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Abstract

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.

Keywords: production networks, small open economy, Phillips curve, monetary policy, inflation targeting.
JEL: C67,ES52, F41.

1. Introduction

Modern production revolves around intricate input-output (I0) relations within domestic firms and be-
tween domestic and foreign firms, and the position and import-export intensity of each domestic firm along
the production networks are critical for an economy’s response to shocks and the efficacy of stabilizing
economic policies. Disruptions to the global supply chain during trade tensions between China and the US
since the introduction of the “China Section 301-Tariff Actions” in 2018, the COVID-19 pandemic, and at

the outset of the Trump administration’s trade actions in 2025 exemplify the primal role of international

2Corresponding author. E-mail address:francesco.zanetti @economics.ox.ac.uk. Telephone: +44-(0)-1865-271-956. Address:
University of Oxford, Department of Economics, Manor Road, Oxford, OX1 3UQ, UK.
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input-output linkages for the changes in output and prices and the stance of monetary policy.

Yet, there is no systematic research focused on the design of monetary policy in open economies with
both cross-border and input-output relations —despite two strands of literature providing distinct insights
on the issue. On the one hand, in a one-sector small open economy (SOE) model with nominal price
rigidities and without input-output relations as per Gali and Monacelli (2005), the optimal monetary policy
stabilizes domestic inflation, taking into account the terms of trade. On the other hand, in a multi-sector
closed economy with IO linkages as per Rubbo (2023), the monetary policy closing the output gap should
target a weighted average of sectoral inflation with the weights proportional to Domar weights (i.e., sectoral
sales-to-GDP ratio) to account for the propagation of sectoral distortions along input-output linkages.

In light of these separate findings, it remains unknown what the policy prescription should be for a
monetary authority that operates in an open, multi-sector economy with both input-output and cross-border
relations between firms. Our paper sheds light on this outstanding issue by revealing the separate roles
of input-output and cross-border linkages in the design of monetary policy, and studying the pitfalls of
monetary policy that disregards either type of linkages.

We study these issues by developing a small open economy model with production networks between
domestic and foreign sectors that are subject to nominal rigidities. Our model combines the one-sector open
economy framework in Gali and Monacelli (2005) with the multi-sector, production network framework
similar to Rubbo (2023), La’O and Tahbaz-Salehi (2022), and Ghassibe (2021b). In our multi-sector econ-
omy with nominal rigidities, inflation in the different sectors relates to sectoral markup wedges that prevent
attainment of allocations in the flexible-price equilibrium. The cross-border and input-output linkages fur-
ther propagate these sectoral markup wedges throughout the economy, resulting in the output gap —defined
as the difference between the aggregate output in the sticky-price and the flexible-price equilibria.

We show that the output gap is proportional to a weighted average of sectoral markup wedges. The
weight assigned to a sector’s markup wedge —which we call the sectoral OG weight— crucially depends
on the interplay of cross-border and input-output linkages. The size of the sectoral OG weight is determined
by three channels that rely on the distinct roles of the sector for the aggregate output in the network economy:
(i) the Consumer Price Index (CPI), (ii) the expenditure-switching, and (iii) the profit channels. While the
CPI channel is also present in closed economies, the expenditure-switching and profit channels are unique
to open economies.*

In the CPI channel, negative sectoral markup wedges are associated with a lower CPI than in the flexible-
price equilibrium. The negative CPI gap links to a positive output gap through a higher real wage that in-
creases domestic labor supply and a higher real exchange rate (i.e., a depreciation of the domestic currency)

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

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.
“The 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 foreign
products and induces a switching of domestic and foreign expenditures from foreign to domestic goods,
thereby increasing domestic labor income and relating to a positive output gap. The profit channel com-
prises two sub-channels of export profit and imported factor, respectively. In the export profit sub-channel,
negative sectoral markup wedges lower the domestic prices that are the (opportunity) costs of exported
goods, thereby increasing export profits and relating to a positive output gap. In the imported factor sub-
channel, negative sectoral markup wedges raise domestic sectors’ imported-factor costs relative to sales,
thus reducing producers’ profits and linking to a negative output gap.

The sizes of the three foregoing channels are determined by the different roles of the sector in the
open-economy input-output network as a supplier of inputs to both domestic and foreign demand, as well
as a customer for domestic labor inputs —which we measure using different sectoral relevance metrics.
Because the CPI is the price of aggregate output, the size of the CPI channel is determined by the sector’s
direct and indirect (via the downstream sectors) contribution to domestic aggregate output as a supplier
of inputs —which we measure using the sectoral fotal content in domestic consumption. The size of the
expenditure-switching channel —measured by the sectoral generalized expenditure-switching elasticity—
is proportional to three components: (i) the direct and indirect (via downstream sectors) impacts of sectoral
markup wedges on domestic sectors’ prices; (ii) the impacts of domestic sectors’ prices on the domestic and
foreign expenditures on domestic goods —which we measure using the expenditure-switching elasticity;
and (iii) the sector’s direct and indirect (via upstream sectors) use of domestic labor factor —which we
measure using the sectoral total content of domestic labor.’> The size of the export profit sub-channel is
proportional to two components: (1) the direct and indirect (via downstream sectors) impacts of sectoral
markup wedges on domestic sectors’ prices, and (ii) the share of the sector’s export value in domestic
output. Finally, the size of the imported factor sub-channel is also proportional to two components: (i) the
share of the sector’s sales in domestic output (i.e., the sectoral Domar weight), and (ii) the sector’s direct
and indirect (via upstream sectors) use of imported intermediate inputs —measured by the sectoral total
content of foreign factor.

Our sectoral relevance metrics and OG weights encompass those in the closed economy framework with
production networks a la Rubbo (2023) and La’O and Tahbaz-Salehi (2022), showing that the OG weight is
equal to the total content in domestic consumption and the Domar weight in closed economies that abstract
from cross-border linkages, where the expenditure-switching and profit channels are absent.

Using the sectoral OG weights that link sectoral markup wedges to the output gap, we derive the divine
coincidence Phillips curve (DC Phillips curve), which links the output gap to an aggregate inflation index —

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

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 of
domestic sectoral inflation, with each sector’s relative weight given by its normalized sectoral OG weight.
This normalized OG weight equals the product of a sector’s OG weight and its price rigidity —which
links positive sectoral inflation to the negative sectoral markup wedge— divided by a normalizer given by
the sum of price-rigidity-adjusted sectoral OG weights. While the normalized OG weights determine the
relative sectoral weights in the DC index, the sum of price-rigidity-adjusted sectoral OG weights is inversely
related to the slope of the DC Phillips curve and determines its size through the different channels in the
OG weight. At the sector level, the sectoral Phillips curves include both output-gap and cost-push driven
inflation, similar to those in closed economies with production networks.

We show that the slopes of the DC and the sectoral Phillips curves in open relative to closed economies
depend on the balance between two main countervailing forces: (i) in the CPI channel, the domestic sectors’
content in domestic consumption is smaller in open than in closed economies, reducing the elasticity of
the output gap to domestic inflation and thereby producing a steeper slope in open economies; and (ii)
the positive expenditure-switching channel, present only in open economies, increases the elasticity of the
output gap to domestic inflation and hence produces a flatter slope in open economies.

The DC Phillips curve implies that the monetary policy of output gap targeting can be implemented
by targeting the DC index to zero. Accordingly, we examine how cross-border and input-output linkages
determine output gap targeting through their influence on the normalized OG weights in the DC index, fo-
cusing on the pitfalls of two alternative output gap targeting policies: (i) one that abstracts from input—output
linkages, as in the one-sector small open economy literature, and (ii) one that abstracts from cross-border
linkages and targets the closed-economy DC index based on normalized Domar weights —i.e., the Producer
Price Index (PPI) targeting policy in closed economies with production networks a la Rubbo (2023).°

In the one-sector SOE model —which abstracts from input-output linkages— output gap targeting is
the optimal monetary policy, as it simultaneously stabilizes domestic inflation, consistent with the “divine
coincidence” result in Gali and Monacelli (2005). However, in the one-sector SOE literature, output gap
targeting is implemented by targeting the PPI inflation, which weights sectoral inflation by sectoral sales —
proportional to the Domar weights rather than our OG weights. We contribute to this literature by deriving
the appropriate sectoral weights in the domestic aggregate inflation index needed to close the output gap,
which differ from the PPI weights and account for the interplay of cross-border and input—output linkages.

Output gap targeting that abstracts from cross-border linkages adopts normalized Domar rather than OG
weights, and it can overemphasize the relevance of a domestic sector’s inflation for the (domestic) output
gap. This is because in open economies, a sector’s Domar weight is proportional to its fotal sales —which

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

For 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.



1e  foreign demand. Output gap targeting that abstracts from cross-border linkages can also underestimate the
120 relevance of a domestic sector’s inflation by ignoring its effect on domestic-to-foreign prices and, in turn,
121 on the demand for domestic products and labor (i.e., by neglecting the expenditure-switching channel).

122 Overall, we find that output gap targeting policies both used in the one-sector SOE literature and disre-
123 garding cross-border linkages are equivalent to the PPI targeting —which uses normalized Domar instead
124 of OG weights. The extent to which the PPI targeting over- or under-emphasizes the relevance of a sec-
125 tor’s inflation depends on the quantitative strength of the aforementioned countervailing sectoral forces for
126 a sector relative to the other sectors. This theoretical possibility motivates our quantitative analysis, which
127 calibrates the model to major economies based on data from the World Input-Output Database (WIOD) to
128 assess the different channels across different economies.

129 We derive the welfare loss function and the resulting optimal monetary policy in our small open economies
130 with production networks. We show that the welfare loss (up to the second-order approximation) comprises
131 the losses from the output gap misallocation and the within- and across-sector misallocation —similar to
132 those in closed economies a la La’O and Tahbaz-Salehi (2022) and Rubbo (2023)— as well as the cross-
133 border misallocation that is unique to the open economy. The optimal monetary policy —which minimizes
13 the welfare loss subject to the sectoral Phillips curves— cannot simultaneously eliminate the output gap, the
135 within- and across-sector, and the cross-border misallocations, and thus needs to trade off among them. In
13 other words, the “divine coincidence” that holds in one-sector SOEs a la Gali and Monacelli (2005) breaks
137 down in our multi-sector SOEs.

138 Input-output and cross-border linkages enter the welfare loss function and, therefore, play an important
130 role in optimal monetary policy. In one-sector SOEs without input—output linkages, only within-sector and
120 cross-border misallocations remain, and the output gap is proportional to domestic inflation, making welfare
141 loss proportional to the squares of domestic inflation and hence achieving the divine coincidence as in Gali
1.2 and Monacelli (2005). In multi-sector closed economies without cross-border linkages, the cross-border
123 misallocation in the welfare loss function is absent.

144 To quantify the relevance of the different channels and countervailing forces in our model for the DC
15 Phillips curve and the relative sectoral weights in the DC index, as well as to determine the welfare differ-
146 ences across alternative monetary policies, we calibrate the model to the data from the WIOD comprising
147 43 countries with 56 major sectors for the year 2014. We show that both the DC and sectoral Phillips curves
s are steeper in open economies relative to closed economies. The steeper slopes are mainly driven by the
129 smaller domestic sectors’ contents in domestic consumption in open than closed economies, which reduces
150 the CPI channel across all sectors and steepens the Phillips curves.

151 We show that the CPI and expenditure-switching channels explain the bulk of the variation in the normal-
12 1zed OG weights, with the importance of these two channels decreasing and increasing with the openness
153 of the economy, respectively. The percentage difference between the normalized Domar and OG weight

15 —which captures the pitfalls in the output gap targeting that disregards cross-border linkages— is primar-
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ily driven by the sector’s export intensity component —which captures the sector’s direct and indirect (via
downstream sectors) contribution to exports— and the expenditure-switching component.

We use regression analysis to study the rule-of-thumb combinations of sectoral relevance metrics to
approximate the normalized sectoral OG weights. We show that the normalized sectoral OG weights can
be closely approximated by a linear combination of total content in domestic consumption and generalized
expenditure-switching elasticity. We also reveal that the normalized Domar-OG differences —capturing the
pitfall in the output gap targeting that disregards cross-border linkages, or equivalently, the PPI targeting
policy in the one-sector SOE literature— can be closely approximated by a linear combination of export
intensity and ratio of generalized expenditure-switching elasticity to the Domar weight. Therefore, our
regression analysis implies that output gap targeting should assign larger weights to inflation in sectors that
supply more inputs directly or indirectly (i.e., via the downstream sectors) to domestic consumption, and
that face larger expenditure-switching effects. Disregarding cross-border linkages or treating the economy
as a one-sector SOE overstates inflation in sectors that export intensively —directly and indirectly— and
understates inflation in sectors facing large expenditure-switching effects.

Finally, we compare the welfare under alternative monetary policies, showing that output gap targeting
is close to the optimal monetary policy —as in closed economies with production networks a la Rubbo
(2023)— and it outperforms three alternatives: (i) the PPI targeting that targets the aggregate inflation index
using normalized Domar weights (and therefore abstracts from the cross-border linkages); (ii) the output
gap targeting that accounts for cross-border but abstracts from input-output linkages; and (iii) the CPI tar-
geting that targets the aggregate inflation index using normalized CPI weights (and thus abstracts from both
cross-border and input-output linkages). For instance, in Mexico, output gap targeting outperforms the PPI
targeting and output gap targeting that ignores 1O linkages by 67% and 99%, respectively, toward the opti-
mal monetary policy in terms of welfare. In the more open economy of Luxembourg, welfare improvements
by output gap targeting are larger at 95% and 99%, respectively. In the relatively closed economy of the US,
however, the welfare difference between the output gap and PPI targeting is limited, indicating that inter-
national trade plays a minor role in monetary policy design for countries with low openness. Accordingly,
our quantitative analysis underscores the importance of accounting for both input—output and cross-border

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

Related literature. Our paper is related to four separate strands of literature. First, we relate to literature
on the design of monetary policy in closed economies with production networks. Rubbo (2023), La’O and
Tahbaz-Salehi (2022), and Xu and Yu (2025) show that in closed economies, output gap targeting is nearly
optimal, and that it weights inflation in the different sectors according to the sectoral Domar weights that
account for the structure of the domestic production network. La’O and Tahbaz-Salehi (2025) study the
optimal fiscal and monetary policies in a closed economy. Compared to the foregoing studies, we show that
output gap targeting in open economies is nearly optimal as in closed economies, but it needs to account for

the interplay between cross-border and input-output linkages.

6
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Second, our paper relates to literature that investigates the aggregation of sectoral distortions and shocks.
Chari et al. (2007) use labor and efficiency wedges to characterize the aggregation of disaggregated shocks
and distortions. Acemoglu et al. (2012) show that with input—output linkages, idiosyncratic microeconomic
shocks can propagate into aggregate fluctuations. Bigio and La’O (2020) extend that analysis to study a
closed economy with production networks; they reveal that the efficiency wedge does not include first-order
distortions and that only the labor wedge is critical to first-order economic efficiency. We generalize their
results to an open economy with international production networks. Bagaee and Farhi (2024) study distor-
tions in a global economy with interconnected countries and sectors. Elliott and Jackson (2024) examine
the propagation of supply chain disruption in international production networks. Compared to their work,
we investigate the distortions in SOEs and focus on the design of monetary policy.

Third, our paper relates to literature on the transmission of monetary policy in production networks.
Ghassibe (2021a,b) and Afrouzi and Bhattarai (2023) develop an analytical characterization of the trans-
mission mechanism of monetary policy in closed economies with production networks. Nakamura and
Steinsson (2010) and Pasten et al. (2020) provide a numerical characterization of the effect of monetary
policy on aggregate output and inflation. Silva (2024) explores how the production network alters the prop-
agation of sectoral shocks into the consumer price index in small open economies. Kalemli-Ozcan et al.
(2025) develop a New Keynesian open economy model incorporating global production networks and trade
distortions to study the interaction between monetary policy and trade. Compared to these works, we focus
on the design rather than the transmission of monetary policy in network economies.

Fourth, our paper is linked to the numerous studies on the design of monetary policies in small open
economies without production networks. While earlier work focuses on one-sector small open economies
(e.g., De Paoli, 2009; Gali and Monacelli, 2005; Soffritti and Zanetti, 2008), more recent work —Matsumura
(2022) and Wei and Xie (2020)— explore small open economy models with multiple sectors. Compared to
these foregoing studies, we derive closed-form solutions for the output gap targeting and optimal monetary
policies and provide a comprehensive analysis of the design of monetary policies in small open economies

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

Outline. The remainder of the paper is organized as follows. Section 2 describes our model of a small open
economy with production networks. Section 3 studies the sectoral OG weights that link sectoral markup
wedges to the output gap. Section 4 derives the Phillips curves and analyzes the output gap targeting policy.
Section 5 derives the welfare loss function and optimal monetary policy. Section 6 quantifies the theoretical

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

paper.
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2. Small open economy with production networks

2.1. Environment

The static, small open economy is populated by a representative household consuming domestic and
imported sectoral products and supplying labor in exchange for wage income, a government that levies
sector-specific taxes and manages the aggregate demand by controlling the money supply, and producers
that operate in NV € N, different sectors, indexed by i € {1,2,--- , N}.

Each sector ¢ comprises two types of producers: (i) a unit mass of monopolistically competitive firms
indexed by f € [0, 1] that transform labor and intermediate inputs into differentiated goods, and (ii) a unit
mass of perfectly competitive firms that pack the differentiated goods of each sector into a domestic sectoral
product —which is both used domestically and exported to foreign countries. Each domestic sectoral prod-
uct has a counterpart foreign sectoral product available for import. Consumption and intermediate inputs

comprise domestic and foreign sectoral products.

2.2. Producers

Monopolistically competitive firms. Within each sector ¢, monopolistically competitive firms use a common
constant-returns-to-scale production technology to transform labor and intermediate inputs into differenti-

ated goods. The production technology of each firm f in sector 7 is

N
DUIIEE) 0

Jj=1

YifZ'(

where A; is the sector-specific productivity shock, Y is the output of firm f in sector ¢, L,y is its labor
input, and X ; is the intermediate input acquired from sector j. Parameter «; is the share of labor, and w; ;
is the share of intermediate inputs from sector j. The collection of {w; ;};; characterizes the input-output
table. Constant returns-to-scale implies that o; + Z;VZI w; ;= L.

The openness of the economy is reflected in the composition of X ;, which is aggregated from a domes-
tic sectoral product X ;¢ ;; and an imported foreign sectoral product X, ; according to the following

constant-elasticity-of-substitution technology:

-1 03-71 0,

or —0 L e \o-1
Xifj = (vx,ji,jXHi;,Hj + (1 — U:v,i,j)ej XHiJf,Fj) T (2)

where 0; is the elasticity of substitution between domestic and foreign sectoral products in intermediate
input X ;. v,;; is the home bias parameter, which in equilibrium is equal to the steady-state expenditure

share of X, i; in the composite intermediate input X ;.
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The total cost of inputs used by the firm is

N
TCi = Whig+ Y (PiXuiruj+ S Piv e Xnigrs), 3)

j=1

where W is the nominal wage rate, F; is the domestic sectoral price, Ff), p; is the exogenous sectoral
import price denominated in the foreign currency, and S is the nominal exchange rate. Given output Y
and the production technology in equation (1), the firm optimally chooses labor and intermediate inputs to
minimize the total cost 7'C’;¢, which yields the marginal cost of production that equals the average cost due
to the constant-return-to-scale technology. Moreover, because all firms f in each sector i share the same
production technology and face the same input prices, the marginal cost of production is identical across all
firms in sector ¢, and we denote it by ®,.

We model nominal rigidity as a static Calvo-pricing friction where only firms indexed by f < ¢; € [0, 1]
can choose their desired price PZ# and the remaining firms maintain the price at the steady-state level. We
refer to (1 — ¢;)/d; as the price rigidity of sector i. In each sector i, firms operate in a monopolistically
competitive market and receive a sectoral subsidy rate 7; on sales. Those firms that can adjust their prices
set the desired price to maximize profit.

