes, the red diamonds indicate the counterfactual case that ignores the expenditure-switching channel, and the
green crosses indicate the counterfactual slope that replaces the open-economy sectoral content in domestic consumption with its
closed-economy counterpart in the CPI channel (i.e., in panel a, change λ̃D to λ; in panel b, change β ⊙ v to β ⊙ 1, β⊤v to 1,
and Vx to I in ∆Φ).

Shown in panels (a) and (b) in Figure 1 are the ratios of the slopes of the DC Phillips curve and the755

sectoral Phillips curves in open economies to their counterparts in closed economies à la Rubbo (2023), for756

each country in the sample and for Mexico, respectively. In both panels, we consider the following three757

cases: (i) the baseline open-economy DC and sectoral Phillips curves in equations (33) and (35), respectively758

(blue circles); (ii) the counterfactual case that ignores the expenditure-switching channel, keeping only the759

CPI channel (red diamonds); and (iii) the counterfactual case that replaces the open-economy content in760

domestic consumption with its closed-economy counterpart in the CPI channel —as shown on the RHS of761

equation (D.4) (green crosses).33 In both panels, because we plot the ratios of the slopes of the Phillips762

curves to their counterparts in the closed economy, the slopes of the closed-economy Phillips curves are763

indicated by the bold black horizontal line at one; a value above (vs. below) one indicates that the Phillips764

curve is steeper (vs. flatter) in open than in closed economies.765

As shown in panels (a) and (b) of Figure 1, the slopes of both the DC and sectoral Phillips curves in766

open economies are generally steeper than those in closed economies —as shown by the blue circles above767

the black horizontal line of unity— which result from the combination of two countervailing forces. On the768

one hand, the smaller content of domestic goods in domestic consumption in open than in closed economies769

33The slopes of the DC and the sectoral Phillips curves for the closed economy and the counterfactual cases (ii) and (iii) are
shown in Appendix D.1.
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generates a smaller elasticity of the output gap to domestic sectoral inflation and, therefore, steeper slopes770

of the DC and sectoral Phillips curves. This is captured by the blue circles for the baseline open-economy771

case (i) lying above the counterfactual case (iii) of green crosses —where the open-economy content in772

domestic consumption in the CPI channel is replaced by the closed-economy counterpart. On the other773

hand, the positive, open-economy-specific channel of expenditure switching increases the elasticity of the774

output gap to domestic sectoral inflation, thereby flattening the slopes of the DC and sectoral Phillips curve775

in open relative to closed economies. This is shown by the blue circles for the baseline open-economy case776

(i) lying below the counterfactual case (ii) of red diamonds —where the open-economy-specific channel777

of expenditure switching is absent. Quantitatively, the force of the smaller content of domestic goods in778

domestic consumption in the open-economy CPI channel dominates the countervailing force that arises779

from the positive expenditure-switching channel, thus leading to steeper slopes of both the DC and sectoral780

Phillips curves in open economies than in closed economies, consistent with our analyses in Section 4.2.781

6.2. Quantifying and approximating normalized OG weights and Domar-OG differences782

In this section, we quantify and approximate the normalized OG weights and the differences between783

normalized Domar and OG weights. The normalized Domar weights correspond to the normalized OG784

weights in closed economies and coincide with the sectoral weights in the PPI targeting policy used in one-785

sector SOE literature, as discussed in Section 4.3. We show that the CPI and expenditure-switching channels786

explain the bulk of the variation in normalized sectoral OG weights across sectors for all countries, and that787

the contribution of the CPI (vs. expenditure-switching) channel decreases (vs. increases) with the openness788

of the economy (panel a of Figure I.1 in Appendix I.2). In contrast, the contribution of the profit channel789

is marginal. We also show that the pitfalls in the output gap targeting ignoring openness —measured by790

the differences between the normalized Domar and OG weights— are mostly driven by the export intensity791

and the expenditure switching components, and that the contribution of the export intensity (vs. expenditure792

switching) components decreases (vs. increases) with the openness of the economy (panel b of Figure I.1).34
793

Then, we use panel regressions to study the rule-of-thumb combinations of the sectoral relevance metrics794

in Definition 3 to approximate the normalized sectoral OG weights and the difference between the normal-795

ized Domar and OG weights. We show that the normalized OG weights and the normalized Domar-OG796

differences can be approximated by the linear combination of total content in domestic consumption and797

generalized expenditure-switching elasticity and the linear combination of export intensity and the ratio of798

generalized expenditure-switching elasticity to Domar weight, respectively. We also show that ignoring IO799

linkages leads to an inaccurate approximation of normalized sectoral OG weights.800

We study the combinations of sectoral relevance metrics to approximate the normalized OG weights and801

34Presented in Appendix I.2 are the details of the method, figures, and results of the variance decomposition analysis.
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Domar-OG differences using the following regressions:35
802

yc,i = X⊤
c,iβ + ηc + ϵc,i, with yc,i ∈ {M̃OG,c,i, (λ̃c,i − M̃OG,c,i)/λ̃c,i}, (44)

where the dependent variable yc,i is either the level of the normalized OG weight (M̃OG,c,i) or the percentage803

difference between the normalized Domar and OG weights ((λ̃c,i − M̃OG,c,i)/λ̃c,i) for sector i and country804

c. The variable Xc,i includes our sectoral relevance metrics for the regressions (see Tables 3 and 4), and ηc805

is the country fixed effect.806

Table 3: Sectoral relevance metrics and the normalized OG weights in the data

(1) (2) (3) (4) (5) (6) (7) (8)

Total content in dom. consumption 0.483*** 0.460*** 0.468***
(0.0121) (0.00663) (0.0122)

Import share -0.000109*
(5.79e-05)

Import Intensity -0.000431***
(4.20e-05)

Generalized ES elasticity 0.175*** 0.139***
(0.00856) (0.00452)

Total content of dom. labor 0.00309***
(0.000627)

Domar weight 0.409***
(0.0226)

Total content in dom. consumption w/o IO 0.712***
(0.0333)

Generalized ES elasticity w/o IO 0.546***
(0.0992)

Observations 601 601 601 601 601 601 601 601
R-squared 0.841 0.005 0.251 0.236 0.988 0.847 0.899 0.658
Country FE Yes Yes Yes Yes Yes Yes Yes Yes

Notes: Shown in the table are regression results based on equation (44), which regresses the level of the normalized sectoral
OG weight M̃OG,c,i over the sectoral relevance metrics characterized by Definition 3 in Section 2.10. Total content in domestic
consumption, generalized expenditure-switching (ES) elasticity, total content of domestic labor, and the Domar weight are multi-
plied by the sectoral price rigidities, (1− δi)/δi. The analysis includes the subsample of 11 relatively open economies —in terms
of the economy-wise export-to-GDP ratio— out of all 43 economies. Country fixed effects are controlled. *, **, and *** denote
significance at the 10%, 5%, and 1% levels, respectively.

Approximation of relative sectoral weights in the DC index. Shown in Table 3 are the estimates of the807

equation (44) with the normalized sectoral OG weight (M̃OG,c,i) as the dependent variable; the sectoral808

relevance metrics on the RHS are multiplied by the sectoral price rigidities ((1 − δi)/δi) to align with the809

normalized OG weight on the LHS. As shown in column (1), the price-rigidity-adjusted total content in810

domestic consumption is positively related to the normalized OG weight of the sector with a coefficient811

equal to 0.48 and an R-squared of 0.84. As shown in column (4), the price-rigidity-adjusted generalized812

35We focus on a subsample of 11 relatively open economies —in terms of the economy-wise export-to-GDP ratio— out of
all 43 economies. Results are robust, albeit less strong, for less open economies. We do not include sectoral fixed effects in the
regression, as our main purpose is to explore the variations in normalized OG weights across different sectors.
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expenditure-switching elasticity is positively related to the normalized OG weight of the sector, with a813

coefficient of 0.175 and a medium-sized R-squared of 0.24.814

To validate the negative impact of the import shares on the sectoral total content in domestic consump-815

tion and normalized OG weights —as discussed in Section 2.10 and Appendix G— we define the import816

intensity of a sector i as 1 − λ̃D,i/λ̃All,D,i, where λ̃D,i/λ̃All,D,i captures the domestic demand for i’s goods817

in the baseline economy with imports (λ̃D,i) relative to that without imports (λ̃All,D,i).36 Accordingly, the818

import intensity of a sector measures the impact of the entire economy’s import shares on the domestic819

demand for this sector’s goods. As shown in column (3), a sector’s normalized OG weight significantly820

decreases with the import intensity, thereby validating the negative impact of the direct and indirect import821

shares of a sector on its normalized OG weight.822

As shown in column (5), the linear combination of the price-rigidity-adjusted total content in domestic823

consumption and generalized expenditure-switching elasticity provides a precise approximation of the nor-824

malized sectoral OG weights, with a large R-squared of 0.99 that is significantly higher than those with each825

of the two sectoral metrics in columns (1) and (4). As shown in column (6), the total content of domestic826

labor is significantly and positively related to the normalized OG weight, but adding it to the total content in827

domestic consumption does not improve the approximation accuracy —as shown by the R-squared of 0.847828

that is very close to the 0.841 in column (1). Comparing columns (6) and (5) shows that the expenditure829

switching effect is more important than the domestic labor content for the generalized expenditure-switching830

elasticity to approximate the normalized OG weights.831

As shown in column (7), the normalized Domar weight —which is the nearly optimal normalized OG832

weight in closed economies à la Rubbo (2023) and La’O and Tahbaz-Salehi (2022)— has a weaker explana-833

tory power than the linear combination of the price-rigidity-adjusted total content in domestic consumption834

and generalized expenditure-switching elasticity in column (5), with a smaller R-squared of 0.90. The com-835

parison between columns (5) and (7) illustrates the importance of considering openness in approximating836

the normalized sectoral OG weights in the DC index.837

The results in Table 3 imply that the output gap targeting should assign larger weights to sectors that838

supply more inputs directly or indirectly (i.e., via the downstream sectors) to domestic consumption and839

that face a large expenditure-switching effect.840

Approximation of pitfalls in the output gap targeting abstracting from openness. Presented in Table 4 are841

the results for the version of the regression in equation (44) with the percentage difference between the842

normalized Domar and OG weights ((λ̃c,i − M̃OG,c,i)/λ̃c,i) as the dependent variable, which measures the843

pitfalls in the policy of output gap targeting that ignores openness, that is, the PPI targeting policy. As844

36The term λ̃All,D,i is the i-th entry of the vector β⊤(I −Ω)−1 and captures the domestic demand that reaches the domestic
sector i directly and indirectly (via downstream sectors) if the entire economy —including sector i and its downstream sectors—
does not import from abroad (i.e., vr = 1 for all r and vx,r,s = 1 for all r and s).
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Table 4: Sectoral relevance metrics and the difference between normalized Domar and OG weights

(1) (2) (3) (4)

Export Intensity 0.387*** 0.878*** 0.127***
(0.0244) (0.00863) (0.0247)

Generalized ES elasticity over Domar -0.0318*** -0.255***
(0.00813) (0.00380)

Total content of domestic labor -0.730***
(0.0501)

Observations 601 601 601 601
R-squared 0.366 0.043 0.939 0.570
Country FE Yes Yes Yes Yes

Notes: Shown in the table are regression results based on equation (44), which regresses the normalized sectoral Domar-OG
percentage difference (λ̃c,i − M̃OG,c,i)/λ̃c,i over the sectoral relevance metrics characterized by Definition 3 in Section 2.10.
The generalized ES elasticity over Domar is the ratio of the sectoral generalized expenditure-switching elasticity to the Domar
weight. The analysis includes the subsample of 11 relatively open economies —in terms of the economy-wise export-to-GDP
ratio— out of all 43 economies. Country fixed effects are controlled. *, **, and *** denote significance at the 10%, 5%, and 1%
levels, respectively.

shown in column (1), the export intensity is positively related to the normalized Domar-OG difference with845

a coefficient of 0.39 and a medium-sized R-squared of 0.37. As shown in column (2), the ratio of the846

generalized expenditure-switching elasticity to the Domar weight is negatively related to the normalized847

Domar-OG difference with a coefficient of -0.03 and a small R-squared of 0.04.848

Despite the limited explanatory power of each individual component shown in columns (1) and (2),849

column (3) shows that the linear combination of the export intensity and the ratio of the generalized850

expenditure-switching elasticity to the Domar weight explains most of the variations in the normalized851

Domar-OG difference, as evinced by the large R-squared of 0.94. This R-squared is significantly larger852

than those in columns (1) and (2), revealing the complementarity between the two components in approxi-853

mating the normalized Domar-OG difference. As shown in column (4), adding the total content of domestic854

labor to the export intensity only partially improves the approximation accuracy —as evinced by the R-855

squared of 0.57, which is larger than 0.37 in column (1) but much smaller than 0.94 in column (3). This856

implies that the expenditure-switching mechanism in the generalized expenditure-switching elasticity plays857

an important role in explaining the normalized Domar-OG difference.858

The results in Table 4 support Proposition 3 and show that the sector-level pitfalls in the output gap859

targeting that abstract from cross-border linkages can be well approximated by the rule-of-thumb, linear860

combination of the export intensity and the ratio of the generalized expenditure-switching elasticity to the861

Domar weight. These results demonstrate that monetary policy adopting normalized Domar weights, or the862

policy that targets PPI inflation in the one-sector SOE literature, overstates inflation in sectors with either863

large export intensity or limited generalized expenditure-switching elasticity. To account for the openness864

of the economy in the closed-economy PPI targeting policy, the monetary authority should assign smaller865
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weights to sectors that export intensively directly and indirectly, and assign larger weights to sectors that866

face large expenditure-switching effects.867

Relevance of input-output linkages for relative sectoral weights in the DC index. Our theoretical analysis868

in Section 2.10 shows that IO linkages are important drivers of the sectoral relevance metrics that underpin869

the sectoral OG weights. In an SOE without production networks, domestic sectors are only direct, rather870

than indirect, suppliers to domestic and foreign demand, so import intensity simplifies to the import share.871

Comparing columns (2) and (3) in Table 3 shows that import intensity explains more variation in nor-872

malized OG weights than the import share, as evinced by the larger R-squared for import intensity (0.25)873

than the almost negligible R-squared for import share (0.01). Moreover, as shown in column (8) in Table 3,874

the counterfactual sectoral metrics of total content in domestic consumption and generalized expenditure-875

switching elasticity that abstract from IO linkages explain only 66% of the variation in the normalized876

sectoral OG weights, which is much smaller than that considering IO linkages in column (5).37 Thus, in-877

direct imports via both upstream and downstream sectors —as captured by sectoral relevance metrics with878

IO linkages rather than without— are important for the approximation of normalized OG weights, hence879

supporting the relevance of input-output linkages for monetary policy.880

We conclude that the structure of input-output linkages interplays with the cross-border linkages of881

the small open economy to determine the metrics of sectoral relevance in Definition 3 and, in turn, the882

relative sectoral weights in the DC index for output gap targeting. Ignoring production networks results in883

an imprecise approximation of the correct sectoral weights required to close the output gap.884

6.3. Welfare comparison of alternative monetary policies885

In this section, we quantitatively compare the welfare losses of the economy —using equation (39)886

in Proposition 4 of Section 5— under alternative monetary policies, and show that output gap targeting887

performs close to the optimal monetary policy, as in closed economies à la Rubbo (2023), and outperforms888

policies that ignore either cross-border or input-output linkages.38
889

Specifically, we compare the welfare loss under the following five alternative monetary policies: the890

optimal policy, output gap targeting, PPI targeting, output gap targeting without IO linkages, and CPI tar-891

37In multi-sector small open economies without IO linkages, the Leontief inverse reduces to a diagonal matrix, with lvx,r,i = 1
for r = i and lvx,r,i = 0 for r ̸= i, and sectoral labor cost shares reduce to αi = 1. Thus, the total content in domestic consumption
and the generalized expenditure-switching elasticity reduce to λ̃D,i = βivi and ρ̃ES,i = (θF,i − 1)λEX,i + (θi − 1)βivi (1− vi),
respectively.

38The welfare loss represents the expected welfare loss in the remaining part of Subsection 6.3. For each case, we compute
welfare losses under different monetary policies using the same simulations of log-normal shocks to the import prices of all
sectors. For simplicity, we assume that the shocks to different sectors have the same mean. We set the mean of sectoral shocks to
generate an average CPI inflation of 2% for each economy to compare —under the same aggregate level of inflation— the welfare
losses across different economies with different openness and structures of input-output linkages. The variance-covariance matrix
of these shocks is calibrated on Mexico. We simulate the shocks 100,000 times to compute the expected welfare loss under each
of the alternative monetary policies. In Appendix I.4, we show that our results are similar under shocks to import prices in the
manufacturing sectors and under aggregate productivity shocks.
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geting. The policy of PPI (vs. CPI) targeting targets an aggregate inflation index where the Domar weight892

λi (vs. consumption share βi) —after adjusting for sectoral price rigidities (i.e., multiply by (1− δi)/δi) and893

normalized by the sum of sectoral weights— is used as the weight for each sector i’s inflation. The output894

gap targeting without IO linkages weights sectoral inflation with the normalized OG weights that ignore895

IO linkages.39 We study the PPI and CPI targeting because they are both widely used policies. While the896

PPI targeting ignores the openness of the economy and coincides with output gap targeting used in closed897

economies à la Rubbo (2023) and in one-sector small open economy literature, the CPI targeting ignores898

both openness and IO linkages. In addition, we examine the output gap targeting without IO linkages to899

evaluate the relevance of input-output linkages for the welfare implications of monetary policy.900

Table 5: Welfare loss under different monetary policies

(1) (2) (3) (4) (5)
Optimal Output gap PPI Output gap CPI

targeting targeting targeting w/o IO targeting

Mexico Export-to-GDP ratio: 19%
Total welfare loss -1.859 -1.879 -1.922 -4.948 -4.968
Improvement by OG targeting towards optimal 67.1% 99.3% 99.3%

Output gap misallocation -0.003 0.000 -0.002 -0.385 -0.388
Within- and across-sector, and cross-border misallocation
— output-gap-related 0.024 0.000 -0.041 -2.684 -2.701
— policy-irrelevant -1.879 -1.879 -1.879 -1.879 -1.879

Luxembourg Export-to-GDP ratio: 83%
Total welfare loss -7.742 -7.777 -8.504 -11.551 -10.675
Improvement by OG targeting towards optimal 95.4% 99.1% 98.8%

Output gap misallocation -0.006 0.000 -0.089 -0.569 -0.427
Within- and across-sector, and cross-border misallocation
— output-gap-related 0.041 0.000 -0.638 -3.205 -2.471
— policy-irrelevant -7.777 -7.777 -7.777 -7.777 -7.777

U.S. Export-to-GDP ratio: 9%
Total welfare loss -1.400 -1.472 -1.476 -6.546 -6.757
Improvement by OG targeting towards optimal 5.4% 98.6% 98.6%

Output gap misallocation -0.011 0.000 0.000 -0.596 -0.623
Within- and across-sector, and cross-border misallocation

— output-gap-related 0.083 0.000 -0.004 -4.478 -4.662
— policy-irrelevant -1.472 -1.472 -1.472 -1.472 -1.472

Notes: Shown in the table is the welfare loss —expressed in units of percent of steady-state consumption— under different
monetary policy designs. Shown in columns (1) to (5) are the welfare losses under the optimal policy, output gap targeting,
PPI targeting, output gap targeting without IO linkages, and CPI targeting policy, respectively. Outlined in Appendix I.3 are the
relative sectoral weights of sectoral inflation adopted by the alternative monetary policies.

Presented in Table 5 is the welfare loss expressed as a percentage of the steady-state consumption under901

the alternative monetary policies. We consider the welfare loss for Mexico, Luxembourg, and the US,902

39Specifically, output gap targeting without IO linkages targets the alternative DC inflation index that replaces the MOG,i in the
normalized OG weights —including the normalizer— in equation (31) with βivi+κ−1

CPI [(θF,i−1)λEX,i+(θi − 1)βivi (1− vi)].
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as these countries represent those with medium, large, and small degrees of openness, respectively —as903

measured by the economy-wise export-to-GDP ratio (19%, 83%, and 9%, respectively). Using equation904

(39), we decompose the welfare loss into the output gap misallocation and the within- and across-sector,905

and cross-border misallocation. We further use equation (H.1) to decompose the within- and across-sector,906

and cross-border misallocation into two sub-components: (i) an output-gap-related term and (ii) a policy-907

irrelevant term.908

As shown in Table 5, output gap targeting yields a welfare loss that is close to the optimal policy and909

significantly outperforms the PPI targeting (column 3), output gap targeting without IO linkages (column910

4), and CPI targeting (column 5) —which ignore cross-border linkages, IO linkages, and both cross-border911

and IO linkages, respectively. For Mexico, the difference in the welfare loss between the optimal policy and912

output gap targeting is very small and equal to 0.020 percent of the steady-state consumption (-1.859 vs. -913

1.879), thereby establishing that output gap targeting is nearly optimal. Important to our analysis, output gap914

targeting improves the welfare loss over the PPI targeting by 0.043 percent of the steady-state consumption,915

and it generates an even larger improvement over output gap targeting that ignores IO linkages and the CPI916

targeting (-1.879 vs. -1.922 vs. -4.948 vs. -4.968). The welfare improvement of output gap targeting over917

the PPI targeting (vs. output gap targeting without IO linkages) corresponds to 67.1% (vs. 99.3%) of the918

welfare difference between the optimal and the PPI targeting policy (vs. output gap targeting without IO919

linkages), thereby exhibiting welfare enhancement if the design of monetary policy accounts for openness920

and IO linkages of the economy. The welfare improvement of output gap targeting over the PPI targeting921

—which is the policy used in one-sector SOE literature— also shows the importance of considering input-922

output linkages in designing monetary policies in SOEs.923

Decomposing the total welfare loss into different components illustrates why output gap targeting is924

close to the optimal policy and improves over policies that ignore cross-border and input-output linkages.925

Output gap targeting eliminates the welfare losses arising from the output gap misallocation and from the926

output-gap-related components in the within- and across-sector, and cross-border misallocation. Quantita-927

tively, Table 5 shows that these two components related to the output gap generate large welfare losses in928

Mexico for the PPI targeting (-0.002 and -0.041), and even larger losses for output gap targeting without IO929

linkages (-0.385 and -2.684) and the CPI targeting (-0.388 and -2.701). These results support the adoption930

of output gap targeting that considers both the cross-border and input-output linkages to enhance welfare in931

small open economies.932

Finally, we examine the welfare loss under alternative monetary policies for two additional economies,933

namely Luxembourg and the US, which represent the polar cases of open and closed economies, respec-934

tively. In the most open economy of Luxembourg (the middle panel of Table 5), output gap targeting935

improves over the PPI targeting by a large 95.4%, compared to a more limited 67.1% for Mexico. The same936

qualitative results outlined for Mexico hold for Luxembourg and are stronger quantitatively. The bottom937

panel of Table 5 presents the welfare loss for the nearly closed economy of the US, showing that the out-938
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put gap and PPI targeting yield similar welfare loss and are equally close to the optimal policy, echoing939

the results of La’O and Tahbaz-Salehi (2022) and Rubbo (2023) in closed economies. Therefore, we con-940

clude that the difference between the output gap and PPI targeting is significant for open economies, but its941

importance diminishes in relatively closed economies like the US.40
942

7. Conclusion943

This paper investigates the design of monetary policy in small open economies with cross-border and944

input-output linkages and nominal rigidities. The output gap can be expressed as a weighted average of sec-945

toral markup wedges that encapsulate the inefficiency in each sector, with each sector’s weight represented946

by the sectoral OG weight. We derive the divine coincidence Phillips curve, which links the aggregate947

inflation of the divine coincidence index to the output gap and allows for the simultaneous stabilization of948

inflation and the output gap. The relative sectoral OG weights determine the share of each sector’s inflation949

in the DC index, and the sum of the sectoral OG weights determines the slope of the DC Phillips curve. We950

show that both the DC and sectoral Phillips curves are steeper in open than in closed economies.951

The DC Phillips curve implies that the monetary policy of output gap targeting can be implemented by952

targeting the DC index to zero. The relative sectoral weights in the DC index for output-gap targeting, in953

turn, depend on the sector’s relevance as a supplier of inputs to both domestic and foreign demand, and as954

a customer of domestic labor within international production networks. We show that output gap targeting955

should assign larger weights to inflation in sectors that supply more inputs directly or indirectly (i.e., via the956

downstream sectors) to domestic consumption and face larger expenditure-switching effects. Disregarding957

openness or treating the economy as a one-sector SOE overstates inflation in sectors that export intensively958

directly and indirectly, and understates inflation in sectors that face larger expenditure-switching effects.959