In each sector i, the perfectly competitive and identical sectoral goods packers transform the differen-
tiated goods that the monopolistically competitive firms produce into a sectoral product using a constant-
elasticity-of-substitution technology, with the within-sector elasticity of substitution between different firms’
products equal to €; > 1. The price of the domestic sector 7’s products —denoted by P,— is the selling price
of its sectoral goods packer. We define the sectoral markup and the desired sectoral markup as p; = P;/®;
and p/ = Pi# /®;, respectively. We further define the sectoral markup wedge for domestic sector i as the
log deviation of the sectoral markup from the desired markup, viz., In(;1;) — In(;% ). Shown in Appendix A
are the expressions for the nominal profit, demand function, and desired prices of the firms, as well as the

sectoral product and price index.

2.3. Households

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

aggregate consumption C' and labor supply L:

Ol—a Ll—i—cp

U(O’L):l—a_l—i-go7

)

where o is the coefficient of relative risk aversion, and ¢ is the inverse of the Frisch elasticity of labor supply.
In our static model without investment, domestic aggregate consumption is equivalent to the (domestic)
aggregate output; thus, we refer to C' as the aggregate output throughout the paper.

The (domestic) aggregate output C' combines sectoral consumption {C;}; that comprises domestic and
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imported components, C'y; and Cr, respectively, for each sector 7, represented by:’

1 0;—1 0;—1_ 9

c=1] (%)ﬂ where  Ci = (0" Cylt + (1= v)Cl )" 5)

i=1

Vector {;}; is the set of consumption shares satisfying Zf\il B; = 1, and v; is the home bias parameter for
the consumption of sectoral products. P is denoted as the price index of the aggregate output C' —viz., the
CPI. The budget constraint of the household is:

N N
=1 i=1

where I1;; is the profit of firm f in sector ¢, and 7" is the lump-sum transfer of tax revenues to the household.
To purchase the consumption goods, households demand the following amount of money as the medium of

exchange: M,; = PoC'. Cost minimization by the household yields the CPI:

N Bi

Po =TT (P! + (0= v)(S - Phye) ™) " ™

i=1

2.4. International trade

In addition to the sales subsidy {7;};, the government also imposes sector-specific export tax {7gx.;}i
on the products exported to foreign countries. The no-arbitrage condition implies that there is no difference
between the prices that producers receive from exporting (i.e., (1 —7gx ;) Prx ;) or from selling domestically
G.e., P): (1 —7gxi)Pex;=PF,, Vie{l,2,--- ,N}.

The export demand for sector i’s product is modeled as the reduced-form demand function:®
Yexi = (PEX,i/S>_0F’iDEX,Fi7 ®)

where D ¢ ; is the exogenous component of foreign demand, Prx ; /S is the price of the exported domestic
sector ¢ goods in units of foreign currency, and the export demand is inversely related to domestic goods’
export price, with 05, as the price elasticity of export demand.

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

"As we show in equation (34) of Proposition 2 in Section 4.1, the aggregate consumption gap (6’9‘”’) 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 C'9°* as the output gap throughout the paper.

*In general, the export demand in equation (8) can be written as Ypx; = [Ppx,i/(S - Pix pi)] " Dy py» Where Pjy g,
is the exogenous price for foreign-produced sector ¢’s product in foreign markets, and D7,y 5, is the exogenous foreign demand

*

given the prices. Therefore, D7, p; in equation (8) captures the effects of both Pgy 1, and Dy, ., on export demand.

10
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the value of imports in the whole economy, resulting in the following:’

N N N
Z PEX,iYE‘X,i = S Z PI*M,Fi <Z / Xij,Fidf + CFz) . (9)
i=1 i=1 j=1"0

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

2.5. Aggregate states

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

mand { D7,y ; }4» and import price { Pfy, r; }i- The aggregate state & collects the realized states:

(1

2.6. Government: fiscal and monetary policies

The government sets fiscal and monetary policies. Fiscal policy includes a pair of non-contingent sec-
toral sales and export taxes {7;, Tgx i }: that do not respond to changes in exogenous states. The lump-sum

transfer 7' to the households satisfies a fiscal budget balance:

N 1
T= Z (Ti/o PiYipdf + TEX,iPEX,z'YEXJ‘) . (11)
i=1

The monetary policy is a one-dimensional state-contingent money supply M (§) contingent on the aggregate
state £&. We investigate the design of this monetary policy, with a particular focus on the monetary policy of

output gap targeting that closes the output gap.

2.7. Equilibrium definition

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

Y€)= Cl6) + Y /0 Xoty g €)df + Yixa(€), (12)
Le =Y / L(€)df,  M(€) = My(€). (13)

Definition 1. A sticky-price equilibrium is a set of allocations, prices, and policies (i.e., {T;, Tex.;}:; and

M (&)) such that for any realized state £ € B,

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

“Engel (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 [ € [0,0;] set prices to maximize profits subject to their demand
functions, and the remaining firms f € (6;, 1| do not adjust prices;

(iii) the representative household chooses consumption and labor to maximize utility subject to its budget
constraint, and the total expenditure determines the money demand;

(iv) the government budget constraint is satisfied;

(v) all markets clear.

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

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

Definition 2. A flexible-price equilibrium is a set of allocations, prices, and policies satisfying all of the
conditions stated in Definition 1, except that for any sector i € {1,2,--- N}, 6; = 1, viz., all firms can

adjust prices flexibly.

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

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

2.8. Flexible-price equilibrium as reference equilibrium

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

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

ternational market in the flexible-price equilibrium, as defined by the following assumption:'°
Assumption 1. The non-contingent tax rates for sales and exports are equal to
7, =—1/(e; — 1) and Tpx; = 1/0p;, respectively, for Vi € {1,...,N}. (14)

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

planner, as stated in the following lemma:

Lemma 1. Under Assumption 1, the flexible-price equilibrium implements the optimal allocation for the
domestic social planner.

Proof: See Appendix J.2.

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

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

1%In one-sector closed economies, Woodford (2003) and Gali (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. Notations

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

matrices.

Deviations from the steady state and flexible-price equilibrium. We define the steady state of the static
economy as the equilibrium in which all exogenous states A;, Pry r;, and Pry p; are at the steady state.
We denote with 2% and z/!** the values for the variable x in the steady state and in the flexible-price
equilibrium, respectively. We express the log deviation of the variable x from the steady state +°° and the

flexible-price equilibrium x/"* as:

Z=In(z) —In(2*) and 797 = In(z) — In(2/"*"), (15)

1

respectively.!! We denote the output gap by C9?. The sectoral markup wedge is In(;) — In(p?) =

In(p;) — In(pf®) = ; as the steady-state markup is equal to the desired markup.

Table 1: Notations of parameters and steady-state objects

Name Expression
Consumption shares and home bias B= (6,02 ,8y) & v=(v,va,-,un)"
Labor shares a= (a0, ,an)T
Intermediate input shares and home bias Q= {wijlijeqro-ny & Vo ={vnij}ijef12 N}
Elasticity of home-foreign substitution 0= (01,00, ,08)" & Orp=(0p1,0p2, - ,0rN)"
Frequency of price adjustment A = diag(dy, 69, ,0N)
Steady-state sectoral Domar weight A= (AL Ay, )T = (Pfsy‘“ By o P’é“'éy;“é"b>T
b b K Péscéé.' Pésc&& b bl Pévscaa T

. PEYES PEYE n
Steady-state sectoral export-to-GDP ratio Asx = Qext, 5 dexn) | = ( ,',ésgfgl S ‘}éfé’,f‘;‘“ )
Steady-state economy-wise labor share A = WL | PEC*

po - - T - — = = T

Total content in domestic consumption & exports Ap = </\DJ7 ADo2," "+ ,/\D,N) & Ap= ()\F,h AFg2, 7)\F,N>
Total content of domestic labor a = (ag,qg, - ,ay)
Expenditure-switching (ES) & generalized ES elasticities | pps = (prs,1, PEs2, " - ,pES,N)T & prs = (Ppsi,PEse2, 7/7E5,N)T

Parameters and steady-state objects. Summarized in Table 1 are the key parameters and steady-state vari-
ables. Throughout the paper, for any variable x, we use bold fonts to denote the corresponding vector
or matrix —i.e., x = {x;}; or x = {x;;};;. For expositional simplicity, the superscript “ss” to denote
the steady state is omitted when there is no obvious confusion. In particular, we introduce the open-
economy version of the Leontief-inverse matrix: L,, = (I-Q©® Vgc)f1 = {lyzij} i where 1, ;; =
Li+(Q0V,),;+(0 Vx)? ;+ - captures the total elasticity of sector ¢’s cost to a change in domestic

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

"n 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 networks

To facilitate the study of the link between sectoral inflation (or markup wedges) and the output gap, we
define the sectoral metrics below that depend on the cross-border and input-output linkages of the economy

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

Definition 3 (Sectoral relevance metrics). For each domestic sector 1, the total content in domestic con-

sumption \ p.i and the total content in exports Py r; are defined as:"
Api = Z Brvplyzri and  Ap; = Z ANexrlozri, respectively. (16)
T T

The total content of domestic labor o; and the total content of foreign factor are:

o = Z lyir0r and 1 — oy, respectively. (17)
The expenditure-switching elasticity pgs . is:

J/

PESr = (HF,T - 1) /\EX,7;+ (97’ - 1) [/Brvr (1 - Ur) + Zs Asws,rvx,s,r (1 - Ux,s,r) :|7 (18)

~
foreign expenditure domestic expenditure

based on which the generalized expenditure-switching elasticity prs ; is defined as:

ﬁES,i = Z pES,r&rlvx,r,i- (19)

The total content in domestic consumption b\ p,i (vs. total content in exports b\ ;) of a domestic sector
¢ in equation (16) encapsulates the importance of a domestic sector in the network economy as both a
direct and an indirect supplier (via downstream sectors) —captured by the Leontief inverse [, ,,— for the
domestic aggregate consumption or output (vs. exports).!? As a result, a sector’s total content in domestic
consumption decreases in the import shares of the sector and its downstream sectors, as shown in Proposition
G.1 of Appendix G. The fotal content of domestic labor «; (vs. total content of foreign factor 1 — «;) of a
domestic sector ¢ in equation (17) summarizes the sector’s role in the network economy as both a direct and
an indirect customer (via upstream sectors) —captured by the Leontief inverse [, ; ,— of domestic labor
factor (vs. imported foreign factor).

The expenditure-switching elasticity prg,; of a domestic sector ¢ in equation (18) —corresponding to the

2In 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 AT = (BGV) L., X; =AixLi,a=L,a,and pLg = (prs©a) L.,
respectively.

YFor a pair of domestic sectors r # 4, r is defined as a downstream (vs. upstream) sector of 4 if I, ,.; > 0 (VS. lyzi.» > 0).
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standard expenditure switching effect in international macroeconomic literature— captures the elasticity of
the domestic and foreign expenditures on domestic products to the relative prices of foreign versus domestic
sector ¢’s products. To further capture the impact of the domestic-to-foreign price on domestic labor income
through the expenditure switching effect, we define the generalized expenditure-switching elasticity pgrs.;.
Specifically, it is equal to the elasticity of domestic labor income —evinced by the total content of domestic
labor ¢, in equation (19)— to the relative price of foreign versus domestic sector 4, through the direct and
indirect (via downstream sectors) impact of the foreign-to-domestic price on the expenditures on domestic
products —captured by the expenditure-switching elasticity pgg,; multiplied by the Leontief inverse [, ;.

The vector formats for these defined sectoral metrics are summarized in Table 1.

3. Sectoral markup wedges and the output gap

In this section, we derive the output gap as a weighted average of the sectoral markup wedges, and
the sectoral weights are functions of the sectoral relevance metrics, as introduced in Section 2.10, thereby
depending on the cross-border and input-output linkages.'*

Under nominal rigidities, as a fraction (1 — ¢;) of sector ¢’s firms cannot adjust prices in response to
changes in marginal costs, sectoral inflation is linked to sectoral markup wedges —encapsulating sectoral

distortions— through sectoral price rigidities as follows: '3

(&) = —(1—6,)/; - Bi(€). (20)

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

outlined in the following theorem:

Theorem 1 (Output gap and sectoral markup wedges). In a sticky-price equilibrium, the output gap C9% (&)

is proportional to a weighted average of sectoral markup wedges {[i;(&)}::'¢

N
ko C9(€) = =) Mo - is(€), €2y
i=1
where the vector of sectoral OG weights (Mog = (Mog.1, Moz, -+, Moc.n)) is equal to:
Moc= Ap +  kgproPes  thopr (A= A0 (1 - @), (22)
~~ —_ N -~ z
CPI channel  expenditure-switching channel profit channel

“In Appendix B.1, we show that up to the first-order approximation, the aggregate distortion is proportional to the output gap.

SExogenous 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).

'®The 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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(pES ® 64 -+ AEx)Ta

Kepr = = + 1, (23)
1 - A
Oa+Apx) a < <
fe = (pESs + Bx) (04 ¢/AL) + A)a(o+@/AL) + (1 — Aga)] [kopr.  (24)
1 - Ao
394 Proof: See Appendix K.6.
395 Equation (21) shows that negative sectoral markup wedges relate to a positive output gap. The sectoral

s  OG weight (Mo ;) in equation (22) measures the relevance of the sector’s markup wedge for the output
37 gap, with its size determined by three distinct channels: (i) the CPI, (ii) the expenditure-switching, and
s (ii1) the profit channels. To illustrate the three channels, we first present and interpret the two equilibrium
ass conditions that we combine to derive equation (21), contrasting the cases of closed and open economies.

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

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

(0 + /ML) Co (&) = WO (€) — PE™(€) (25)
= (1= Xpe) (W () — 5°7(£)) — Ap(€) + o €]). (26)
402 The second condition is the log-linearized open-economy budget constraint around the flexible-price

w3 equilibrium, given by:!”

(1= Apa)C(€) = —(pps © @) (PU2(€) — 157(€)) + A © (1 — &)] (&) ~Apy (P (€) — 15°7(€))

J/ . AN J/

expen diture-sv?fﬁching channel imported factor channel export prggt channel
+ (1= Ap0) (59 (&) — P (€)) + o([1€])), 27)

>

Vo
real exchange rate mechanism

s04 where the gaps in domestic sectoral prices and CPI relative to foreign prices are both functions of the gap

s05 1n domestic wage relative to foreign prices (Wg“p(ﬁ ) — S 997(£)) and sectoral markup wedges as follows:

PO () — 159 (€) = & (W () — 5°7(€)) + Luafi(€) + o( €], (28)
e (€) = 5°7(€) = Xpa (W (€) — 597()) + ApA(€) + o(|IE]). (29)
406 The first condition in equation (25) is similar to that in closed economies, by relating the output gap to the

a7 real wage gap through labor supply and linking the real wage gap to sectoral markup wedges (equation 26).

"The 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 (S59°%) 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 S9°?) 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 —
where the total share of domestic labor in domestic output Xga = 1— it also relates to the gap in domestic
wage relative to foreign prices (/Wgap — §9“p) in open economies. The second condition in equation (27) is
specific to open economies. It relates the output gap to changes in domestic income through the switch of
expenditures from foreign to domestic products, changes in expenditures on imported foreign factors and
export profits, and the real exchange rate gap. In closed economies, condition (27) does not affect the output
gap, and condition (26) of the real wage gap alone determines the relationship of the output gap to sectoral
markup wedges. Using the equilibrium conditions in equations (26) and (27), we now interpret each of the

three channels in the OG weight in Theorem 1.

(i) CPI channel. The CPI channel describes the relationship between sectoral markup wedges and the out-
put gap through distortion in the price of the aggregate output —i.e., the CPI. Specifically, negative sectoral
markup wedges are associated with a lower CPI in the sticky-price relative to the flexible-price equilibrium,
and the negative CPI gap relates to a positive output gap through two complementary mechanisms. One op-
erates through the real wage —a standard mechanism in closed economies with nominal rigidities— where
a lower CPI increases the real wage (1¥/ P) and stimulates a higher supply of domestic labor, thereby being
linked to a positive output gap, as evinced by the negative coefficient —XE in equation (26). The second
mechanism operates through the real exchange rate and is specific to open economies, where a lower CPI
increases the domestic income from foreign countries in units of domestic consumption —as evinced by the
term of the real exchange rate gap (1 — Aj,a) (597 — ﬁg“p ) in equation (27).

For a domestic sector in an open economy with production networks, the size of the CPI channel is
proportional to the domestic sector’s total content in domestic consumption XDJ —as shown in the CPI
channel in the OG weight of equation (22). In particular, both the CPI channel and the OG weight in

equation (22) reduce to the corresponding Domar weight in closed economies a la Rubbo (2023).'8

(i) Expenditure-switching channel. The expenditure-switching channel —specific to the open economy—
is standard in the international macroeconomic literature. It describes how domestic sectoral markup wedges
are linked to the (domestic) output gap, by changing the relative price of domestic to foreign products and
generating a switch of domestic and foreign expenditures from foreign toward domestic products.
Equation (28) shows that negative sectoral markup wedges —directly and indirectly via the Leontief

inverse L,,— reduce the prices of domestic products relative to foreign products, which are captured by

8The OG weight reduces to the Domar weight in closed economies under our normalization by the scalar k¢ p; in equation
(23). ko pr 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 (prs © & + Apx) @/(1 — ALa) + ALa; and (ii) the elasticity of the real exchange rate gap
(§9“P — ]3@“” ) 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 — Xga).
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the difference between the sectoral inflation gap P9 and the exchange rate gap 1592, This reduction
in domestic-to-foreign goods prices generates a switch of both domestic and foreign expenditures from
foreign to domestic products —as evinced by the negative coefficient —ppgg in equation (27). As a result,
domestic labor income from international trade increases —as captured by the total content of domestic
labor a— thereby connecting negative sectoral markup wedges with a positive output gap, as shown by the
expenditure-switching term in equation (27).

Consequently, for a domestic sector of an open economy with production networks, the size of the
expenditure-switching channel is determined jointly by the magnitudes of (i) the Leontief inverse L, in
equation (28) —which links negative sectoral markup wedges to the gaps in domestic-to-foreign goods
prices and (ii) the elasticity of domestic labor income to the domestic-to-foreign goods prices (—(prps®a) "
in equation 27). These two sub-components are combined to yield the generalized expenditure-switching

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

(iii) Profit channel. The profit channel —also specific to the open economy— describes how domestic
sectoral markup wedges relate to the output gap through both the profits from exports and the costs of
imported foreign inputs. In the export profit sub-channel, negative sectoral markup wedges directly and
indirectly reduce domestic prices or, equivalently, the (opportunity) costs of exported goods, increasing the
profits from exports and relating to a positive output gap. In the imported factor sub-channel, negative
sectoral markup wedges are associated with higher sectoral costs of imported foreign factors in production
(relative to sectoral sales) and lower domestic producers’ profits, thus linking to a negative output gap.'”
For a domestic sector in an open economy with production networks, the size of the export profit sub-
channel is determined by both the Leontief inverse L., in equation (28) —which links negative sectoral
markup wedges to the gaps in domestic prices— and the share of the sector’s exports in domestic output
—i.e., ALy in equation (27). The size of the imported factor channel is determined by both the sector’s
size and its direct and indirect (via upstream sectors) use of imported inputs —captured by the product of
the sectoral Domar weight (i.e., \;) and the sectoral content of foreign factor (i.e., 1 — ¢;) in equation (27).

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

Role of the exchange rate in the output gap. Negative markup wedges lower the domestic-to-foreign
prices relative to the flexible-price equilibrium, thus improving trade conditions through the expenditure-
switching effect. Under our key assumption of balanced trade, the domestic currency (relative to domestic
wage) appreciates (i.e., Soap _ Y}79ap decreases) —as we show in equation (K.29) of Appendix K.7— to

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

In 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),
which reduces export profit and domestic labor income through expenditure switching. Second, currency
appreciation can attenuate the positive output gap by reducing the income from foreign countries in units of
domestic consumption through the lower real exchange rate.?’