We derive the closed-form solution for the optimal monetary policy that minimizes the welfare losses, as960

well as calibrate our model to the WIOD to quantify our theoretical results. We show that the policy of out-961

put gap targeting generates welfare losses quantitatively close to the optimal policy as in closed economies,962

and outperforms alternative monetary policies of the PPI targeting that abstract from cross-border linkages963

or the output gap targeting that ignores input-output linkages. Overall, our analysis demonstrates that cross-964

border and input-output linkages are important for the conduct of monetary policy in small open economies965

with international production networks.966

Our study suggests several interesting extensions for future research. First, one could relax the assump-967

tion of financial autarky and study the interplay between the incompleteness of the financial market and the968

40In Appendix I.4, we examine the welfare losses under alternative monetary policies that are optimal when considering and
ignoring IO linkages, respectively, in both multi-sector SOEs and closed economies. As shown in Table I.4, the counterpart
optimal monetary policies for the multi-sector economies without IO linkages lead to a larger welfare loss than the baseline
optimal monetary policies that consider IO linkages. This additional welfare loss of the optimal monetary policy from ignoring
IO linkages is larger in open than in closed economies, especially for countries with a large degree of openness, illustrating that
IO and cross-border linkages interplay to determine the welfare losses associated with monetary policies.
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production networks for the design of monetary policy. Second, the analysis could consider the cases in969

which fiscal policy fails to offset the first-order distortions with non-contingent subsidies. Such contexts970

lead to a sub-optimal flexible-price equilibrium for the domestic social planner, as in Baqaee and Farhi971

(2024), such that the monetary policy needs to account for the interaction between the supply-side effect of972

monetary policy and the openness of the economy to improve efficiency. Third, the subsequent efforts might973

explore large open economies where monetary policy would need to account for feedback effects from the974

responses of foreign economies to the domestic policy —which may interplay with international product975

networks to determine the impact of the domestic monetary policy. Finally, the analysis could be extended976

to models incorporating endogenous adjustments in domestic and cross-border input-output linkages, as in977

Xu et al. (2025). We plan to investigate some of these issues in future work.978
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A. Firm profit, sectoral goods packer, and Calvo pricing1

Given the firm’s price Pif and the sectoral tax (or subsidy if negative) rate τi on sales, the nominal profit2

of firm f in sector i equals:3

Πif = (1− τi)PifYif − Φi · Yif . (A.1)

Sectoral goods packers. In each sector i, the perfectly competitive and identical sectoral goods packers4

transform the differentiated goods produced by the monopolistically competitive firms into a sectoral prod-5

uct using the following constant-elasticity-of-substitution technology:6

Yi =
(∫ 1

0

Y
εi−1

εi
if df

) εi
εi−1

, (A.2)

where the within-sector elasticity of substitution between different firms’ products is εi > 1. The cost7

minimization of the goods packers yields the following sectoral price index and demand function for the8

firms:9

Pi =
(∫ 1

0

P 1−εi
if df

) 1
1−εi and Yif =

(Pif

Pi

)−εi
Yi. (A.3)

Nominal rigidity and sectoral markup wedges. Denote by P#
i the price that maximizes the firm’s profit in10

equation (A.1) subject to the demand function in equation (A.3), which is equal to the following:11

P#
i =

1

1− τi

εi
εi − 1

Φi ≡ µ#
i · Φi, (A.4)

where µ#
i denotes the desired sectoral (gross) markup. Nominal rigidity is modeled as static Calvo-pricing12

friction, in which only firms indexed by f ≤ δi ∈ [0, 1] are allowed to choose their desired price P#
i and the13

remaining firms maintain their price at the steady-state level. We refer to (1− δi)/δi as the price rigidity of14

sector i. The sectoral markup µi ≡ Pi/Φi differs from the desired markup µ#
i if the price rigidity of sector15

i is strictly positive, viz., (1− δi)/δi > 0. We define the sectoral markup wedge for domestic sector i as the16

log deviation of the sectoral markup from the desired markup, viz, ln(µi)− ln(µ#
i ).17

B. Additional results on the relation between sectoral markup wedges and the output gap18

B.1. Aggregate wedges and output gap19

We follow the approach in Chari et al. (2007) to define the efficiency and labor wedges in the multi-20

sector, small open economy.21
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Definition B.1 (Aggregate wedges). The two wedges Aagg : Ξ 7→ R+ and ΓL : Ξ 7→ R+ allow equilibrium22

aggregate consumption and labor inputs to satisfy the following equations:1
23

C(ξ) = Aagg(ξ)L(ξ)
Λflex
L (ξ), ∀ξ ∈ Ξ, (B.1)

uL(C(ξ), L(ξ))

−uC(C(ξ), L(ξ))
= ΓL(ξ)

∂C

∂L
(ξ), ∀ξ ∈ Ξ, (B.2)

in the economy. We refer to Aagg(ξ) as the efficiency wedge, or aggregate TFP, and ΓL(ξ) as the labor24

wedge, respectively, for any realized state ξ ∈ Ξ.25

The equilibrium of the economy is summarized by the aggregate production function in equation (B.1)26

and the intratemporal condition between aggregate consumption and labor supply in equation (B.2). The ag-27

gregate production function describes the transformation of labor inputs into aggregate consumption, where28

the transformation ratio equals the economy-wide share of domestic labor inputs in aggregate consump-29

tion expenditure in the flexible-price equilibrium (Λflex
L (ξ)). In our open economy, domestic consumption30

comprises foreign goods, which are supplied through exports of domestically produced goods in exchange31

for imports of foreign products. Because the marginal revenue of export strictly decreases with the export32

quantity and its use of domestic labor inputs, domestic labor supplies foreign products (through exports)33

in a decreasing-return-to-scale way, leading to a lower-than-unitary transformation ratio in the open econ-34

omy. In contrast, the transformation ratio is equal to one in a closed economy —as in Bigio and La’O35

(2020)— because all domestic consumption uses domestic products instead of imported foreign goods that36

are exchanged using exports. The efficiency wedge Aagg(ξ) captures the shifts in the aggregate production37

function or the aggregate TFP.38

The intratemporal condition in equation (B.2) relates the marginal product of labor for aggregate output39

(i.e., ∂C/∂L) to the marginal rate of substitution between consumption and labor (i.e., −uL/uC), and the40

labor wedge ΓL(ξ) encapsulates the distortions that make the marginal product of labor different from the41

marginal rate of substitution.42

Based on the definition of the efficiency wedge in Definition B.1, we establish the following open-43

economy version of Hulten’s theorem:2
44

Lemma B.1 (The open-economy version of Hulten’s theorem). Up to a first-order approximation, the de-45

1As shown in Appendix K.2, the marginal product of labor is (∂C/∂L)(ξ) = Aagg(ξ)Λ
flex
L L(ξ)Λ

flex
L

(ξ)−1.
2In closed economies with production networks, Bigio and La’O (2020) define a prototype economy and the corresponding

efficiency and labor wedges. They also show that Hulten’s theorem holds and that sectoral distortions have no first-order effect
on the efficiency wedge. While Baqaee and Farhi (2024) decompose the real GDP of an open economy into the efficiency wedge
and the labor wedge in an inter-connected global production network, our Lemma B.1 shows the decomposition for small open
economies under the assumption of nominal rigidities.
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viation of the efficiency wedge from the steady state is a weighted average of sectoral shocks as follows:46

Âagg(ξ) = Ĉ(ξ)− ΛLL̂(ξ) (B.3)

= λ⊤Â−
{
[β ⊙ (1− v)]⊤︸ ︷︷ ︸
imported consumption

+ λ⊤ (Ω⊙V1−x)︸ ︷︷ ︸
imported interm. inputs

}
P̂∗

IM,F + [λEX ⊘ (θF − 1)]⊤︸ ︷︷ ︸
profits from exports

D̂∗
EX,F .

Proof: See Appendix K.1.47

Equation (B.3) shows that deviation of the efficiency wedge from the steady state is linked to the devia-48

tions of exogenous sectoral productivity (Â), import prices (P̂∗
IM,F ), and foreign demand (D̂∗

EX,F ) from the49

steady state. The elasticity of the efficiency wedge to the sectoral productivity is the Domar weight of the50

sector (λ), as in a closed economy (Hulten, 1978; Bigio and La’O, 2020). In an open economy, however,51

the elasticities of the efficiency wedge to import prices and foreign demand depend on the linkages between52

the domestic and foreign economies. The elasticity of the efficiency wedge to a sector’s import price shock53

equals the share of the sector’s imports of consumption goods and intermediate inputs in aggregate output.54

Such elasticity is negative, as imported inflation materializes as a negative supply shock. The elasticity of55

the efficiency wedge to a shock to the sector’s foreign demand equals the share of the sector’s profits from56

exports in aggregate output. Such elasticity is positive because an increase in the foreign demand for do-57

mestic goods raises export profits, which increases domestic income and consumption for a given amount58

of domestic labor.59

Lemma B.1 implies that —similar to the closed economy case— sectoral distortions have no first-order60

impact on the efficiency wedge in a small open economy with production networks. Therefore, the labor61

wedge encapsulates sectoral distortions entirely, as stated in the following proposition:62

Proposition B.1 (Sectoral distortion, efficiency and labor wedges, and the output gap). Up to the first-order63

approximation, the efficiency wedge in the sticky-price equilibrium is the same as the efficiency wedge in64

the flexible-price equilibrium:65

Âagg(ξ)− Âflex
agg (ξ) = Ĉgap(ξ)− ΛL · L̂gap(ξ) = 0. (B.4)

The labor wedge, though, deviates from the flexible-price level, and the deviation is proportional to the66

output gap:3
67

Γ̂L(ξ)− Γ̂flex
L (ξ) = Γ̂L(ξ) = [σ − 1 + (φ+ 1)/ΛL] Ĉ

gap(ξ). (B.5)

3The deviation of the labor wedge from the flexible-price equilibrium equals the deviation of the labor wedge from the steady
state. This is because the labor wedge equals one in the flexible-price equilibrium for any realized state ξ, including the steady
state.
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Proof: See Appendix K.2.68

Proposition B.1 shows that up to the first-order approximation, the efficiency wedge is unaffected by69

sectoral distortions, but that the labor wedge is different from zero and it summarizes the distortions at70

the aggregate level. In particular, the deviation of the labor wedge from the flexible-price equilibrium is71

proportional to the output gap.72

B.2. The DC Phillips curve and DC index in dynamic, complete markets73

Sectoral OG weight in complete markets. In a dynamic environment with the standard assumption of a74

complete (asset) market à la Galı́ and Monacelli (2005) —such that the Backus-Smith and uncovered interest75

rate conditions hold— the consumption gap (i.e., Ĉgap) satisfies the international risk-sharing condition à la76

Galı́ and Monacelli (2005) and Corsetti et al. (2010) in gap forms as follows:4
77

σĈgap = Ŝgap − P̂ gap
C , (B.6)

rather than log-linearized open-economy budget constraint in equation (27). The labor supply condition still78

holds, viz.:79

σĈgap + φL̂gap = Ŵ gap − P̂ gap
C , (B.7)

where the employment gap L̂gap satisfies the following equation derived from the market clearing condition80

(K.25):5
81

λ⊤αL̂gap = λ̃⊤
Dα(P̂ gap

C − Ŵ gap + Ĉgap) (B.8)

− (λ⊙ α̃)⊤µ̂+ λ̃⊤
Fα(Ŝgap − Ŵ gap)− (ρES ⊙ α̃)⊤(P̂gap − 1Ŝgap),

Combining equations (B.6), (B.7), and (B.8) with pricing equations (28) and (29) yields:82

Ĉgap =
φ(λ̃⊤

Dα)
[
(λ̃⊤

Dα)λ̃D + ρ̃ES + λ⊙ α̃
]⊤ −

{
λ̃⊤α+ φ

[
(1− λ̃⊤

Dα)λ̃⊤
D + ρ̃⊤

ES + λ̃⊤
F

]
α
}
λ̃⊤

D

σ (λ⊤α) + φ (λ⊤
Dα)2 + σφ

[
(1− λ̃⊤

Dα)λ̃⊤
D + ρ̃⊤

ES + λ̃⊤
F

]
α

µ̂,

(B.9)

L̂gap = −
(λ̃⊤

Dα)λ̃⊤
D + σ

[
(λ̃⊤

Dα)λ̃D + ρ̃ES + λ⊙ α̃
]⊤

σ (λ⊤α) + φ (λ⊤
Dα)2 + σφ

[
(1− λ̃⊤

Dα)λ̃⊤
D + ρ̃⊤

ES + λ̃⊤
F

]
α

µ̂. (B.10)

4We use the international risk-sharing condition C−σ/PC = (C∗)−σ/(S P ∗
C) à la Galı́ and Monacelli (2005) —where, for the

SOE in our model, the aggregate consumption (C∗) and the CPI (P ∗
C) of the rest of the world are exogenous.

5Condition (B.8) is derived by combining condition (K.25) with P̂ gap
i + Ŷ gap

i = Ŵ gap + L̂gap
i + µ̂i, and then multiplying

both sides of the equation by α.
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Equations (B.9) and (B.10) show that in complete markets without balanced trade, the consumption gap83

is different from the employment gap, which is in sharp contrast to our baseline case of balanced trade —84

where the consumption gap is equivalent to the output gap and proportional to the employment gap (equation85

B.4 in Proposition B.1).86

Because the employment gap better captures the output gap than the consumption gap, and is more87

closely associated with the monetary policy design, we focus on the employment gap rather than the con-88

sumption gap, and derive the relation of the employment gap to sectoral markup wedges in complete markets89

as follows:90

κL,cp · L̂gap
t = −

N∑
i=1

MOG,cp,i · µ̂i,t, (B.11)

where MOG,cp ≡ λ̃D︸︷︷︸
CPI channel

+ κ−1
CPI,cp · ρ̃ES︸ ︷︷ ︸

expenditure-switching channel

+ κ−1
CPI,cp ·

[
λ̃F − λ⊙ (1− α̃)

]︸ ︷︷ ︸
profit channel

, (B.12)

κCPI,cp ≡ (1 + σ−1)λ̃⊤
Dα+ 1, (B.13)

κL,cp ≡
{
λ⊤α+ (φ/σ) (λ⊤

Dα)2 + φ
[
(1− λ̃⊤

Dα)λ̃⊤
D + ρ̃⊤

ES + λ̃⊤
F

]
α
}/

κCPI,cp.

With a slight abuse of notation, we call the elasticity of the employment gap to sectoral markup wedges the91

sectoral OG weight —denoted by MOG,cp,i. Equation (B.11) is the counterpart of equation (21) in Theorem92

(1).93

The DC Phillips curve and DC index in complete markets. Rubbo (2023) (in equation 21) shows that in94

a dynamic environment, the sectoral markup wedges are linked to sectoral inflation in current and next95

periods as follows:96

πi,t = − δ̃i

1− δ̃i
µ̂i,t + βEtπi,t+1, (B.14)

where β is the discount factor, and97

δ̃i ≡
δi[1− β(1− δi)]

1− βδi(1− δi)
. (B.15)

Combining equations (B.14) with (B.11), yields the following DC Phillips curve in dynamic, complete98

markets that links the employment gap to domestic inflation:99

πDC,cp,t =
κL,cp

κOG,cp

L̂gap
t + βEtπDC,cp,t+1, (B.16)

where κOG,cp ≡
N∑
i=1

MOG,cp,i · (1− δ̃i)/δ̃i, (B.17)
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and the DC index in complete markets is defined as:100

πDC,cp,t ≡
N∑
i=1

M̃OG,cp,iπi,t, (B.18)

where M̃OG,cp,i ≡
MOG,cp,i · (1− δ̃i)/δ̃i

κOG,cp

. (B.19)

The counterpart DC Phillips curve in terms of the employment gap in our baseline case of balanced101

trade is:102

πDC =
κCΛL

κOG

L̂gap. (B.20)

Figure B.1: The ratios of κCPI and the DC Phillips curve slope in complete markets versus under balanced trade
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(a) κCPI,cp and κCPI in the DC Phillips curve
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(b) Slopes of the DC Phillips curve

Notes: Shown in panel (a) is the ratio of κCPI,cp in complete markets (red diamonds) versus κCPI under balanced trade (normal-
ized to one and indicated by the bold black horizontal line at one), for each country in the sample. Shown in panel (b) is the ratio
of the DC Phillips curve slopes in complete markets (blue circles) versus under balanced trade (normalized to one and indicated
by the bold black horizontal line at one), for each country in the sample. In panel (b), the price-rigidity parameter δ̃i is set to
δi (i.e., imposing β = 0 in equation B.15) to make the DC Phillips curve slope in complete markets comparable to that under
balanced trade.

Comparisons of the DC Phillips curve and DC index in balanced trade versus complete markets. Plotted in103

panel (a) in Figure B.1 is the ratio of κCPI in complete markets —given by equation (B.13) and indicated by104

red diamonds— to that under balanced trade —given by equation (23). In particular, κCPI under balanced105

trade is normalized to one and indicated by the bold black horizontal line at one. As shown in panel (a),106

κCPI —which captures the relative importance of the CPI channel in the sectoral OG weight— is smaller107

in complete markets than under balanced trade —as evinced by the red diamonds below the horizontal line108

at one. This implies that the relative sectoral weights in the DC index are smaller in complete markets than109

under balanced trade for sectors with a larger (vs. smaller) CPI channel.110

Plotted in panel (b) in Figure B.1 is the ratio of the DC Phillips curve slope (in terms of the employment111
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gap) in complete markets —given by κL,cp/κOG,cp in equation (B.16) and indicated by blue circles— to that112

under balanced trade —given by κCΛL/κOG in equation (B.20). In particular, the DC Phillips curve slope113

under balanced trade is normalized to one and indicated by the bold black horizontal line at one. We set the114

price-rigidity parameter δ̃i to δi —i.e., imposing β = 0 in equation (B.15)— to make the DC Phillips curve115

slope in complete markets comparable to that under balanced trade. As shown in panel (b), the slope of the116

DC Phillips curve is flatter in complete markets than under balanced trade —i.e., the employment gap is117

larger in complete markets facing the same negative markup wedges. This is consistent with the intuition118

in Heathcote and Perri (2002) that production is re-allocated to the country with lower marginal cost under119

international risk sharing.120

C. Discussion on the non-zero profit channel in the sectoral OG weight121

In this section, we illustrate that the profit channel is non-zero and explain why it is non-zero. In122

subsection C.1, we first present a special case of the baseline model in which the profit channel is always123

positive, thereby demonstrating that the profit channel does not theoretically cancel out. Then, in subsection124

C.2, in the baseline model, we pinpoint the terms in the output gap that are linked to the solution of the125

domestic planner’s problem, which cancel out according to the envelope theorem. We further show that in126

the output gap, these terms linked to the planner’s problem are distinct from the terms linked to the profit127

channel. As a result, the optimization by the planner does not imply the canceling out of the profit channel128

in the OG weights.129

C.1. A special case of the baseline model where the profit channel is positive130

Consider a special case of our baseline multi-sector SOE that imports only consumption goods but no131

intermediate inputs. In such an economy, α̃ = 1, so that the imported factor sub-channel equals zero, viz.:132

λ⊙ (1− α̃) = 0.

At the same time, with the exports of the economy, the export profit sub-channel is equal to λ̃F and satisfies:133

λ̃F > 0 and λ̃F ̸= 0.

As a consequence, the two sub-channels of export profit and imported factor do not cancel out, and the134

profit channel captured by λ̃F − λ⊙ (1− α̃) is always positive in this special case.135

C.2. The domestic planner’s optimization problem versus the profit channel136

In this subsection, we first derive the optimality conditions of the domestic planner in the steady state137

(step 1). Then, we show that in the steady state, the social planner’s problem is equivalent to maximizing138

the export profits in terms of the export prices. By the envelope theorem, the terms associated with the139
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planner’s maximization of export profit should cancel in the output gap (step 2). Accordingly, we pinpoint140

these canceled terms linked to the export profit maximization in the output gap, and demonstrate that they141

are distinct from the profit channel in the sectoral OG weights (step 3).142

Step 1: Optimality conditions of the domestic planner in the steady state. Consider the optimization prob-143

lem of the domestic social planner described in Section J.2, viz.:144

uflex(ξ) = max
{CHi,CFi,{XHi,Hj ,XHi,Fj}j ,Li}i

u
(
C
(
{Ci(CHi, CFi)}i

)
,
∑
i

Li

)
,

s.t.
∑
i

(
D∗

EX,F i

) 1
θF,i (Y ∗

EX,i)
θF,i−1

θF,i −
∑
i

P ∗
IM,F i

(
CFi +

∑
j

XHj,F i

)
≥ 0,

where Y ∗
EX,i ≡ AiFi

(
{Li,Xi,j(XHi,Hj, XHi,Fj)}j

)
− CHi −

∑
j

XHj,Hi.

Using the export demand function Y ∗
EX,i =

(PEX,i

S

)−θF,iD∗
EX,i, this problem can equivalently be expressed145

as a maximization with respect to export price PEX,i/S in place of CHi as follows:146

uflex(ξ) = max
{PEX,i/S,CFi,{XHi,Hj ,XHi,Fj}j ,Li}i

u
(
C
(
{Ci(CHi, CFi)}i

)
,
∑
i

Li

)
, (C.1)

s.t.
∑
i

(PEX,i

S

)1−θF,i

D∗
EX,i −

∑
i

P ∗
IM,F i

(
CFi +

∑
j

XHj,F i

)
≥ 0, (C.2)

where CHi ≡ AiFi

(
{Li,Xi,j(XHi,Hj, XHi,Fj)}j

)
−
(PEX,i

S

)−θF,i

D∗
EX,i −

∑
j

XHj,Hi.

The first-order conditions of the maximization problem in equations (C.1) and (C.2) with respect to147

PEX,i/S and CFi are:148

0 =
∂u

∂CHi

· θF,i
(PEX,i

S

)−θF,i−1

D∗
EX,i + λ (1− θF,i)

(PEX,i

S

)−θF,i

D∗
EX,i, (C.3)

0 =
∂u

∂CFi

− λP ∗
IM,F i, (C.4)

with λ being the Lagrange multiplier on the trade balance condition (C.2). Combining equations (C.3) and149

(C.4) to eliminate the multiplier λ yields:150

0 = (1− θF,i)
(PEX,i

S

)−θF,i

D∗
EX,i + P ∗

IM,F i

∂u/∂CHi

∂u/∂CFi

· θF,i
(PEX,i

S

)−θF,i−1

D∗
EX,i,
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which —in the steady state where the implied prices satisfy P ∗,ss
IM,F i

∂u/∂CHi

∂u/∂CFi
=

P ss
i

Sss = 1— becomes:6
151

0 = (1− θF,i)
(P ss

EX,i

Sss

)−θF,i

D∗,ss
EX,i + θF,i

(P ss
EX,i

Sss

)−θF,i−1

D∗,ss
EX,i. (C.5)

Step 2: Domestic planner’s problem is equivalent to maximizing the export profits in terms of export prices.152

As is shown in equation (27) of Section 3, the sectoral OG weight —including the profit channel in it— is153

primarily derived from the open-economy budget constraint as follows:154

PCC =
∑
i

[
PiYi

(
1− 1− αi

µi

)
+ (PEX,i − Pi)Y

∗
EX,i

]
=
∑
i

{
PiYi

(
1− 1− αi

µi

)
+
[(PEX,i

S

)1−θF,i

D∗
EX,i −

Pi

S

(PEX,i

S

)−θF,i

D∗
EX,i

]
︸ ︷︷ ︸

export profit

· S
}
, (C.6)

where the last equality comes from substituting in the export demand Y ∗
EX,i =

(PEX,i

S

)−θF,iD∗
EX,i.155

The total differentiation of the export profit term in equation (C.6) —evaluated at the steady state— is156

equal to:157 [
(1− θF,i)

(P ss
EX,i

Sss

)−θF,i

D∗,ss
EX,i + θF,i

P ss
i

Sss

(P ss
EX,i

Sss

)−θF,i−1

D∗,ss
EX,i

](P ss
EX,i

Sss

)
d ln

(PEX,i

S

)
︸ ︷︷ ︸

export profit maximization through choices of export prices

−
(P ss

i

Sss

)(P ss
EX,i

Sss

)−θF,i

D∗,ss
EX,id ln

(Pi

S

)
+
[(P ss

EX,i

Sss

)1−θF,i

− P ss
i

Sss

(P ss
EX,i

S

)−θF,i
]
D∗,ss

EX,id lnD
∗
EX,i

= (−θF,i Y
∗,ss
EX,i + θF,iY

∗,ss
EX,i)d ln

(PEX,i

S

)
︸ ︷︷ ︸

export profit maximization
through choices of export prices

−Y ∗,ss
EX,id ln

(Pi

S

)
︸ ︷︷ ︸

export profit term
linked to domestic sectoral prices

+
Y ∗,ss
EX,i

θF,i − 1
d lnD∗

EX,i. (C.7)

Because the non-contingent export tax in Assumption 1 allows the competitive equilibrium to implement158

the domestic planner’s allocation in the steady state, the steady-state equilibrium prices in equation (C.7)159

coincide with those in the steady-state solution to the domestic planner’s problem in equation (C.5).7 As a160

result, the terms containing d ln
(PEX,i

S

)
that are linked to the export profit maximization in equation (C.7)161

(i.e., the first term on both sides of the equation) are equal to zero, which is consistent with the first-order162

condition of the planner in equation (C.5). The remaining term −Y ∗,ss
EX,id ln

(
Pi

S

)
in equation (C.7) is non-163

zero, and it relates to the export profit through the domestic sectoral prices Pi/S, which are not set by the164

6The utility function equation (J.9) implies that the marginal rate of substitution between CHi and CFi is ∂u/∂CHi

∂u/∂CFi
= ∂Ci/∂CHi

∂Ci/∂CFi
.