In Appendix B.2, we show that in a dynamic environment with the standard assumption of a complete
(asset) market a la Gali and Monacelli (2005) —such that the Backus-Smith and uncovered interest rate
conditions hold— the consumption gap (i.e., 69‘”’) is proportional to the real exchange rate gap according
to the international risk-sharing condition a la Gali and Monacelli (2005) and Corsetti et al. (2010), rather
than determined by the open-economy budget constraint in equation (27) that is based on the trade balance
condition. Using the risk-sharing condition, we derive the sectoral OG weight in complete markets and
show that the share of the CPI channel in the OG weight of complete markets is smaller than that in our

baseline case of balanced trade.?'

4. The Phillips curves and the output gap targeting policy

In this section, we use the sectoral OG weight introduced in the previous section to derive an aggregate-
level Phillips curve that links an aggregate inflation index to the output gap, which allows for the divine
coincidence.?”> We follow Rubbo (2023) to refer to this aggregate Phillips curve as the divine coincidence
Phillips curve and to the associated aggregate inflation index as the divine coincidence index.

In subsection 4.1, we derive the DC and sectoral Phillips curves. We show that the slope of the DC
Phillips curve is inversely related to the sum of the sectoral OG weights, while the relative OG weights
determine the relative sectoral weights in the DC index. Subsection 4.2 compares the slopes of the DC
and sectoral Phillips curves to the counterfactual slopes in closed economies and without 10 linkages.
Subsection 4.3 studies how the relative sectoral weights in the DC index —which is targeted to zero to

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

Tn 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 a la Gali 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., [(8r @ (6 — 1)) T Apx| THOr @ (0F — 1) O Apy) T (Poo? — 1§00p),
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.

2! According 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.

2In 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 a la Rubbo (2023).
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4.1. The divine coincidence and sectoral Phillips curves

The divine coincidence Phillips curves. Based on the sectoral OG weights in equation (22) that relate sec-
toral markup wedges to the output gap, we construct the following divine coincidence index as a weighted

average of sectoral inflation.

Definition 4 (Divine coincidence index). Assume that no sector has perfectly rigid prices (i.e., §; # 0 Vi).
The divine coincidence index (DC index for short) weights sectors according to their sectoral OG weights

—adjusted by the sectoral price rigidity— as in the following equation:
N —~
e =y Mo, (30)
i=1

where the normalized OG weight ( MVOGJ ) is equal to:

Mog,i- (1 =08/

MVOG,i = , (31)
S Mo - (1— 65 /6
and we denote the normalization factor by koq as follows:
N
koG =) Mo - (1 —61) /8. (32)

=1

Notably, the normalized sectoral OG weight (/f\/lvogji) in equation (31) is the price-rigidity-adjusted
sectoral OG weight normalized by its sum across all sectors ko¢. Thus, the normalized sectoral OG weight
sums to one (i.e., Ziil Mog,i = 1) and reflects the sectoral weight relative to the sum of weights, in
contrast to the original sectoral OG weight that determines both the sum of sectoral weights and the relative
sectoral weights.>*> Based on the DC index defined in equation (30), we derive the divine coincidence
Phillips curve that is consistent with the simultaneous stabilization of domestic aggregate inflation and the

output gap, as stated in the next proposition.

Proposition 1 (Divine coincidence Phillips curve). For any realized state £ € 2, the divine coincidence

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

Tpe(€) = ;—CG@%). (33)

Proof: Straightforward substitution of equation (20) in equation (21) from Theorem 1.

»We 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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510 The divine coincidence Phillips curve in Proposition 1 links domestic inflation in the form of the DC
st index in equation (30) to the output gap, allowing for the simultaneous stabilization of domestic aggregate
sz inflation and the output gap that achieves the divine coincidence, as in closed economies a la Rubbo (2023).
s13  In particular, equation (31) reveals that the DC index assigns higher weights to sectors with high nominal
s14 rigidities —as captured by the sectoral price rigidity (1 — 9;)/d,— which is consistent with the results in
si5. closed economies (La’O and Tahbaz-Salehi, 2022; Rubbo, 2023). However, in an open economy, equation
ste  (31) indicates that the weight assigned to sector ¢ is proportional to the OG weight (Mo ;) defined in
517 equation (22), which internalizes the structure of both input-output and cross-border linkages, as stated in
sis Theorem 1. Our DC index in equation (30) nests the DC index of Rubbo (2023) in the case of the closed
st9  economy with production networks.

520 Equation (33) shows that, in our small open economy with production networks, the slope of the DC
s2»  Phillips curve is equal to k¢ /kog, which is inversely related to the sum of the price-rigidity-adjusted OG
s22 weights (i.e., kog). In contrast, the relative sectoral OG weights determine the shares of sectoral inflation
s23  in the DC index, as evinced by the normalized OG weights in equation (31).

524 In Appendix E, we extend our baseline model of producer-currency pricing (PCP) to the setting of
525 foreign-currency pricing —which encompasses the alternatives of local-currency pricing (LCP) and dominant-
s26 currency pricing (DCP). We show that the divine coincidence index under foreign-currency pricing includes
s27  sectoral inflation of both domestic-market prices and export prices in the foreign market (Corollary E.1).
s2s  Particularly, while the CPI and profit channels depend on domestic inflation, the expenditure-switching

s29 channel depends on both domestic and export price inflation.

sso The sectoral Phillips curves. In addition to the DC Phillips curve that simultaneously stabilizes domestic
ss1 aggregate inflation and the output gap, we also derive the sectoral Phillips curves linking sectoral inflation

s32  to both the output gap and the exogenous sectoral shocks, as stated in the next proposition.

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

ss¢  Phillips curves hold:

~

P) = BC™(E)  + V& Fo(l€ll), (34)
—— ~—~
output-gap-driven inflation cost-push inflation
535 Where f’(f) is an N-by-1 vector of sectoral inflation, and parameters B (an N-by-1 vector) and V (an

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

537 Proof: See Appendix L.1.

538 In Proposition 2, the slopes of the sectoral Phillips curves are equal to:
B=As{a(o+ /A +Toprc) + (2O Vi) 1Tse | (35)
nominal wa:gg component nominal exchan;g rate component
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Ap=[A1-QOV,—allp p— (ROV_)ITL,] (36)

where the scalar 'cp; o = (ﬂTv + M;l) - (1— ﬂTv) and vector I'cp; p are the elasticities of the CPI to
the output gap and domestic sectoral inflation, respectively. The scalar I's o = (1 + M;l) - (14+Tepre)
and the vector I'g p are the elasticities of the nominal exchange rate to the output gap and domestic sectoral
inflation, respectively.?*

Consistent with the sectoral OG weight in equation (22), the slopes of sectoral Phillips curves —which
also link domestic inflation to the output gap— include the same three channels. The terms representing the
domestic contents in domestic consumption (i.e., 3'v and 3 ® v in I'eprc and T'epr p, and V, in Ag)
capture the CPI channel in the slopes of sectoral Phillips curves. The terms pps ® a and Agy in the vector
M, = (1 - A a) (pss ® @ + Agx) and the vector M, = (1 — AJa) ' (A~! — 1) Ao @1 -a)
capture the relations of domestic sectoral inflation to the output gap in the open-economy budget constraint,
through the expenditure-switching, export profit, and imported factor channels, respectively.

Equation (35) shows that sectoral inflation is linked to the output gap via the positive nominal wage and
nominal exchange rate components, thereby making the slopes of sectoral Phillips curves positive for all
sectors. The nominal wage component demonstrates that a positive output gap is linked to a higher wage
via the labor supply —as captured by the term (o + ¢ /A )— thus relating to higher sectoral inflation. The
nominal exchange rate component demonstrates that a positive output gap relates to an increased nominal
expenditure and a worsened current account, hence occurring with a depreciation of the domestic currency
and an increase in the real exchange rate, captured by the term (1 + M;l) ~1in T'gc. The increase in the
nominal exchange rate propagates into the cost of imported inputs and accordingly into sectoral inflation,
captured by the term (2 ® V;_,) 1. The nominal wage and exchange rate components are in nominal

terms and, therefore, affected by the CPI —as captured by the term ['cp; ¢ in both components.>

4.2. The slopes of Phillips curves

In this section, we study the slopes of the DC and sectoral Phillips curves, comparing them to their
counterparts in the counterfactual cases of closed economies and no input-output linkages.

Equation (33) in Proposition 1 shows that the slope of the DC Phillips curve is inversely related to the
sum of the price-rigidity-adjusted OG weights, thereby depending on the three channels that comprise the
sectoral OG weight in equation (22). Similarly, the slopes of the sectoral Phillips curves in equation (36)
also depend on these three channels, as we discussed in the previous subsection. In closed economies,
the slopes of the DC and sectoral Phillips curves reduce to (o + ¢) / (3, Mi(1 — 6;)/6;) and (A~ — Q —

*The vectors T'cpy p and I's p are equal to: Tepr p = (87 v + M:l)_l [(1+ M, 1) (BoV)+(1-BTv) (M, + M,)]
andI's p = (1 + M;l) - (M, + M, +Tcpr p), respectively. Appendix L.1 reports the definition of the matrix V.

»Sectoral inflation also directly and positively links to the nominal CPI and exchange rate —as evinced by the positive vectors
I'cprp and I's p in the denominator of Ay 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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aB")ta(o + @), respectively, consistent with the results of Rubbo (2023).

Compared to the closed-economy case, the slopes of the DC and sectoral Phillips curves in open
economies can be flatter or steeper, depending on the quantitative strength of two main countervailing
forces. First, in the CPI channel, the content of domestic sectoral goods in domestic consumption is smaller
in open than in closed economies —as shown by XIT) < A" in the sum of the CPI channels of the OG
weights in equation (D.4) for the DC Phillips curve.® Therefore, the elasticity of the (domestic) output gap
to domestic sectoral inflation through the CPI channel is smaller in open economies, thereby steepening the
slopes of both the DC and sectoral Phillips curves relative to the closed-economy case. Second, the positive,
open-economy-specific expenditure-switching channel increases the elasticity of the output gap to domestic
sectoral markups and inflation —as shown by the sum of the expenditure-switching channels in equation
(D.1) for the DC Phillips curve— thereby flattening the slopes in open relative to closed economies.?’

In Section 6.1, we calibrate our model using the WIOD data and show that the first force —namely,
the smaller content of domestic goods in domestic consumption in open relative to closed economies—
dominates in most cases, generally making the slopes of both the DC and the sectoral Phillips curves steeper
in open economies. In Figure D.2 of Appendix D.1, we also show that the DC Phillips curve slope in
the baseline economy with 10 linkages is flatter than that in one-sector SOEs and in multi-sector SOEs
without 1O linkages, consistent with the results in closed economies a la Rubbo (2023). Intuitively, with
the introduction of 10 linkages, domestic sectoral goods are not only directly but also indirectly used by
domestic output, which increases the elasticity of the domestic output gap to domestic sectoral inflation,
thereby flattening the slope of the DC Phillips curve. In particular, the figure shows that the introduction
of 10 linkages flattens the slope more in closed (relative to open) economies for those economies that are

relatively open.

Takeaways for the DC Phillips curve slope. Overall, our analysis shows that the sum of the sectoral OG
weight —through the sum of each of the three channels across sectors— determines the slope of the DC

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

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

In this section, we show that the monetary policy of output gap targeting that closes the output gap
is implemented by targeting the divine coincidence index —which depends on the relative sectoral OG
weights— to zero. Therefore, we study the role of input-output and cross-border linkages for output gap
targeting through their impacts on the relative sectoral weights in the DC index. We do so by focusing on

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

®For sectoral Phillips curves, this is shown by 8'v < 1, 3G v < 1inTcprc and Topr p, and V,, < Tin Ay in equation
(35).

ZFor sectoral Phillips curves, this is shown by prs ©® & > 0 in M, which comprises I'cpr.c, Teprp, I's,c, and g 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 role

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

Output gap targeting. Proposition 1 implies that the DC index is a sufficient statistic for the output gap in
multi-sector open economies with production networks, as in closed economies a la Rubbo (2023). There-
fore, the monetary policy of output gap targeting that fully closes the output gap can be implemented by
targeting the DC index to zero. As we show later in the paper, although output gap targeting is not optimal
in multi-sector open economies because the divine coincidence fails to hold (Section 5), it remains a useful
policy that closely approximates the optimal monetary policy in minimizing welfare loss, similar to the case

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

Pitfall in output gap targeting in one-sector small open economy literature. A well-established result
in one-sector SOE models without input-output linkages is that optimal monetary policy should stabilize
domestic inflation (Gali and Monacelli, 2005), which simultaneously closes the output gap, as well as the
terms-of-trade gap —i.e., the divine coincidence holds. This result is consistent with our theoretical finding
in the special case of the one-sector version of our model (Section 5).

However, in the one-sector SOE literature, the optimal policy of output gap targeting is usually imple-
mented by targeting the PPI inflation, where domestic sectoral inflation rates are weighted by the sectoral
sales that are proportional to the sectoral Domar weights. Below, we analyze the pitfalls of using Domar
weights in place of OG weights for output gap targeting. Thus, our results are consistent with the findings
in one-sector SOE models that domestic inflation should be stabilized. We contribute to this line of research
by deriving the appropriate sectoral weights for output gap targeting in open economies with production

networks.

Pitfall in output gap targeting that disregards cross-border linkages. To assess the relevance of openness
for output gap targeting, we study the pitfalls of using OG weights that ignore cross-border linkages in the
DC index.

As a first step, we determine the OG weight in closed economies. In a closed economy, only domestic
demand exists; consequently, the total content of domestic goods in exports is zero (i.e., :\Vp,z- = 0, Yi).
Moreover, the expenditure-switching and profit channels are equal to zero. Thus, total content in domestic
consumption uniquely determines the closed-economy OG weight, which is equal to the Domar weight and

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

Lemma 2. In a closed economy, the OG weight of each sector i € {1,2,--- , N} reduces to the Domar

weight, i.e., Mog; = \i. In the open economy, the Domar weight of each sector i equals the sum of the

BQur 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.:
Ai = Api + AR, (37)

Proof: See Appendix L.2.

Lemma 2 implies that output gap targeting that ignores the cross-border linkages will adopt the Domar
weight in place of the OG weight. Thus, we construct the normalized sectoral Domar weights for closed
economies as \; = (\i(1 — ;)/8;)/k», where ky = > s Air(1 —6;)/6; —similar to the normalized sectoral
OG weights for open economies in equation (31). The corresponding monetary policy that targets the ag-
gregate inflation index using the normalized Domar weights —or, equivalently, the (price-rigidity-adjusted)
PPI targeting policy— coincides with output gap targeting in closed economies a la Rubbo (2023). For
simplicity, we refer to the price-rigidity-adjusted PPI targeting policy as “PPI targeting” throughout the
paper.”’

Equation (37) in Lemma 2 further shows that, unlike in closed economies, the Domar weight in open
economies includes not only total content in domestic consumption (X p.i), but also total content in exports
(X ;) as domestic output in open economies is supplied to both domestic and foreign customers. Combining
Lemma 2 and Theorem 1 gives the percentage deviation of the normalized closed-economy OG weight (i.e.,

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

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

weight is:
Xi - -MVOG,i R XFZ — ﬁES,z' _ ~ N R
o= —izh - 25 gy (0 —SZ-) _ AF,i/Ai)j + (1 — %> (38)
~N profit

export intensity expenditure switching
Proof: Straightforward result from Lemma 2 and Theorem 1.

Proposition 3 shows that the percentage deviation of the normalized Domar weight from the normalized
OG weight is equal to the percentage deviation of the Domar from OG weights (in brackets) —rescaled
by the ratio of the sums of (price-rigidity-adjusted) Domar to OG weights (k) /kog)— plus the sector-
invariant constant 1 — k) /kog. Proposition 3 demonstrates that the PPI targeting that fails to consider
cross-border linkages and uses Domar weights can either overstate or understate the inflation of a domestic

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

»Similarly, 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., 5; = (5;,(1 — 6;)/0;)/ kg, Where k5 = >, B (1 — 6.) /6.
% As 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 countries
in addition to domestic output —summarized by the sectoral export intensity, which we define as the ratio
of a sector’s total content in exports to its Domar weight (i.e., the first component in the brackets on the RHS
of equation 38). Thus, the output gap targeting that disregards cross-border linkages and uses the Domar
weights overemphasizes the contribution of the domestic sector to the domestic output as a supplier, thereby
overstating the relative weights of sectors that export more directly and indirectly in the DC index.

Second, the normalized Domar weights —which disregard cross-border imports and exports— can un-
derstate the importance of a domestic sector’s inflation by failing to consider its impact on the domestic-
to-foreign prices and, in turn, the demand for domestic goods and labor —as captured by the negative
expenditure-switching component (i.e., the second component in the brackets on the RHS of equation 38).
Accordingly, the output gap targeting that ignores openness understates the relative weights of sectors that

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

Takeaways for relative sectoral weights in output gap targeting. Overall, we find that the output gap tar-
geting policies used in the one-sector SOE literature and disregarding cross-border linkages both implement
the PPI targeting —which uses normalized Domar instead of OG weights. The extent to which the PPI tar-
geting over- or under-states the relevance of a sector’s inflation depends on the strengths of the two major
countervailing forces —namely, an overestimation from overstating the sector’s total content in domestic
output versus an underestimation from ignoring the expenditure-switching channel— for this sector relative

to other sectors.?!

5. Welfare loss and optimal monetary policy

In this section, we study the welfare loss function and optimal monetary policy. As in Woodford (2003)
and Gali (2015), we derive the closed-form solution of the policy that minimizes welfare losses up to the

second-order approximation.

Welfare loss. Under the assumption of non-contingent subsidy and tax rates in Lemma 1, the flexible-price
equilibrium represents the optimal allocation for the domestic social planner. We define welfare loss as the
utility gap of the representative household between the sticky and flexible-price equilibria, u(&) — u’'** (&),

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

Proposition 4 (Welfare loss). Given the realized state § € E, the welfare loss can be decomposed as:

ex 1 +1\ A a 15 within across ch\ P
u(€) — (&) = —5 (0 — 1+ T ) O (€)' 5P (&) (LM + LT LYP(E). (39)
h 0utput—gap‘n;isallocamn g within- and across-sector, an‘g cross-border misallocations

3'Tn 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 10 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 to
G 0 P Nt =Y By (e)? (40)
2 2 - 1“1 61 (] 9
1~

5P LB = - A0 E) - e - 3 D N[O - T @

- = Zz)\zwz,] Xgap ) zgap(ﬁv)}{

=1 j=1
1 -~ 1w 5; ~ o
—SPEOTLBE) = - 3 Y S - w) O © - @) “2)
i=1 "
1 — \iw; P .
9 2020 s (1= e [Kfi s €) = Xl €)]

Proof: See Appendix M.1.

Equation (39) shows that, to a second-order approximation, welfare loss consists of the sum of losses
from the output gap misallocation, within- and across-sector misallocation —similar to those in closed
economies a la La’O and Tahbaz-Salehi (2022) and Rubbo (2023)— as well as the cross-border misallo-
cation, which is specific to the open economy. Specifically, the within-sector misallocation is the sum of
the misallocation arising from inflation dispersion in all sectors, which is similar to its counterpart in one-
sector economies. The across-sector misallocation includes those arising from the disproportional sectoral
consumption relative to aggregate consumption (first term on the RHS of equation 41), as well as those aris-
ing from the disproportional use of sectoral labor and intermediate inputs relative to sectoral output across
different sectors ¢ (second and third terms on the RHS of equation 41, respectively). The cross-border mis-
allocation includes distortions arising from the disproportional use of domestic versus foreign goods for
both consumption and intermediate inputs (first and second terms on the RHS of equation 42). The cross-
border misallocation also includes distortions arising from disproportionate exports relative to the use of
domestic labor, which cause domestic producers’ monopoly power in international markets to deviate from

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

Role of input-output and cross-border linkages in the welfare loss. In what follows, we analyze how
input—output and cross-border linkages affect welfare loss using two special cases of our framework: (i)
the workhorse model of the one-sector small open economy without IO linkages, as in Gali and Monacelli
(2005), and (ii) the multi-sector closed economy without cross-border linkages a la Rubbo (2023).

In the one-sector small open economy, the welfare loss in equation (39) reduces to the sum of the output
gap, within-sector misallocation, and cross-border misallocation, the latter two terms being proportional to

the square of domestic inflation, as shown in equation (39). In addition, in the one-sector economy, the
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output gap is proportional to domestic inflation, as can be seen by substituting equation (20) into (21). As
a result, the welfare loss is proportional to the square of domestic inflation, allowing the optimal monetary
policy to achieve the first-best allocation by fully stabilizing domestic inflation (i.e., the divine coincidence)
as in Gali and Monacelli (2005). In multi-sector closed economies with production networks, the welfare
loss in equation (39) reduces to the cases in La’O and Tahbaz-Salehi (2022) and Rubbo (2023). In other
words, the OG weights M in the output-gap misallocation reduce to the Domar weight, and cross-border

misallocation is absent.

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

—

Definition 5 (Optimal monetary policy). For any aggregate state & € Z, the optimal monetary pol-
icy sets the money supply M (&) —which is equivalent to choosing the aggregate output gap Cigap (&) in
equilibrium— to minimize the welfare loss in equation (39) subject to the sectoral Phillips curves in equa-
tion (34).

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

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

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

mented by setting the following aggregate inflation index to zero:
{lo =14 (¢ + 1)/AL) kgt MG (A™E = T) + BT (Lvithin . pacross - pebyL P =, (43)

for any realized state £ € =.
Proof: See Appendix M.2.

Equation (43) shows that the optimal policy accounts for both the output gap misallocation —as evinced
by the OG weights M, as the first term in the brackets— and the within- and across-sector, and cross-
border misallocation generated by sectoral distortions —as captured by the second term BT(LI”“M” +
L% 1 £%) in the curly brackets. In contrast, output gap targeting closes the output gap, but it does
not simultaneously eliminate the within- and across-sector, and cross-border misallocations, because the
sectoral inflation underlying these misallocations is not proportional to the output gap according to sectoral
Phillips curves (34). Therefore, the “divine coincidence” —which holds in the workhorse model of one-
sector SOEs, as in Gali and Monacelli (2005)— fails to hold in our multi-sector open economies, similar
to the case of the multi-sector closed economies in La’O and Tahbaz-Salehi (2022) and Rubbo (2023).
However, as we show in Section 6.3, the optimal monetary policy is well approximated by output gap

targeting in terms of welfare loss, as in the case of multi-sector closed economies a la Rubbo (2023).
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Takeaways for welfare loss and optimal monetary policy. Overall, our analysis demonstrates that treat-
ing the economy as a one-sector SOE and as a closed economy with production networks ignores the
across-sector and cross-border distortions, respectively, in welfare losses and in the formulation of optimal

monetary policy.

6. Quantitative analysis

In this section, we quantify our theoretical results by calibrating the model to the input-output matrices
of major economies in the WIOD. Subsection 6.1 studies the slopes of the DC and sectoral Phillips curves
in open economies relative to closed economies, focusing on the relevance of different channels for the
differences between open-economy and closed-economy slopes. Subsection 6.2 examines the relevance of
the different channels for the normalized OG weights and for the differences between normalized Domar and
OG weights. It then uses the rule-of-thumb combinations of sectoral relevance metrics to approximate the
normalized OG weights and Domar-OG differences, revealing the relevance of cross-border and 10 linkages
for the normalized OG weights. Subsection 6.3 investigates the welfare of alternative monetary policies,
showing that output gap targeting is close to the optimal policy, and enhances welfare over alternative
policies that ignore cross-border or input-output linkages.

Our quantitative analysis uses the National Input-Output Tables (NIOTS) for 43 economies (28 EU and
15 OECD countries, each of them comprising 56 sectors) from the WIOD for the year 2014. We calibrate
the input-output matrix and import and export shares of each country using its NIOTS sector-level data.>?
Table 2 shows the calibration of the key parameters in our model. Appendix I.1 presents the calibration of

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

Table 2: Model calibration

Parameters Data variables/moments used

Common across all countries

Risk aversion, o = 2 Business cycle literature (e.g., Corsetti et al., 2010; Arellano et al., 2019)
Labor supply elasticity, ¢ = 1 Business cycle literature (e.g., Corsetti et al., 2010; Arellano et al., 2019)

Elasticity of substitution (EOS) across varieties, ¢; = 8 Atkeson and Burstein (2008)
EOS. btw. domestic and foreign goods, 6; = 0p; = 5 Head and Mayer (2014)

Sector-level frequency of price adjustment, ¢; Pasten et al. (2024)

Frequency of wage adjustment, Jy Beraja et al. (2019) and Barattieri et al. (2014)

Country specific

Input-output matrix, £ Sectoral gross output, intermediate goods from both domestic and foreign
Home bias for firms’ import, V, Intermediate goods from both domestic and foreign

Labor share, o Sectoral gross output, labor compensation

Export to foreign countries in steady state, D,y p; Sectoral exports to foreign countries

Consumer consumption share, 3 ' Sectoral consumption from both domestic and foreign, and GDP
Consumer consumption home bias, v Sectoral consumption from both domestic and foreign

2Data 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 economies

Figure 1: Slopes of Phillips curves (relative to a closed economy)
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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 Y p to \;in panel b, change 3O vt0 B8O 1,8 v o1,
and V,toIin Ay).

Shown in panels (a) and (b) in Figure 1 are the ratios of the slopes of the DC Phillips curve and the
sectoral Phillips curves in open economies to their counterparts in closed economies a la Rubbo (2023), for
each country in the sample and for Mexico, respectively. In both panels, we consider the following three
cases: (1) the baseline open-economy DC and sectoral Phillips curves in equations (33) and (35), respectively
(blue circles); (ii) the counterfactual case that ignores the expenditure-switching channel, keeping only the
CPI channel (red diamonds); and (iii) the counterfactual case that replaces the open-economy content in
domestic consumption with its closed-economy counterpart in the CPI channel —as shown on the RHS of
equation (D.4) (green crosses).> In both panels, because we plot the ratios of the slopes of the Phillips
curves to their counterparts in the closed economy, the slopes of the closed-economy Phillips curves are
indicated by the bold black horizontal line at one; a value above (vs. below) one indicates that the Phillips
curve is steeper (vs. flatter) in open than in closed economies.

As shown in panels (a) and (b) of Figure 1, the slopes of both the DC and sectoral Phillips curves in
open economies are generally steeper than those in closed economies —as shown by the blue circles above
the black horizontal line of unity— which result from the combination of two countervailing forces. On the

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

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 slopes
of the DC and sectoral Phillips curves. This is captured by the blue circles for the baseline open-economy
case (i) lying above the counterfactual case (iii) of green crosses —where the open-economy content in
domestic consumption in the CPI channel is replaced by the closed-economy counterpart. On the other
hand, the positive, open-economy-specific channel of expenditure switching increases the elasticity of the
output gap to domestic sectoral inflation, thereby flattening the slopes of the DC and sectoral Phillips curve
in open relative to closed economies. This is shown by the blue circles for the baseline open-economy case
(1) lying below the counterfactual case (ii) of red diamonds —where the open-economy-specific channel
of expenditure switching is absent. Quantitatively, the force of the smaller content of domestic goods in
domestic consumption in the open-economy CPI channel dominates the countervailing force that arises
from the positive expenditure-switching channel, thus leading to steeper slopes of both the DC and sectoral

Phillips curves in open economies than in closed economies, consistent with our analyses in Section 4.2.

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

In this section, we quantify and approximate the normalized OG weights and the differences between
normalized Domar and OG weights. The normalized Domar weights correspond to the normalized OG
weights in closed economies and coincide with the sectoral weights in the PPI targeting policy used in one-
sector SOE literature, as discussed in Section 4.3. We show that the CPI and expenditure-switching channels
explain the bulk of the variation in normalized sectoral OG weights across sectors for all countries, and that
the contribution of the CPI (vs. expenditure-switching) channel decreases (vs. increases) with the openness
of the economy (panel a of Figure I.1 in Appendix 1.2). In contrast, the contribution of the profit channel
is marginal. We also show that the pitfalls in the output gap targeting ignoring openness —measured by
the differences between the normalized Domar and OG weights— are mostly driven by the export intensity
and the expenditure switching components, and that the contribution of the export intensity (vs. expenditure
switching) components decreases (vs. increases) with the openness of the economy (panel b of Figure 1.1).%*

Then, we use panel regressions to study the rule-of-thumb combinations of the sectoral relevance metrics
in Definition 3 to approximate the normalized sectoral OG weights and the difference between the normal-
ized Domar and OG weights. We show that the normalized OG weights and the normalized Domar-OG
differences can be approximated by the linear combination of total content in domestic consumption and
generalized expenditure-switching elasticity and the linear combination of export intensity and the ratio of
generalized expenditure-switching elasticity to Domar weight, respectively. We also show that ignoring 1O
linkages leads to an inaccurate approximation of normalized sectoral OG weights.

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

**Presented in Appendix 1.2 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:’

Yei = XZ%/B + Ne + €ciy with Yeyi S {MVOG,c,ia (Xc,i - MVOG,c,i)/XC,i}v (44)

where the dependent variable y. ; is either the level of the normalized OG weight (Mv 0G,c,i) Or the percentage
difference between the normalized Domar and OG weights ((Xcﬂv — ./T/lJOG,C,i) / chi) for sector ¢ and country
c. The variable X ; includes our sectoral relevance metrics for the regressions (see Tables 3 and 4), and 7,

is the country fixed effect.

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

€)) @) 3 “ (5 0) ) (®
Total content in dom. consumption 0.483%** 0.460***  0.468%***
(0.0121) (0.00663)  (0.0122)
Import share -0.000109*
(5.79¢-05)
Import Intensity -0.000431***
(4.20e-05)
Generalized ES elasticity 0.175%**  (.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 10 0.712%%%*

(0.0333)
Generalized ES elasticity w/o 10 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 M 0G,e,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 — ;)/d;. 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 the
equation (44) with the normalized sectoral OG weight (.//\\/l/og,c’i) as the dependent variable; the sectoral
relevance metrics on the RHS are multiplied by the sectoral price rigidities ((1 — d;)/d;) to align with the
normalized OG weight on the LHS. As shown in column (1), the price-rigidity-adjusted total content in
domestic consumption is positively related to the normalized OG weight of the sector with a coefficient

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

3We 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 a
coefficient of 0.175 and a medium-sized R-squared of 0.24.

To validate the negative impact of the import shares on the sectoral total content in domestic consump-
tion and normalized OG weights —as discussed in Section 2.10 and Appendix G— we define the import
intensity of a sector 7 as 1 — A)\VDVZ- / hy Al,D,i» Where A)\VDVZ- / by Au,p,; captures the domestic demand for i’s goods
in the baseline economy with imports (XD,i) relative to that without imports (X All, Dﬂv).36 Accordingly, the
import intensity of a sector measures the impact of the entire economy’s import shares on the domestic
demand for this sector’s goods. As shown in column (3), a sector’s normalized OG weight significantly
decreases with the import intensity, thereby validating the negative impact of the direct and indirect import
shares of a sector on its normalized OG weight.

As shown in column (5), the linear combination of the price-rigidity-adjusted total content in domestic
consumption and generalized expenditure-switching elasticity provides a precise approximation of the nor-
malized sectoral OG weights, with a large R-squared of 0.99 that is significantly higher than those with each
of the two sectoral metrics in columns (1) and (4). As shown in column (6), the total content of domestic
labor is significantly and positively related to the normalized OG weight, but adding it to the total content in
domestic consumption does not improve the approximation accuracy —as shown by the R-squared of 0.847
that is very close to the 0.841 in column (1). Comparing columns (6) and (5) shows that the expenditure
switching effect is more important than the domestic labor content for the generalized expenditure-switching
elasticity to approximate the normalized OG weights.

As shown in column (7), the normalized Domar weight —which is the nearly optimal normalized OG
weight in closed economies a la Rubbo (2023) and La’O and Tahbaz-Salehi (2022)— has a weaker explana-
tory power than the linear combination of the price-rigidity-adjusted total content in domestic consumption
and generalized expenditure-switching elasticity in column (5), with a smaller R-squared of 0.90. The com-
parison between columns (5) and (7) illustrates the importance of considering openness in approximating
the normalized sectoral OG weights in the DC index.

The results in Table 3 imply that the output gap targeting should assign larger weights to sectors that
supply more inputs directly or indirectly (i.e., via the downstream sectors) to domestic consumption and

that face a large expenditure-switching effect.

Approximation of pitfalls in the output gap targeting abstracting from openness. Presented in Table 4 are
the results for the version of the regression in equation (44) with the percentage difference between the
normalized Domar and OG weights ((Xc,i — /(/lvogw-) / Xc,i) as the dependent variable, which measures the

pitfalls in the policy of output gap targeting that ignores openness, that is, the PPI targeting policy. As

The term A au,p.i 18 the i-th entry of the vector 37 (I — €2)~* and captures the domestic demand that reaches the domestic
sector ¢ directly and indirectly (via downstream sectors) if the entire economy —including sector ¢ and its downstream sectors—
does not import from abroad (i.e., v, = 1 for all r and v, ,., = 1 for all r and s).
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Table 4: Sectoral relevance metrics and the difference between normalized Domar and OG weights

() 2 3) “)
Export Intensity 0.387%#* 0.878***  (.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 (X“ — ./’\/lvogm,i) / chi 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 with
a coefficient of 0.39 and a medium-sized R-squared of 0.37. As shown in column (2), the ratio of the
generalized expenditure-switching elasticity to the Domar weight is negatively related to the normalized
Domar-OG difference with a coefficient of -0.03 and a small R-squared of 0.04.

Despite the limited explanatory power of each individual component shown in columns (1) and (2),
column (3) shows that the linear combination of the export intensity and the ratio of the generalized
expenditure-switching elasticity to the Domar weight explains most of the variations in the normalized
Domar-OG difference, as evinced by the large R-squared of 0.94. This R-squared is significantly larger
than those in columns (1) and (2), revealing the complementarity between the two components in approxi-
mating the normalized Domar-OG difference. As shown in column (4), adding the total content of domestic
labor to the export intensity only partially improves the approximation accuracy —as evinced by the R-
squared of 0.57, which is larger than 0.37 in column (1) but much smaller than 0.94 in column (3). This
implies that the expenditure-switching mechanism in the generalized expenditure-switching elasticity plays
an important role in explaining the normalized Domar-OG difference.

The results in Table 4 support Proposition 3 and show that the sector-level pitfalls in the output gap
targeting that abstract from cross-border linkages can be well approximated by the rule-of-thumb, linear
combination of the export intensity and the ratio of the generalized expenditure-switching elasticity to the
Domar weight. These results demonstrate that monetary policy adopting normalized Domar weights, or the
policy that targets PPI inflation in the one-sector SOE literature, overstates inflation in sectors with either
large export intensity or limited generalized expenditure-switching elasticity. To account for the openness

of the economy in the closed-economy PPI targeting policy, the monetary authority should assign smaller
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weights to sectors that export intensively directly and indirectly, and assign larger weights to sectors that

face large expenditure-switching effects.

Relevance of input-output linkages for relative sectoral weights in the DC index. Our theoretical analysis
in Section 2.10 shows that IO linkages are important drivers of the sectoral relevance metrics that underpin
the sectoral OG weights. In an SOE without production networks, domestic sectors are only direct, rather
than indirect, suppliers to domestic and foreign demand, so import intensity simplifies to the import share.

Comparing columns (2) and (3) in Table 3 shows that import intensity explains more variation in nor-
malized OG weights than the import share, as evinced by the larger R-squared for import intensity (0.25)
than the almost negligible R-squared for import share (0.01). Moreover, as shown in column (8) in Table 3,
the counterfactual sectoral metrics of total content in domestic consumption and generalized expenditure-
switching elasticity that abstract from IO linkages explain only 66% of the variation in the normalized
sectoral OG weights, which is much smaller than that considering 1O linkages in column (5).%” Thus, in-
direct imports via both upstream and downstream sectors —as captured by sectoral relevance metrics with
IO linkages rather than without— are important for the approximation of normalized OG weights, hence
supporting the relevance of input-output linkages for monetary policy.

We conclude that the structure of input-output linkages interplays with the cross-border linkages of
the small open economy to determine the metrics of sectoral relevance in Definition 3 and, in turn, the
relative sectoral weights in the DC index for output gap targeting. Ignoring production networks results in

an imprecise approximation of the correct sectoral weights required to close the output gap.

6.3. Welfare comparison of alternative monetary policies

In this section, we quantitatively compare the welfare losses of the economy —using equation (39)
in Proposition 4 of Section 5— under alternative monetary policies, and show that output gap targeting
performs close to the optimal monetary policy, as in closed economies a la Rubbo (2023), and outperforms
policies that ignore either cross-border or input-output linkages.®

Specifically, we compare the welfare loss under the following five alternative monetary policies: the

optimal policy, output gap targeting, PPI targeting, output gap targeting without 1O linkages, and CPI tar-

3"In multi-sector small open economies without 1O linkages, the Leontief inverse reduces to a diagonal matrix, with lowri =1
forr =idandl,, ,.; = 0forr # 4, and sectoral labor cost shares reduce to «; = 1. Thus, the total content in domestic consumption
and the generalized expenditure-switching elasticity reduce to h pi = B and pgs; = (Or; — D)Aex: + (0; — 1) Biv; (1 — v;),
respectively.

3The 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 1.4, 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 weight
Ai (vs. consumption share (3;) —after adjusting for sectoral price rigidities (i.e., multiply by (1 —9;)/d;) and
normalized by the sum of sectoral weights— is used as the weight for each sector 7’s inflation. The output
gap targeting without IO linkages weights sectoral inflation with the normalized OG weights that ignore
IO linkages.* We study the PPI and CPI targeting because they are both widely used policies. While the
PPI targeting ignores the openness of the economy and coincides with output gap targeting used in closed
economies a la Rubbo (2023) and in one-sector small open economy literature, the CPI targeting ignores
both openness and 10 linkages. In addition, we examine the output gap targeting without IO linkages to

evaluate the relevance of input-output linkages for the welfare implications of monetary policy.

Table 5: Welfare loss under different monetary policies

ey (@) 3) “) &)
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 S1.777 -7.777 =1.777 =7.777 =1.777

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 1.3 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 under

the alternative monetary policies. We consider the welfare loss for Mexico, Luxembourg, and the US,

¥Specifically, output gap targeting without IO linkages targets the alternative DC inflation index that replaces the M ; in the
normalized OG weights —including the normalizer— in equation (31) with 3,v; + kg p;[(0r: — 1) Aex.:+(0; — 1) Biv; (1 — v;)].
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as these countries represent those with medium, large, and small degrees of openness, respectively —as
measured by the economy-wise export-to-GDP ratio (19%, 83%, and 9%, respectively). Using equation
(39), we decompose the welfare loss into the output gap misallocation and the within- and across-sector,
and cross-border misallocation. We further use equation (H.1) to decompose the within- and across-sector,
and cross-border misallocation into two sub-components: (i) an output-gap-related term and (ii) a policy-
irrelevant term.

As shown in Table 5, output gap targeting yields a welfare loss that is close to the optimal policy and
significantly outperforms the PPI targeting (column 3), output gap targeting without IO linkages (column
4), and CPI targeting (column 5) —which ignore cross-border linkages, IO linkages, and both cross-border
and 10 linkages, respectively. For Mexico, the difference in the welfare loss between the optimal policy and
output gap targeting is very small and equal to 0.020 percent of the steady-state consumption (-1.859 vs. -
1.879), thereby establishing that output gap targeting is nearly optimal. Important to our analysis, output gap
targeting improves the welfare loss over the PPI targeting by 0.043 percent of the steady-state consumption,
and it generates an even larger improvement over output gap targeting that ignores IO linkages and the CPI
targeting (-1.879 vs. -1.922 vs. -4.948 vs. -4.968). The welfare improvement of output gap targeting over
the PPI targeting (vs. output gap targeting without IO linkages) corresponds to 67.1% (vs. 99.3%) of the
welfare difference between the optimal and the PPI targeting policy (vs. output gap targeting without 10
linkages), thereby exhibiting welfare enhancement if the design of monetary policy accounts for openness
and IO linkages of the economy. The welfare improvement of output gap targeting over the PPI targeting
—which is the policy used in one-sector SOE literature— also shows the importance of considering input-
output linkages in designing monetary policies in SOEs.