Substituting equation (J.21) in this equation of marginal rate of substitution and evaluating it at the steady state yields
P ∗,ss

IM,Fi
∂u/∂CHi

∂u/∂CFi
=

Pss
i

Sss = 1.
7The equality in equation (C.7) is also based on the rate of the non-contingent export tax in Assumption 1 —viz., τEX,i =

1/(θF,i − 1) such that P ss
EX,i = θF,i/(θF,i − 1).
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domestic planner to maximize the export profit.8165

Equation (C.7) indicates that, under Assumption 1, the domestic planner’s problem is equivalent to166

maximizing the export profit in terms of the choices of export prices in the steady state. Therefore, applying167

the envelope theorem to the domestic planner’s problem, we should expect that the terms linked to the export168

profit maximization cancel out in the output gap and sectoral OG weights.9169

Step 3: Identify the canceled terms relating to the export profit maximization in the output gap, and show170

that they are not the profit channel. Equation (C.7) indicates that the log-linearization of the export profit171

term in equation (C.6) around the flexible-price equilibrium is equal to:172

(−θF,i Y
∗,ss
EX,i + θF,iY

∗,ss
EX,i)(P̂

gap
EX,i − Ŝgap)︸ ︷︷ ︸

export profit maximization through choices of export prices

− Y ∗,ss
EX,i(P̂

gap
i − Ŝgap)︸ ︷︷ ︸

export profit term linked to domestic sectoral prices

. (C.8)

These terms in equation (C.8) can be found in the log-linearization of the open-economy budget con-173

straint (C.6) around the flexible-price equilibrium as follows:174

P̂ gap
C + Ĉgap = [λ⊙ (P̂gap + Ŷgap)]⊤α+ [λ⊙ (1−α)]⊤µ̂ (C.9)

−(λEX ⊙ θF )
⊤(P̂gap

EX − 1Ŝgap) + (λEX ⊙ θF )
⊤(P̂gap

EX − 1Ŝgap)︸ ︷︷ ︸
export profit maximization through choices of export prices

−λ⊤
EX(P̂

gap − 1Ŝgap)︸ ︷︷ ︸
export profit term linked to domestic sectoral prices

+ [λEX ⊘ (θF − 1)]⊤Ŝgap,

which is the key condition to derive the output gap and sectoral OG weights as we show in equation (27)175

of Section 3.10 In equation (C.9), the terms linked to the planner’s maximization of export profits (on176

the second row) correspond to the first terms in equations (C.8) and (C.7), and they cancel out as in those177

equations, which is consistent with the envelope theorem.11 The fact that these terms relating to the planner’s178

maximization of export profits cancel out in condition (C.9) —which is the key condition to derive the output179

gap and OG weights in Theorem 1— indicates that the sectoral OG weight, including the profit channel,180

does not directly reflect the solution to the domestic planner’s optimization problem.181

8As in the closed economy, the domestic sectoral prices are set to be equal to the marginal cost of production.
9The envelope theorem says that when the planner’s first-order condition with respect to its choice variable holds at the steady

state, changes in the objective function (i.e., export profit here) due to small deviations of the planner’s choice variable from the
flexible-price equilibrium (induced by markup wedges) are equal to zero up to a first-order approximation.

10Substituting the goods market clearing condition (K.25) into equation (C.9) yields condition (27) in Section 3.
11Notably, although the non-contingent export tax makes the export price proportional to the domestic sectoral price —and,

therefore, P̂gap
EX = P̂gap— these two prices are different choice variables from the perspective of the social planner, of which

only the export price is used by the social planner to maximize export profits. Therefore, when we apply the envelope theorem to
the planner’s problem of export profit maximization, only the terms of log-deviations of export prices (i.e., P̂gap

EX) —even though
equal to domestic sectoral price gaps P̂gap— are included in the term linked to the export profit maximization, while the other
terms of domestic sectoral price gaps are unrelated to export profit maximization.
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In the remaining part of condition (C.9) (specifically, the first term on the third row), domestic sectoral182

price gaps —unlike the export prices PEX,i/S that are chosen by the planner to maximize the export profit—183

negatively relate to the export profit by raising the (opportunity) costs of exports, which is exactly what the184

export profit sub-channel in the profit channel captures. The other sub-channel of the imported factor in the185

profit channel relates to the cost of imported intermediate inputs, which is also unrelated to the planner’s186

problem of maximizing export profits.187

Because neither export profit nor imported factor sub-channel directly links to the planner’s problem,188

the optimization of the planner does not imply that these two sub-channels cancel each other out to make189

the profit channel zero.190

D. The slopes of the divine coincidence and sectoral Phillips curves191

D.1. The slope of the DC Phillips curve192

Expanding the inverse of the slope of the divine coincidence Phillips curve in equation (33) yields:193

κOG

κC

=

1

(1−λ̃⊤
Dα)

(ρES ⊙ α̃+ λEX)
⊤α̃+ λ̃⊤

Dα+ (1− λ̃⊤
Dα)(

σ+φ/ΛL

)
(1−λ̃⊤

Dα)
(ρES ⊙ α̃+ λEX)⊤α̃+ λ̃⊤

Dα
(
σ + φ/ΛL

)
+ (1− λ̃⊤

Dα)

λ̃⊤
D

︸ ︷︷ ︸
CPI channel

(I −∆)∆−11

+
(ρES ⊙ α̃)⊤Lvx

κCκCPI︸ ︷︷ ︸
expenditure-switching channel

(I −∆)∆−11+
λT

EXLvx − [λ⊙ (1− α̃)]⊤

κCκCPI︸ ︷︷ ︸
profit channel

(I −∆)∆−11. (D.1)

where the expenditure-switching and the profit channels are both unique to the open economy. Because the194

expenditure-switching channel is strictly positive, this open-economy-specific channel increases the inverse195

of the divine coincidence Phillips curve slope, thereby flattening the slope in open economies relative to that196

in closed economies.12
197

Then, we focus on the CPI channel underlying the inverse of the slope and obtain the following three198

inequalities in equations (D.2), (D.3), and (D.4):199

1

(1−λ̃⊤
Dα)

(ρES ⊙ α̃+ λEX)
⊤α̃+ λ̃⊤

Dα+ (1− λ̃⊤
Dα)(

σ+φ/ΛL

)
(1−λ̃⊤

Dα)
(ρES ⊙ α̃+ λEX)⊤α̃+ λ̃⊤

Dα
(
σ + φ/ΛL

)
+ (1− λ̃⊤

Dα)

λ̃⊤
D

︸ ︷︷ ︸
CPI channel

<

1

(1−λ̃⊤
Dα)

(ρES ⊙ α̃+ λEX)
⊤α̃+ λ̃⊤

Dα+ (1− λ̃⊤
Dα)(

σ+φ
)

(1−λ̃⊤
Dα)

(ρES ⊙ α̃+ λEX)⊤α̃+ λ̃⊤
Dα
(
σ + φ

)
+ (1− λ̃⊤

Dα)

λ̃⊤
D (D.2)

12The profit channel is close to zero and barely affects the slope of the divine coincidence Phillips curve.
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1

(1−λ̃⊤
Dα)

(ρES ⊙ α̃+ λEX)
⊤α̃+ λ̃⊤

Dα+ (1− λ̃⊤
Dα)(

σ+φ/ΛL

)
(1−λ̃⊤

Dα)
(ρES ⊙ α̃+ λEX)⊤α̃+ λ̃⊤

Dα
(
σ + φ/ΛL

)
+ (1− λ̃⊤

Dα)

λ̃⊤
D

︸ ︷︷ ︸
CPI channel

>

1

(1−λ̃⊤
Dα)

(ρES ⊙ α̃+ λEX)
⊤α̃+ λ̃⊤

Dα+ (1− λ̃⊤
Dα)(

σ+φ/ΛL

)
(1−λ̃⊤

Dα)
(ρES ⊙ α̃+ λEX)⊤α̃+ λ̃⊤

Dα
(
σ + φ/ΛL

)
+ (1− λ̃⊤

Dα)
(
σ + φ/ΛL

)λ̃⊤
D =

λ̃⊤
D(

σ + φ/ΛL

)
(D.3)

1

(1−λ̃⊤
Dα)

(ρES ⊙ α̃+ λEX)
⊤α̃+ λ̃⊤

Dα+ (1− λ̃⊤
Dα)(

σ+φ/ΛL

)
(1−λ̃⊤

Dα)
(ρES ⊙ α̃+ λEX)⊤α̃+ λ̃⊤

Dα
(
σ + φ/ΛL

)
+ (1− λ̃⊤

Dα)

λ̃⊤
D

︸ ︷︷ ︸
CPI channel

<

1

(1−λ̃⊤
Dα)

(ρES ⊙ α̃+ λEX)
⊤α̃+ λ̃⊤

Dα+ (1− λ̃⊤
Dα)(

σ+φ/ΛL

)
(1−λ̃⊤

Dα)
(ρES ⊙ α̃+ λEX)⊤α̃+ λ̃⊤

Dα
(
σ + φ/ΛL

)
+ (1− λ̃⊤

Dα)

λ⊤ (D.4)

The inequality in equation (D.4) shows that the inverse of the DC curve slope can be smaller than that in200

closed economies because, in the CPI channel, the domestic sectors’ total contents in domestic consumption201

are smaller in open than in closed economies, i.e., λ̃⊤
D < λ⊤. Therefore, the elasticities of the domestic202

output gap to domestic sectoral inflation through the CPI channel are smaller in open economies, thereby203

steepening the DC Phillips curve slope relative to that in closed economies.204

The inequality in equation (D.2) shows that the inverse of the DC curve slope can be smaller than that205

in closed economies because, in the CPI channel, the total domestic labor income share in open economies206

is less than unity in closed economies, i.e., ΛL < 1. Therefore, the elasticity of the output gap to domestic207

labor supply —and, therefore, the real wage gap— is smaller than in closed economies, as evinced by208

1/
(
σ + φ/ΛL

)
< 1/ (σ + φ), thereby steepening the DC Phillips curve slope relative to that in closed209

economies.210

The inequality in equation (D.3) shows that the inverse of slope can be larger than that in closed211

economies because of the real exchange rate sub-channel that is unique to open economies. In this real212

exchange rate sub-channel, the elasticity of the output gap to the CPI gap is unity and larger than the coun-213

terpart elasticity through the real wage channel (i.e., 1 > 1/(σ + φ/ΛL) in general) —which is the only214

channel in closed economies. As a result, the existence of the open-economy-specific sub-channel of real215

exchange rate increases the size of the CPI channel, hence flattening the DC Phillips curve slope in open216

economies relative to that in closed economies.217

Combining the three changes of the open-economy CPI channel toward the closed-economy CPI channel218

on the RHS of equations (D.2), (D.3), and (D.4), yields the slope of the divine coincidence Phillips curve in219

the closed economies, λ/(σ + φ), which is consistent with Rubbo (2023).220
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In Section 6.1 and in Figure D.1 below, we calibrate our model using the WIOD and show that the first221

force through the total contents in domestic consumption (equation D.4) and the second force through the222

expenditure-switching channel (equation D.1) are the two quantitatively dominant forces. Moreover, the223

first force dominates in most economies, making the open-economy slope steeper in open economies than224

in closed economies.225

Plotted in panel (b) in Figure D.1 below are two other counterfactual cases: (i) adjusting the aggregate226

share of domestic labor in domestic output to unity as in closed economies (i.e., change ΛL to 1, indicated227

by the magenta diamonds, corresponding to equation D.2), and (ii) adjusting the size of the real exchange228

rate sub-channel upward to that of the real wage sub-channel in the CPI channel (i.e., change (1− λ̃⊤
Dα) to229

(1−λ̃⊤
Dα)

(
σ+φ/ΛL

)
in the numerator of κC , indicated by the cyan crosses, corresponding to equation D.3).230

Consistent with equation (D.2), the less-than-unity total domestic labor income share in open economies231

makes the elasticity of the output gap to domestic inflation smaller in open than in closed economies,232

thereby steepening the DC Phillips curve slope relative to that in closed economies —as evinced by the blue233

circles higher than the magenta diamonds in panel (b) of Figure D.1. Comparing panels (b) to (a) shows234

that these alternative forces in the two counterfactual cases are quantitatively small relative to the two main235

countervailing forces as discussed above.236

Figure D.1: Slopes of the DC Phillips curves (relative to a closed economy): more counterfactual cases
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(a) CPI channel and ignoring Expenditure switching
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(b) More counterfactuals

Notes: Shown in both panels is the ratio of the slope of the DC Phillips curve in open economies to its counterpart in closed
economies, for each country in the sample. The closed-economy slopes are normalized to one, corresponding to the bold black
horizontal line at one. In both panels, the blue circles indicate the baseline open-economy Phillips curve slopes. In panel (a),
the red diamonds indicate the counterfactual case that ignores the expenditure-switching channel and the green crosses indicate
the counterfactual slope that replaces the open-economy sectoral content in domestic consumption with its closed-economy
counterpart in the CPI channel (i.e., change λ̃D to λ). In panel (b), the magenta diamonds indicate the counterfactual case that
adjusts the aggregate share of domestic labor in domestic output to unity as in closed economies (i.e., change ΛL to 1) and the
cyan crosses indicate the counterfactual case that adjusts the size of the real exchange rate sub-channel upward to that of the real
wage sub-channel in the CPI channel (i.e., change (1− λ̃⊤

Dα) to (1− λ̃⊤
Dα)(σ + φ/ΛL) in the numerator of κC).

The DC Phillips curve slope with and without IO linkages. Plotted in Figure D.2 below are the ratios of the237

DC Phillips curve slopes in multi-sector economies with IO linkages and in one-sector economies relative238
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to that in multi-sector economies without IO linkages (y-axis), for each country in the sample, against the239

country’s export to GDP ratio (x-axis). Panels (a) and (b) correspond to the cases of the baseline open240

economy and the closed economy à la Rubbo (2023), respectively. In both panels, the slopes in multi-sector241

economies without IO linkages are normalized to one, corresponding to the bold black horizontal line at242

one.243

In both panels, the DC Phillips curve slope in the baseline economy with IO linkages is flatter than in244

counterfactual one-sector economies and multi-sector economies without IO linkages, as evinced by the blue245

circles that are below both the red diamonds and the bold black horizontal line at one. Further comparing246

panels (b) to (a) shows that the introduction of IO linkages flattens the slope more in closed (relative to open)247

economies for those economies that are relatively open and have a large expenditure-switching channel.248

Figure D.2: Ratios of the DC Phillips curve slopes relative to those in multi-sector economies without IO linkages
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(a) Open economy
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(b) Closed economy

Notes: Shown in the figure are the ratios of the DC Phillips curve slopes in multi-sector SOEs with IO linkages (blue circles)
and in one-sector SOEs (red diamonds) relative to multi-sector economies without IO linkages, for each country in the sample,
against the country’s export to GDP ratio (x-axis). Panels (a) and (b) correspond to the cases of open and closed economies,
respectively. In both panels, the slopes in multi-sector economies without IO linkages are normalized to one, corresponding to
the bold black horizontal line at one. In one-sector SOEs, the domestic country’s parameter of home bias is set to its average
across sectors, i.e., β⊤v.

D.2. The slope of sectoral Phillips curves249

In this paragraph, we describe the alternative slopes of the sectoral Phillips curves used in the quantita-250

tive analysis in subsection 6.1, including the following three cases:251

1. Closed economy. In the counterfactual closed-economy case, v = 0, V1−x = 0, ΛL = 1, and252

Mp = Mµ = 0. As a result, ΓCPI,C = 0 and ΓCPI,P = β, and the slopes B in equation (35) reduce253

to:254

B =
[
∆−1 −Ω−αβ⊤]−1

α (σ + φ) ,

which are exactly the same as those in Rubbo (2023).255
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2. Ignoring the expenditure-switching channel. Ignoring the expenditure-switching channel in the256

slopes of sectoral Phillips curves corresponds to the case (ii) in panel (b) of Figure 1, as indicated257

by red diamonds. In this case, the term corresponding to the expenditure-switching channel becomes258

zero (i.e., ρES ⊙ α̃ = 0) and Mp in equation (L.5) reduces to Mp = (1 − λ̃⊤
Dα)−1λEX . The259

parameters ΓCPI,C , ΓCPI,P , ΓS,C , and ΓS,P in the slopes B in equation (35) adjust accordingly for260

their components of Mp.261

3. Changing domestic contents in domestic consumption in the CPI channel. Changing the do-262

mestic contents in domestic consumption in the CPI channel of the slopes of sectoral Phillips curves263

corresponds to the case (iii) in panel (b) of Figure 1, as indicated by green crosses. In this case,264

we adjust the domestic sectoral content in domestic consumption in the CPI channel upward to the265

closed-economy case —i.e., v = 1 and Vx = I in ∆Φ— which leads to the following counterfactual266

values for the baseline parameters ΓCPI,C , ΓCPI,P , ΓS,C , ΓS,P , and ∆Φ in equations (L.10), (L.11),267

(L.13), (L.14), and (36):268

ΓCPI,C ≡ (β⊤1+M⊤
p 1)

−1(1− β⊤v),

ΓCPI,P ≡ (β⊤1+M⊤
p 1)

−1
[
(1 +M⊤

p 1)(β ⊙ 1) + (1− β⊤v)(Mp +Mµ)
]
,

ΓS,C ≡
(
1 +M⊤

p 1
) −1 (1 + ΓCPI,C) ,

ΓS,P ≡
(
1 +M⊤

p 1
) −1 (Mp +Mµ + ΓCPI,P ) ,

∆Φ ≡
[
∆−1 −Ω−αΓ⊤

CPI,P

]−1
.

E. The DC Phillips curve under foreign-currency pricing269

Our baseline model assumes producer-currency pricing (PCP) —in which domestic producers set ex-270

porting prices in producers’ (i.e., domestic) currencies. In this Appendix, we follow Engel (2011) to ex-271

tend our model to the alternative settings in the literature, i.e., the foreign-currency pricing (FCP) that272

includes both local-currency pricing (LCP) and dominant-currency pricing (DCP). Under local-currency273

and dominant-currency pricing, domestic producers set sectoral exporting prices in foreign and dominant274

(e.g., US dollars) currencies, respectively, and can price discriminate among domestic and foreign markets,275

facing different Calvo-pricing rigidities in these two markets. In particular, because our model summarizes276

the rest of the world using a single foreign country and treats the import prices of foreign products denom-277

inated in foreign currency as exogenous, local-currency pricing is equivalent to dominant-currency pricing278

in our setting.279

E.1. Extension of baseline model to foreign-currency pricing280

In this subsection, we describe the changes in our extended model with foreign-currency pricing, com-281

pared to the baseline model with producer-currency pricing. In each domestic sector i, we assume that there282
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are two types of monopolistically competitive firms, each of which has a unit mass: the first type of firms283

only sell their products to domestic customers, which we denote by type DM ; the second type of firms284

only export their products to foreign customers, which we denote by type EX . In comparison, our baseline285

model includes only one type of firms that sell products to both domestic and foreign customers in each286

sector. In each sector i, the two types of firms share the same production function and, therefore, the same287

marginal cost of production Φi. While the selling prices of type DM firms are denominated in the domestic288

currency and denoted by Pif , the exporting prices of type EX firms are denominated in the foreign currency289

and denoted by P ∗
EX,if .290

For the monopolistically competitive firms of type DM in each sector i, there are perfectly competitive291

and identical sectoral goods packers that transform their differentiated goods into a sectoral domestic-market292

product, which is sold only to domestic customers, using the following constant-elasticity-of-substitution293

technology:294

YDM,i =

(∫ 1

0

Y
εi−1

εi
DM,ifdf

) εi
εi−1

and Pi =

(∫ 1

0

P 1−εi
if df

) 1
1−εi

, (E.1)

where the within-sector elasticity of substitution between different firms’ products is equal to εi > 1, and295

Pi denotes the price of the sectoral domestic-market product of sector i.296

Similarly, for the monopolistically competitive firms of type EX in each sector i, there are perfectly297

competitive and identical sectoral export goods packers located in the foreign country that transform their298

differentiated goods into a sectoral foreign-market product that is only exported to foreign customers, using299

the following constant-elasticity-of-substitution technology:300

YEX,i=
(∫ 1

0

Y
εi−1

εi
EX,ifdf

) εi
εi−1

and P ∗
EX,i =

(∫ 1

0

(
P ∗
EX,if

)1−εi df

) 1
1−εi

, (E.2)

where the within-sector elasticity of substitution between different firms’ products is also equal to εi, and301

P ∗
EX,i denotes the price of the sectoral foreign-market product of sector i. We denote the total quantity of302

sector i’s products by Yi ≡ YDM,i + YEX,i.303

The two types of firms face separate Calvo-pricing friction. Type DM firms face the same Calvo-pricing304

friction as in the baseline model, with domestic-market price rigidity of sector i equal to (1−δi)/δi. Among305

EX firms, only firms indexed by f ≤ δ∗EX,i ∈ [0, 1] are allowed to choose their desired price P ∗,#
EX,if and the306

remaining firms maintain their prices at the steady-state level P ∗,SS
EX,i . We refer to (1 − δ∗EX,i)/δ

∗
EX,i as the307

foreign-market price rigidity of sector i. Facing the sectoral sales tax rate τi, type DM firms that can adjust308

prices choose the desired price to maximize the following nominal profits:309

max
P ∗
EX,if

(1− τi)PifYDM,if − ΦiYDM,if ,
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s.t. YDM,if =

(
Pif

Pi

)−εi

YDM,i.

Facing both the sectoral sales tax rate τi and the sectoral export tax rate τEX,i, type EX firms that can310

adjust prices choose the desired price to maximize the following nominal profits:311

max
P ∗
EX,if

(1− τi)(1− τEX,i)SP
∗
EX,ifYEX,if − ΦiYEX,if ,

s.t. YEX,if =

(
P ∗
EX,if

P ∗
EX,i

)−εi

YEX,i,

where the foreign demand for sector i’s foreign-market products is the same as in the baseline model and312

equal to:313

YEX,i =
(
P ∗
EX,i

)−θF,i D∗
EX,F i. (E.3)

We keep Assumption 1 —i.e., τi = −1/(εi− 1) and τEX,i = 1/θFi— from the baseline model such that314

in both the steady state and the flexible-price equilibrium,315

Pi = Φi and PEX,i =
Φi

S

θF,i
θF,i − 1

,

which are the same as those in the baseline model. In this way, the within-sector distortion due to monop-316

olistic competition is removed, and the monopoly power of exporting firms on the international market is317

retained —in both the steady state and the flexible-price equilibrium. Thus, the allocation in the flexible-318

price equilibrium is equivalent to the solution to the optimization problem of the domestic social planner,319

as in the baseline model.13
320

We define the sectoral markups of domestic-market and foreign-market products as µi ≡ Pi/Φi and321

µ∗
EX,i ≡ SP ∗

EX,i/Φi, respectively. Under Assumption 1, in the sticky-price equilibrium and outside the322

steady state, the desired prices of sectoral domestic-market and foreign-market products are equal to:323

µ#
i ≡ P#

i

Φi

= 1 and µ∗,#
EX,i ≡

SP ∗,#
EX,i

Φi

=
θF,i

θF,i − 1
,

respectively. We further define the sectoral markup wedges of domestic and export products as µ̂i ≡ ln(µi)−324

ln(µ#
i ) = ln(µi)−ln(µss

i ) and µ̂∗
EX,i ≡ ln(µ∗

EX,i)−ln(µ∗,#
EX,i) = ln(µ∗

EX,i)−ln(µ∗,ss
EX,i), respectively, because325

13Intuitively, one can think of type EX firms in each sector as constituting an extreme sector in the baseline model that
only exports to foreign countries and supplies no goods to domestic customers. Therefore, the same Assumption 1 as in the
baseline model is needed and sufficient to make the allocation in the flexible-price equilibrium equivalent to the solution to the
optimization problem of the domestic social planner.
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the steady-state markups are equal to the desired markups.326

Finally, we follow the baseline model to assume the import prices of foreign products denominated327

in foreign currency to be exogenous, and sectoral markups of imported foreign products are completely328

embedded in such exogenous sectoral import prices. As a result, sectoral markups of imported foreign329

products —whether under our baseline PCP or under the FCP— will not emerge in the expressions of the330

domestic output gap and, therefore, not in the divine coincidence Phillips curve.331

E.2. The DC Phillips curve under foreign-currency pricing332

In the extended model with foreign-currency pricing, we show that the output gap under foreign-333

currency pricing is related to both domestic-market (i.e., µ̂i) and foreign-market sectoral markup wedges334

(i.e., µ̂∗
EX,i) of domestic products, as outlined in the following corollary of Theorem 1:14

335

Corollary E.1 (Output gap and the DC Phillips curve under foreign-currency pricing). Under foreign-336

currency pricing, in a sticky-price equilibrium, negative sectoral markup wedges in both domestic market337

{µ̂i(ξ)}i and foreign market {µ̂∗
EX,i(ξ)}i are related to a positive output gap Ĉgap(ξ) as follows:338

κC · Ĉgap(ξ) = −
N∑
i=1

[
MOG,i · µ̂i(ξ) + κ−1

CPI · (θF,iλEX,iα̃i) ·
(
µ̂∗
EX,i(ξ)− µ̂i(ξ)

)]
, (E.4)

where the sectoral OG weight (MOG,i), κCPI , κC are the same as those in Theorem 1. Accordingly, the339

divine coincidence Phillips curve under foreign-currency pricing is:340

πDC,FCP =
κC

κOG,FCP
Ĉgap(ξ), (E.5)

where the divine coincidence index under foreign-currency pricing is defined as341

πDC,FCP ≡
N∑
i=1

M̃OG,D,iP̂i +
N∑
i=1

M̃OG,F,iP̂
∗
EX,i, (E.6)

and M̃OG,D,i ≡
(MOG,i−κ−1

CPIθF,iλEX,iα̃i)·(1−δi)/δi

κOG,FCP
, M̃OG,F,i ≡

κ−1
CPIθF,iλEX,iα̃i·(1−δEX,i)/δEX,i

κOG,FCP
, and κOG,FCP ≡342 ∑N

i′=1

[(
MOG,i′ − κ−1

CPIθF,i′λEX,i′α̃i′
)
· (1− δi′)/δi′ + κ−1

CPIθF,i′λEX,i′α̃i′(1− δEX,i′)/δEX,i′
]
.343

Proof: See Appendix K.9.344

Corollary E.1 shows that under foreign-currency pricing, sectoral markup wedges are linked to the345

output gap in a very similar fashion to that under producer-currency pricing as in equation (21). Under346

foreign-currency pricing, however, exports are determined by foreign-market sectoral inflation and markup347

14Similar to equation (20), foreign-market sectoral markup wedges in exporting prices are linked to domestic producers’
exporting prices as follows: µ̂∗

EX,i(ξ) = −(1− δEX,i)/δEX,i · P̂ ∗
EX,i(ξ).
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wedges instead of domestic ones, thus leading to the extra export-related term on the RHS of equation (E.4)348

that replaces domestic-market with foreign-market sectoral markup wedges. Specifically, negative foreign-349

market sectoral markup wedges —caused by price rigidities under foreign-market sectoral inflation— re-350

duce domestic products’ exporting prices relative to the foreign products’ prices in the foreign market. As351

a result, the foreign expenditure switches from foreign to domestic products, increasing domestic labor in-352

come from international trade and connecting to a positive output gap —as summarized by the coefficient of353

the foreign-market sectoral markup wedge κ−1
CPI(θF,iλEX,iα̃i). The existence of both domestic- and foreign-354

market markup wedges in the output gap of equation (E.4) implies that, under foreign-currency pricing, the355

divine coincidence Phillips curve involves a divine coincidence index that is a weighted average of sec-356

toral inflation of both domestic-market prices and export prices in the foreign market, as shown in equation357

(E.6). In particular, while the CPI and profit channels remain dependent on domestic sectoral inflation, the358

expenditure-switching channel relies on inflation in both domestic and export prices.359

F. Role of input-output linkages in multi-sector open economies versus closed economies360

We analyze the impact of introducing input–output linkages into a multi-sector, horizontal SOE ver-361

sus a multi-sector, horizontal closed economy on normalized sectoral OG weights. In multi-sector SOEs362

with production networks, the role of input-output linkages is primarily captured by the Leontief inverse363

Lvx, which is smaller than its counterpart in closed economies L ≡ (I−Ω)−1, but larger than the identity364

matrix that corresponds to the horizontal economy without IO linkages. Therefore, for the CPI channel365

common to open and closed economies —i.e., λ̃D ≡ (β ⊙ v)⊤Lvx versus λ ≡ β⊤L— the introduction of366

IO linkages increases sectoral OG weights in open economies, but by a smaller extent than the increase in367

closed economies. For the open-economy-specific expenditure-switching channel, however, the introduc-368

tion of IO linkages increases sectoral OG weights in open economies, but not in closed economies. The369

compounding of these two countervailing forces generates an ambiguous effect of introducing IO linkages370

in open economies relative to closed economies on different sectors.371

In Figure F.1, we plot the difference between multi-sector open and closed economies in the difference372

between the normalized OG weights with and without IO linkages for Mexico sectors. As shown in Figure373

F.1, the difference in the difference of the sectoral normalized OG weight —capturing the increase in relative374

sectoral weights due to the introduction of IO linkages in multi-sector open relative to closed economies—375

is weakly and positively correlated with the sectoral share of the CPI channel in the OG weight.376

G. Import shares and OG weights377

Our definitions of sectoral relevance metrics in equations (16), (17), and (19) include the Leontief inverse378

that depends on the import shares and input-output matrix. Therefore, by combining the equations of379

sectoral relevance metrics and the definition of the Leontief inverse matrix, we can determine how the380
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Figure F.1: Difference between multi-sector open and closed economies in the difference between the normalized OG weights
with and without IO linkages for sectors (Mexico)
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Notes: Shown in the figure is the difference between multi-sector open and closed economies in the difference between the
normalized OG weights with and without IO linkages (y-axis) for sectors in Mexico, against the sector’s share of CPI channel in
the OG weight (x-axis). The solid black line is a linear fit of the difference in difference on the x-axis.

import structure of the economy influences our sectoral relevance metrics and the sectoral OG weights, as381

summarized by the following proposition.382

Proposition G.1. The total content in domestic consumption of domestic sector i (i.e., λ̃D,i) strictly de-383

creases in its import share of consumption (1− vi) if and only if βi > 0; λ̃D,i strictly decreases in its direct384

downstream sector r’s import share of sector i goods (i.e., ωr,ivx,r,i > 0) if and only if λ̃D,r > 0; λ̃D,i385

strictly decreases in its indirect downstream sector s’ import share of sector r goods if and only if λ̃D,s > 0,386

ωs,r > 0, and ℓvx,r,i > 0.387

Proof: See Appendix K.10.388

Proposition G.1 shows that the total content in domestic consumption of a domestic sector i decreases in389

sector i’s import share of foreign goods as consumption, as well as sector i’s direct and indirect downstream390

sectors’ import shares (of intermediate inputs). Intuitively, more direct and indirect imports reduce the391

sector’s contribution to the domestic aggregate output, thereby reducing the size of the CPI channel and392

resulting in a smaller OG weight. This implies that monetary policy should assign higher weights to inflation393

in domestic sectors with small direct and indirect (via downstream sectors) import shares.15
394

15Our model with a fully-fledged production network and analytical solutions allows us to identify three channels determining
the sectoral weights in the monetary policy. The total content in exports in our analysis encompasses the export share of upstream
sector that Wei and Xie (2020) outline by numerical simulations in the special case of a vertical network.
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H. Additional results of welfare and the optimal monetary policy395

Welfare loss as a function of the output gap. We substitute the sectoral Phillips curves (equation 34) in396

Proposition 2 into the welfare loss (equation 39) in Proposition 4 to re-write the welfare loss as a function397

of the output gap and exogenous shocks, yielding the following:398

u(ξ)− uflex(ξ) = −1

2
[σ − 1 + (φ+ 1) /ΛL] Ĉ

gap(ξ)2︸ ︷︷ ︸
output gap misallocation

−1

2
B⊤LB · Ĉgap(ξ)2 − (V ξ̂)⊤LB · Ĉgap(ξ)︸ ︷︷ ︸

output-gap-related

−1

2
(V ξ̂)⊤L(V ξ̂)︸ ︷︷ ︸
policy-irrelevant︸ ︷︷ ︸

within- and across-sector, and cross-border misallocation

+ o(∥ξ̂∥2), (H.1)

where L ≡ Lwithin +Lacross +Lcb.399

Equation (H.1) shows that the welfare loss depends on the output gap misallocation (the first line on400

the RHS of equation H.1, as already shown in equation 39), as well as the within- and across-sector, and401

cross-border misallocation (the second line of equation H.1). This second component is further decomposed402

into two sub-components: (i) the output-gap-related component, and (ii) the policy-irrelevant component of403

exogenous shocks that cannot be influenced by monetary policy.404

Equation (H.1) shows that closing the output gap (i.e., Ĉgap(ξ) = 0) eliminates the output gap misalloca-405

tion and the output-gap-related component of the within- and across-sector, and cross-border misallocation,406

but it is unable to eliminate the misallocation arising from the policy-irrelevant sectoral shocks.407

Optimal monetary policy as a function of the output gap. To further study the difference between the op-408

timal and the output gap targeting policies, we relate the optimal monetary policy to the output gap by409

noticing that the optimal monetary policy is equivalent to choosing the output gap Ĉgap(ξ) that minimizes410

welfare loss in equation (H.1).411

Proposition H.1 (Output gap in the optimal monetary policy). The optimal monetary policy satisfies the412

first-order condition of equation (H.1) with respect to the output gap Ĉgap(ξ), viz.:413

[
σ − 1 + (φ+ 1)/ΛL +B⊤LB

]
Ĉgap(ξ) +B⊤LV ξ̂ = 0. (H.2)

Proof: See Appendix M.2.414

Proposition H.1 highlights that the output gap targeting —which closes the output gap (i.e., Ĉgap(ξ) =415

0)— does not satisfy condition (H.2) for the optimal monetary policy. In multi-sector economies, those416

sector-specific cost-push components in sectoral Phillips curves do not comove with the one-dimensional417

output gap (i.e., V ξ̂ ̸= 0 in equation 34), thus making the output gap targeting unable to simultaneously418
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minimize the within- and across-sector, and cross-border misallocation (as captured by B⊤LV ξ̂ in equation419

H.2). Proposition H.1 shows that the “divine coincidence” in multi-sector open economies breaks down as in420

multi-sector closed economies: the output gap targeting that closes the output gap does not simultaneously421

minimize the within- and across-sector, and cross-border misallocation and is therefore suboptimal.422

I. Quantitative analysis423

I.1. Data and calibration424

We calibrate our model of a small open economy with production networks using the World Input-425

Output Database. The WIOD covers 28 EU countries and 15 other major countries in the world from 2000426

to 2014 and provides information for 56 major sectors.16 Specifically, we calibrate our model using the Na-427

tional Input-Output Tables from the WIOD in 2014 for each country. The NIOTS provides each country’s428

sector-level imports from the Rest of the World (RoW) and exports to the RoW, which are aggregates of the429

country’s imports from and exports to all other countries, respectively, including those countries that are not430

listed in the WIOD. For each sector in each country, the NIOTS reports the following sectoral values: (i)431

intermediate goods expenditures on goods from different domestic and foreign sectors, (ii) labor compen-432

sation, (iii) gross output, (iv) value-added, and (v) exports to foreign countries. Using the NIOTS data, we433

calibrate each country one at a time as a small open economy against the RoW, instead of simultaneously434

calibrating all countries at once in a global equilibrium.435

For each country, we calibrate the parameters as follows: (i) the (i, j) element of the input-output matrix436

Ω is calibrated using the share of customer sector i’s intermediate goods expenditure on the supplier sector437

j (the sum of expenditures on the domestic and foreign sector j) in the customer i’s gross output; (ii) the438

(i, j) element of the home bias in intermediate inputs Vx is calibrated using the ratio of customer sector i’s439

intermediate goods expenditure on the domestic supplier sector j to the sum of expenditures on the domestic440

and foreign sector j’s goods; (iii) the sectoral labor share of α is calibrated using the share of sectoral labor441

compensation in sectoral gross output for each sector; (iv) the steady-state values of sectoral demand from442

foreign countries (D∗
EX,F i) are calibrated such that the sectoral export-to-GDP ratios in the model matches443

the sector’s export-to-GDP ratios in the data; (v) the i-th element of the consumption shares β is calibrated444

using the ratio of the sum of domestic households’ and government’s consumption expenditures on sector445

i goods to the value added of sector i; and (vi) the i-th element of the home bias in consumption v is446

calibrated using the ratio of the sum of domestic household’s and government’s consumption expenditures447

on the domestic sector i’s goods to the sum of expenditures on the domestic and foreign sector i’s goods.448

We calibrate the values of other parameters to their standard levels as per the literature. The risk aversion449

parameter and the inverse of the labor supply elasticity of the households are calibrated to σ = 2 and φ = 1,450

respectively, following the business cycle literature (e.g., Corsetti et al., 2010; Arellano et al., 2019). We451

16We use the version of Release 2016 of the World Input-Output Database. Shown in Table I.1 is the list of sectors.
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follow Atkeson and Burstein (2008) and calibrate the within-sector elasticity of substitution to εi = 8 for452

all sectors i. We calibrate the elasticity of substitution between domestic and foreign goods to 5 for both453

domestic and foreign households and firms —viz., θi = θFi = 5 for all sectors i, following Head and Mayer454

(2014). We calibrate the sector-level parameters of price rigidity δi using the sector-level price rigidities455

from Pasten et al. (2024). With the calibrated sector-level price rigidities, the average quarterly frequency456

of price adjustment across all sectors equals 0.49. We follow Rubbo (2023) and La’O and Tahbaz-Salehi457

(2022) to introduce wage stickiness by adding a labor sector 0; it uses domestic labor to produce the product458

of “labor” that is supplied to all other sectors as inputs. We follow Beraja et al. (2019) and Barattieri et al.459

(2014) to calibrate the parameter of wage rigidity δ0 such that the quarterly frequency of wage adjustment460

equals 0.25. Summarized in Table 2 in Section 6 is the calibration of different parameters.461

Last, we calibrate the exogenous shocks as now described. We calculate the growth rates of sectoral462

import prices and productivity using the social economic accounts in the WIOD. We compute the covariance463

matrix between different sectors’ import price series and use it to calibrate the covariance matrix of import464

prices used in the simulation of the model. We use the same method to calibrate the covariance matrix for465

the sectoral productivity.466

Table I.1: Industry classifications in the World Input-Output Database

ID Industry code Description ID Industry code Description
1 A01 Crop and animal production, hunting and related service 29 G46 Wholesale trade, except of motor vehicles and motorcycles
2 A02 Forestry and logging 30 G47 Retail trade, except of motor vehicles and motorcycles
3 A03 Fishing and aquaculture 31 H49 Land transport and transport via pipelines
4 B Mining and quarrying 32 H50 Water transport
5 C10-C12 Manufacture of food products, beverages and tobacco products 33 H51 Air transport
6 C13-C15 Manufacture of textiles, wearing apparel and leather products 34 H52 Warehousing and support activities for transportation
7 C16 Manufacture of wood products, plaiting materials 35 H53 Postal and courier activities
8 C17 Manufacture of paper and paper products 36 I Accommodation and food service activities
9 C18 Printing and reproduction of recorded media 37 J58 Publishing activities

10 C19 Manufacture of coke and refined petroleum products 38 J59 J60 Motion picture, video, and television
11 C20 Manufacture of chemicals and chemical products 39 J61 Telecommunications
12 C21 Manufacture of basic pharmaceutical products 40 J62 J63 Computer programming, consultancy and related activities; information service activities
13 C22 Manufacture of rubber and plastic products 41 K64 Financial service activities, except insurance and pension funding
14 C23 Manufacture of other non-metallic mineral products 42 K65 Insurance, reinsurance and pension funding, except compulsory social security
15 C24 Manufacture of basic metals 43 K66 Activities auxiliary to financial services and insurance activities
16 C25 Manufacture of fabricated metal products 44 L68 Real estate activities
17 C26 Manufacture of computer, electronic and optical products 45 M69 M70 Legal and accounting activities; activities of head offices; management consultancy activities
18 C27 Manufacture of electrical equipment 46 M71 Architectural and engineering activities; technical testing and analysis
19 C28 Manufacture of machinery and equipment n.e.c. 47 M72 Scientific research and development
20 C29 Manufacture of motor vehicles, trailers and semi-trailers 48 M73 Advertising and market research
21 C30 Manufacture of other transport equipment 49 M74 M75 Other professional, scientific and technical activities; veterinary activities
22 C31 C32 Manufacture of furniture; other manufacturing 50 N Administrative and support service activities
23 C33 Repair and installation of machinery and equipment 51 O84 Public administration and defence; compulsory social security
24 D35 Electricity, gas, steam and air conditioning supply 52 P85 Education
25 E36 Water collection, treatment and supply 53 Q Human health and social work activities
26 E37-E39 Sewerage; waste management services 54 R S Other service activities
27 F Construction 55 T Activities of households as employers
28 G45 Wholesale and retail trade,repair motor vehicles 56 U Activities of extraterritorial organizations and bodies

I.2. Variance decomposition of normalized OG weights and their differences from misspecified weights467

For each country, we compute the percentage contribution of each of the three components in the nor-468

malized OG weights —namely, the CPI, the expenditure-switching, and the profit channels, respectively—469

to the variance of the normalized OG weight in equation (31) using the following variance decomposition:470

100% =
cov
(
λ̃D,i

1−δi
δiκOG

,M̃OG,i

)
var(M̃OG,i)

+
cov
(
κ−1
CPI ρ̃ES,i

1−δi
δiκOG

,M̃OG,i

)
var(M̃OG,i)

+
cov
(
κ−1
CPI(λ̃F,i − λi(1− α̃i))

1−δi
δiκOG

,M̃OG,i

)
var(M̃OG,i)

. (I.1)

A-23



Figure I.1: Variance decomposition of normalized OG weights and their deviations from normalized Domar weights
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(b) Difference between normalized Domar and OG weights

Notes: Shown in the scatter plot in panels (a) and (b) are the percentage contribution of each of the three channels (or components)
to the normalized OG weight and the percentage deviation of normalized Domar from OG weights, respectively, for each country
(y-axis) against the country’s economy-wise export-to-GDP ratio (x-axis). In panel (a), the CPI, the expenditure-switching,
and the profit channels are denoted by blue circles, red dots, and green stars, respectively. In panel (b), the export intensity,
expenditure-switching, and profit components are denoted by blue circles, red dots, and green stars, respectively. The dashed-
blue, solid-red, and dash-dotted-green lines are the fitted curves for the three channels (or components), respectively.

Shown in panel (a) of Figure I.1 is the percentage contribution of each of the three channels to the471

total variation in normalized OG weights for each country in the sample. Each set of the vertically aligned472

markers in blue circles, red dots, and green stars represents the contributions of the CPI, the expenditure-473

switching, and the profit channels, respectively, for a specific country. The vertical dashed lines indicate the474

cases for the U.S., Mexico, and Luxembourg, as representative economies with polar degrees of openness475

(relatively closed or fully open). The dashed-blue, solid-red, and dash-dotted-green lines reflect the fitted476

curves for each of the three channels across countries.477

As shown in the figure, the CPI channel (blue circle) and expenditure-switching channel (red dot) ex-478

plain the bulk of the variation in the normalized sectoral OG weights across sectors for all countries. In479

contrast, the contribution of the profit channel (green star) is marginal, as evinced by the near-zero dashed-480

dotted green line. Moreover, the percentage contribution of the expenditure-switching channel (CPI chan-481

nel) increases (declines) with the openness of the country measured by the economy-wise export-to-GDP482

ratio, as shown by the rising solid-red line (the declining dashed-blue line).17 For example, in Luxembourg483

—the most open economy in our sample with an economy-wise export-to-GDP ratio of 83%— both the CPI484

and the expenditure-switching channels contribute significantly to the sectoral variance in the normalized485

OG weights, with contributions of 70.8% and 29.3%, respectively. In contrast, for the U.S. —a nearly closed486

economy with an export-to-GDP ratio of 9%— the CPI channel contributes to almost the entire variation487

in normalized OG weights (99.4%) while the contribution of the expenditure-switching channel is minimal488

17The patterns are robust to the alternative measurement of the degree of openness using the economy-wise import-to-GDP
ratio and the ratio of total trade volume to GDP.

A-24



(1.1%).489

Variance decomposition of the pitfalls in output gap targeting that disregards cross-border linkages. To490

quantify the pitfalls of output gap targeting that disregards cross-border linkages, panel (b) of Figure I.1491

further shows the percentage contribution of each of the three components —namely, the export intensity,492

expenditure-switching, and profit components, respectively— to the variance of the difference between nor-493

malized Domar and OG weights using the following variance decomposition:18
494

100% =
cov
(

κλ

κOG

λ̃F,i

λi
,
λ̃i−M̃OG,i

λ̃i

)
var(

λ̃i−M̃OG,i

λ̃i
)

+
cov
(
− κλκ−1

CPI

κOG

ρ̃ES,i

λi
,
λ̃i−M̃OG,i

λ̃i

)
var(

λ̃i−M̃OG,i

λ̃i
)

+
cov
(κλκ−1

CPI

κOG

λi(1−α̃i)−λ̃F,i

λi
,
λ̃i−M̃OG,i

λ̃i

)
var(

λ̃i−M̃OG,i

λ̃i
)

. (I.2)

As shown in the figure, the normalized sectoral Domar-OG difference is predominantly driven by the495

export intensity (blue circle) component with an average percentage contribution of 99.6%. Therefore, the496

pitfalls of the output gap targeting that disregards cross-border linkages arise from overlooking the sector’s497

contribution to exports as an input supplier, particularly for economies with a medium degree of openness498

(i.e., 20% to 30%). In contrast, the contributions of the expenditure-switching (red dot) and profit compo-499

nents (green star) are small, except in economies with extremely large openness like Luxembourg, where500

the expenditure-switching component contributes to a substantial percentage of the normalized Domar-OG501

difference that is even greater than the export intensity component. These results imply that, to correct for502

the pitfalls of closed-economy output gap targeting —which coincides with the PPI targeting used in one-503

sector SOE literature— the monetary authority needs to adjust the weights of sectors downward by their504

direct and indirect exports, with larger downward adjustments on those sectors with large export intensity.505

As shown in the figure, the normalized sectoral Domar-OG difference is mostly driven by the export506

intensity (blue circle) and the expenditure switching (red dot) components, with average percentage con-507

tributions of 99% and 14%, respectively. Moreover, the percentage contribution of the export intensity508

(expenditure switching) component increases (declines) with the openness of the country measured by the509

economy-wise export-to-GDP ratio, as shown by the rising solid-red line (the declining dashed-blue line).510

Therefore, in economies with small and medium openness, the pitfalls of output gap targeting that disre-511

gards cross-border linkages —which uses closed-economy normalized Domar weights and coincides with512

the PPI targeting policy used in one-sector SOE literature— arise from overlooking the sector’s contribution513

to exports as an input supplier. To correct for such pitfalls, the monetary authority mainly needs to adjust514

the weights of sectors downward by their direct and indirect exports, with larger downward adjustments on515

those sectors with large export intensity.516

In contrast, in economies with extremely large openness like Luxembourg, the pitfalls of output gap517

targeting that disregards openness (or PPI targeting) also arise from overlooking the sector’s direct and518

indirect contribution to the relative domestic-to-foreign prices and demand and, in turn, the demand for519

18Equation (I.2) is derived using the bilinearity of covariance together with equation (38).
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domestic labor. To correct for such a pitfall, the monetary authority needs to adjust the weights of sectors520

upward, with larger adjustments on those sectors with large generalized expenditure-switching elasticity.521

I.3. Sectoral weights under alternative monetary policies522

All of the alternative monetary policies we study in Section 6.3 are implemented by setting the following523

aggregate inflation index to zero:524

χ⊤P̂(ξ) = 0, (I.3)

where the sectoral weights χ ≡ {χi}i sum to be one, and for each monetary policy χ, are specified as525

follows:526

optimal monetary policy: χi =
MOP,i∑
i′ MOP,i′

;

output gap targeting: χi = M̃OG,i ≡
MOG,i(1− δi)/δi∑
i′ MOG,i′(1− δi′)/δi′

;