Decomposing the total welfare loss into different components illustrates why output gap targeting is
close to the optimal policy and improves over policies that ignore cross-border and input-output linkages.
Output gap targeting eliminates the welfare losses arising from the output gap misallocation and from the
output-gap-related components in the within- and across-sector, and cross-border misallocation. Quantita-
tively, Table 5 shows that these two components related to the output gap generate large welfare losses in
Mexico for the PPI targeting (-0.002 and -0.041), and even larger losses for output gap targeting without 10
linkages (-0.385 and -2.684) and the CPI targeting (-0.388 and -2.701). These results support the adoption
of output gap targeting that considers both the cross-border and input-output linkages to enhance welfare in
small open economies.

Finally, we examine the welfare loss under alternative monetary policies for two additional economies,
namely Luxembourg and the US, which represent the polar cases of open and closed economies, respec-
tively. In the most open economy of Luxembourg (the middle panel of Table 5), output gap targeting
improves over the PPI targeting by a large 95.4%, compared to a more limited 67.1% for Mexico. The same
qualitative results outlined for Mexico hold for Luxembourg and are stronger quantitatively. The bottom

panel of Table 5 presents the welfare loss for the nearly closed economy of the US, showing that the out-
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put gap and PPI targeting yield similar welfare loss and are equally close to the optimal policy, echoing
the results of La’O and Tahbaz-Salehi (2022) and Rubbo (2023) in closed economies. Therefore, we con-
clude that the difference between the output gap and PPI targeting is significant for open economies, but its

importance diminishes in relatively closed economies like the US.%’

7. Conclusion

This paper investigates the design of monetary policy in small open economies with cross-border and
input-output linkages and nominal rigidities. The output gap can be expressed as a weighted average of sec-
toral markup wedges that encapsulate the inefficiency in each sector, with each sector’s weight represented
by the sectoral OG weight. We derive the divine coincidence Phillips curve, which links the aggregate
inflation of the divine coincidence index to the output gap and allows for the simultaneous stabilization of
inflation and the output gap. The relative sectoral OG weights determine the share of each sector’s inflation
in the DC index, and the sum of the sectoral OG weights determines the slope of the DC Phillips curve. We
show that both the DC and sectoral Phillips curves are steeper in open than in closed economies.

The DC Phillips curve implies that the monetary policy of output gap targeting can be implemented by
targeting the DC index to zero. The relative sectoral weights in the DC index for output-gap targeting, in
turn, depend on the sector’s relevance as a supplier of inputs to both domestic and foreign demand, and as
a customer of domestic labor within international production networks. We show that output gap targeting
should assign larger weights to inflation in sectors that supply more inputs directly or indirectly (i.e., via the
downstream sectors) to domestic consumption and face larger expenditure-switching effects. Disregarding
openness or treating the economy as a one-sector SOE overstates inflation in sectors that export intensively
directly and indirectly, and understates inflation in sectors that face larger expenditure-switching effects.

We derive the closed-form solution for the optimal monetary policy that minimizes the welfare losses, as
well as calibrate our model to the WIOD to quantify our theoretical results. We show that the policy of out-
put gap targeting generates welfare losses quantitatively close to the optimal policy as in closed economies,
and outperforms alternative monetary policies of the PPI targeting that abstract from cross-border linkages
or the output gap targeting that ignores input-output linkages. Overall, our analysis demonstrates that cross-
border and input-output linkages are important for the conduct of monetary policy in small open economies
with international production networks.

Our study suggests several interesting extensions for future research. First, one could relax the assump-

tion of financial autarky and study the interplay between the incompleteness of the financial market and the

“In Appendix 1.4, 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 1.4, 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 in
which fiscal policy fails to offset the first-order distortions with non-contingent subsidies. Such contexts
lead to a sub-optimal flexible-price equilibrium for the domestic social planner, as in Bagaee and Farhi
(2024), such that the monetary policy needs to account for the interaction between the supply-side effect of
monetary policy and the openness of the economy to improve efficiency. Third, the subsequent efforts might
explore large open economies where monetary policy would need to account for feedback effects from the
responses of foreign economies to the domestic policy —which may interplay with international product
networks to determine the impact of the domestic monetary policy. Finally, the analysis could be extended
to models incorporating endogenous adjustments in domestic and cross-border input-output linkages, as in

Xu et al. (2025). We plan to investigate some of these issues in future work.
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A. Firm profit, sectoral goods packer, and Calvo pricing
Given the firm’s price F;; and the sectoral tax (or subsidy if negative) rate 7; on sales, the nominal profit
of firm f in sector 7 equals:

g = (1= 7)FiyYip — ®; - Yiy. (A.1)

Sectoral goods packers. In each sector i, the perfectly competitive and identical sectoral goods packers
transform the differentiated goods produced by the monopolistically competitive firms into a sectoral prod-

uct using the following constant-elasticity-of-substitution technology:

€4

v (f V) (A2)

where the within-sector elasticity of substitution between different firms’ products is €; > 1. The cost

minimization of the goods packers yields the following sectoral price index and demand function for the

firms:

! 1 . i -Pq, —&i
P = (/0 Pz.f‘aldf> * and Y= (a) Y;. (A3)

Nominal rigidity and sectoral markup wedges. Denote by R# the price that maximizes the firm’s profit in

equation (A.1) subject to the demand function in equation (A.3), which is equal to the following:

P# _ 1 &;

)

1_Ti€i_1q>izﬁ-q>i, (A.4)
where /,L;# denotes the desired sectoral (gross) markup. Nominal rigidity is modeled as static Calvo-pricing
friction, in which only firms indexed by f < ¢§; € [0, 1] are allowed to choose their desired price PZ# and the
remaining firms maintain their price at the steady-state level. We refer to (1 — ¢;)/0; as the price rigidity of
sector 7. The sectoral markup p; = P;/®; differs from the desired markup ,uf& if the price rigidity of sector
i is strictly positive, viz., (1 — ¢;)/d; > 0. We define the sectoral markup wedge for domestic sector i as the

log deviation of the sectoral markup from the desired markup, viz, In(p;) — In(p).

B. Additional results on the relation between sectoral markup wedges and the output gap

B.1. Aggregate wedges and output gap

We follow the approach in Chari et al. (2007) to define the efficiency and labor wedges in the multi-

sector, small open economy.
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Definition B.1 (Aggregate wedges). The two wedges A4y : E — Ry and 'y, : B — Ry allow equilibrium

aggregate consumption and labor inputs to satisfy the following equations:'

C(€) = Augy(E)L(E)M"®, Ve € &, (B.1)
ur(C©).LE) _ . .0 _
o (C(6),L(€)) FL(&)5, (&), VEEE, (B.2)

in the economy. We refer to A,,,(§) as the efficiency wedge, or aggregate TFP, and I',(§) as the labor

wedge, respectively, for any realized state £ € E.

The equilibrium of the economy is summarized by the aggregate production function in equation (B.1)
and the intratemporal condition between aggregate consumption and labor supply in equation (B.2). The ag-
gregate production function describes the transformation of labor inputs into aggregate consumption, where
the transformation ratio equals the economy-wide share of domestic labor inputs in aggregate consump-
tion expenditure in the flexible-price equilibrium (Af”(f )). In our open economy, domestic consumption
comprises foreign goods, which are supplied through exports of domestically produced goods in exchange
for imports of foreign products. Because the marginal revenue of export strictly decreases with the export
quantity and its use of domestic labor inputs, domestic labor supplies foreign products (through exports)
in a decreasing-return-to-scale way, leading to a lower-than-unitary transformation ratio in the open econ-
omy. In contrast, the transformation ratio is equal to one in a closed economy —as in Bigio and La’O
(2020)— because all domestic consumption uses domestic products instead of imported foreign goods that
are exchanged using exports. The efficiency wedge A,,,(&) captures the shifts in the aggregate production
function or the aggregate TFP.

The intratemporal condition in equation (B.2) relates the marginal product of labor for aggregate output
(i.e., 0C/OL) to the marginal rate of substitution between consumption and labor (i.e., —uy,/uc), and the
labor wedge I';(£) encapsulates the distortions that make the marginal product of labor different from the
marginal rate of substitution.

Based on the definition of the efficiency wedge in Definition B.1, we establish the following open-

economy version of Hulten’s theorem:?

Lemma B.1 (The open-economy version of Hulten’s theorem). Up to a first-order approximation, the de-

'As shown in Appendix K.2, the marginal product of labor is (OC/IL)(&) = A.g, (£)A{lezL(5)Ag”<5>*l.

In 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:

Augy(€) = C(€) = ALL(€) (B.3)
—ATA —{[Bo (1= V)T + AT (R0 Vi) Py p + Pix @ (00 = 1] Dy,
imported ?ornsumption imported i;;rm. inputs profits froﬁ exports

Proof: See Appendix K. 1.

Equation (B.3) shows that deviation of the efficiency wedge from the steady state is linked to the devia-
tions of exogenous sectoral productivity (A), import prices (]3? w.r)» and foreign demand (f)*E x ) from the
steady state. The elasticity of the efficiency wedge to the sectoral productivity is the Domar weight of the
sector (), as in a closed economy (Hulten, 1978; Bigio and La’O, 2020). In an open economy, however,
the elasticities of the efficiency wedge to import prices and foreign demand depend on the linkages between
the domestic and foreign economies. The elasticity of the efficiency wedge to a sector’s import price shock
equals the share of the sector’s imports of consumption goods and intermediate inputs in aggregate output.
Such elasticity is negative, as imported inflation materializes as a negative supply shock. The elasticity of
the efficiency wedge to a shock to the sector’s foreign demand equals the share of the sector’s profits from
exports in aggregate output. Such elasticity is positive because an increase in the foreign demand for do-
mestic goods raises export profits, which increases domestic income and consumption for a given amount
of domestic labor.

Lemma B.1 implies that —similar to the closed economy case— sectoral distortions have no first-order
impact on the efficiency wedge in a small open economy with production networks. Therefore, the labor

wedge encapsulates sectoral distortions entirely, as stated in the following proposition:

Proposition B.1 (Sectoral distortion, efficiency and labor wedges, and the output gap). Up fo the first-order
approximation, the efficiency wedge in the sticky-price equilibrium is the same as the efficiency wedge in

the flexible-price equilibrium:

~ ~ ~

Augg(€) — Allex(g) = Coor(€) — Ay, - L9(€) = 0. (B.4)

agg

The labor wedge, though, deviates from the flexible-price level, and the deviation is proportional to the

output gap:?

~ ~

Tr(€) — T (&) =T1(&) = [0 — 1+ (¢ + 1)/AL] TP (€). (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 &, including the steady
state.
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Proof: See Appendix K.2.

Proposition B.1 shows that up to the first-order approximation, the efficiency wedge is unaffected by

sectoral distortions, but that the labor wedge is different from zero and it summarizes the distortions at

the aggregate level. In particular, the deviation of the labor wedge from the flexible-price equilibrium is

proportional to the output gap.

B.2. The DC Phillips curve and DC index in dynamic, complete markets

Sectoral OG weight in complete markets. In a dynamic environment with the standard assumption of a

complete (asset) market ala Gali and Monacelli (2005) —such that the Backus-Smith and uncovered interest

rate conditions hold— the consumption gap (i.e., égap) satisfies the international risk-sharing condition a la

Gali and Monacelli (2005) and Corsetti et al. (2010) in gap forms as follows:*

O-OQGP — Sgap _ Pgap,

(B.6)

rather than log-linearized open-economy budget constraint in equation (27). The labor supply condition still

holds, viz.:

Agap Tgap _ Tyr9ap _ DYap
gCI%P 4 LI = WI%P — PIP

(B.7)

where the employment gap L9 satisfies the following equation derived from the market clearing condition

(K.25)

ATl = XD a(Poev — fser 4 Gioony

Combining equations (B.6), (B.7), and (B.8) with pricing equations (28) and (29) yields:

— (Ao a)—'—ﬁ + X;a(ggap _ /Wgap) — (pps ©® &)T(f)gap . 1§gap)7

(B.8)

B e(ALa) [AL)AD + prs + A O &}T —{ AT+ o[(1 = ALa)AL + Prs + Ap]a} AL

Cl9ap i — ~ :
oc(ATa)+ o (A[a)2+op [(1 — AL, + pps + )\Ha
(B.9)
YT A INT YT ) X P =17
Foar _ _ (Apa)Aj +J[(>\Da))\p —i—pEs—i-)\@a} R (B.10)

—— — — o
oc(ATa) + o (Aja)2+op [(1 = A[a)A] + pLg + Af] e

“We use the international risk-sharing condition C~° /Py = (C*)~7 /(S P¢) ala Gali and Monacelli (2005) —where, for the

SOE in our model, the aggregate consumption (C*) and the CPI (P}) of the rest of the world are exogenous.

Condition (B.8) is derived by combining condition (K.25) with 131."”’7 + }A/f' = Jear 4 zf“” + [i;, and then multiplying

both sides of the equation by c.
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Equations (B.9) and (B.10) show that in complete markets without balanced trade, the consumption gap
is different from the employment gap, which is in sharp contrast to our baseline case of balanced trade —
where the consumption gap is equivalent to the output gap and proportional to the employment gap (equation
B.4 in Proposition B.1).

Because the employment gap better captures the output gap than the consumption gap, and is more
closely associated with the monetary policy design, we focus on the employment gap rather than the con-

sumption gap, and derive the relation of the employment gap to sectoral markup wedges in complete markets
p gap ploy gap p g p

as follows:

N

KL L% = =Y Mog.ep, - fii, (B.11)
i=1

where Mocgp = Ap  +  Kgpre PES — +Flopre |AF—AO (1 —a)l, (B.12)

v ——— ~~ -~
CPIchannel  oypenditure-switching channel profit channel
Kepre = (1+0 HAha + 1, (B.13)

KLep = {)\Ta + (p/0) (Ap)* + ¢ [(1 - XzT)O‘);‘B + 525 + ;‘;]a}/ﬁcm,cp-

With a slight abuse of notation, we call the elasticity of the employment gap to sectoral markup wedges the

sectoral OG weight —denoted by Mo ;. Equation (B.11) is the counterpart of equation (21) in Theorem
(D.

The DC Phillips curve and DC index in complete markets. Rubbo (2023) (in equation 21) shows that in
a dynamic environment, the sectoral markup wedges are linked to sectoral inflation in current and next

periods as follows:

0
Tt = — 5 T + BET 441, (B.14)
where [ is the discount factor, and
~ _ 0[1— 5801 —4)]
1= Boi(1—5,) B.15)

Combining equations (B.14) with (B.11), yields the following DC Phillips curve in dynamic, complete

markets that links the employment gap to domestic inflation:

KL.ep “aa
TDC,cp,t = /‘iOLc;p L? i + /BEtﬂ-DC,Cp,t—l—lv (B16)
7cp
N
where  Kog.p = Z MocG,ep,i - (1 —6;)/0; (B.17)

=1
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N
TpCent = Y MocapiTis, (B.18)
=1
where  Mog.pi = Mocapi - )/9: (B.19)
ROG,cp

The counterpart DC Phillips curve in terms of the employment gap in our baseline case of balanced

trade is:

Ar o~
NCAL Tgap. (B.20)

Tpc =
Roag

Figure B.1: The ratios of ko p; and the DC Phillips curve slope in complete markets versus under balanced trade

1 1

0.8 —DC Phillips curve slope under balanced trade (normalized to 1)
o DC Phillips curve slope in complete markets (relative to balanced trade)
0.6 o 0.6
¢ ° 00
o o
O 6 @R o o0& ©
04F o9 e®” 8 ¢ 041 oo
3% B e85
@®O
02 B 02 L
—kcpr under balanced trade (normalized to 1)
© KCPIep in complete markets (relative to balanced trade) 0 ‘ ‘ ‘ ‘ |
00 20 40 60 80 100 0 20 40 60 80 100
Export to GDP ratio (%) Export to GDP ratio (%)
(a) ko pr,ep and Ko pr in the DC Phillips curve (b) Slopes of the DC Phillips curve

Notes: Shown in panel (a) is the ratio of k¢ p; ¢, in complete markets (red diamonds) versus k¢ p; 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 J; is set to
d; (i.e., imposing S = 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 in
panel (a) in Figure B.1 is the ratio of ko p; in complete markets —given by equation (B.13) and indicated by
red diamonds— to that under balanced trade —given by equation (23). In particular, k-p; under balanced
trade is normalized to one and indicated by the bold black horizontal line at one. As shown in panel (a),
rkcopr —which captures the relative importance of the CPI channel in the sectoral OG weight— is smaller
in complete markets than under balanced trade —as evinced by the red diamonds below the horizontal line
at one. This implies that the relative sectoral weights in the DC index are smaller in complete markets than
under balanced trade for sectors with a larger (vs. smaller) CPI channel.

Plotted in panel (b) in Figure B.1 is the ratio of the DC Phillips curve slope (in terms of the employment
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gap) in complete markets —given by k1, .,/ Koc.cp in equation (B.16) and indicated by blue circles— to that
under balanced trade —given by koA /Ko in equation (B.20). In particular, the DC Phillips curve slope
under balanced trade is normalized to one and indicated by the bold black horizontal line at one. We set the
price-rigidity parameter gz to 9; —i.e., imposing 5 = 0 in equation (B.15)— to make the DC Phillips curve
slope in complete markets comparable to that under balanced trade. As shown in panel (b), the slope of the
DC Phillips curve is flatter in complete markets than under balanced trade —i.e., the employment gap is
larger in complete markets facing the same negative markup wedges. This is consistent with the intuition
in Heathcote and Perri (2002) that production is re-allocated to the country with lower marginal cost under

international risk sharing.

C. Discussion on the non-zero profit channel in the sectoral OG weight

In this section, we illustrate that the profit channel is non-zero and explain why it is non-zero. In
subsection C.1, we first present a special case of the baseline model in which the profit channel is always
positive, thereby demonstrating that the profit channel does not theoretically cancel out. Then, in subsection
C.2, in the baseline model, we pinpoint the terms in the output gap that are linked to the solution of the
domestic planner’s problem, which cancel out according to the envelope theorem. We further show that in
the output gap, these terms linked to the planner’s problem are distinct from the terms linked to the profit
channel. As a result, the optimization by the planner does not imply the canceling out of the profit channel

in the OG weights.

C.1. A special case of the baseline model where the profit channel is positive

Consider a special case of our baseline multi-sector SOE that imports only consumption goods but no

intermediate inputs. In such an economy, & = 1, so that the imported factor sub-channel equals zero, viz.:
AO(1—-a)=0.
At the same time, with the exports of the economy, the export profit sub-channel is equal to A r and satisfies:
;\F>0 and XF#O.

As a consequence, the two sub-channels of export profit and imported factor do not cancel out, and the

profit channel captured by AF—A0O (1 — «) is always positive in this special case.

C.2. The domestic planner’s optimization problem versus the profit channel

In this subsection, we first derive the optimality conditions of the domestic planner in the steady state
(step 1). Then, we show that in the steady state, the social planner’s problem is equivalent to maximizing

the export profits in terms of the export prices. By the envelope theorem, the terms associated with the

A-7



120 planner’s maximization of export profit should cancel in the output gap (step 2). Accordingly, we pinpoint
141 these canceled terms linked to the export profit maximization in the output gap, and demonstrate that they

122 are distinct from the profit channel in the sectoral OG weights (step 3).