PPI targeting policy: χi = λ̃i ≡
λi(1− δi)/δi∑
i′ λi′(1− δi′)/δi′

;

CPI-weight policy: χi = β̃i ≡
βi(1− δi)/δi∑
i′ βi′(1− δi′)/δi′

;

output gap targeting w/o IO linkages: χi =
MNoIO

OG,i (1− δi)/δi∑
i′ MNoIO

OG,i′ (1− δi′)/δi′
,

where {MOP,i}i in the optimal monetary policy is given by527

{MOP,i}i ≡ MOP =
{
[σ − 1 + (φ+ 1)/ΛL]κ

−1
C M⊤

OG(∆
−1 − I) +B⊤L

}⊤
,

as in Proposition 5. Note that MOG and MNoIO
OG are the vectors of the OG weights with and without528

IO linkages (by setting Ω = 0 and α = 1), respectively. ∆ is the diagonal matrix for the frequency529

of price adjustment (see Table 1). Combining the monetary policy rule in equation (I.3) with the sectoral530

Phillips curves in equation (34) yields the output gap as a function of the specific policy weights χ and the531

parameters of the sectoral Phillips curves, viz.:532

Ĉgap(ξ̂) = −χ⊤V ξ̂

χ⊤B . (I.4)

Substituting equation (I.4) into the welfare loss function in equation (H.1) of Appendix H, we obtain the533

welfare loss under the alternative monetary policy with policy weights χ and any realized state ξ.534
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I.4. Welfare loss under alternative shocks and alternative monetary policies535

Table I.2: Welfare loss under different monetary policies: Shocks to import prices of only manufacturing sectors

(1) (2) (3) (4) (5)
Optimal Output gap PPI Output gap CPI

targeting targeting targeting w/o IO targeting

Mexico Export-to-GDP ratio: 19%
Total welfare loss -3.334 -3.357 -3.428 -6.669 -6.620
Improvement by OG targeting towards optimal 75.8% 99.3% 99.3%

Output gap misallocation -0.003 0.000 -0.004 -0.415 -0.408
Within- and across-sector, and cross-border misallocation
— output-gap-related 0.026 0.000 -0.068 -2.898 -2.855
— policy-irrelevant -3.357 -3.357 -3.357 -3.357 -3.357

Luxembourg Export-to-GDP ratio: 83%
Total welfare loss -1.595 -1.604 -1.678 -3.012 -4.545
Improvement by OG targeting towards optimal 89.2% 99.4% 99.7%

Output gap misallocation -0.002 0.000 -0.007 -0.220 -0.481
Within- and across-sector, and cross-border misallocation
— output-gap-related 0.011 0.000 -0.067 -1.189 -2.460
— policy-irrelevant -1.604 -1.604 -1.604 -1.604 -1.604

U.S. Export-to-GDP ratio: 9.2%
Total welfare loss -2.634 -2.734 -2.740 -9.248 -9.816
Improvement by OG targeting towards optimal 5.5% 98.5% 98.6%

Output gap misallocation -0.015 0.000 0.000 -0.758 -0.832
Within- and across-sector, and cross-border misallocation
— output-gap-related 0.115 0.000 -0.006 -5.757 -6.250
— policy-irrelevant -2.734 -2.734 -2.734 -2.734 -2.734

Notes: Reported in this table is the welfare loss —expressed in units of percent of steady-state consumption— under different
monetary policy designs. Shown in columns (1) to (5) are the welfare losses under the optimal policy, output gap targeting, PPI
targeting, output gap targeting without IO linkages, and CPI targeting policy, respectively.
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Table I.3: Welfare loss under different monetary policies: Shocks to sectoral productivity

(1) (2) (3) (4) (5)
Optimal Output gap PPI Output gap CPI

targeting targeting targeting w/o IO targeting

Mexico Export-to-GDP ratio: 19%
Total welfare loss -0.744 -0.754 -0.755 -1.527 -1.529
Improvement by OG targeting towards optimal 6.6% 98.7% 98.7%

Output gap misallocation -0.001 0.000 0.000 -0.092 -0.093
Within- and across-sector, and cross-border misallocation
— output-gap-related 0.011 0.000 -0.001 -0.681 -0.682
— policy-irrelevant -0.754 -0.754 -0.754 -0.754 -0.754

Luxembourg Export-to-GDP ratio: 83%
Total welfare loss -3.057 -3.061 -3.213 -3.833 -3.459
Improvement by OG targeting towards optimal 97.4% 99.5% 99.0%

Output gap misallocation -0.001 0.000 -0.022 -0.123 -0.061
Within- and across-sector, and cross-border misallocation
— output-gap-related 0.005 0.000 -0.130 -0.648 -0.337
— policy-irrelevant -3.061 -3.061 -3.061 -3.061 -3.061

U.S. Export-to-GDP ratio: 9.2%
Total welfare loss -1.208 -1.216 -1.216 -2.047 -2.056
Improvement by OG targeting towards optimal 2.3% 99.1% 99.1%

Output gap misallocation -0.001 0.000 0.000 -0.103 -0.104
Within- and across-sector, and cross-border misallocation
— output-gap-related 0.009 0.000 0.000 -0.729 -0.737
— policy-irrelevant -1.216 -1.216 -1.216 -1.216 -1.216

Notes: Reported in this table is the welfare loss —expressed in units of percent of steady-state consumption— under different
monetary policy designs. Shown in columns (1) to (5) show the welfare losses under the optimal policy, output gap targeting, PPI
targeting, output gap targeting without IO linkages, and CPI targeting policy, respectively.
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Table I.4: Welfare loss under alternative optimal monetary policies in open versus closed economies

(1) (2) (3) (4)
Open-economy policies Closed-economy policies

w/ IO Policy w/o IO Policy w/ IO Policy w/o IO Policy

Mexico Export-to-GDP ratio: 19%
Total welfare loss -0.751 -0.754 -0.979 -0.983
Welfare difference -0.42% -0.36%

Output gap misallocation -0.001 -0.004 -0.002 -0.004
Within- and across-sector, and cross-border misallocation

— output-gap-related 0.011 0.010 0.016 0.015
— policy-irrelevant -0.760 -0.760 -0.993 -0.993

Luxembourg Export-to-GDP ratio: 83%
Total welfare loss -3.067 -3.209 -2.398 -2.409
Welfare difference -4.64% -0.45%

Output gap misallocation -0.001 -0.034 -0.007 -0.016
Within- and across-sector, and cross-border misallocation

— output-gap-related 0.005 -0.105 0.056 0.053
— policy-irrelevant -3.071 -3.071 -2.447 -2.447

U.S. Export-to-GDP ratio: 9.2%
Total welfare loss -1.189 -1.189 -1.228 -1.229
Welfare difference -0.07% -0.06%

Output gap misallocation -0.001 -0.002 -0.001 -0.002
Within- and across-sector, and cross-border misallocation

— output-gap-related 0.009 0.009 0.009 0.010
— policy-irrelevant -1.196 -1.196 -1.236 -1.236

Notes: Shown in the table is the welfare loss (in units of percent of steady-state consumption) and its associated welfare compo-
nents under optimal and alternative monetary policies. In the open economy, we compute the welfare losses under two monetary
policies: column (1) is for the correct optimal policy considering IO linkages, and column (2) uses an alternative policy, which
is the optimal monetary policy but for the counterfactual multi-sector SOE without IO linkages. Similarly, in the closed econ-
omy, we compute the welfare losses under two monetary policies: column (3) shows the correct optimal policy considering IO
linkages, and column (4) shows the results for an alternative policy, which is the optimal monetary policy for the counterfactual
multi-sector closed economies without IO linkages. For each case, we assume the economy has productivity shocks with the
mean of 1% for all sectors, and the variance-covariance matrix of these shocks is calibrated based on Mexico data; and then we
simulate the shocks 100,000 times for each case to compute the expected welfare loss.
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J. Basic results of the model536

This section derives some basic results of the model, thus preparing for the proofs of our main theoretical537

results in Sections 2, 3, 4, and 5.538

J.1. Feasible allocation539

The feasible allocation of the economy can be defined at the sector level with the help of an additional540

variable ιi that captures the within-sector output dispersion in each sector i, as stated in the following541

definition:542

Definition J.1 (Feasible allocation). Denote the use of labor and intermediate inputs of each sector i and j543

by544

(
Li, Xi,j, XHi,Hj, XHi,Fj

)
≡
∫ 1

0

(
Lif , Xif,j, XHif,Hj, XHif,F j

)
df.

A feasible allocation is a state-contingent allocation of C, {Ci}i, {Yi}i, {Li}i, {Xi,j}i,j , {CHi}i, {CFi}i,545

{XHi,Hj}i,j , {XHi,Fj}i,j , L, {YEX,i}i, and {ιi}i that satisfies the following equations (J.1)-(J.8) for each546

i, j ∈ {1, 2, · · · , N} and any realized state ξ ≡
{
Ai, D

∗
EX,F i, P

∗
IM,F i

}
i
∈ Ξ :547

(consumption basket) C = C
(
{Ci}i

)
, (J.1)

(production function) Yi = Ai · ιi · Fi

(
Li, {Xi,j}j

)
, (J.2)

(consumption with import) Ci = Ci
(
CHi, CFi

)
, (J.3)

(intermediate inputs with import) Xi,j = Xi,j

(
XHi,Hj , XHi,Fj

)
, (J.4)

(labor market clearing) L =
∑
i

Li, (J.5)

(goods market clearing) Yi = CHi +
∑
j

XHj,Hi + YEX,i, (J.6)

(balance of trade) EX ≡
∑
i

(
D∗

EX,F i

) 1
θF,i Y

θF,i−1

θF,i

EX,i =
∑
i

P ∗
IM,F i

(
CFi +

∑
j

XHj,F i

)
, (J.7)

(within-sector output dispersion) ιi ≡ Yi

/(∫ 1

0
Yifdf

)
, (J.8)

where the aggregators Fi = (Lif/αi)
αi
∏N

j=1 (Xi,j/ωi,j)
ωi,j following equation (1), {Xi,j}i,j is defined in548

equation (2), and C and {Ci}i are defined in equation (5).549

For sector-level conditions in equations (J.1) to (J.8) to summarize the feasible allocation of the economy550

at the firm level, all firms within each sector must share the same marginal product of inputs, which happens551

to hold in the first-best allocation, the sticky-price equilibrium, and the flexible-price equilibrium under our552

model setup.553
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J.2. Proof of Lemma 1: Efficient flexible-price equilibrium554

To prove Lemma 1, we define the first-best allocation (Definition J.2), present the conditions for it555

(Lemma J.1), and show that these conditions coincide with those for the flexible-price equilibrium when556

Assumption 1 holds.557

The first-best allocation is the feasible allocation that solves the social planner’s problem, as outlined in558

the following definition.559

Definition J.2 (First-best allocation). The first-best allocation is a feasible allocation that maximizes the560

representative household’s utility u(C,L) —i.e., it solves the following social planner’s problem:561

max
{ιi,Li,{XHi,Hj ,XHi,Fj}j ,CHi,CFi}i

u(C,L)

s.t. equations (J.1) to (J.7) and ιi ∈ [0, 1] for all i.

Substituting equations (J.1), (J.3), and (J.5) into the utility function u(C,L) yields the following:562

u(C,L) = u
(
C
(
{Ci(CHi, CFi)}i

)
,
∑
i

Li

)
. (J.9)

Substituting equations (J.2), (J.4), and (J.6) into equation (J.7) yields the consolidated constraint of the563

social planner’s problem in the following:564

∑
i

(
D∗

EX,F i

) 1
θF,i

[
AiFi

(
{Li,Xi,j(XHi,Hj, XHi,Fj)}j

)
− CHi −

∑
j

XHj,Hi

] θF,i−1

θF,i

=
∑
i

P ∗
IM,F i

(
CFi +

∑
j

XHj,F i

)
. (J.10)

As a result, the first-best allocation is the feasible allocation that maximizes the utility function in equation565

(J.9) —subject to the constraint in equation (J.10)— which, in turn, satisfies the optimality conditions566

outlined in Lemma J.1.567

Lemma J.1 (First-best allocation). The first-best allocation satisfies the following optimality conditions:568

ιi = 1, (J.11)

− ∂u/∂L
∂u
∂C

∂C
∂Ci

∂Ci
∂CHi

= Ai
∂Fi

∂Li

, (J.12)

∂C/∂Cj

∂C/∂Ci

∂Cj/∂CHj

∂Ci/∂CHi

= Ai
∂Fi

∂Xi,j

∂Xi,j

∂XHi,Hj

, (J.13)

∂Ci/∂CFi

∂Ci/∂CHi

= P ∗
IM,F i ·

θF,i
θF,i − 1

( YEX,i

D∗
EX,F i

) 1
θF,i , (J.14)
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∂Xi,j/∂XHi,Fj

∂Xi,j/∂XHi,Hj

= P ∗
IM,Fj ·

θF,j
θF,j − 1

( YEX,j

D∗
EX,Fj

) 1
θF,j . (J.15)

Proof of Lemma J.1. To eliminate distortions and maximize welfare, the social planner would close the569

within-sector dispersion in output —i.e., choosing ιi = 1. Furthermore, denote κ the multiplier for the570

constraint (J.10) of the social planner’s problem, and the first-order conditions w.r.t. Li, XHi,Hj , XHi,Fj ,571

CHi, and CFi are as follows:572

0 =
∂u

∂L
+ κ · θF,i − 1

θF,i

( YEX,i

D∗
EX,F i

)− 1
θF,iAi

∂Fi

∂Li

,

0 =
θF,i − 1

θF,i

( YEX,i

D∗
EX,F i

)− 1
θF,iAi

∂Fi

∂Xi,j

∂Xi,j

∂XHi,Hj

− θF,j − 1

θF,j

( YEX,i

D∗
EX,Fj

)− 1
θF,j ,

0 =
θF,i − 1

θF,i

( YEX,i

D∗
EX,F i

)− 1
θF,iAi

∂Fi

∂Xi,j

∂Xi,j

∂XHi,Fj

− P ∗
IM,Fj,

0 =
∂u

∂C

∂C
∂Ci

∂Ci
∂CHi

− κ · θF,i − 1

θF,i

( YEX,i

D∗
EX,F i

)− 1
θF,i ,

0 =
∂u

∂C

∂C
∂Ci

∂Ci
∂CFi

− κ · P ∗
IM,F i.

Rearranging the above first-order conditions and eliminating the multiplier κ yields equations (J.12)-(J.15)573

of Lemma J.1.574

Proof of Lemma 1. Under τi = −1/(εi − 1) of Assumption 1, in the flexible-price equilibrium, combining575

the optimal pricing conditions of the firms that maximize profits in equation (A.1) —subject to the demand576

function in equation (A.3)— with the cost minimization conditions that minimize the total costs in equation577

(3) —subject to the production technology in equations (1) and (2) —yields the following two conditions:578

Ai
∂Fi

∂Li

(ξ) =
W flex(ξ)

P flex
i (ξ)

, (J.16)

Ai
∂Fi

∂Xi,j

(ξ)
∂Xi,j

∂XHi,Hj

(ξ) =
P flex
j (ξ)

P flex
i (ξ)

. (J.17)

Under τEX,i = 1/θF,i of Assumption 1, combining the export demand YEX,i = (PEX,i/S)
−θF,iD∗

EX,F i with579

the no-arbitrage condition (1− τEX,i)PEX,i = Pi, yields the following equation:580

θF,i
θF,i − 1

(Y flex
EX,i(ξ)

D∗
EX,F i

) 1
θF,i =

Sflex(ξ)

P flex
i (ξ)

. (J.18)

Furthermore, for the households’ problem that maximizes utility function (4) —subject to the consumption581

aggregator (5) and budget constraint (6)— combining the first-order conditions with respect to L and CHi582

yields condition (J.19), combining the first-order conditions with respect to CHj and CHi yields condition583
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(J.20), and combining the first-order conditions with respect to CFi and CHi yields condition (J.21). For584

the firm’s cost minimization problem that minimizes the total costs in equation (3) subject to the production585

technology in equations (1) and (2), combining the first-order conditions with respect to XHi,Fj and XHi,Hj ,586

yields condition (J.22).587

− ∂u/∂L
∂u
∂C

∂C
∂Ci

∂Ci
∂CHi

(ξ) =
W flex(ξ)

P flex
i (ξ)

, (J.19)

∂C/∂Cj

∂C/∂Ci

(ξ)
∂Cj/∂CHj

∂Ci/∂CHi

(ξ) =
P flex
j (ξ)

P flex
i (ξ)

(J.20)

∂Ci/∂CFi

∂Ci/∂CHi

(ξ) =
P ∗
IM,F iS

flex(ξ)

P flex
i (ξ)

. (J.21)

∂Xi,j/∂XHi,Fj

∂Xi,j/∂XHi,Hj

(ξ) =
P ∗
IM,FjS

flex(ξ)

P flex
i (ξ)

. (J.22)

Substituting equations (J.16)-(J.18) into equations (J.19)-(J.22) to eliminate all of the equilibrium prices588

W flex(ξ), Sflex(ξ), and {P flex
i (ξ)}i, yields exactly the same conditions for the flexible-price equilibrium589

as the conditions (J.12)-(J.15) for the first-best allocation in Lemma J.1, thereby proving the efficiency of590

the flexible-price equilibrium.591

The role of export taxes {τEX,i}i. In closed economies à la La’O and Tahbaz-Salehi (2022) and Rubbo592

(2023), non-contingent sector-specific subsidies τi = −1/(εi − 1) eliminate sectoral distortions due to593

monopolistic competition and, therefore, are sufficient to make the flexible-price equilibrium efficient. In594

open economies, however, it is welfare-enhancing for the social planner of the small open economy to ex-595

ploit fully the monopoly powers of the domestic producers in the international market. As a result, the596

non-contingent sector-specific subsidies that eliminate the sectoral distortions due to monopolistic compe-597

tition alone are no longer optimal in small open economies, and an additional non-contingent export tax598

τEX,i = 1/θF,i is required to retain the monopoly powers of the domestic producers in the international599

market and make the flexible-price equilibrium efficient. Under such export taxes, the sectoral export prices600

become:601

PEX,i =
1

1− τEX,i

Pi =
θF,i

θF,i − 1
Pi, ∀i ∈ {1, 2, · · · , N}.

J.3. Steady-state Domar weights and sectoral export-to-GDP ratios602

Lemma J.2 (Steady-state Domar weights and sectoral export-to-GDP ratios). The steady-state Domar603

weights λ and sectoral export-to-GDP ratios λEX are functions of parameters as in the following equa-604

tions:605

λ⊤ =
{
β ⊙ v + (1− β⊤v)[(θF − 1)⊘ θF ⊙ v∗

H ]
}⊤
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·
{
I−Ω⊙Vx − (Ω⊙V1−x)1[(θF − 1)⊘ θF ⊙ v∗

H ]
⊤}−1

, (J.23)

λ⊤
EX = λ⊤(I−Ω⊙Vx)− (β ⊙ v)⊤, (J.24)

where v∗
H is the vector of the steady-state shares of sectoral exports in the value of the aggregate exports,606

with the i-th element v∗Hi equal to:607

v∗Hi ≡

(
θF,i

θF,i−1

)1−θF,i

D∗,ss
EX,F i∑

i′

(
θF,i′

θF,i′−1

)1−θF,i′
D∗,ss

EX,F i′

.

Proof of Lemma J.2. In the steady state, the nominal exchange rate Sss and the sectoral prices P ss
i are both608

normalized to 1. As a result, for each sector i, the export price P ss
EX,i is equal to θF,i/(θF,i − 1), and the609

foreign demand for domestic sector i’s product in terms of quantity and value are equal to610

Y ss
EX,i =

(P ss
EX,i

Sss

)−θF,i

D∗,ss
EX,F i =

( θF,i
θF,i − 1

)−θF,i

D∗,ss
EX,F i, (J.25)

and611

θF,i
θF,i − 1

Y ss
EX,i = v∗Hi ·

∑
i′

θF,i′

θF,i′ − 1
Y ss
EX,i′ , (J.26)

respectively. In the steady state, the import price P ∗,ss
IM,F i is also normalized to 1, which yields the steady-612

state balance of trade condition
∑

i′
θF,i′

θF,i′−1
Y ss
EX,i′ =

∑
i′(C

ss
F i′ +

∑
j X

ss
Hj,F i′). Combining this steady-state613

balance of trade condition with equation (J.26), yields the following equation of the quantity of foreign614

demand:615

Y ss
EX,i =

θF,i − 1

θF,i
v∗Hi

∑
i′

(
Css

F i′ +
∑
j

Xss
Hj,F i′

)
. (J.27)

Substituting equation (J.27) into the steady-state goods market clearing condition Y ss
i = Css

Hi+
∑

j X
ss
Hj,Hi+616

Y ss
EX,i and dividing both sides by the steady-state aggregate output Css yields:617

λi = βivi +
∑
j

λjωj,ivx,j,i +
θF,i − 1

θF,i
v∗Hi

∑
i′

[
βi′(1− vi′) +

∑
j

λjωj,i′(1− vx,j,i′)
]
,

which has equation (J.23) as its matrix form.618

Dividing both sides of the steady-state goods market clearing condition Y ss
i = Css

Hi+
∑

j X
ss
Hj,Hi+Y ss

EX,i619

by the steady-state aggregate output Css and substituting in the definition of the sectoral export-to-GDP ratio620
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λEX,i ≡ (P ss
i Y ss

EX,i)/(P
ss
C Css) with normalized P ss

i = P ss
C = 1 yields the following equation:621

λEX,i = λi −
(
βivi +

∑
j

λjωj,ivx,j,i

)
, (J.28)

which has equation (J.24) as its matrix form.622

J.4. Goods market clearing condition up to the first-order approximation623

Lemma J.3 (Goods market clearing condition). Up to the first-order approximation, the following condition624

holds in the sticky-price equilibrium.625

[
λ⊙

(
P̂(ξ) + Ŷ(ξ)

)]⊤
= λ̃⊤

D

(
P̂C(ξ) + Ĉ(ξ)

)
−
(
λ⊙ µ̂(ξ)

)⊤
(Lvx − I) +

[
λEX Ŝ(ξ)− ρES ⊙

(
P̂(ξ)− 1Ŝ(ξ)

)]⊤
Lvx

+
{
λEX ⊙ D̂∗

EX,F +
[
ρES − (θF − 1)⊙ λEX

]
⊙ P̂∗

IM,F

}⊤
Lvx + o(∥ξ̂∥).

(J.29)

Proof of Lemma J.3. The goods market clearing condition (J.6) multiplied by the sectoral price Pi is626

PiYi = PiCHi + Pi

∑
j

XHj,Hi + PiYEX,i. (J.30)

Denote Pc,i as the price index of the sectoral consumption goods from sector i and Px,j,i as the price index627

of the intermediate inputs purchased by sector j from sector i —both of which are weighted averages of628

domestic price Pi and import price S · P ∗
IM,F i. Minimizing the costs of purchasing C, {Fi}i, {Ci}i, {Xi,j}i,j629

yields the following quantity of the demand for consumption and intermediate inputs as functions of prices:630

CHi =
( Pi

Pc,i

)−θi
viCi =

( Pi

Pc,i

)−θi viβiPCC

Pc,i

,

XHj,Hi =
( Pi

Px,j,i

)−θi
vx,j,iXj,i =

( Pi

Px,j,i

)−θi vx,j,iωj,iPjYj

Px,j,iµj

.

Substituting the export tax rate τEX,i = 1/θF,i and the export price PEX,i = Pi/(1 − τEX,i) into equation631

(8) yields the export demand as follows:632

YEX,i =
(PEX,i

S

)−θF,i

D∗
EX,F i =

( θF,i
θF,i − 1

)−θF,i
(Pi

S

)−θF,i

D∗
EX,F i.

Substituting the quantity of consumption, intermediate inputs, and export demand above back to the goods633

market-clearing condition in equation (J.30) yields:634

PiYi =
( Pi

Pc,i

)1−θi
viβiPCC +

∑
j

( Pi

Px,j,i

)1−θi vx,j,iωj,iPjYj

µj
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+
( θF,i
θF,i − 1

)−θF,i
(Pi

S

)1−θF,i

S ·D∗
EX,F i. (J.31)

Log-linearizing equation (J.31) yields:635

λi(P̂i + Ŷi) = βivi

[
(θi − 1)(P̂c,i − P̂i) + P̂C + Ĉ

]
+
∑
j

λjωj,ivx,j,i

[
(θi − 1)(P̂x,j,i − P̂i) + P̂j + Ŷj − µ̂j

]
+ λEX,i

[
(θF,i − 1)(Ŝ − P̂i) + Ŝ + D̂∗

EX,F i

]
+ o(∥ξ̂∥). (J.32)

Log-linearizing the price indices Pc,i and Px,j,i yields:636

P̂c,i = viP̂i + (1− vi)
(
Ŝ + P̂ ∗

IM,F i

)
+ o(∥ξ̂∥), (J.33)

P̂x,j,i = vx,j,iP̂i + (1− vx,j,i)
(
Ŝ + P̂ ∗

IM,F i

)
+ o(∥ξ̂∥), (J.34)

which implies the following relative prices:637

P̂c,i − P̂i = (1− vi)(Ŝ + P̂ ∗
IM,F i − P̂i) + o(∥ξ̂∥),

P̂x,j,i − P̂i = (1− vx,j,i)(Ŝ + P̂ ∗
IM,F i − P̂i) + o(∥ξ̂∥).

Substituting these relative prices into equation (J.32) yields:638

λi(P̂i + Ŷi) = βivi

[
(θi − 1)(1− vi)(Ŝ + P̂ ∗

IM,F i − P̂i) + P̂C + Ĉ
]

+
∑
j

λjωj,ivx,j,i

[
(θi − 1)(1− vx,j,i)(Ŝ + P̂ ∗

IM,F i − P̂i) + P̂j + Ŷj − µ̂j

]
+ λEX,i

[
(θF,i − 1)(Ŝ − P̂i) + Ŝ + D̂∗

EX,F i

]
+ o(∥ξ̂∥).

Rearranging the above equation and substituting in the definition of the expenditure-switching elasticity639

ρES,i in equation (18) yield the following:640

λi(P̂i + Ŷi)−
∑
j

λjωj,ivx,j,i(P̂j + Ŷj) = βivi(P̂C + Ĉ)−
∑
j

λjωj,ivx,j,iµ̂j + λEX,iŜ − ρES,i(P̂i − Ŝ)

+ λEX,iD̂
∗
EX,F i + [ρES,i − (θF,i − 1)λEX,i]P̂

∗
IM,F i + o(∥ξ̂∥),

which has the following matrix form as in equation (J.29) in Lemma J.3:641

[
λ⊙ (P̂+ Ŷ)

]⊤
= λ̃⊤

D(P̂C + Ĉ)− (λ⊙ µ̂)⊤(Lvx − I) +
[
λEX Ŝ − ρES ⊙ (P̂− 1Ŝ)

]⊤
Lvx

+
{
λEX ⊙ D̂∗

EX,F +
[
ρES − (θF − 1)⊙ λEX

]
⊙ P̂∗

IM,F

}⊤
Lvx + o(∥ξ̂∥).
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642

J.5. Household’s budget constraint up to first-order approximation643

Lemma J.4 (Household’s budget constraint). Up to the first-order approximation, the following condition644

holds in the sticky-price equilibrium:645

P̂C(ξ) + Ĉ(ξ) =
[
λ⊙

(
P̂(ξ) + Ŷ(ξ)

)]⊤
α+

(
λ⊙ µ̂(ξ)

)⊤
(1−α) + (1− λ⊤α)Ŝ(ξ)

− λ⊤
EX

(
P̂(ξ)− 1Ŝ(ξ)

)
+ [λEX ⊘ (θF − 1)]⊤D̂∗

EX,F + o(∥ξ̂∥). (J.35)

Proof of Lemma J.4. Substituting the profit, total cost of inputs, and lump-sum transfer in equations (A.1),646

(3), and (11) into the household budget constraint in equation (6) yields:647

PCC = WL+
∑
i

∫ 1

0

Πifdf + T

= WL+
∑
i

[
(1− τi)PiYi −W Li −

∑
j

(
PjXHi,Hj + S · P ∗

IM,FjXXi,Fj

)]
+
∑
i

(
τiPiYi + τEX,iPEX,iYEX,i

)
=
∑
i

[
PiYi −

∑
j

(
PjXHi,Hj + S · P ∗

IM,FjXXi,Fj

)]
+
∑
i

τEX,iPEX,iYEX,i. (J.36)

Under the Cobb-Douglas production functions,
∑

j

(
PjXHi,Hj + S · P ∗

IM,FjXXi,Fj

)
= PiYi(1 − αi)/µi.648

Therefore, substituting the export tax rate τEX,i = 1/θF,i, the export price PEX,i = Pi/(1− τEX,i), and the649

export demand YEX,i = (PEX,i/S)
−θF,iD∗

EX,F i into equation (J.36) yields:650

PCC =
∑
i

PiYi

(
1− 1− αi

µi

)
+
∑
i

( S

θF,i

)θF,i
( Pi

θF,i − 1

)1−θF,i

D∗
EX,F i. (J.37)

In the steady state, the sectoral markups, prices, and nominal exchange rate are normalized to µss
i = P ss

i =651

Sss = 1. As a result, equation (J.37) becomes:652

1 =
∑
i

λiαi +
∑
i

λEX,i

θF,i − 1
. (J.38)

Log-linearizing equation (J.37) around the steady state yields:653

P̂C + Ĉ =
∑
i

λiαi

(1− αi

αi

µ̂i + P̂i + Ŷi

)
+
∑
i

λEX,i

θF,i − 1

[
Ŝ − (θF,i − 1)(P̂i − Ŝ) + D̂∗

EX,F i

]
+ o(∥ξ̂∥),
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which has the following matrix form as in equation (J.35) in Lemma J.4:654

P̂C + Ĉ =
[
λ⊙ (P̂+ Ŷ)

]⊤
α+ (λ⊙ µ̂)⊤(1−α)

+ (1− λ⊤α)Ŝ − λ⊤
EX(P̂− 1Ŝ) + [λEX ⊘ (θF − 1)]⊤D̂∗

EX,F + o(∥ξ̂∥).

655

J.6. Sectoral markup wedges and sectoral inflation656

Lemma J.5 (Sectoral markup wedges and sectoral inflation). Up to the first-order approximation, the fol-657

lowing condition holds in the sticky-price equilibrium:658

µ̂(ξ) = −(∆−1 − I)P̂(ξ) + o(∥ξ̂∥). (J.39)

Proof of Lemma J.5. Under static Calvo-pricing, the vector of sectoral inflation is a function of the sectoral659

frequency of price adjustment ∆ and the vector of sectoral nominal marginal costs Φ:660

P̂(ξ) = ∆Φ̂(ξ) + o(∥ξ̂∥). (J.40)

On the other hand, the definition of the sectoral markup wedges µ̂ yields:661

P̂(ξ) = µ̂(ξ) + Φ̂(ξ). (J.41)

Combining the above two conditions to eliminate Φ̂(ξ) yields equation (J.39).662

K. Proofs of the theoretical results in Sections 3663

This appendix derives the theoretical results that relate sectoral markup wedges to the output gap in664

Section 3. These theoretical results are all up to the first-order approximation around the efficient steady665

state under Assumption 1.666

K.1. Proof of Lemma B.1: The open economy version of Hulten’s theorem667

Hulten’s theorem in Hulten (1978) characterizes the first-order impact of disaggregated productivity668

shocks on the aggregate TFP in an efficient closed economy (e.g., Baqaee and Farhi, 2019). Our paper669

extends the closed-economy version of Hulten’s theorem into a small open economy with international670

trade, exchange rate adjustments, and sector-specific shocks to import prices and export demand besides671

sectoral productivity.672

Under τi = −1/(εi−1) and τEX,i = 1/θF,i of Assumption 1 and with all of the prices but P ss
EX,i and W ss

673

normalized to 1, the first-order approximation of the conditions in Lemma J.1 around the efficient steady674
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state yields the following:675

CssĈ(ξ) =
∑
i

Css
i Ĉi(ξ) + o(∥ξ̂∥), (K.1)

Y ss
i Ŷi(ξ) = Y ss

i Âi +W ssLss
i L̂i(ξ) +

∑
j

Xss
i,jX̂i,j(ξ) + o(∥ξ̂∥), (K.2)

Css
i Ĉi(ξ) = Css

HiĈHi(ξ) + Css
F iĈFi(ξ) + o(∥ξ̂∥), (K.3)

Xss
i,jX̂i,j(ξ) = Xss

Hi,HjX̂Hi,Hj(ξ) +Xss
Hi,F jX̂Hi,Fj(ξ) + o(∥ξ̂∥), (K.4)

LssL̂(ξ) =
∑
i

Lss
i L̂i(ξ) + o(∥ξ̂∥), (K.5)

Y ss
i Ŷi(ξ) = Css

HiĈHi(ξ) +
∑
j

Xss
Hj,HiX̂Hj,Hi(ξ) + Y ss

EX,iŶEX,i(ξ) + o(∥ξ̂∥), (K.6)

∑
i

EXss
i ÊXi(ξ) =

∑
i

Y ss
EX,i

[
(θF,i − 1)−1D̂∗

EX,F i + ŶEX,i(ξ)
]

=
∑
i

[
Css
F i

(
P̂ ∗
IM,F i + ĈFi(ξ)

)
+
∑
j

Xss
Hj,F i

(
P̂ ∗
IM,F i + X̂Hj,F i(ξ)

)]
+ o(∥ξ̂∥). (K.7)

Then, we combine equations (K.1)-(K.7) to prove Lemma B.1. Rearranging the balance of trade con-676

dition (K.7) to move all endogenous terms to the LHS and all exogenous ones to the RHS yields the677

following:678

LHS ≡
∑
i

(
Y ss
EX,iŶEX,i(ξ)− Css

F iĈFi(ξ)−
∑
j

Xss
Hi,F jX̂Hi,Fj(ξ)

)
=
∑
i

(
Css

F iP̂
∗
IM,F i +

∑
j

Xss
Hj,F iP̂

∗
IM,F i −

Y ss
EX,i

θF,i − 1
D̂∗

EX,F i

)
+ o(∥ξ̂∥) ≡ RHS. (K.8)

Combined with the goods market clearing condition in equation (K.6), the LHS of equation (K.8) becomes:679

LHS =
∑
i

(
Y ss
i Ŷi(ξ)− Css

HiĈHi(ξ)−
∑
j

Xss
Hj,HiX̂Hj,Hi(ξ)− Css

F iĈFi(ξ)−
∑
j

Xss
Hj,F iX̂Hj,F i(ξ)

)
.

Further combined with the aggregators in equations (K.1), (K.3), and (K.4), the LHS becomes:680

LHS =
∑
i

(
Y ss
i Ŷi(ξ)−

∑
j

Xss
i,jX̂i,j(ξ)

)
− CssĈ(ξ).

Combined with the production function in equation (K.2):681

LHS =
∑
i

(
Y ss
i Âi +W ssLss

i L̂i(ξ)
)
− CssĈ(ξ).
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Combined with the labor market clearing condition in equation (K.5):682

LHS =
∑
i

Y ss
i Âi +W ssLssL̂(ξ)− CssĈ(ξ).

Substituting LHS back into equation (K.8) yields:683

CssĈ(ξ)−W ssLssL̂(ξ)

=
∑
i

(
Y ss
i Âi − Css

F iP̂
∗
IM,F i −

∑
j

Xss
Hj,F iP̂

∗
IM,F i +

Y ss
EX,i

θF,i − 1
D̂∗

EX,F i

)
+ o(∥ξ̂∥). (K.9)

In the steady state, the sectoral output prices and the CPI are normalized to 1. Therefore, dividing both sides684

of equation (K.9) by the steady-state aggregate output Css yields the following:685

Ĉ(ξ)− ΛLL̂(ξ) =
∑
i

{
λiÂi +

λEX,i

θF,i − 1
D̂∗

EX,F i

−
[
βi(1− vi) +

∑
j

λjωj,i(1− vx,j,i)
]
P̂ ∗
IM,F i

}
+ o(∥ξ̂∥). (K.10)

K.2. Proof of Proposition B.1: Efficiency and labor wedges686

Efficiency wedge. Log-linearizing the efficiency wedge Aagg(ξ) in Definition B.1 around the steady state687

yields688

Âagg(ξ) = Ĉ(ξ)− Λflex
L (ξ)L̂(ξ).

Substituting Λflex
L (ξ) = ΛL +O(∥ξ̂∥) into the above equation yields689

Âagg(ξ) = Ĉ(ξ)− ΛLL̂(ξ) + o(∥ξ̂∥),

where Ĉ(ξ)−ΛLL̂(ξ) are functions of only exogenous shocks up to the first-order approximation, as shown690

in equation (K.10) of Appendix K.1. Therefore, taking the difference of equation (K.10) in the sticky-price691

equilibrium and in the flexible-price equilibrium yields the following:692

Âagg(ξ)− Âflex
agg (ξ) =

(
Ĉ(ξ)− ΛLL̂(ξ) + o(∥ξ̂∥)

)
−
(
Ĉflex(ξ)− ΛLL̂

flex(ξ) + o(∥ξ̂∥)
)

= Ĉgap(ξ)− ΛLL̂
gap(ξ) + o(∥ξ̂∥) = o(∥ξ̂∥). (K.11)

In sum, sectoral markup wedges under price rigidities have no first-order impact on the efficiency wedge.693

Labor wedge. Consider a prototype economy similar to the closed economy à la Chari et al. (2007), except694

that the aggregate production function defined on domestic labor inputs has state-contingent aggregate TFP695
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and returns-to-scale, as in the following equation:696

F (L, ξ) = Aagg(ξ) · LΛflex
L (ξ),

where Λflex
L (ξ) is the economy-wise labor share in the flexible-price equilibrium of the small open economy697

that is contingent on the states of exogenous shocks. According to Definition B.1, C(ξ) = F (L(ξ), ξ) and,698

therefore, the labor wedge ΓL(ξ) satisfies:699

−∂u/∂L

∂u/∂C
(C(ξ), L(ξ)) = ΓL(ξ) ·

∂F

∂L
(L(ξ), ξ), (K.12)

where the marginal product of labor in the sticky-price equilibrium is equal to:700

∂F

∂L
(L(ξ), ξ) = Aagg(ξ) · Λflex

L (ξ) · LΛflex
L (ξ)−1 ≡ ∂C

∂L
(ξ).

Therefore, substituting the utility function in equation (4) into equation (K.12) and log-linearizing it around701

the steady state yields:702

Γ̂L(ξ) = σĈ(ξ) + φL̂(ξ)− Âagg(ξ)− Λ̂flex
L (ξ)−

(
Λflex

L (ξ)− 1
)
L̂(ξ). (K.13)

Taking the difference of equation (K.13) in the sticky-price equilibrium and in the flexible-price equilibrium703

yields:704

Γ̂L(ξ)− Γ̂flex
L (ξ) = σĈgap(ξ) + φL̂gap(ξ)

−
(
Âagg(ξ)− Âflex

agg (ξ)
)
− (ΛL − 1)L̂gap(ξ) + o(∥ξ̂∥) (K.14)

Combining equation (K.14) with equation (K.11) yields the labor wedge as follows:705

Γ̂L(ξ)− Γ̂flex
L (ξ) =

(
σ − 1 +

φ+ 1

ΛL

)
· Ĉgap(ξ) + o(∥ξ̂∥).

706

K.3. Relation of sectoral markup wedges to gaps in domestic sectoral prices and CPI707

Under the production technology and the total cost of inputs in equations (1), (2), and (3), deriving the708

sectoral nominal marginal costs Φ(ξ) from the producers’ cost minimization problem and log-linearizing it709

around the steady state, yields the following:710

Φ̂(ξ) = αŴ (ξ) + (Ω⊙Vx)P̂(ξ) + (Ω⊙V1−x)
(
1Ŝ(ξ) + P̂∗

IM,F

)
− Â+ o(∥ξ̂∥), (K.15)
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which, substituted into equation (J.41), yields:711

P̂(ξ) = αŴ (ξ) + (Ω⊙Vx)P̂(ξ) + (Ω⊙V1−x)
(
1Ŝ(ξ) + P̂∗

IM,F

)
− Â+ µ̂(ξ) + o(∥ξ̂∥). (K.16)

Taking the difference of equation (K.16) in the sticky-price equilibrium and in the flexible-price equilibrium712

to eliminate the exogenous shocks, yields:713

P̂gap(ξ) = αŴ gap(ξ) + (Ω⊙Vx)P̂
gap(ξ) + (Ω⊙V1−x)1Ŝ

gap(ξ) + µ̂(ξ) + o(∥ξ̂∥).

= Lvx

(
αŴ gap(ξ)−αŜgap(ξ) + µ̂(ξ)

)
+ 1Ŝgap(ξ) + o(∥ξ̂∥), (K.17)

where the second equality is derived using the Leontief inverse matrix Lvx ≡ (I − Ω ⊙ Vx)
−1 and the714

identity α = 1−Ω1. Re-arranging equation (K.17) yields:715

P̂gap(ξ)− 1Ŝgap(ξ) = α̃
(
Ŵ gap(ξ)− Ŝgap(ξ)

)
+Lvxµ̂(ξ) + o(∥ξ̂∥), (K.18)

which is equation (28) in Section 3.716

Log-linearizing the CPI in equation (7) around the steady state yields:717

P̂C(ξ) = (β ⊙ v)⊤P̂(ξ) + [β ⊙ (1− v)]⊤
(
1Ŝ(ξ) + P̂∗

IM,F

)
+ o(∥ξ̂∥). (K.19)

Taking the difference of equation (K.19) in the sticky-price equilibrium and in the flexible-price equilibrium718

to eliminate the exogenous shocks yields:719

P̂ gap
C (ξ) = (β ⊙ v)⊤P̂gap(ξ) + [β ⊙ (1− v)]⊤1Ŝgap(ξ) + o(∥ξ̂∥). (K.20)

Substituting equation (K.17) into equation (K.20) and using the identity (β ⊙ v)⊤Lvx = λ̃⊤
D yields:720

P̂ gap
C (ξ) = λ̃⊤

DαŴ gap(ξ) + (1− λ̃⊤
Dα)Ŝgap(ξ) + λ̃⊤

Dµ̂(ξ) + o(∥ξ̂∥),

which can be rearranged to:721

P̂ gap
C (ξ)− Ŝgap(ξ) = λ̃⊤

Dα
(
Ŵ gap(ξ)− Ŝgap(ξ)

)
+ λ̃⊤

Dµ̂(ξ) + o(∥ξ̂∥), (K.21)

which is equation (29) in Section 3.722
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K.4. Real wage gap and output gap723

For the households’ problem that maximizes utility function (4) subject to the budget constraint (6),724

combining the first-order conditions with respect to L and C and log-linearizing it yield:725

Ŵ (ξ)− P̂C(ξ) = σĈ(ξ) + φL̂(ξ). (K.22)

Taking the difference of equation (K.22) in the sticky-price equilibrium and in the flexible-price equilibrium,726

and substituting in equation (K.11) from Section K.2 yields:727

Ŵ gap(ξ)− P̂ gap
C (ξ) =

(
σ + φ/ΛL

)
Ĉgap(ξ) + o(∥ξ̂∥), (K.23)

which is equation (25) in Section 3. Substituting equation (K.21) into equation (K.23) yields:728

(
σ + φ/ΛL

)
Ĉgap(ξ) = (1− λ̃⊤

Dα)
(
Ŵ gap(ξ)− Ŝgap(ξ)

)
− λ̃⊤

Dµ̂(ξ) + o(∥ξ̂∥), (K.24)

which is equation (26) in Section 3.729

K.5. Log-linearized open-economy budget constraint730

Taking the difference of equation (J.29) from Lemma J.3 in the sticky-price equilibrium and in the731

flexible-price equilibrium yields:732

[
λ⊙

(
P̂gap(ξ) + Ŷgap(ξ)

)]⊤
= λ̃⊤

D

(
P̂ gap
C (ξ) + Ĉgap(ξ)

)
−
(
λ⊙ µ̂(ξ)

)⊤
(Lvx − I)

+
[
λEX Ŝ

gap(ξ)− ρES ⊙
(
P̂gap(ξ)− 1Ŝgap(ξ)

)]⊤
Lvx + o(∥ξ̂∥). (K.25)

Taking the difference of equation (J.35) from Lemma J.4 in the sticky-price equilibrium and in the flexible-733

price equilibrium yields:734

P̂ gap
C (ξ) + Ĉgap(ξ) =

[
λ⊙

(
P̂gap(ξ) + Ŷgap(ξ)

)]⊤
α+

(
λ⊙ µ̂(ξ)

)⊤
(1−α)

+ (1− λ⊤α)Ŝgap(ξ)− λ⊤
EX

(
P̂gap(ξ)− 1Ŝgap(ξ)

)
+ o(∥ξ̂∥). (K.26)

Substituting equation (K.25) into equation (K.26) and using the identity equations α̃ = Lvxα and λ̃F =735

λ⊤
EXLvx yield736

P̂ gap
C (ξ) + Ĉgap(ξ) = λ̃⊤

Dα
(
P̂ gap
C (ξ) + Ĉgap(ξ)

)
+ [λ⊙ (1− α̃)]⊤µ̂(ξ) + (1− λ⊤α+ λ̃⊤

Fα)Ŝgap(ξ)

− (ρES ⊙ α̃)⊤
(
P̂gap(ξ)− 1Ŝgap(ξ)

)
− λ⊤

EX

(
P̂gap(ξ)− 1Ŝgap(ξ)

)
+ o(∥ξ̂∥).

(K.27)
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Rearranging it and using λ = λ̃D + λ̃F from equation (37) in Lemma 2 yields737

(1− λ̃⊤
Dα)Ĉgap(ξ)

= −(ρES ⊙ α̃)⊤
(
P̂gap(ξ)− 1Ŝgap(ξ)

)
+ [λ⊙ (1− α̃)]⊤µ̂(ξ)− λ⊤

EX

(
P̂gap(ξ)− 1Ŝgap(ξ)

)
+ (1− λ̃⊤

Dα)
(
Ŝgap(ξ − P̂ gap

C (ξ))
)
, (K.28)

which is exactly equation (27) in Section 3.738

K.6. Proof of Theorem 1: output gap and sectoral markup wedges739

Substituting equations (K.18) and (K.21) from Appendix K.3, and equation (K.24) from Appendix K.4740

into equation (K.28) from Appendix K.5, yields:741

λ̃⊤
Dα(σ + φ/ΛL)Ĉ

gap(ξ) + (1− λ̃⊤
Dα)

[
κ−1
CPI + (1− κ−1

CPI)(σ + φ/ΛL)
]
Ĉgap(ξ)

= −λ̃⊤
Dµ̂(ξ)− κ−1

CPI · ρ̃
⊤
ESµ̂(ξ) + κ−1

CPI ·
[
− λ̃F + λ⊙ (1− α̃)

]⊤
µ̂(ξ) + o(∥ξ̂∥),

where we have used the definition of κCPI in equation (23):742

κCPI ≡
(ρES ⊙ α̃+ λEX)

⊤α̃

1− λ̃⊤
Dα

+ 1.

Further using the definition of κC in equation (24):743

κC ≡
[(ρES ⊙ α̃+ λEX)

⊤α̃

1− λ̃⊤
Dα

(
σ + φ/ΛL

)
+ λ̃⊤

Dα
(
σ + φ/ΛL

)
+ (1− λ̃⊤

Dα)
]
/κCPI ,

we obtain the following matrix form of equation (21) of Theorem 1:744

κC ·Ĉgap(ξ) = −
{
λ̃D+κ−1

CPI · ρ̃ES+κ−1
CPI ·

[
λ̃F −λ⊙(1−α̃)

]}⊤
µ̂(ξ)+o(∥ξ̂∥) = −M⊤

OGµ̂(ξ)+o(∥ξ̂∥).

745

K.7. Negative markup wedges and the gap in the nominal exchange rate relative to domestic wage746

We show that negative markup wedges (µ̂(ξ) < 0) are linked to a negative gap in the nominal exchange747

rate relative to domestic wage —i.e., Ŝgap(ξ)−Ŵ gap(ξ) < 0. To illustrate this, we first show the following:748

(
σ + φ/ΛL

) 1

κC

=

(
σ + φ/ΛL

) ( (ρES⊙α̃+λEX)⊤α̃

1−λ̃⊤
Dα

+ 1
)

(ρES⊙α̃+λEX)⊤α̃

1−λ̃⊤
Dα

(
σ + φ/ΛL

)
+ λ̃⊤

Dα
(
σ + φ/ΛL

)
+ (1− λ̃⊤

Dα)
> 1,
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where the inequality comes from the facts that σ > 1, φ/ΛL > 0, and λ̃⊤
Dα ∈ (0, 1). Accordingly,749

Ŝgap(ξ)− Ŵ gap(ξ) satisfies:750

(1− λ̃⊤
Dα)

(
Ŝgap(ξ)− Ŵ gap(ξ)

)
= −

(
σ + φ/ΛL

)
Ĉgap(ξ)− λ̃⊤

Dµ̂(ξ)

=
[(
σ + φ/ΛL

) 1

κC

M⊤
OG − λ̃⊤

D

]
µ̂(ξ) < 0, (K.29)

where the first and the second equality come from equations (26) and (21), respectively. The third inequality751

comes from the facts that µ̂ < 0,
(
σ + φ/ΛL

)
1
κC

> 1, and MOG > λ̃D (because λ̃D is a sub-component752

of MOG).753

K.8. Deriving the terms of trade gap754

Due to the trade balance, we can denote the steady-state share of sector i’s exports in total exports and755

the share of sector i’s imports in total imports by:756

EX Sharei ≡
θF,i

θF,i − 1
λEX,i

/(∑
i′

θF,i′

θF,i′ − 1
λEX,i′

)
, and

IM Sharei ≡
[(∑

j

λjωj,i

(
1− vx,j,i

))
+ βi (1− vi)

]/(∑
i′

θF,i′

θF,i′ − 1
λEX,i′

)
,

respectively. Then, we can define the terms of trade as:757

ToT ≡
∏

i P
EX Sharei
EX,i∏

i

(
SP ∗

IM,F i

)IM Sharei
.