13 Step 1: Optimality conditions of the domestic planner in the steady state. Consider the optimization prob-

12¢ lem of the domestic social planner described in Section J.2, viz.:

flex — (C CA(Cr:. Cr;) L. E L)
u max U T (3] (] /] (] bl
(6) {Cui,CriAXminjXmirj}jLiti ({ ( a r >} ) ;

9F7,

5.t. Z (Dix, Fz) mi (Yax,) GFZ - ZPIMFZ <CFz + ZXH] Fz) >0,

where YEXﬂ' = AiFi({Li, i,j (XHi,Hja XHi,Fj)}j) —Chi — Z XHjHi-

J

N —0p; . .
PESX ”) ™Dy xi» this problem can equivalently be expressed

146 as a maximization with respect to export price Py ;/S in place of Cp; as follows:

s Using the export demand function Yy ; = (

fler(g) = u(e({e(Cm.C L) .1
u max 19 (] ’L 1 ) .
(S) {Pex,i/S,Cri{Xmin;jXmirjtjLi}ti ({ Hi F Z ( )
Ppx i\ _, .
8.L. Z ( S 7 > Dpxi— Z Pru pi (OFz‘ + ZXHj,Fi> >0, (C.2)
7 i j
— PEX,i _QF,i %
where CHz = AzE ({Ll, Xi,j(XHi,ij XHi,Fj)}j) — ( g ) DEXJ — ZXHj,Hi'
J
147 The first-order conditions of the maximization problem in equations (C.1) and (C.2) with respect to
148 PEX,i/S and CF@ are:
au PEX’L _eFai_l PEXZ _9F,i
0= e<—) Diy. A1—9i< ) Dt C3
aOHZ F S EXi + ( F, ) S EX,i ( )
ou .

149 with X being the Lagrange multiplier on the trade balance condition (C.2). Combining equations (C.3) and
o (C.4) to eliminate the multiplier A yields:

1

a

au/aCHz ‘ eFi<PEX,i>9F’i1D*

g EX,i>

P % 7€F’i * *
0= (1 - 9F,i) < Png > DEX,i + PIMFZ ou /3C’F
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[M.FigujaCy; — 5 — 1— becomes:

151 which —in the steady state where the implied prices satisfy

PE i\ i, .. Pgse i\ 01
0=(1—0r;) ( gs)i ) Dgy;+0r; ( gs)i ) Dgx ;- (C.5)

152 Step 2: Domestic planner’s problem is equivalent to maximizing the export profits in terms of export prices.
153 As is shown in equation (27) of Section 3, the sectoral OG weight —including the profit channel in it— is

154 primarily derived from the open-economy budget constraint as follows:

1— oy *
PC = Z [PiY; (1 — M'a ) + (Pex; — B) EX7i:|

= Z {PzYz< 1 ;iai) n [(P2X7i)1_9F’iD*E'X7i B %(P%X,i>_9F,iD*EX7i:| . 5}7 (C.6)

Vv
export profit

. o —0r;
155 Where the last equality comes from substituting in the export demand Y7y, = (PESX L) Dy, X
156 The total differentiation of the export profit term in equation (C.6) —evaluated at the steady state— is

157 equal to:

Pg'sX,z —Ori *,88 Piss PLSCSXZ —Ori—1 *,88 PEXz PEX,'L'
0000 ()™ pitson 5 (FB) ™ e ] (B ) (222)

N J/

export profit maximization through choices of export prices

_F)Z'SS E'?X,Z —Or *,88 P EXZ 1=0F, PfS E;S)(,Z —0p,; *,88
_ <S>( o ) D dm (S)+ ( = ) SSS( : ) | pEs i Dy,

P P Y ,SS
. *,58 *,58 EX,i *,58 EX
= (<Ora Vi + 0pYEn)din (<5) —Vipdm () + G D (7)
N Vv 4 N Vv 4
export profit maximization export profit term
through choices of export prices linked to domestic sectoral prices

158 Because the non-contingent export tax in Assumption 1 allows the competitive equilibrium to implement
159 the domestic planner’s allocation in the steady state, the steady-state equilibrium prices in equation (C.7)
10 coincide with those in the steady-state solution to the domestic planner’s problem in equation (C.5).” As a
11 result, the terms containing d In (E—SX) that are linked to the export profit maximization in equation (C.7)
162 (i.e., the first term on both sides of the equation) are equal to zero, which is consistent with the first-order
13 condition of the planner in equation (C.5). The remaining term —Yzy"dIn (%) in equation (C.7) is non-

164 zero, and it relates to the export profit through the domestic sectoral prices P;/S, which are not set by the

5The utility function equation (J.9) implies that the marginal rate of substitution between C};; and C'; is ‘Z%gg? i = %G ﬁ‘gg” i
Substituting equation (J.21) in this equation of marginal rate of substitution and evaluating it at the steady state yields
P* .88 Ou/dCy; _ P -1

IM,Fi 94 /9C p; Sss
"The equality in equation (C.7) is also based on the rate of the non-contingent export tax in Assumption 1 —viz., Tgx,; =
1/(0r; — 1) such that P3’ , = 0p;/(0p; — 1).
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domestic planner to maximize the export profit.?

Equation (C.7) indicates that, under Assumption 1, the domestic planner’s problem is equivalent to
maximizing the export profit in terms of the choices of export prices in the steady state. Therefore, applying
the envelope theorem to the domestic planner’s problem, we should expect that the terms linked to the export

profit maximization cancel out in the output gap and sectoral OG weights.’

Step 3: Identify the canceled terms relating to the export profit maximization in the output gap, and show
that they are not the profit channel. Equation (C.7) indicates that the log-linearization of the export profit

term in equation (C.6) around the flexible-price equilibrium is equal to:

0 y*ss N*.85\(Dgap _ Qgapy *,85 (Dgap __ Qgap
( GFJ YEX,i + QF,zYEX,i)(P EX,i S ) YEX,i(Pi S ) . (C.8)
A g A
Vv VvV
export profit maximization through choices of export prices export profit term linked to domestic sectoral prices

These terms in equation (C.8) can be found in the log-linearization of the open-economy budget con-

straint (C.6) around the flexible-price equilibrium as follows:

PP 4 09 = Ao (P + Y| Ta+ Ao (1-a) i (C.9)
(Agx ©0p) (P2 —159) + (Apx © 0p)T (PLL — 1597

[\ J/

~
export profit maximization through choices of export prices
T Pya Qya T Qga
AL (B - 1577 4 A o (8 — 175,

~
export profit term linked to domestic sectoral prices

which is the key condition to derive the output gap and sectoral OG weights as we show in equation (27)
of Section 3.! In equation (C.9), the terms linked to the planner’s maximization of export profits (on
the second row) correspond to the first terms in equations (C.8) and (C.7), and they cancel out as in those
equations, which is consistent with the envelope theorem.!! The fact that these terms relating to the planner’s
maximization of export profits cancel out in condition (C.9) —which is the key condition to derive the output
gap and OG weights in Theorem 1— indicates that the sectoral OG weight, including the profit channel,

does not directly reflect the solution to the domestic planner’s optimization problem.

8As in the closed economy, the domestic sectoral prices are set to be equal to the marginal cost of production.

°The 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.

19Substituting the goods market clearing condition (K.25) into equation (C.9) yields condition (27) in Section 3.

N otably, although the non-contingent export tax makes the export price proportional to the domestic sectoral price —and,
therefore, P%4% = P9*?— 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., P%%) —even though
equal to domestic sectoral price gaps P9e7— 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 sectoral
price gaps —unlike the export prices Pgy ;/S that are chosen by the planner to maximize the export profit—
negatively relate to the export profit by raising the (opportunity) costs of exports, which is exactly what the
export profit sub-channel in the profit channel captures. The other sub-channel of the imported factor in the
profit channel relates to the cost of imported intermediate inputs, which is also unrelated to the planner’s
problem of maximizing export profits.

Because neither export profit nor imported factor sub-channel directly links to the planner’s problem,
the optimization of the planner does not imply that these two sub-channels cancel each other out to make

the profit channel zero.

D. The slopes of the divine coincidence and sectoral Phillips curves

D.1. The slope of the DC Phillips curve

Expanding the inverse of the slope of the divine coincidence Phillips curve in equation (33) yields:

L (pps © &+ Apx) & + Ao+ (1 — Afa)

Koa (l—xga) 3T _ -1
o = (g+¢/AL) - I - Ap (I —A)A™1
m(ﬁfzs Oa+ Apx) a+ /\Da(g + ‘P/AL) + (1 = Apa)
CPI;hrannel
o) Ly, AMyL, —Ao(1—-a)’
KoKoPr | \ Rckcpr ,
expenditure—S\;irtching channel proﬁt::?lannel

where the expenditure-switching and the profit channels are both unique to the open economy. Because the

expenditure-switching channel is strictly positive, this open-economy-specific channel increases the inverse

of the divine coincidence Phillips curve slope, thereby flattening the slope in open economies relative to that

in closed economies.'?

Then, we focus on the CPI channel underlying the inverse of the slope and obtain the following three
inequalities in equations (D.2), (D.3), and (D.4):

ko (Prs © &+ Apx) Ta + Ao+ (1 - AL a)

(a+<p//\ L)

(1-A} )

N

XD

(pEs © @+ Apx) &+ Aja(o +¢/AL) + (1 - Afa)

TV
CPI channel

ﬂTlga)(pES ©a+Apx) @+ Apa+ (1 - Apa)

AL (D.2)

(1((7;;2,‘) (Pps © & + Apx)Ta@ + Aha(o +¢) + (1 - Aa)

2The profit channel is close to zero and barely affects the slope of the divine coincidence Phillips curve.
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AT (PEs © G Apx)Ta + Ao+ (1-A)a)

(U+<P/AL)
(1-xja)

Ab

(pps © &+ Apx)Ta@ + Apa(o + /ML) + (1 - ALa)

~
CPI channel

b (pes © G+ Apx) TG + AJa+ (1= AJa) s A

o+ ¢/A)

>
o A ~ . ~ ~
—((:%3:)) (pps © a+ Apx)Ta + )\Ea(a + cp/AL) +(1-A)a) (0 + gp/AL)
(D.3)

@(PES O &+ Apx) @+ Aha+ (1-ALa)

<<T+80/AL)
(1-A) )

XD

(pEs © o+ Apx)Ta + Xga(a +o/AL) + (1 - A o)

TV
CPI channel

ey (Pes © &+ Apx) @+ Aa+ (1-A}a)

(U+50/AL>
(1-AL )

< AT (D.4)

(PEs © & + Apx)T& + Aha(o + /ML) + (1 — ALa)

The inequality in equation (D.4) shows that the inverse of the DC curve slope can be smaller than that in
closed economies because, in the CPI channel, the domestic sectors’ total contents in domestic consumption
are smaller in open than in closed economies, i.e., XE < AT. Therefore, the elasticities of the domestic
output gap to domestic sectoral inflation through the CPI channel are smaller in open economies, thereby
steepening the DC Phillips curve slope relative to that in closed economies.

The inequality in equation (D.2) shows that the inverse of the DC curve slope can be smaller than that
in closed economies because, in the CPI channel, the total domestic labor income share in open economies
is less than unity in closed economies, i.e., A;, < 1. Therefore, the elasticity of the output gap to domestic
labor supply —and, therefore, the real wage gap— is smaller than in closed economies, as evinced by
1/(c 4+ ¢/AL) < 1/ (0 + ), thereby steepening the DC Phillips curve slope relative to that in closed
economies.

The inequality in equation (D.3) shows that the inverse of slope can be larger than that in closed
economies because of the real exchange rate sub-channel that is unique to open economies. In this real
exchange rate sub-channel, the elasticity of the output gap to the CPI gap is unity and larger than the coun-
terpart elasticity through the real wage channel (i.e., 1 > 1/(0 4+ ¢/A}) in general) —which is the only
channel in closed economies. As a result, the existence of the open-economy-specific sub-channel of real
exchange rate increases the size of the CPI channel, hence flattening the DC Phillips curve slope in open
economies relative to that in closed economies.

Combining the three changes of the open-economy CPI channel toward the closed-economy CPI channel
on the RHS of equations (D.2), (D.3), and (D.4), yields the slope of the divine coincidence Phillips curve in
the closed economies, A/(o + ¢), which is consistent with Rubbo (2023).
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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 first
force through the total contents in domestic consumption (equation D.4) and the second force through the
expenditure-switching channel (equation D.1) are the two quantitatively dominant forces. Moreover, the
first force dominates in most economies, making the open-economy slope steeper in open economies than
in closed economies.

Plotted in panel (b) in Figure D.1 below are two other counterfactual cases: (i) adjusting the aggregate
share of domestic labor in domestic output to unity as in closed economies (i.e., change A to 1, indicated
by the magenta diamonds, corresponding to equation D.2), and (ii) adjusting 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 — Xga) to
(1—X£a) (0+gp /A L) in the numerator of ¢, indicated by the cyan crosses, corresponding to equation D.3).
Consistent with equation (D.2), the less-than-unity total domestic labor income share in open economies
makes the elasticity of the output gap to domestic inflation smaller in open than in closed economies,
thereby steepening the DC Phillips curve slope relative to that in closed economies —as evinced by the blue
circles higher than the magenta diamonds in panel (b) of Figure D.1. Comparing panels (b) to (a) shows
that these alternative forces in the two counterfactual cases are quantitatively small relative to the two main

countervailing forces as discussed above.

Figure D.1: Slopes of the DC Phillips curves (relative to a closed economy): more counterfactual cases

251
o (baseline) CPI+ Expenditure switching + Profit channel 2.5r o Adjust aggregate labor share in OG weight
> Ignore Expenditure switching Adjust real exhange rate sub-channel
g Adjust domestic content in CPI channel 2 o (baseline) CPI+ Expenditure switching + Profit channel
% 21 |—Closed economy (slope normalized to 1) % oL —Closed economy (slope normalized to 1)
2 00 2
S 80 >
Oq5- . e® o
a L8P0 o 215
= o SR P = e
= % O 00 < .
o g@m@@@%o 8 ® o 99 09
o 1 [®] 0 <
a o
05 L L L L | - L L L )
0 20 40 60 80 100 0 20 40 60 80 100
Export to GDP ratio (%) Export to GDP ratio (%)
(a) CPI channel and ignoring Expenditure switching (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 Ap to A). 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 A, 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 — Aja) to (1 — AL «)(o + ¢/AL) in the numerator of ).

237 The DC Phillips curve slope with and without 10 linkages. Plotted in Figure D.2 below are the ratios of the

238 DC Phillips curve slopes in multi-sector economies with IO linkages and in one-sector economies relative
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to that in multi-sector economies without IO linkages (y-axis), 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 the baseline open
economy and the closed economy a la Rubbo (2023), 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 both panels, the DC Phillips curve slope in the baseline economy with IO linkages is flatter than in
counterfactual one-sector economies and multi-sector economies without IO linkages, as evinced by the blue
circles that are below both the red diamonds and the bold black horizontal line at one. Further comparing
panels (b) to (a) shows that the introduction of 10 linkages flattens the slope more in closed (relative to open)

economies for those economies that are relatively open and have a large expenditure-switching channel.

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 (b) Closed economy

Notes: Shown in the figure are the ratios of the DC Phillips curve slopes in multi-sector SOEs with 10 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., 87 v.

D.2. The slope of sectoral Phillips curves

In this paragraph, we describe the alternative slopes of the sectoral Phillips curves used in the quantita-

tive analysis in subsection 6.1, including the following three cases:

1. Closed economy. In the counterfactual closed-economy case, v. = 0, V;_, = 0, Ay = 1, and
M, =M, =0.Asaresult, 'cp;c = 0and I'cp; p = 3, and the slopes B in equation (35) reduce

to:
B=[A"-Q- aﬁTrla(a—Hp),
which are exactly the same as those in Rubbo (2023).
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2. Ignoring the expenditure-switching channel. Ignoring the expenditure-switching channel in the
slopes of sectoral Phillips curves corresponds to the case (ii) in panel (b) of Figure 1, as indicated
by red diamonds. In this case, the term corresponding to the expenditure-switching channel becomes
zero (i.e., pps ©® a = 0) and M, in equation (L.5) reduces to M, = (1 — Xga)_l)\EX. The
parameters I'cpr o, I'eoprp, I'sc, and I's p in the slopes B in equation (35) adjust accordingly for
their components of M,,.

3. Changing domestic contents in domestic consumption in the CPI channel. Changing the do-
mestic contents in domestic consumption in the CPI channel of the slopes of sectoral Phillips curves
corresponds to the case (iii) in panel (b) of Figure 1, as indicated by green crosses. In this case,
we adjust the domestic sectoral content in domestic consumption in the CPI channel upward to the
closed-economy case —i.e., v = 1 and V, = I in Ag— which leads to the following counterfactual
values for the baseline parameters I'cp; ¢, T'oprp, I'sc, I's p, and Ag in equations (L.10), (L.11),
(L.13), (L.14), and (36):

Tepre=(B"1+ M 1) (1-8"v),

Leprp=(B1+ M) [1+M)1D)(BOL)+(1-8"v)(M,+M,)],
(T+M, 1) 1+FCPIC)

(1+./\/lT ) P My+ M, +Teprp),

(A Q—arm’P}‘l.

E. The DC Phillips curve under foreign-currency pricing

Our baseline model assumes producer-currency pricing (PCP) —in which domestic producers set ex-
porting prices in producers’ (i.e., domestic) currencies. In this Appendix, we follow Engel (2011) to ex-
tend our model to the alternative settings in the literature, i.e., the foreign-currency pricing (FCP) that
includes both local-currency pricing (LCP) and dominant-currency pricing (DCP). Under local-currency
and dominant-currency pricing, domestic producers set sectoral exporting prices in foreign and dominant
(e.g., US dollars) currencies, respectively, and can price discriminate among domestic and foreign markets,
facing different Calvo-pricing rigidities in these two markets. In particular, because our model summarizes
the rest of the world using a single foreign country and treats the import prices of foreign products denom-
inated in foreign currency as exogenous, local-currency pricing is equivalent to dominant-currency pricing

in our setting.

E.1. Extension of baseline model to foreign-currency pricing

In this subsection, we describe the changes in our extended model with foreign-currency pricing, com-

pared to the baseline model with producer-currency pricing. In each domestic sector ¢, we assume that there
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are two types of monopolistically competitive firms, each of which has a unit mass: the first type of firms
only sell their products to domestic customers, which we denote by type DM ; the second type of firms
only export their products to foreign customers, which we denote by type £X. In comparison, our baseline
model includes only one type of firms that sell products to both domestic and foreign customers in each
sector. In each sector ¢, the two types of firms share the same production function and, therefore, the same
marginal cost of production ®,;. While the selling prices of type DM firms are denominated in the domestic
currency and denoted by F;, the exporting prices of type /X firms are denominated in the foreign currency
and denoted by Pfy ;-

For the monopolistically competitive firms of type DM in each sector 7, there are perfectly competitive
and identical sectoral goods packers that transform their differentiated goods into a sectoral domestic-market
product, which is sold only to domestic customers, using the following constant-elasticity-of-substitution

technology:

£

1 -1 s 1 =
Ypum: = (/ YD;},ifdf) and P = (/ P! Ede) : (E.1)
0 0

where the within-sector elasticity of substitution between different firms’ products is equal to ; > 1, and

P; denotes the price of the sectoral domestic-market product of sector .

Similarly, for the monopolistically competitive firms of type £ X in each sector ¢, there are perfectly
competitive and identical sectoral export goods packers located in the foreign country that transform their
differentiated goods into a sectoral foreign-market product that is only exported to foreign customers, using

the following constant-elasticity-of-substitution technology:

£ 1
1 srl -1 1 e e,
Yex= (/ EX zfdf) and ng,z' = </ (PEX,if>1 ' df) ) (E.2)
0 0

where the within-sector elasticity of substitution between different firms’ products is also equal to ¢;, and

1x; denotes the price of the sectoral foreign-market product of sector 7. We denote the total quantity of
sector 7’s products by Y; = Ypar; + Yex,.