The terms of trade gap is equal to:758

T̂ oT
gap

=
∑
i

EX ShareiP̂
gap
i −

∑
i

IM ShareiŜ
gap

=
∑
i

EX ShareiP̂
gap
i −

∑
i

EX ShareiŜ
gap

=
[∑

i

θF,i
θF,i − 1

λEX,i

(
P̂ gap
i − Ŝgap

) ]/(∑
i′

θF,i′

θF,i′ − 1
λEX,i′

)
=
[
(θF ⊘ (θF − 1))⊤λEX

]−1
(θF ⊘ (θF − 1)⊙ λEX)

⊤(P̂gap − 1Ŝgap),

where the second quality comes from the trade balance.759

K.9. Proof of Corollary E.1 under foreign-currency pricing760

In this proof, for the sake of space we only show equilibrium equations under foreign-currency pricing761

that differ from those in the baseline model under producer-currency pricing.762
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With the definition of sectoral markup wedges of foreign-market products, we have the following pricing763

equation of sectoral foreign-market products:764

P̂ ∗
EX,i = (Φ̂i − Ŝ) + µ̂∗

EX,i. (K.30)

Thus, the log deviation of the export demand function in equation (E.3) is equal to:765

ŶEX,i = −θF,i(Φ̂i − Ŝ + µ̂∗
EX,i) + D̂∗

EX,F i. (K.31)

Under our Calvo-pricing friction, the price of sectoral foreign-market product satisfies:766

P̂ ∗
EX,i = δ∗EX,i(Φ̂i − Ŝ),

which, combined with equation (K.30), yields:767

µ̂∗
EX,i = −

1− δ∗EX,i

δ∗EX,i

P̂ ∗
EX,i. (K.32)

Under Assumption 1, the sectoral goods market clearing condition under foreign-currency pricing is the768

same as in the baseline model under PCP as follows:769

PiYi =
( Pi

Pc,i

)1−θi
viβiPCC +

∑
j

( Pi

Px,j,i

)1−θi vx,j,iωj,iPjYj

µj

+ PiY
∗
EX,i. (K.33)

However, log-linearizing equation (K.33) and combining it with the log linearization of the demand and770

pricing equations (K.30) and (K.31) of sectoral foreign-market products yields the following condition:771

λi(P̂i + Ŷi) = βivi
[
(θi − 1)(1− vi)(Ŝ + P̂ ∗

IM,F i − P̂i) + P̂C + Ĉ
]

+
∑
j

λjωj,ivx,j,i
[
(θi − 1)(1− vx,j,i)(Ŝ + P̂ ∗

IM,F i − P̂i) + P̂j + Ŷj − µ̂j

]
+ λEX,i

[
P̂i − θF,i(P̂i − µ̂i − Ŝ + µ̂∗

EX,i) + D̂∗
EX,F i

]
+ o(∥ξ̂∥),

which can be re-arranged and stacked into the following matrix form:772

[
λ⊙ (P̂+ Ŷ)

]⊤
= λ̃⊤

D(P̂C + Ĉ)− (λ⊙ µ̂)⊤(Lvx − I) +
{
λEX Ŝ −

[
ρES ⊙ (P̂− 1Ŝ)

]}⊤
Lvx

+
{
λEX ⊙ D̂∗

EX,F +
[
ρES − (θF − 1)⊙ λEX

]
⊙ P̂∗

IM,F

}⊤
Lvx

−
[
θF ⊙ λEX ⊙ (µ̂∗

EX − µ̂)
]⊤

Lvx + o(∥ξ̂∥). (K.34)

Equation (K.34) differs from its counterpart in the model under PCP (equation J.29 in Appendix J.4) in the773
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last term −
[
θF ⊙ λEX ⊙ (µ̂∗

EX − µ̂)
]⊤

Lvx that represents exports.774

Under foreign-currency pricing, the household’s budget constraint is equal to:775

PCC = WL+Π+ T

=
∑
i

{
[PiYDM,i − ΦiYDM,i(1− αi)] +

[
SP ∗

EX,iY
∗
EX,i − ΦiY

∗
EX,i(1− αi)

] }
=
∑
i

{
[PiYDM,i − PiYDM,i(1− αi)/µi] +

[
SP ∗

EX,iY
∗
EX,i − PiY

∗
EX,i (1− αi) /µi

] }
=
∑
i

[
PiYi

(
1− 1− αi

µi

)
+ SP ∗

EX,iY
∗
EX,i − PiY

∗
EX,i

]
,

the log-linearization of which —combined with equations (K.30) and (K.31)— yields:776

P̂C + Ĉ =
∑
i

λiαi

(1− αi

αi

µ̂i + P̂i + Ŷi

)
+
∑
i

λEX,i
θF,i

θF,i − 1

[
Ŝ + (1− θF,i)(Φ̂i − Ŝ + µ̂∗

EX,i) + D̂∗
EX,F i

]
−
∑

λEX,i

[
P̂i − θF,i(Φ̂i − Ŝ + µ̂∗

EX,i) + D̂∗
EX,F i

]
+ o(∥ξ̂∥)

=
∑
i

λiαi

(1− αi

αi

µ̂i + P̂i + Ŷi

)
+
∑
i

λEX,i

[ 1

θF,i − 1
Ŝ +

(
Ŝ − P̂i

)
+

1

θF,i − 1
D̂∗

EX,F i

]
+ o(∥ξ̂∥),

which is the same as its counterpart in the baseline model (equation J.35 in Appendix J.5). Taking its777

matrix form, combining it with equation (K.34), and taking the difference of it between the sticky-price and778

flexible-price equilibria, yields the following log-linearization of the trade balance condition under foreign-779

currency pricing:780

(
1− λ̃⊤

Dα
)
Ĉgap = − (ρES ⊙ α̃+ λEX)

⊤ (P̂gap − 1Ŝgap
)
+ [λ⊙ (1− α̃)]⊤ µ̂ (K.35)

+
(
1− λ̃⊤

Dα
)(
Ŝgap − P̂ gap

C

)
− (θF ⊙ λEX ⊙ α̃)⊤ (µ̂∗

EX − µ̂) + o(∥ξ̂∥).

Substitute equation (K.18) for P̂gap(ξ) − 1Ŝgap(ξ) into equation (K.35) to express the domestic-to-781

foreign price gaps as functions of real wage gaps Ŵ gap(ξ) − Ŝgap(ξ) and µ̂; similarly, substitute equation782

(K.21) into equation (K.35) to express P̂ gap
C (ξ) − Ŝgap(ξ) as functions of real wage gaps and µ̂.19 Further,783

using equation (K.24) for the real wage gaps Ŵ gap(ξ)− Ŝgap(ξ), we can express Ĉgap only as a function of784

µ̂ as follows:785

λ̃⊤
Dα(σ + φ/ΛL)Ĉ

gap + (1− λ̃⊤
Dα)

[
κ−1
CPI + (1− κ−1

CPI)(σ + φ/ΛL)
]
Ĉgap

= −
{
λ̃D + κ−1

CPI · ρ̃ES + κ−1
CPI ·

[
λ̃F − λ⊙ (1− α̃)

]}⊤
µ̂− κ−1

CPI · (θF ⊙ λEX ⊙ α̃)⊤ (µ̂∗
EX − µ̂) + o(∥ξ̂∥),

19As in the baseline, in the derivations we have used the definition ρ̃ES ≡ (ρES ⊙ α̃)⊤Lvx to simplify the coefficients of
sectoral markup wedges of domestic products µ̂.
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which is exactly equation (E.4) in Corollary E.1. Lastly, substituting equations (J.39) and (K.32) which link786

markups and inflation into equation (E.4), we obtain equation (E.5) in Corollary E.1.787

Throughout the above proof of Corollary E.1, only − (θF ⊙ λEX ⊙ α̃)⊤ (µ̂∗
EX − µ̂) in equation (K.34)788

deviates from the baseline model under PCP —i.e., the quantity of demand for sectoral exports depends789

on the markup wedge of sectoral foreign-market rather than domestic-market products in the expenditure-790

switching channel. Therefore, compared to the three channels in the baseline OG weight in equation (22),791

only the expenditure-switching channel changes under foreign-currency pricing, while the CPI and the profit792

channels remain dependent on sectoral domestic-market markup wedges and inflation as in the baseline793

model under PCP.794

K.10. Proof of Proposition G.1: Sectoral relevance metrics and import shares795

As preparation, we derive the partial derivatives of the Leontief inverse matrix Lvx with respect to the796

home bias in intermediate inputs, as in the following equation:797

∂Lvx

∂vx,r,s
= −Lvx

∂L−1
vx

∂vx,r,s
Lvx = −Lvx

∂(I−Ω⊙Vx)

∂vx,r,s
Lvx =

{
ℓvx,j,rωr,sℓvx,s,i

}
j,i

,

where
{
ℓvx,j,rωr,sℓvx,s,i

}
j,i

is the (j, i)-th element of the partial derivative matrix.798

Because Lvx = (I−Ω⊙Vx)
−1 = I+

∑+∞
n=1(Ω⊙Vx)

n, ωj,i ≥ 0 and vx,j,i ≥ 0 for all j and i, we have:799

ℓvx,j,i

> 0 ∀ j = i,

≥ 0 ∀ j ̸= i.

Proof of Proposition G.1. According to λ̃⊤
D ≡ (β ⊙ v)⊤Lvx in equation (16) of Definition 3, the partial800

derivatives of the total content in domestic consumption in sector i (λ̃D,i) with respect to the import shares801

of consumption goods and intermediate inputs are as follows:802

∂λ̃D,i

∂(1− vj)
= −βjℓvx,j,i, ∀ j, (K.36)

∂λ̃D,i

∂(1− vx,r,s)
= −

(∑
j

βjvjℓvx,j,r

)
ωr,sℓvx,s,i = −λ̃D,rωr,sℓvx,s,i, ∀ r, s. (K.37)

Equation (K.36) implies that the total content in domestic consumption of sector i strictly decreases in803

its own import share of consumption —viz., ∂λ̃D,i

∂(1−vi)
< 0— if and only if βi > 0, because ℓvx,i,i > 0.804

Equation (K.37) implies that the total content in domestic consumption of sector i strictly decreases in805

its direct downstream sector r’s import share of sector i’s goods (i.e., ωr,i > 0 and vx,r,i > 0), if and only if806
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sector r, directly and indirectly, supplies to domestic aggregate output (i.e.,
∑

j βjvjℓvx,j,r > 0), that is:807

∂λ̃D,i

∂(1− vx,r,i)
= −λ̃D,rωr,iℓvx,i,i < 0.

Equation (K.37) also implies that, the total content in domestic consumption of sector i strictly de-808

creases in its indirect downstream sector s’s import share of sector r goods if and only if both of the809

following two conditions hold: (i) sector s, directly and indirectly, supplies to domestic aggregate output810

(i.e.,
∑

j βjvjℓvx,j,s > 0); and (ii) sector i indirectly supplies inputs to sector s via sector r (i.e., ωs,r > 0811

and ℓvx,r,i > 0), that is:812

∂λ̃D,i

∂(1− vx,s,r)
= −λ̃D,sωs,rℓvx,r,i < 0.

813

L. Proofs of the theoretical results in Section 4814

This appendix derives the theoretical results associated with the divine coincidence and sectoral Phillips815

curves, and the normalized sectoral OG weights in Section 4.816

L.1. Proof of Proposition 2: Sectoral Phillips curves817

Step 1: Derive Ŝ and P̂C as functions of {Ĉ, P̂, ξ̂}. Following every step in the proof of equation (K.28)818

in Appendix K.5 —except that now we do not need to take the difference between the sticky-price and819

flexible-price equilibria but just need to look at the sticky-price equilibrium— yields:820

[
1− λ̃⊤

Dα+ (ρES ⊙ α̃+ λEX)
⊤1
]
Ŝ(ξ)

= (ρES ⊙ α̃+ λEX)
⊤P̂(ξ) + [λ⊙ (1− α̃)]⊤∆−1(I−∆)P̂(ξ) + (1− λ̃⊤

Dα)(P̂C(ξ) + Ĉ(ξ))

− [λ̃F ⊙α+ λEX ⊘ (θF − 1)]⊤D̂∗
EX,F − (ρIM ⊙ α̃)⊤P̂∗

IM,F + o(∥ξ̂∥), (L.1)

where the shorthand notation ρIM ≡ ρES − (θF − 1) ⊙ λEX is the elasticity of sectoral imports to im-821

port price shocks, which is equal to the expenditure switching elasticity ρEX diminished by the export822

component (θF − 1)⊙ λEX .823

Rearranging equation (L.1) and introducing shorthand notations yield:824

(MEX +MIM)⊤1Ŝ(ξ) = P̂C(ξ) + Ĉ(ξ) + (Mp +Mµ)
⊤P̂(ξ)

− (MEX ⊘ θF )
⊤D̂∗

EX,F −M⊤
IMP̂∗

IM,F + o(∥ξ̂∥), (L.2)
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where the shorthand notations are as follows:825

MEX ≡ (1− λ̃⊤
Dα)−1[λEX ⊙ α̃+ λEX ⊘ (θF − 1)]⊙ θF , (L.3)

MIM ≡ (1− λ̃⊤
Dα)−1(ρIM ⊙ α̃), (L.4)

Mp ≡ (1− λ̃⊤
Dα)−1(ρES ⊙ α̃+ λEX), (L.5)

Mµ ≡ (1− λ̃⊤
Dα)−1(∆−1 − I)[λ⊙ (1− α̃)]. (L.6)

According to equation (J.38) in Appendix J.5, it is clear that 1+M⊤
p 1 = (MEX +MIM)⊤1. That is,826

we have:827

Ŝ(ξ) =
(
1 +M⊤

p 1
) −1

[
P̂C(ξ) + Ĉ(ξ)

]
+
(
1 +M⊤

p 1
) −1(Mp +Mµ)

⊤P̂(ξ)

−
(
1 +M⊤

p 1
) −1(MEX ⊘ θF )

⊤D̂∗
EX,F −

(
1 +M⊤

p 1
) −1M⊤

IMP̂∗
IM,F + o(∥ξ̂∥). (L.7)

Recall that the CPI pricing equation (K.19) in Appendix K.3 is given by:828

P̂C(ξ) = (β ⊙ v)⊤P̂(ξ) + [β ⊙ (1− v)]⊤
(
1Ŝ(ξ) + P̂∗

IM,F

)
+ o(∥ξ̂∥),

and substituting equation (L.7) into the CPI equation above, we have:829

P̂C(ξ) = (β ⊙ v)⊤P̂(ξ)

+ [β ⊙ (1− v)]⊤1
[(
1 +M⊤

p 1
) −1

(
P̂C(ξ) + Ĉ(ξ)

)
+
(
1 +M⊤

p 1
) −1(Mp +Mµ)

⊤P̂(ξ)
]

+ [β ⊙ (1− v)]⊤1
[
−
(
1 +M⊤

p 1
) −1(MEX ⊘ θF )

⊤D̂∗
EX,F −

(
1 +M⊤

p 1
) −1M⊤

IMP̂∗
IM,F

]
+ [β ⊙ (1− v)]⊤P̂∗

IM,F + o(∥ξ̂∥), (L.8)

or, equivalently,830

P̂C(ξ)
{
1−

(
1 +M⊤

p 1
) −1[β ⊙ (1− v)]⊤1

}
= (β ⊙ v)⊤P̂(ξ) +

(
1 +M⊤

p 1
) −1[β ⊙ (1− v)]⊤1

[
Ĉ(ξ) + (Mp +Mµ)

⊤P̂(ξ)
]

+ [β ⊙ (1− v)]⊤1
[
−
(
1 +M⊤

p 1
) −1(MEX ⊘ θF )

⊤D̂∗
EX,F −

(
1 +M⊤

p 1
) −1M⊤

IMP̂∗
IM,F

]
+ [β ⊙ (1− v)]⊤P̂∗

IM,F + o(∥ξ̂∥),

which can be further simplified as:831

P̂C(ξ) = ΓCPI,CĈ(ξ) + Γ⊤
CPI,P P̂(ξ) + Γ⊤

CPI,EXD̂
∗
EX + Γ⊤

CPI,IMP̂∗
IM + o(∥ξ̂∥), (L.9)
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with shorthand notations defined as:832

ΓCPI,C ≡ (β⊤v +M⊤
p 1)

−1(1− β⊤v), (L.10)

ΓCPI,P ≡ (β⊤v +M⊤
p 1)

−1
[
(1 +M⊤

p 1)(β ⊙ v) + (1− β⊤v)(Mp +Mµ)
]
, (L.11)

ΓCPI,EX ≡ −ΓCPI,C · (MEX ⊘ θF ),

ΓCPI,IM ≡ −ΓCPI,C ·MIM + (β⊤v +M⊤
p 1)

−1(1 +M⊤
p 1) · [β ⊙ (1− v)].

Similarly, we can also express Ŝ(ξ) as functions of Ĉ(ξ), P̂(ξ) and shocks only:833

Ŝ(ξ) = ΓS,CĈ(ξ) + Γ⊤
S,P P̂(ξ) + Γ⊤

S,EXD̂
∗
EX,F + Γ⊤

S,IMP̂∗
IM,F + o(∥ξ̂∥), (L.12)

with shorthand notations defined as:834

ΓS,C ≡
(
1 +M⊤

p 1
) −1 (1 + ΓCPI,C) , (L.13)

ΓS,P ≡
(
1 +M⊤

p 1
) −1 (Mp +Mµ + ΓCPI,P ) , (L.14)

ΓS,EX ≡ −ΓS,C · (MEX ⊘ θF ),

ΓS,IM ≡ −ΓS,C ·MIM + ΓS,C · [β ⊙ (1− v)].

Step 2: Derive Ŵ as a function of {P̂, Ĉ, ξ̂}. Substituting P̂C in equation (L.9) and L̂ in equation (K.10)835

into the labor supply equation (K.22), yields:836

Ŵ (ξ) = ΓW,CĈ(ξ) + Γ⊤
CPI,P P̂(ξ) + Γ⊤

W,AÂ+ Γ⊤
W,EXD̂∗

EX,F + Γ⊤
W,IM P̂∗

IM,F + o(∥ξ̂∥), (L.15)

where the shorthand notations are837

ΓW,C ≡ σ +
φ

ΛL

+ ΓCPI,C ,

ΓW,A ≡ − φ

ΛL

λ,

ΓW,EX ≡ ΓEX − φ

ΛL

[λEX ⊘ (θF − 1)],

ΓW,IM ≡ ΓIM +
φ

ΛL

[
β ⊙ (1− v) + (Ω⊙V1−x)

⊤λ
]
.

Step 3: Substitute Ŵ and Ŝ into sectoral pricing equation. Substituting the sectoral marginal costs in838

equation (K.15) into the sectoral inflation in equation (J.40) yields the following pricing equation:839

P̂(ξ) = ∆
[
αŴ (ξ) + (Ω⊙Vx)P̂(ξ) + (Ω⊙V1−x)

(
1Ŝ(ξ) + P̂∗

IM,F

)
− Â

]
+ o(∥ξ̂∥). (L.16)

Substituting Ŵ and Ŝ in equations (L.15) and (L.12) into the pricing equation (L.16) yields the following840
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sectoral Phillips curves in terms of Ĉ:841

P̂(ξ) = BĈ(ξ) + VC,AÂ+ VC,EXD̂
∗
EX,F + VC,IMP̂∗

IM,F + o(∥ξ̂∥), (L.17)

where the shorthand notations are as follows:842

B ≡ ∆Φ

[
α

(
σ +

φ

ΛL

+ ΓCPI,C

)
+ (Ω⊙V1−x)1ΓS,C

]
,

∆Φ ≡
[
∆−1 −Ω⊙Vx −αΓ⊤

CPI,P − (Ω⊙V1−x)1Γ
⊤
S,P

]−1
.

VC,A ≡ ∆Φ

(
αΓ⊤

W,A − 1
)
,

VC,EX ≡ ∆Φ

[
αΓ⊤

W,EX + (Ω⊙V1−x)1Γ
⊤
S,EX

]
,

VC,IM ≡ ∆Φ

[
αΓ⊤

W,IM + (Ω⊙V1−x)1Γ
⊤
S,IM

]
.

To derive further the sectoral Phillips curves in terms of the aggregate output gap Ĉgap, we need to solve843

for the log deviation of the aggregate output in the flexible-price equilibrium from the steady state, denoted844

by Ĉflex(ξ). To do so, we derive the flexible-price version of equations (L.16), (K.22), (L.2), (K.10), and845

(K.19) by setting ∆ = I, which yields the following equations, respectively:846

P̂flex(ξ)− 1Ŝflex(ξ) = α̃(Ŵ flex(ξ)− Ŝflex(ξ))− LvxÂ+ Lvx(Ω⊙V1−x)P̂
∗
IM,F + o(∥ξ̂∥),

Ŵ flex(ξ)− Ŝflex(ξ) = P̂ flex
C (ξ)− Ŝflex(ξ) + σĈflex(ξ) + φL̂flex(ξ),

P̂ flex
C (ξ)− Ŝflex(ξ) + Ĉflex(ξ) = −M⊤

P (P̂
flex(ξ)− 1Ŝflex(ξ)) + (MEX ⊘ θF )

⊤D̂∗
EX,F +M⊤

IMP̂∗
IM,F + o(∥ξ̂∥),

Ĉflex(ξ)− ΛLL̂
flex(ξ) = λ⊤Â+ [λEX ⊘ (θF − 1)]⊤D̂∗

EX,F −
[
β⊤ ⊙ (1− v)⊤ + λ⊤(Ω⊙V1−x)

]
P̂∗

IM,F + o(∥ξ̂∥),

P̂ flex
C (ξ)− Ŝflex(ξ) = (β ⊙ v)⊤(P̂flex(ξ)− 1Ŝflex(ξ)) + [β ⊙ (1− v)]⊤P̂∗

IM,F + o(∥ξ̂∥).

Combining the above five equations yields:847

Ĉflex(ξ) = Γflex
C,A Â+ Γflex

C,EXD̂
∗
EX,F + Γflex

C,IMP̂∗
IM,F + o(∥ξ̂∥), (L.18)

where the shorthand notations are as follows:848

Γflex
C,A ≡ (∆flex

C )−1
(
M⊤

Lα̃λ⊤φ/ΛL +M⊤
LLvx

)
,

Γflex
C,IM ≡ −(∆flex

C )−1
{
M⊤

Lα̃
[
(ΛL + φ)β⊤ ⊙ (1− v)⊤ + λ⊤(Ω⊙V1−x)

]
/ΛL

+M⊤
LLvx(Ω⊙V1−x)−M⊤

IM + β⊤ ⊙ (1− v)⊤
}
,

Γflex
C,EX ≡ (∆flex

C )−1
{
M⊤

Lα̃[λEX ⊘ (θF − 1)]⊤φ/ΛL + (MEX ⊘ θF )
⊤},

M⊤
L ≡ (MP + β ⊙ v)⊤

[
I− α̃(β ⊙ v)⊤

]−1
,

∆flex
C ≡ 1 +M⊤

Lα̃(σ + φ/ΛL).
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Combining equations (L.17) and (L.18), yields the following sectoral Phillips curves in terms of the output849

gap Ĉgap:850

P̂(ξ) = BĈgap(ξ) + VAÂ+ VEXD̂
∗
EX,F + VIMP̂∗

IM,F + o(∥ξ̂∥), (L.19)

where the matrices of coefficients of exogenous shocks are as follows:851

VA ≡ VC,A +B · Γflex
C,A ,

VEX ≡ VC,EX +B · Γflex
C,EX ,

VIM ≡ VC,IM +B · Γflex
C,IM .