The two types of firms face separate Calvo-pricing friction. Type DM firms face the same Calvo-pricing
friction as in the baseline model, with domestic-market price rigidity of sector i equal to (1 —¢;)/d;. Among
EX firms, only firms indexed by f < 3y, € [0, 1] are allowed to choose their desired price PEX ;¢ and the
remaining firms maintain their prices at the steady-state level PE;‘? . We refer to (1 — 65 ;) /05, as the
foreign-market price rigidity of sector :. Facing the sectoral sales tax rate 7;, type DM firms that can adjust
prices choose the desired price to maximize the following nominal profits:
max (1 — 1) P Ypair — @Yo,

PE‘X Jif
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P\
s.t. YDM,if = (Pf) YDM,i'

Facing both the sectoral sales tax rate 7; and the sectoral export tax rate 7px ;, type X firms that can

adjust prices choose the desired price to maximize the following nominal profits:

max (1 —7;)(1 — 7ux,:) S Prx i Yexir — PiVex.if,

Prxif
.
Py .
EXif
st. Yex;= | —=—+ Yexi;
EXi

where the foreign demand for sector ¢’s foreign-market products is the same as in the baseline model and

equal to:
* -0 3 *
Vexi = (Pixs) " Dix.pi- (E3)
We keep Assumption 1 —i.e., 7; = —1/(g; — 1) and 7gx; = 1/0p;— from the baseline model such that
in both the steady state and the flexible-price equilibrium,

q)i 0Fi

)

P=® and  Ppyi= i
o |

which are the same as those in the baseline model. In this way, the within-sector distortion due to monop-
olistic competition is removed, and the monopoly power of exporting firms on the international market is
retained —in both the steady state and the flexible-price equilibrium. Thus, the allocation in the flexible-
price equilibrium is equivalent to the solution to the optimization problem of the domestic social planner,
as in the baseline model.'?

We define the sectoral markups of domestic-market and foreign-market products as u; = F;/®; and
Wixi = SPpx;/®i, respectively. Under Assumption 1, in the sticky-price equilibrium and outside the

steady state, the desired prices of sectoral domestic-market and foreign-market products are equal to:

Py . SPyE, O
ufz =1 and /LE’??Z.E EXp = _THE
D, ’ b, 0F,i -1

respectively. We further define the sectoral markup wedges of domestic and export products as fi; = In(p;)—

(i) = ()~ (") and fiy; = Wty )~ (i3 ) = Wiy )~ (255, ). respectively, because

BIntuitively, 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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a6 the steady-state markups are equal to the desired markups.

327 Finally, we follow the baseline model to assume the import prices of foreign products denominated
a8 in foreign currency to be exogenous, and sectoral markups of imported foreign products are completely
329 embedded in such exogenous sectoral import prices. As a result, sectoral markups of imported foreign
a0 products —whether under our baseline PCP or under the FCP— will not emerge in the expressions of the

ss1 domestic output gap and, therefore, not in the divine coincidence Phillips curve.

a2 E.2. The DC Phillips curve under foreign-currency pricing

333 In the extended model with foreign-currency pricing, we show that the output gap under foreign-
s currency pricing is related to both domestic-market (i.e., j1;) and foreign-market sectoral markup wedges

s (i.e., [I;x ;) of domestic products, as outlined in the following corollary of Theorem 1:'4

sss  Corollary E.1 (Output gap and the DC Phillips curve under foreign-currency pricing). Under foreign-
37 currency pricing, in a sticky-price equilibrium, negative sectoral markup wedges in both domestic market

s {11:(€)}s and foreign market {[i};x ;(§)}i are related to a positive output gap Coor(£) as follows:

N

ke - C9(€) = — > [Moc.i - 1i(€) + kigpy - Oritpxids) - (Hix (&) — i(€))] (E4)

i=1

sse  where the sectoral OG weight (Mog i), kcpr, k¢ are the same as those in Theorem 1. Accordingly, the

a0 divine coincidence Phillips curve under foreign-currency pricing is:

ke A
mpo,rcp = ————C9P(§), (E.5)
KOG,FCP
341 where the divine coincidence index under foreign-currency pricing is defined as
N N
p— D A A*
Tpe,Fep = E Moac,piPi + E Moac,riPrx (E.6)

i=1 i=1

—~ o (Moa,i—HE}DIGF,MEX,iai)'(1—5i)/5z‘ vl _ kopOridex,i@i(1-08x ) /0px,i _
342 and Mog,p,i = pry— , Mog,ri = sy , and Kog,Fep =
N —1 ~ 1 ~
343 Zi’:l [(MOG,i/ — KCPIQF,i/AEX,i/ai') . (1 - 5%')/51’ =+ I{CPIQF,i’AEX,i’ai’(]- — 5EX,i’)/5EX,i’j|'

344 Proof: See Appendix K.9.

345 Corollary E.1 shows that under foreign-currency pricing, sectoral markup wedges are linked to the
as output gap in a very similar fashion to that under producer-currency pricing as in equation (21). Under

a7 foreign-currency pricing, however, exports are determined by foreign-market sectoral inflation and markup

“Similar to equation (20), foreign-market sectoral markup wedges in exporting prices are linked to domestic producers’

~

exporting prices as follows: 1}, ;(§) = —(1 = 0px.i)/0px,i - Phx.:(§)-
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wedges instead of domestic ones, thus leading to the extra export-related term on the RHS of equation (E.4)
that replaces domestic-market with foreign-market sectoral markup wedges. Specifically, negative foreign-
market sectoral markup wedges —caused by price rigidities under foreign-market sectoral inflation— re-
duce domestic products’ exporting prices relative to the foreign products’ prices in the foreign market. As
a result, the foreign expenditure switches from foreign to domestic products, increasing domestic labor in-
come from international trade and connecting to a positive output gap —as summarized by the coefficient of
the foreign-market sectoral markup wedge mg}a 1 (0riAgx.ic;). The existence of both domestic- and foreign-
market markup wedges in the output gap of equation (E.4) implies that, under foreign-currency pricing, the
divine coincidence Phillips curve involves a divine coincidence index that is a weighted average of sec-
toral inflation of both domestic-market prices and export prices in the foreign market, as shown in equation
(E.6). In particular, while the CPI and profit channels remain dependent on domestic sectoral inflation, the

expenditure-switching channel relies on inflation in both domestic and export prices.

F. Role of input-output linkages in multi-sector open economies versus closed economies

We analyze the impact of introducing input—output linkages into a multi-sector, horizontal SOE ver-
sus a multi-sector, horizontal closed economy on normalized sectoral OG weights. In multi-sector SOEs
with production networks, the role of input-output linkages is primarily captured by the Leontief inverse
L,., which is smaller than its counterpart in closed economies L = (I — Q)fl, but larger than the identity
matrix that corresponds to the horizontal economy without 1O linkages. Therefore, for the CPI channel
common to open and closed economies —i.e., A p=(BO v)TLm versus A = 3' L— the introduction of
IO linkages increases sectoral OG weights in open economies, but by a smaller extent than the increase in
closed economies. For the open-economy-specific expenditure-switching channel, however, the introduc-
tion of 10 linkages increases sectoral OG weights in open economies, but not in closed economies. The
compounding of these two countervailing forces generates an ambiguous effect of introducing IO linkages
in open economies relative to closed economies on different sectors.

In Figure F.1, we plot the difference between multi-sector open and closed economies in the difference
between the normalized OG weights with and without IO linkages for Mexico sectors. As shown in Figure
F.1, the difference in the difference of the sectoral normalized OG weight —capturing the increase in relative
sectoral weights due to the introduction of IO linkages in multi-sector open relative to closed economies—

is weakly and positively correlated with the sectoral share of the CPI channel in the OG weight.

G. Import shares and OG weights

Our definitions of sectoral relevance metrics in equations (16), (17), and (19) include the Leontief inverse
that depends on the import shares and input-output matrix. Therefore, by combining the equations of

sectoral relevance metrics and the definition of the Leontief inverse matrix, we can determine how the
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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 1O 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, as

summarized by the following proposition.

Proposition G.1. The total content in domestic consumption of domestic sector i (i.e., XD,i ) strictly de-
creases in its import share of consumption (1 — v;) if and only if 5; > 0; XDJ- strictly decreases in its direct
downstream sector r’s import share of sector i goods (i.e., w; VU, ,; > 0) if and only if XD,T > 0; XDJ-
strictly decreases in its indirect downstream sector s’ import share of sector r goods if and only if by ps >0,
Wsyr > 0, and Uy ;s > 0.

Proof: See Appendix K. 10.

Proposition G.1 shows that the total content in domestic consumption of a domestic sector ¢ decreases in
sector ¢’s import share of foreign goods as consumption, as well as sector 7’s direct and indirect downstream
sectors’ import shares (of intermediate inputs). Intuitively, more direct and indirect imports reduce the
sector’s contribution to the domestic aggregate output, thereby reducing the size of the CPI channel and
resulting in a smaller OG weight. This implies that monetary policy should assign higher weights to inflation

in domestic sectors with small direct and indirect (via downstream sectors) import shares. !>

50ur 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 policy

Welfare loss as a function of the output gap. We substitute the sectoral Phillips curves (equation 34) in
Proposition 2 into the welfare loss (equation 39) in Proposition 4 to re-write the welfare loss as a function

of the output gap and exogenous shocks, yielding the following:

u(€) — (€)= S o — 1+ (9 +1) /Ar] O0(E)?

(&

TV
output gap misallocation

5B LB Con(e)? — (VE)TLB - T () L(VE) L(VE) + ol &), (.1

N A\ J/

Vv TV
output-gap-related policy-irrelevant

N J/

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

where £ = Lvithin 4 gacross 4 peb,

Equation (H.1) shows that the welfare loss depends on the output gap misallocation (the first line on
the RHS of equation H.1, as already shown in equation 39), as well as the within- and across-sector, and
cross-border misallocation (the second line of equation H.1). This second component is further decomposed
into two sub-components: (i) the output-gap-related component, and (ii) the policy-irrelevant component of
exogenous shocks that cannot be influenced by monetary policy.

Equation (H.1) shows that closing the output gap (i.e., 59“”(5 ) = 0) eliminates the output gap misalloca-
tion and the output-gap-related component of the within- and across-sector, and cross-border misallocation,

but it is unable to eliminate the misallocation arising from the policy-irrelevant sectoral shocks.

Optimal monetary policy as a function of the output gap. To further study the difference between the op-
timal and the output gap targeting policies, we relate the optimal monetary policy to the output gap by
noticing that the optimal monetary policy is equivalent to choosing the output gap égap(g ) that minimizes

welfare loss in equation (H.1).

Proposition H.1 (Output gap in the optimal monetary policy). The optimal monetary policy satisfies the
first-order condition of equation (H.1) with respect to the output gap 59“”(5), viz.:

[0 =1+ (p+1)/A; + B LB]C (&) + BT LVE = 0. (H.2)

Proof: See Appendix M.2.

Proposition H.1 highlights that the output gap targeting —which closes the output gap (i.e., égap(s ) =
0)— does not satisfy condition (H.2) for the optimal monetary policy. In multi-sector economies, those
sector-specific cost-push components in sectoral Phillips curves do not comove with the one-dimensional

output gap (i.e., VE # 0 in equation 34), thus making the output gap targeting unable to simultaneously
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minimize the within- and across-sector, and cross-border misallocation (as captured by Bché in equation
H.2). Proposition H.1 shows that the “divine coincidence” in multi-sector open economies breaks down as in
multi-sector closed economies: the output gap targeting that closes the output gap does not simultaneously

minimize the within- and across-sector, and cross-border misallocation and is therefore suboptimal.

I. Quantitative analysis

1.1. Data and calibration

We calibrate our model of a small open economy with production networks using the World Input-
Output Database. The WIOD covers 28 EU countries and 15 other major countries in the world from 2000
to 2014 and provides information for 56 major sectors.'® Specifically, we calibrate our model using the Na-
tional Input-Output Tables from the WIOD in 2014 for each country. 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. For each sector in each country, the NIOTS reports the following sectoral values: (i)
intermediate goods expenditures on goods from different domestic and foreign sectors, (ii) labor compen-
sation, (iii) gross output, (iv) value-added, and (v) exports to foreign countries. Using the NIOTS data, we
calibrate each country one at a time as a small open economy against the RoW, instead of simultaneously
calibrating all countries at once in a global equilibrium.

For each country, we calibrate the parameters as follows: (i) the (7, j) element of the input-output matrix
(2 is calibrated using the share of customer sector ’s intermediate goods expenditure on the supplier sector
7 (the sum of expenditures on the domestic and foreign sector j) in the customer i’s gross output; (ii) the
(1, 7) element of the home bias in intermediate inputs V, is calibrated using the ratio of customer sector i’s
intermediate goods expenditure on the domestic supplier sector j to the sum of expenditures on the domestic
and foreign sector j’s goods; (iii) the sectoral labor share of «x is calibrated using the share of sectoral labor
compensation in sectoral gross output for each sector; (iv) the steady-state values of sectoral demand from
foreign countries (D} ;) are calibrated such that the sectoral export-to-GDP ratios in the model matches
the sector’s export-to-GDP ratios in the data; (v) the i-th element of the consumption shares 3 is calibrated
using the ratio of the sum of domestic households’ and government’s consumption expenditures on sector
1 goods to the value added of sector ¢; and (vi) the ¢-th element of the home bias in consumption v is
calibrated using the ratio of the sum of domestic household’s and government’s consumption expenditures
on the domestic sector ¢’s goods to the sum of expenditures on the domestic and foreign sector ¢’s goods.

We calibrate the values of other parameters to their standard levels as per the literature. The risk aversion
parameter and the inverse of the labor supply elasticity of the households are calibrated to o = 2 and p = 1,

respectively, following the business cycle literature (e.g., Corsetti et al., 2010; Arellano et al., 2019). We

'*We use the version of Release 2016 of the World Input-Output Database. Shown in Table 1.1 is the list of sectors.
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follow Atkeson and Burstein (2008) and calibrate the within-sector elasticity of substitution to ; = 8 for
all sectors 7. We calibrate the elasticity of substitution between domestic and foreign goods to 5 for both
domestic and foreign households and firms —viz., §; = 0r; = 5 for all sectors 7, following Head and Mayer
(2014). We calibrate the sector-level parameters of price rigidity ¢; using the sector-level price rigidities
from Pasten et al. (2024). With the calibrated sector-level price rigidities, the average quarterly frequency
of price adjustment across all sectors equals 0.49. We follow Rubbo (2023) and La’O and Tahbaz-Salehi
(2022) to introduce wage stickiness by adding a labor sector 0; it uses domestic labor to produce the product
of “labor” that is supplied to all other sectors as inputs. We follow Beraja et al. (2019) and Barattieri et al.
(2014) to calibrate the parameter of wage rigidity dy such that the quarterly frequency of wage adjustment
equals 0.25. Summarized in Table 2 in Section 6 is the calibration of different parameters.

Last, we calibrate the exogenous shocks as now described. We calculate the growth rates of sectoral
import prices and productivity using the social economic accounts in the WIOD. We compute the covariance
matrix between different sectors’ import price series and use it to calibrate the covariance matrix of import
prices used in the simulation of the model. We use the same method to calibrate the covariance matrix for

the sectoral productivity.

Table I.1: Industry classifications in the World Input-Output Database

ID Industry code Description ID Industry code Description
1 A0l 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 Cl10-C12 Manufacture of food products, beverages and tobacco products 33 H51 Air transport
6 Cl13-C15 Manufacture of textiles, wearing apparel and leather products 34 HS52 ‘Warehousing and support activities for transportation
7 Cl6 Manufacture of wood products, plaiting materials 35 H53 Postal and courier activities
8 C17 Manufacture of paper and paper products 36 1 Accommodation and food service activities
9 CI8 Printing and reproduction of recorded media 37 IS8 Publishing activities
10 CI19 Manufacture of coke and refined petroleum products 38 J59.J60 Motion picture, video, and television
11 C20 Manufacture of chemicals and chemical products 39 Jo6l 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 Ko4 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 51 084 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 RS Other service activities
27 F Construction 5 T Activities of households as employers
28 G45 Wholesale and retail trade,repair motor vehicles 56 U Activities of extraterritorial organizations and bodies

1.2. Variance decomposition of normalized OG weights and their differences from misspecified weights
For each country, we compute the percentage contribution of each of the three components in the nor-

malized OG weights —namely, the CPI, the expenditure-switching, and the profit channels, respectively—

to the variance of the normalized OG weight in equation (31) using the following variance decomposition:

CO/I)()\D,i%aMOG,i) COU(”E‘}UﬁES,i%aMOG,i) N cov (55}:1()\1?,1 - )\Z(L— &i))éi,:sicvMOG,i) oy

100% = —= —
var(Mogs) var(Mog.:) var(Mog.:)
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Figure I.1: Variance decomposition of normalized OG weights and their deviations from normalized Domar weights
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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 1.1 is the percentage contribution of each of the three channels to the
total variation in normalized OG weights for each country in the sample. Each set of the vertically aligned
markers in blue circles, red dots, and green stars represents the contributions of the CPI, the expenditure-
switching, and the profit channels, respectively, for a specific country. The vertical dashed lines indicate the
cases for the U.S., Mexico, and Luxembourg, as representative economies with polar degrees of openness
(relatively closed or fully open). The dashed-blue, solid-red, and dash-dotted-green lines reflect the fitted
curves for each of the three channels across countries.

As shown in the figure, the CPI channel (blue circle) and expenditure-switching channel (red dot) ex-
plain the bulk of the variation in the normalized sectoral OG weights across sectors for all countries. In
contrast, the contribution of the profit channel (green star) is marginal, as evinced by the near-zero dashed-
dotted green line. Moreover, the percentage contribution of the expenditure-switching channel (CPI chan-
nel) increases (declines) with the openness of the country measured by the economy-wise export-to-GDP
ratio, as shown by the rising solid-red line (the declining dashed-blue line).!” For example, in Luxembourg
—the most open economy in our sample with an economy-wise export-to-GDP ratio of 83%— both the CPI
and the expenditure-switching channels contribute significantly to the sectoral variance in the normalized
OG weights, with contributions of 70.8% and 29.3%, respectively. In contrast, for the U.S. —a nearly closed
economy with an export-to-GDP ratio of 9%— the CPI channel contributes to almost the entire variation

in normalized OG weights (99.4%) while the contribution of the expenditure-switching channel is minimal

"The 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.
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(1.1%).

Variance decomposition of the pitfalls in output gap targeting that disregards cross-border linkages. To
quantify the pitfalls of output gap targeting that disregards cross-border linkages, panel (b) of Figure 1.1
further shows the percentage contribution of each of the three components —namely, the export intensity,
expenditure-switching, and profit components, respectively— to the variance of the difference between nor-
malized Domar and OG weights using the following variance decomposition: '8

A Xi—M KaKab, B i ANi—M ; Kakoh, A (1—d;)—X Xi—M i
COU(K’:))\(' £ M X»oc 1) cov( _ AKOCGPI pi5,17 i XAoc,l) cov( Amoccpz i ;_) Fi A X.OGJ)
100% = . X-:/\?T + leﬁ/ti - + - X-:/\Z . L . 1.2)
,Ua,r,( i X‘OG,z) Ua?“( i X»OGJ) ,Ua,’,,( i ‘)\“‘OGJ)

As shown in the figure, the normalized sectoral Domar-OG difference is predominantly driven by the
export intensity (blue circle) component with an average percentage contribution of 99.6%. Therefore, the
pitfalls of the output gap targeting that disregards cross-border linkages arise from overlooking the sector’s
contribution to exports as an input supplier, particularly for economies with a medium degree of openness
(i.e., 20% to 30%). In contrast, the contributions of the expenditure-switching (red dot) and profit compo-
nents (green star) are small, except in economies with extremely large openness like Luxembourg, where
the expenditure-switching component contributes to a substantial percentage of the normalized Domar-OG
difference that is even greater than the export intensity component. These results imply that, to correct for
the pitfalls of closed-economy output gap targeting —which coincides with the PPI targeting used in one-
sector SOE literature— the monetary authority needs to adjust the weights of sectors downward by their
direct and indirect exports, with larger downward adjustments on those sectors with large export intensity.