L.2. Proof of Lemma 2: OG reduces to Domar weight in closed economies852

Recall the expression of OG weights (21) in Theorem 1 in the following:853

MOG = λ̃D + κ−1
CPI · ρ̃ES + κ−1

CPI ·
[
λ̃F − λ⊙ (1− α̃)

]
.

The sectoral relevance metrics reduce to the following values in closed economies:854

λ̃D = λ, ρ̃ES = 0, λ̃F = 0, α̃ = 1,

which, substituted into the OG weights in equation (21) of Theorem 1, yields MOG = λ.855

Multiplying both sides of equation (J.24) in Lemma J.2 by the Leontief inverse matrix Lvx ≡ (I−Ω⊙856

Vx)
−1, yields the following:857

λ⊤
EXLvx = λ⊤ − (β ⊙ v)⊤Lvx ⇐⇒ λ̃⊤

F = λ⊤ − λ̃⊤
D,

where the last equality holds due to definitions of λ̃D and λ̃F in equation (16).858

L.3. Output strictly increases in money supply859

Lemma L.1 (aggregate output increases in money supply). In the sticky-price equilibrium where δi > 0 for860

all i ∈ {1, 2, · · · , N}, for any realized state ξ ∈ Ξ, a rise in M̂ strictly increases Ĉ(ξ) up to the first-order861

approximation.862

Proof of Lemma L.1. Up to the first-order approximation, given the shock to the money supply M̂ , we have863

the following five conditions: (i) decomposition of CPI in equation (K.19):864

P̂C = (β ⊙ v)⊤P̂+ [β ⊙ (1− v)]⊤1Ŝ +Υ⊤
1 ξ̂ + o(∥M̂∥);
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(ii) the determination of the exchange rate in equation (K.27):865

(1− λ̃⊤
Dα)(P̂C − Ŝ + Ĉ) = [λ⊙ (1− α̃)]⊤ µ̂− (ρES ⊙ α̃+ λEX)

⊤(P̂− 1Ŝ) +Υ⊤
2 ξ̂ + o(∥M̂∥);

(iii) the sectoral Phillips curves in equation (L.17):866

P̂ = BĈ +Υ3ξ̂ + o(∥M̂∥);

(iv) the relationship of sectoral markup wedges and inflation in equation (J.39):867

µ̂ = −(∆−1 − I)P̂+ o(∥M̂∥);

(v) the money demand equation (2.3):868

M̂ = P̂C + Ĉ.

Combining the above five equations yields the following:869

Ĉ =
β⊤v +M⊤

P1

(1 +M⊤
P1)[1 + (β ⊙ v)⊤B] + (1− β⊤v)

[
(∆−1 − I)λ⊙(1−α̃)

1−λ̃⊤
Dα

+MP

]⊤
B
M̂

+Υ⊤ξ̂ + o(∥M̂∥), (L.20)

where vector Υ is a linear combination of {Υi}i=1,2,3 and Mp ≡ (1 − λ̃⊤
Dα)−1(ρES ⊙ α̃ + λEX). In870

particular, we need δi > 0 for all i ∈ {1, 2, · · · , N} to ensure that the slopes B of the sectoral Phillips871

curves will be finite.872

M. Proofs of the theoretical results in Section 5873

This appendix derives the welfare loss up to the second-order approximation, from which we derive the874

analytical solution of the optimal monetary policy by solving a linear-quadratic programming problem.875

M.1. Proof of Proposition 4: welfare loss up to the second-order approximation876

Step 1: Decompose the welfare loss into labor wedge and efficiency wedge components. Approximating877

the utility function around the flexible-price equilibrium up to the second-order approximation yields:878

u− uflex = uflex
C Cflex

[
Ĉgap − σ − 1

2
(Ĉgap)2

]
+ uflex

L Lflex
[
L̂gap +

φ+ 1

2
(L̂gap)2

]
+ o(∥ξ̂∥2). (M.1)

Substituting into equation (M.1) the optimality condition of labor supply −uflex
L /uflex

C = W flex/P flex
C , the879

approximation of labor share Λflex
L ≡ (W flexLflex)/(P flex

C Cflex) = ΛL + O(∥ξ̂∥), and the approximation880
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of the coefficient uflex
C Cflex =

(
Cflex

)1−σ
= 1 +O(∥ξ̂∥) under normalization Css = 1, yields:881

Combined with Definition B.1 and Proposition B.1 on efficiency and labor wedges, equation (M.1)882

becomes883

u(ξ)− uflex(ξ) = Âagg(ξ)− Âflex
agg (ξ)︸ ︷︷ ︸

efficiency wedge component

−1

2

[
σ − 1 + (φ+ 1)/ΛL

]−1
Γ̂L(ξ)

2︸ ︷︷ ︸
labor wedge component

+ o(∥ξ̂∥2).

Step 2: Derive the second-order approximation of the labor wedge and introduce the equivalent economy.884

Combining equation (B.5) in Proposition B.1 and equation (21) in Theorem 1 yields a quadratic form of the885

labor wedge component in terms of markup wedge µ̂(ξ):886

[
σ − 1 + (φ+ 1)/ΛL

]−1
Γ̂L(ξ)

2 = κ−2
C

[
σ − 1 + (φ+ 1)/ΛL

]
µ̂(ξ)⊤M⊤

OGMOGµ̂(ξ) + o(∥ξ̂∥2). (M.2)

To facilitate the derivation of the efficiency wedge component, we construct an equivalent economy with887

sectoral markup wedges. For the sticky-price equilibrium under realized shocks ξ̂, the equivalent economy888

satisfies all of the equilibrium conditions in Definition 1 except that in condition (ii), the markups of sticky-889

price firms, µif , are derived from 1− δi + δiµ
1−θi
if = µi(ξ)

1−θi , where µ̂i(ξ) is the markup wedge of sector890

i in the sticky-price equilibrium. Therefore, the constructed economy has identical allocations, prices, and891

welfare loss as the sticky-price equilibirum for any realized shock ξ̂, and thus we refer to it as the equivalent892

economy. With slight abuse of notation, in the remainder of this subsection, we express the utility and other893

sector-level allocations and prices in the equivalent economy as functions of µ̂(ξ) and ξ̂, using the same894

function names as in the sticky-price equilibirum (e.g., u(µ̂(ξ), ξ̂) and C(µ̂(ξ), ξ̂)).895

The equivalent economy enables us to express the welfare loss of the original economy as a function of896

only sectoral markup wedges, using the following lemma.897

Lemma M.1. Let µ̂(ξ) be the sectoral markup wedges in the sticky-price equilibrium under realized shocks898

ξ̂. Up to the second-order approximation, the welfare loss in the sticky-price equilibrium under any shock899

ξ̂ is equal to the welfare loss in the equivalent economy under the same sectoral markup wedges µ̂(ξ) but900

absent of all shocks, viz,901

u(µ̂(ξ), ξ̂)− u(0, ξ̂) = u(µ̂(ξ),0)− u(0,0) + o(||ξ̂||2) = µ̂(ξ)⊤Lu
µµµ̂(ξ) + o(||ξ̂||2). (M.3)

which is, therefore, a function of only sectoral markup wedges µ̂(ξ).902

To prove Lemma M.1, consider the following second-order approximation of the welfare loss:903

u(µ̂(ξ), ξ̂)− u(0, ξ̂) = µ̂(ξ)⊤Lu
µµµ̂(ξ) + ξ̂⊤Lu

ξµµ̂(ξ) + ξ̂⊤Lu
ξξξ̂ + o(||ξ̂||2). (M.4)

Because the allocation in the flexible-price equilibrium is the solution to the domestic social planner’s prob-904
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lem, the welfare is maximized at µ̂(ξ) = 0 and u(µ̂(ξ), ξ̂) ≤ u(0, ξ̂) for any realized shocks ξ̂. First,905

because the welfare is maximized at µ̂(ξ) = 0, the derivative of the RHS of equation (M.4) with respect906

to µ̂ equals 0 at µ̂(ξ) = 0 for any realized shocks ξ̂, requiring Lu
ξµ = 0. Second, we also have Lu

ξξ = 0.907

Otherwise, there exists some realized shocks ξ̂ such that the RHS of equation (M.4) is strictly positive or908

negative at µ̂(ξ) = 0 (i.e., |ξ̂⊤Lu
ξξξ̂| > 0), which contradicts u(0, ξ̂)−u(0, ξ̂) = 0. Therefore, we conclude909

that Lu
ξµ = 0 and Lu

ξξ = 0, and the RHS of equation (M.4) degenerates to µ̂(ξ)⊤Lu
µµµ̂(ξ), which proves910

the second equality in equation (M.4) of Lemma M.1.911

Based on Lemma M.1, we derive the original welfare loss u(µ̂(ξ), ξ̂)−u(0, ξ̂) by deriving the equivalent912

u(µ̂(ξ),0) − u(0,0) with the sectoral markup wedges µ̂(ξ) resulting from shocks ξ̂ in the sticky-price913

equilibrium. In particular, because both the welfare loss in equation (M.3) and the labor wedge component914

in equation (M.2) are quadratic functions of only sectoral markup wedges µ̂(ξ), the efficiency wedge —as915

the remaining component of the welfare loss— is also a quadratic form of only sectoral markup wedges.916

Therefore, we arrive at the following:917

Âagg(ξ)− Âflex
agg (ξ) = Âagg(µ̂(ξ), ξ̂)− Âagg(0, ξ̂) = Âagg(µ̂(ξ),0)− Âagg(0,0) + o(||ξ̂||2)

= Ĉ(µ̂(ξ),0)− Λflex
L (0)L̂(µ̂(ξ),0) + o(||ξ̂||2) = Ĉ(µ̂(ξ),0)− ΛLL̂(µ̂(ξ),0) + o(||ξ̂||2),

where the first equality holds because the allocation in the sticky-price equilibrium that is free of markup918

wedges is equivalent to those in the flexible-price equilibrium, under the same exogenous shocks —i.e.,919

Âflex
agg (ξ) = Âagg(0, ξ̂).920

For simplicity of notation, in the remainder of this subsection, we denote µ̂(ξ) by µ̂ and ignore the entry921

of 0 for any function in the equivalent economy with sectoral markup wedges µ̂ but no realized shocks —922

e.g., Ĉ(µ̂)− ΛLL̂(µ̂) ≡ Ĉ(µ̂(ξ),0)− ΛLL̂(µ̂(ξ),0).923

With the above simplifying notation, for any variable x, we have x̂(0) = 0 when all sectoral markup924

wedges are set to zero to represent both the flexible-price equilibrium and the steady state, leading to925

x̂(µ̂) = x̂(µ̂)− x̂(0) ≡ x̂(µ̂(ξ),0)− x̂(0,0). Up to the first-order approximation, x̂(µ̂(ξ),0)− x̂(0,0) =926

x̂(µ̂(ξ), ξ)− x̂(0, ξ)+o(||ξ̂||) = x̂gap(ξ)+o(||ξ̂||). Thus, in the remaining proof of this section, we replace927

x̂gap(ξ) with x̂(µ̂) whenever only first-order approximation is used.928

We also introduce, for any variable x, the notation of ∆̂x that denotes the percentage deviation of x from929

its steady state, compared to the log deviation of x from its steady state x̂.930

Step 3: Derive the second-order approximation of the efficiency wedge component. In the equivalent econ-931

omy without realized shocks, we express the efficiency wedge component in terms of the percentage devia-932

tions of different variables from their steady states as follows:933

Ĉ(µ̂)− ΛLL̂(µ̂) = ∆̂C(µ̂)− ΛL∆̂L(µ̂) +
1

2
ΛL(1− ΛL)L̂(µ̂)

2 + o(||µ̂||2). (M.5)
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The equivalent economy satisfies the conditions (J.1)-(J.7) of the feasible allocation in Definition J.1. There-934

fore, the terms in equation (M.5) satisfy the following equations up to the second-order approximation:935

∆̂C(µ̂) =
n∑

i=1

βi∆̂Ci(µ̂)−
1

2

n∑
i=1

βi

(
∆̂Ci(µ̂)− ∆̂C(µ̂)

)2
+ o(||µ̂||2), (M.6)

∆̂Yi(µ̂) = ι̂i(µ̂) + αi∆̂Li(µ̂) +
n∑

j=1

ωi,j∆̂Xi,j(µ̂) (M.7)

− 1

2

[
αi

(
∆̂Li(µ̂)− ∆̂Yi(µ̂)

)2
+

n∑
j=1

ωi,j

(
∆̂Xi,j(µ̂)− ∆̂Yi(µ̂)

)2]
+ o(||µ̂||2),

∆̂Ci(µ̂) = vi∆̂CHi(µ̂) + (1− vi)∆̂CFi(µ̂) (M.8)

− vi(1− vi)

2θi

(
∆̂CHi(µ̂)− ∆̂CFi(µ̂)

)2
+ o(||µ̂||2),

∆̂Xi,j(µ̂) = vx,i,j∆̂XHi,Hj(µ̂) + (1− vx,i,j)∆̂XHi,Fj(µ̂) (M.9)

− vx,i,j(1− vx,i,j)

2θj

(
∆̂XHi,Hj(µ̂)− ∆̂XHi,Fj(µ̂)

)2
+ o(||µ̂||2),

ΛL∆̂L(µ̂) =
n∑

i=1

λiαi∆̂Li(µ̂), (M.10)

λi∆̂Yi(µ̂) = βivi∆̂CHi(µ̂) +
n∑

j=1

λjωj,ivx,j,i∆̂XHj,Hi(µ̂) + λEX,i∆̂YEX,i(µ̂), (M.11)

λEX∆̂EX(µ̂) =
n∑

i=1

λEX,i∆̂YEX,i(µ̂)−
1

2

n∑
i=1

λEX,i

θF,i
∆̂YEX,i(µ̂)

2 + o(||µ̂||2) (M.12)

=
n∑

i=1

[
βi(1− vi)∆̂CFi(µ̂) +

n∑
j=1

λjωj,i(1− vx,j,i)∆̂XHj,F i(µ̂)
]
.

Combining equations (M.5)-(M.12) eliminates all first-order terms following the same proof of Proposition936

B.1, and further applying equality ∆̂x(µ̂) = x̂(µ̂) + o(||µ̂||) to all square terms yields:937

Ĉ(µ̂)− ΛLL̂(µ̂) = (M.13)

−
n∑

i=1

λiι̂i(µ̂)

}
within-sector misallocation

− 1

2

n∑
i=1

βi

[
Ĉi(µ̂)− Ĉ(µ̂)

]2
− 1

2

n∑
i=1

λiαi

[
L̂i(µ̂)− Ŷi(µ̂)

]2
− 1

2

n∑
i=1

n∑
j=1

λiωi,j

[
X̂i,j(µ̂)− Ŷi(µ̂)

]2


across-sector misallocation
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− 1

2

n∑
i=1

βi

θi
vi(1− vi)

[
ĈHi(µ̂)− ĈFi(µ̂)

]2
− 1

2

n∑
i=1

n∑
j=1

λiωi,j

θj
vx,i,j(1− vx,i,j)

[
X̂Hi,Hj(µ̂)− X̂Hi,Fj(µ̂)

]2
− 1

2

n∑
i=1

λEX,i

θF,i
ŶEX,i(µ̂)

2

+
1

2
ΛL(1− ΛL)L̂(µ̂)

2



cross-border misallocation

+ o(∥µ̂∥2).

The within-sector misallocation has the same expression as in Rubbo (2023) viz.:938

−
n∑

i=1

λiι̂i(µ̂) = −1

2

n∑
i=1

λiεi
δi

1− δi
µ̂2
i + o(∥µ̂∥2). (M.14)

Replacing x̂(µ̂) with x̂gap(ξ) for all variables x in equation (M.13) and combining it with equations (M.14),939

(J.38), and (J.39) yield the RHS of equations (40), (41), and (42) in Proposition 4, which completes the940

main part of the proof.941

Step 4: Express the efficiency wedge component in square terms of sectoral inflation. Rearranging equation942

(K.24) in Appendix K.4 yields:943

Ŵ gap(ξ)− Ŝgap(ξ) =
(σ + φ/ΛL)Ĉ

gap(ξ) +
∑n

k=1 λ̃D,kµ̂k(ξ)

1−
∑

k λ̃D,kαk

+ o(∥ξ̂∥).

The scalar form of equation (K.18) implies that:944

P̂ gap
i (ξ)− Ŝgap(ξ) = α̃i

(
Ŵ gap(ξ)− Ŝgap(ξ)

)
+

n∑
k=1

ℓvx,i,kµ̂k(ξ) + o(∥ξ̂∥), (M.15)

P̂ gap
i (ξ)− Ŵ gap(ξ) = −(1− α̃i)

(
Ŵ gap(ξ)− Ŝgap(ξ)

)
+

n∑
k=1

ℓvx,i,kµ̂k(ξ) + o(∥ξ̂∥), (M.16)

P̂ gap
i (ξ)− P̂ gap

j (ξ) = (α̃i − α̃j)
(
Ŵ gap(ξ)− Ŝgap(ξ)

)
+

n∑
k=1

(ℓvx,i,k − ℓvx,j,k)µ̂k(ξ) + o(∥ξ̂∥). (M.17)

Denote the consumer price of sector i goods by945

Pci ≡
(
viP

1−θi
i + (1− vi)(S · P ∗

IM,F i)
1−θi
) 1

1−θi .
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Using equation (K.23) in Appendix K.4, the difference between the gaps of the consumer price of sector i946

goods and the CPI is equal to:947

P̂ gap
ci (ξ)− P̂ gap

C (ξ)

= vi
(
P̂ gap
i (ξ)− Ŵ gap(ξ)

)
+ (1− vi)

(
Ŝgap(ξ)− Ŵ gap(ξ)

)
+ (Ŵ gap(ξ)− P̂ gap

C (ξ)) + o(∥ξ̂∥)

= vi
(
P̂ gap
i (ξ)− Ŵ gap(ξ)

)
+ (1− vi)

(
Ŝgap(ξ)− Ŵ gap(ξ)

)
+ (σ + φ/ΛL)Ĉ

gap(ξ) + o(∥ξ̂∥). (M.18)

We can replace the terms of allocation gaps on the RHS of equations (41) and (42) in Proposition 4 with948

the relative price gaps on the LHS of equations (M.15)-(M.18) according to the following equations:949

Ĉgap
i (ξ)− Ĉgap(ξ) = −

(
P̂ gap
ci (ξ)− P̂ gap

C (ξ)
)
+ o(∥ξ̂∥),

L̂gap
i (ξ)− Ŷ gap

i (ξ) = −
(
Ŵ gap(ξ)− P̂ gap

i (ξ)
)
− µ̂i(ξ) + o(∥ξ̂∥),

X̂gap
i,j (ξ)− Ŷ gap

i (ξ) = −
(
P̂ gap
j (ξ)− P̂ gap

i (ξ)
)
− µ̂i(ξ) + o(∥ξ̂∥),

Ĉgap
Hi (ξ)− Ĉgap

F i (ξ) = −θi
(
P̂ gap
i (ξ)− Ŝgap(ξ)

)
+ o(∥ξ̂∥),

X̂gap
Hi,Hj(ξ)− X̂gap

Hi,F j(ξ) = −θi
(
P̂ gap
i (ξ)− Ŝgap(ξ)

)
+ o(∥ξ̂∥),

Ŷ gap
EX,i(ξ) = −θFi

(
P̂ gap
i (ξ)− Ŝgap(ξ)

)
+ o(∥ξ̂∥).

Further combining the above equation with equation (B.4) in Proposition B.1, equation (21) in Theo-950

rem 1, and equation (J.39), we can express each of the RHS of equations (40), (41), and (42) in Propo-951

sition 4 as a square term of sectoral inflation, viz., −1
2
P̂(ξ)⊤LwithinP̂(ξ), −1

2
P̂(ξ)⊤LacrossP̂(ξ), and952

−1
2
P̂(ξ)⊤LcbP̂(ξ), respectively, which are the LHS of equations (40), (41), and (42) in Proposition 4.953

Efficiency wedge component of welfare loss in closed economies. In closed economies à la La’O and954

Tahbaz-Salehi (2022) and Rubbo (2023), vi = vx,i,j = ΛL = 1, λEX,i = 0, MOG,i = λ̃D,i = λi, and955

ℓvx,i,j reduces to ℓi,j . The cross-border misallocation disappears, and equation (M.13) reduces to the follow-956

ing expression:957

Ĉ(µ̂)− L̂(µ̂)

= −1

2

n∑
i=1

λiεi
δi

1− δi
µ̂2
i −

1

2

n∑
i=1

βi

[
Ĉi(µ̂)− Ĉ(µ̂)

]2
− 1

2

n∑
i=1

λiαi

[
L̂i(µ̂)− Ŷi(µ̂)

]2 − 1

2

n∑
i=1

n∑
j=1

λiωi,j

[
X̂i,j(µ̂)− Ŷi(µ̂)

]2
+ o(∥µ̂∥2).

The mappings from sectoral markup wedges into allocations in the equivalent economy reduce to:958

Ĉi(µ̂)− Ĉ(µ̂) = P̂C(µ̂)− P̂i(µ̂) =
n∑

k=1

(λk − ℓi,k)µ̂k + o(∥µ̂∥),
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L̂i(µ̂)− Ŷi(µ̂) = P̂i(µ̂)− Ŵ (µ̂)− µ̂i =
n∑

k=1

ℓi,kµ̂k − µ̂i + o(∥µ̂∥),

X̂i,j(µ̂)− Ŷi(µ̂) = P̂i(µ̂)− P̂j(µ̂)− µ̂i =
n∑

k=1

(ℓi,k − ℓj,k)µ̂k − µ̂i + o(∥µ̂∥).

Accordingly, we derive the same efficiency wedge component of welfare loss for closed economies as in959

Rubbo (2023), viz.:960

Ĉ(µ̂)− L̂(µ̂) = −1

2

n∑
i=1

λiεi
δi

1− δi
µ̂2
i −

1

2

n∑
i=1

λiµ̂
2
i −

n∑
i=1

n∑
j=1

λiℓi,jµ̂iµ̂j +
1

2

( n∑
i=1

λiµ̂i

)2
+ o(∥µ̂∥2).

(M.19)

We further follow La’O and Tahbaz-Salehi (2022) to introduce the pricing error {ei}i and link them to961

sectoral markup wedges as below:962

ei =
n∑

j=1

ℓi,jµ̂j, µ̂i = ei −
n∑

j=1

ωi,jej,
∑
j

βjej =
n∑

i=1

λiµ̂i. (M.20)

Combining equations (M.20) and (M.19), we derive the same efficiency wedge component of welfare loss963

for closed economies as in Rubbo (2023), viz.:964

Ĉ(µ̂)− L̂(µ̂) = −1

2

n∑
i=1

λiεi
δi

1− δi
µ̂2
i −

1

2
xvar0(e) +

1

2

n∑
i=1

λi xvari(e) + o(∥µ̂∥2),

where xvar0(e) and xvari(e) are the same short-hand notations as in La’O and Tahbaz-Salehi (2022), viz.:965

xvar0(e) =
n∑

j=1

βje
2
j −

( n∑
j=1

βjej

)2
, and

xvari(e) =
n∑

j=1

ωi,je
2
j −

( n∑
j=1

ωi,jej

)2
, for i ∈ {1, 2, · · · , n}.

M.2. Proof of Propositions 5 and H.1: The optimal monetary policy966

The optimal monetary policy maximizes the welfare loss (up to the second-order approximation) in967

equation (39) subject to the sectoral Phillips curves (up to the first-order approximation) in equation (34):968

max
Ĉgap,P̂

{
− 1

2

(
σ − 1 +

φ+ 1

ΛL

)
Ĉgap(ξ)2 − 1

2
P̂⊤LP̂

}
s.t. P̂(ξ) = BĈgap(ξ) + V ξ̂,
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where L ≡ (Lwithin + Lacross + Lcb). Denote η the vector of multipliers for the constraint of sectoral969

Phillips curves. The first-order conditions with respect to Ĉgap and P̂, respectively, are:970

−
[
σ − 1 + (φ+ 1)/ΛL

]
Ĉgap(ξ) + η⊤B = 0, (M.21)

−LP̂(ξ)− η = 0. (M.22)

Substituting equation (M.22) into equation (M.21) to eliminate η yields:971

[
σ − 1 + (φ+ 1)/ΛL

]
Ĉgap(ξ) +B⊤LP̂(ξ) = 0. (M.23)

Substituting equations (21) and (20) from Section 3 into equation (M.23) yields:972 {[
σ − 1 + (φ+ 1)/ΛL

]
κ−1
C M⊤

OG(∆
−1 − I) +B⊤L

}
P̂(ξ) = 0.

Substituting the sectoral Phillips curves in equation (34) in equation (M.23) yields:973

[
σ − 1 + (φ+ 1)/ΛL +B⊤LB

]
Ĉgap(ξ) +B⊤LV ξ̂ = 0.

974
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