As shown in the figure, the normalized sectoral Domar-OG difference is mostly driven by the export
intensity (blue circle) and the expenditure switching (red dot) components, with average percentage con-
tributions of 99% and 14%, respectively. Moreover, the percentage contribution of the export intensity
(expenditure switching) component increases (declines) with the openness of the country measured by the
economy-wise export-to-GDP ratio, as shown by the rising solid-red line (the declining dashed-blue line).

Therefore, in economies with small and medium openness, the pitfalls of output gap targeting that disre-
gards cross-border linkages —which uses closed-economy normalized Domar weights and coincides with
the PPI targeting policy used in one-sector SOE literature— arise from overlooking the sector’s contribution
to exports as an input supplier. To correct for such pitfalls, the monetary authority mainly needs to adjust
the weights of sectors downward by their direct and indirect exports, with larger downward adjustments on
those sectors with large export intensity.

In contrast, in economies with extremely large openness like Luxembourg, the pitfalls of output gap
targeting that disregards openness (or PPI targeting) also arise from overlooking the sector’s direct and

indirect contribution to the relative domestic-to-foreign prices and demand and, in turn, the demand for

8Equation (1.2) 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 sectors

upward, with larger adjustments on those sectors with large generalized expenditure-switching elasticity.

1.3. Sectoral weights under alternative monetary policies

All of the alternative monetary policies we study in Section 6.3 are implemented by setting the following

aggregate inflation index to zero:
T —
x P(§) =0, 1.3)

where the sectoral weights x = {x;}, sum to be one, and for each monetary policy X, are specified as

follows:

- Mori
N Mory
. o~ Mogi(1—06;)/6
output gap targeting: x; = Mog; = Zi’ MOG’,@"(l — 5@_/)/&,,
~ N(L—38)/6
> A1 —=6y) /00
Bi(L—6:)/6;
2o Bir(1 = 0ir)/6i"
MBED (1 = 6:) /6
Doy MO (1= 6ir) /0

optimal monetary policy:

PPI targeting policy:

o
I
&
Il

CPI-weight policy: x; = BZ =

output gap targeting w/o IO linkages: x; =

where { Mop,;}, in the optimal monetary policy is given by

{Mor:}, = Mop = {[o = 1+ (¢ + D)/AL] i Mbo(A ~T) + BT L}

as in Proposition 5. Note that Mo and MJZ© are the vectors of the OG weights with and without

IO linkages (by setting £2 = 0 and a = 1), respectively. A is the diagonal matrix for the frequency
of price adjustment (see Table 1). Combining the monetary policy rule in equation (I.3) with the sectoral
Phillips curves in equation (34) yields the output gap as a function of the specific policy weights x and the

parameters of the sectoral Phillips curves, viz.:

X VE

agap@\) — _ B (I.4)

Substituting equation (I.4) into the welfare loss function in equation (H.1) of Appendix H, we obtain the

welfare loss under the alternative monetary policy with policy weights x and any realized state &.
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sss  1.4. Welfare loss under alternative shocks and alternative monetary policies

Table 1.2: Welfare loss under different monetary policies: Shocks to import prices of only manufacturing sectors

(1) @ 3 @ (&)
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
US. 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 10 linkages, and CPI targeting policy, respectively.
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Table 1.3: Welfare loss under different monetary policies: Shocks to sectoral productivity

ey @) (3) “ (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
US. 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 10 linkages, and CPI targeting policy, respectively.
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Table 1.4: Welfare loss under alternative optimal monetary policies in open versus closed economies

(D 2 3) )
Open-economy policies Closed-economy policies
w/ 10 Policy w/o 10 Policy w/ 10 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 1O 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 10
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 model

This section derives some basic results of the model, thus preparing for the proofs of our main theoretical

results in Sections 2, 3, 4, and 5.

J.1. Feasible allocation

The feasible allocation of the economy can be defined at the sector level with the help of an additional
variable ¢; that captures the within-sector output dispersion in each sector ¢, as stated in the following

definition:
Definition J.1 (Feasible allocation). Denote the use of labor and intermediate inputs of each sector i and j

by

1
(LhXi,jaXHi,Hj,XHi,Fj) E/ (Lif,Xif,j>XHif,Hj>XHif,Fj)df-
0

A feasible allocation is a state-contingent allocation of C, {C;}i, {Yiti, {Li}i {Xi;}is {Chiti {Crits
{Xwin;tii {Xmiritiy L {Yexi}i and {1;}; that satisfies the following equations (J.1)-(J.8) for each
i,j €{1,2,--- N} and any realized state & = { A;, Dy s Piappi}, € 2 -

(consumption basket) C=Cc({Ci}), Jd.1)
(production function) Y, =A;-1;- F; (Li, {Xi; }j), J1.2)
(consumption with import) C; =G (CHu Cpi), J.3)
(intermediate inputs with import) X, ; = X, ; (XHLH]-, XHi,Fj); J4)
(labor market clearing) L= Z L;, .5)

i
(goods market clearing) Y, =Cpy; + Z Xuj i +YEX J.6)

J
Op;—1

1 -
(balance of trade) EX = (D p;) 7 YE)’}T; => Phyri (Cpi +) Xy, F) (1.7)
: i -

1
(within-sector output dispersion) L= YZ/ </ Yifdf), (J.8)
0

N

where the aggregators F; = (Lip/c;)™ [[;Z, (Xij/wi ;)" following equation (1), {X;;}i; is defined in

equation (2), and C and {C;}; are defined in equation (5).

For sector-level conditions in equations (J.1) to (J.8) to summarize the feasible allocation of the economy
at the firm level, all firms within each sector must share the same marginal product of inputs, which happens
to hold in the first-best allocation, the sticky-price equilibrium, and the flexible-price equilibrium under our

model setup.
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J.2. Proof of Lemma 1: Efficient flexible-price equilibrium

To prove Lemma 1, we define the first-best allocation (Definition J.2), present the conditions for it
(Lemma J.1), and show that these conditions coincide with those for the flexible-price equilibrium when
Assumption 1 holds.

The first-best allocation is the feasible allocation that solves the social planner’s problem, as outlined in

the following definition.

Definition J.2 (First-best allocation). The first-best allocation is a feasible allocation that maximizes the

representative household’s utility u(C, L) —i.e., it solves the following social planner’s problem:

u(C, L)

max
{vi,Li {Xni,0,XHi,Fj}:CHi,Cri}i

s.t.  equations (J.1) to (J.7) and v; € [0,1] for all i.

Substituting equations (J.1), (J.3), and (J.5) into the utility function u(C, L) yields the following:
u(C, L) = u< ({C(Ci, Cpa) b4 Z L, ) 1.9)

Substituting equations (J.2), (J.4), and (J.6) into equation (J.7) yields the consolidated constraint of the

social planner’s problem in the following:

Op;—1

Z (Dix,ri) ™ [Ain‘ ({Ls, X j(Xnirrj Xniors) }5) — Cri — Z XHj’Hi] .
J

- Z Plpi (OFi + Z XHj,Fi)- (J.10)
‘ j

As a result, the first-best allocation is the feasible allocation that maximizes the utility function in equation
(J.9) —subject to the constraint in equation (J.10)— which, in turn, satisfies the optimality conditions

outlined in Lemma J.1.

Lemma J.1 (First-best allocation). The first-best allocation satisfies the following optimality conditions:

L1 J.11)
Ou/OL OF;

i __a08 (J.12)
socacs oL

9C/0C; 0C;/0Cw; _ , OF DX, (J.13)

(‘)C/(‘)CZ 8C2/8OHZ z(‘)Xi,j 8XHz’,Hj 7

0C;/0CF; _ pr ) Or ( Yex )021
9C;/0Cy; - IME Ori — 1 \Dpx pyi

, (J.14)
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8Xi,j/8XHi7Fj
a')('i,j/a)(Hi,Hj

Or Yex i \ 7o

= Phrs g ()™ (.15)
QFJ -1 DEX,Fj

Proof of Lemma J.1. To eliminate distortions and maximize welfare, the social planner would close the

within-sector dispersion in output —i.e., choosing ¢; = 1. Furthermore, denote « the multiplier for the

constraint (J.10) of the social planner’s problem, and the first-order conditions w.r.t. L;, Xg; gj, Xui rj,

Cy;, and Cp; are as follows:

0 i— L7 Yoxi \“om , OF;
0="S" 4k br, ( P, > QF’ZAzO—7
OL Ori \Dpx pi oL;
0— QF,Z' —1 ( YEX,i )_Q;J ' OF; ﬁXi,j B GF’J’ —1 ( YEX,i >_9]j:"j
Ori \Dgx. p 0X; ; O0X i 1 Or; \Dgxr; ,
0=-" ( — ) A — — Py
Ori \Dix p 0X; ; OX mipj Y
_OudC 9C_ Ori— 1( Yix.i >—F
90 9C; 0Cy; Ori \Dix.pi 7
_moe G,
~ 9C C; IC; e
Rearranging the above first-order conditions and eliminating the multiplier « yields equations (J.12)-(J.15)
of Lemma J.1. 0
Proof of Lemma 1. Under 7; = —1/(g; — 1) of Assumption 1, in the flexible-price equilibrium, combining

the optimal pricing conditions of the firms that maximize profits in equation (A.1) —subject to the demand
function in equation (A.3)— with the cost minimization conditions that minimize the total costs in equation

(3) —subject to the production technology in equations (1) and (2) —yields the following two conditions:

OF; .. _ W/ (€)
18_LZ<€> - Piflex(s) ) (J16)

OF, 0X,; Pl (€)
4,250 Mgy =2 > 117

Under 7gx; = 1/0F,; of Assumption 1, combining the export demand Ygy; = (Pgx./S) "D} x.ri With

the no-arbitrage condition (1 — 75 x.i)Pex; = P, yields the following equation:

lex 1 ex
QF,i (YEfX,z(é) i — Sfl (é) (J 18)
Ori — 1\ Dpx Piﬂex(ﬁ)' '
Furthermore, for the households’ problem that maximizes utility function (4) —subject to the consumption
aggregator (5) and budget constraint (6)— combining the first-order conditions with respect to L and C'y;

yields condition (J.19), combining the first-order conditions with respect to C';; and C'y; yields condition

A-32



584

585

586

587

588

589

590

591

592

593

594

595

596

597

598

599

600

601

602

603

604

605

(J.20), and combining the first-order conditions with respect to C'r; and C'y; yields condition (J.21). For
the firm’s cost minimization problem that minimizes the total costs in equation (3) subject to the production
technology in equations (1) and (2), combining the first-order conditions with respect to X y; p; and X py; p5,
yields condition (J.22).

Ou/OL W flez(¢)
— s (&) = —F 0 (J.19)
56 36; 50 P (¢)
ac/ac; . aC;/0Cy; .. PI'U(€)
86/601 ( ) 8cz/aCHZ (E) - Piflex (6) (J20)
(9Cz oC ; P isflex 5
aci;a(?;( )= Hg”lw(g)( ) (02D
aXi,j/aXHi,Fj PI*M,FjSﬂeI(s)
= . 1.22
0X, ;/0XHinj &) Piflex(f) ( )

Substituting equations (J.16)-(J.18) into equations (J.19)-(J.22) to eliminate all of the equilibrium prices
Witer(g), Sflex(¢), and {P/'"(£)},, yields exactly the same conditions for the flexible-price equilibrium
as the conditions (J.12)-(J.15) for the first-best allocation in Lemma J.1, thereby proving the efficiency of
the flexible-price equilibrium. O

The role of export taxes {Trx;}: In closed economies a la La’O and Tahbaz-Salehi (2022) and Rubbo
(2023), non-contingent sector-specific subsidies 7; = —1/(g; — 1) eliminate sectoral distortions due to
monopolistic competition and, therefore, are sufficient to make the flexible-price equilibrium efficient. In
open economies, however, it is welfare-enhancing for the social planner of the small open economy to ex-
ploit fully the monopoly powers of the domestic producers in the international market. As a result, the
non-contingent sector-specific subsidies that eliminate the sectoral distortions due to monopolistic compe-
tition alone are no longer optimal in small open economies, and an additional non-contingent export tax
Tex; = 1/0p; is required to retain the monopoly powers of the domestic producers in the international
market and make the flexible-price equilibrium efficient. Under such export taxes, the sectoral export prices

become:

1 Or, .
Poxi = p=-"F poVie{1,2-.. N
BT — TEX,i Op; — 1 ied J

J.3. Steady-state Domar weights and sectoral export-to-GDP ratios

Lemma J.2 (Steady-state Domar weights and sectoral export-to-GDP ratios). The steady-state Domar
weights A and sectoral export-to-GDP ratios Apx are functions of parameters as in the following equa-

tions:

AT={Bov+(1-8TV)0r-1)00r o vy}
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1

AI-Q0V, - (Qo V)10 —1)00rovy]'} (J.23)
Apx =ATI-Q060V,) - (Bov), (J.24)

where vy is the vector of the steady-state shares of sectoral exports in the value of the aggregate exports,

with the i-th element vy, equal to:

Or I_QF”LD*,SS
OF;—1 EX,Fi

HFJ;I 179F7i/ D*,SS
2 Opo—1 EX,Fi

*

Proof of Lemma J.2. In the steady state, the nominal exchange rate S*° and the sectoral prices P are both
normalized to 1. As a result, for each sector i, the export price Pp’; is equal to 0r;/(0r; — 1), and the

foreign demand for domestic sector 7’s product in terms of quantity and value are equal to

55 PESXl —Or *,88 9Fi —0ri *,88
YEXvi - < Sss’ > DEX Fi — (9F 7_ 1) DEX,Fia (J25)
and
HF,i er ss
GF -1 EXZ = UHZ Z er/ _ 1YEX7Z'U (J26)

respectively. In the steady state, the import price P; ]’\f[SFi is also normalized to 1, which yields the steady-
Op - .
. eFf;Z—l wxi = 2o(Cry + > Xif; py)- Combining this steady-state

balance of trade condition with equation (J.26), yields the following equation of the quantity of foreign

demand:

0 i 1 * ss 58
YEXZ_—F’@FA i > (CFi,+§ XHj,Fi,) 3.27)
J

K3 .
’ Zl

Substituting equation (J.27) into the steady-state goods market clearing condition Y;** = C§/,+ > i XHj it
Y% ; and dividing both sides by the steady-state aggregate output C** yields:

O o
N = B+ 3 At v 3 [B(1 =) + 3 Ay — )]
j * it J

which has equation (J.23) as its matrix form.
Dividing both sides of the steady-state goods market clearing condition Y;** = Cy7,+> . X3 i+ Vi,
by the steady-state aggregate output C'** and substituting in the definition of the sectoral export-to-GDP ratio
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Aex,i = (PPYgy,;)/ (P& C**) with normalized P;* = Pg* = 1 yields the following equation:
Ao = A= (B0 + Y Awsivas), (1.28)
J

which has equation (J.24) as its matrix form. ]

J.4. Goods market clearing condition up to the first-order approximation

Lemma J.3 (Goods market clearing condition). Up to the first-order approximation, the following condition

holds in the sticky-price equilibrium.

Ao (PE)+Y(©)] =X5(Pe€) + C(9)
— MA@ ) (L — 1) + [AexS(€) — prs © (P(€) — 15(€))] "Luw

+ {Apx © Dy o+ [prs — (0r — 1) © Apx] © Pl p} L + o||€]])-
J.29)

Proof of Lemma J.3. The goods market clearing condition (J.6) multiplied by the sectoral price P, is

PY: = PiCpi+ P,y Xujmi + PYex. (1.30)

J
Denote P, ; as the price index of the sectoral consumption goods from sector 7 and P, ;; as the price index
of the intermediate inputs purchased by sector j from sector ¢ —both of which are weighted averages of
domestic price P; and import price S - Py, ;. Minimizing the costs of purchasing C, { F; }i, {Ci}:, { Xi }i

yields the following quantity of the demand for consumption and intermediate inputs as functions of prices:

Chi = ( h >eivi0i = (i) “uipiPeC

)
Pc,i Pc,'i Pc,i
X (LN (P e Y
HJ’HZ - /nyjﬂ: J’Z - °
Py ji Py ji Py jittg

Substituting the export tax rate 7px,; = 1/0p,; and the export price Pgx,; = P,/(1 — 7gx,) into equation

(8) yields the export demand as follows:

PEX,i —Or. * QF,i —Ori PZ —Ora *
YEX,i = < g ) DEX,Fi - <(9m——1> (g) DEX,Fi'

Substituting the quantity of consumption, intermediate inputs, and export demand above back to the goods

market-clearing condition in equation (J.30) yields:

P’ 1-6; P 1-6; Vo i 200 PY
RY; = ( l> i3i PeC < ! ) .5, i%54 7 G4 g
7., Vi PcC + zj: P o
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Or; —0ri s P\ 1-0r, .
+<9F'F’_1) (2) S Dixr 1.31)

ess Log-linearizing equation (J.31) yields:

+ > AWt [(61' — 1)( Az,j,z‘ - JSi) + P+, }
J
by [(Hm- 1S -P)+ 5+ f)gx,m} +o(|l€. (1.32)
sss Log-linearizing the price indices P, ; and P, ;; yields:
Pui =P+ (1= ) (S + Piy i) + ol l€]]), (1.33)
Prji = el (1= v250) (5 + Phag ) + o([1€]). (.34)

ss7  which implies the following relative prices:

e3s Substituting these relative prices into equation (J.32) yields:

m

)‘( ?):@Uz[( i 1)(1_Ui)(§+ﬁ;M7Fi_ﬁi)+ﬁC+a}

+ D Awyite [(ei — D)1 = v ) (S + Pl — P) + B + Y5 — i
J
+ Aexi| (0rs = 1)(S = P) + 8+ Dix ] + ollI€]).

s39 Rearranging the above equation and substituting in the definition of the expenditure-switching elasticity

s0  ppg,; in equation (18) yield the following:
)\z(ﬁz + 2) - Z )\jwj,wx,j,i(f’j + ?g) = @'Ui(ﬁc + a) - Z AjW; iV il + )\EX,z‘g - pES,i(ﬁi - §)
J J

+ )\EXZ EX Fi T oes; — (Opi — 1)>\EX2] M Fi T 0(”5”)

e+t which has the following matrix form as in equation (J.29) in Lemma J.3:

AP+ =2+ C) = A0 E) (Ly — 1) + [ApxS — prs © (P —15)] 'L
+{Aex © Dy p + [pms — (6r — 1) © Apx] O Piyp} Luw + 0(||€||)-
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J.5. Household’s budget constraint up to first-order approximation

Lemma J.4 (Household’s budget constraint). Up fo the first-order approximation, the following condition

holds in the sticky-price equilibrium.

Pe@)+CE) =20 (PE)+Y(©)] a+ (Aou©) 1-a)+1-ATa)s(E)
~ ALy (P(€) — 15(8)) + [Apx @ (8 — 1)] Dy + o ||€]]). (1.35)

Proof of Lemma J.4. Substituting the profit, total cost of inputs, and lump-sum transfer in equations (A.1),

(3), and (11) into the household budget constraint in equation (6) yields:

1
PCC:WL+Z/ I pdf +T
— Jo
=WL+ Z [(1 —7n)PY,— WL, — Z (P;Xmim;+ S - P;M,FjXXi,Fj)]
i J

+ Z (TiPiYi + TEX,iPEX,iYEX,i>
= Z [Pz‘yz' — Z (]:)jXHi,Hj +S- P]*M7FjXXi,Fj)j| + Z Tex,iPEx,iYEX - (J.36)
i j i
Under the Cobb-Douglas production functions, Zj (PjXHi’Hj + S - PfM7FjXXi7Fj) = PY:(1 — o)/ -

Therefore, substituting the export tax rate 7px; = 1/6r;, the export price Pgx; = P;/(1 — 7gx,;), and the

export demand Ygx; = (Ppx,i/S) %" D}y p; into equation (J.36) yields:

Fe€ = Z B <1 B 1 /_liai> - Z <9ii)9m <9FZPZ— 1)10F’iD*EX,Fi- (J.37)

In the steady state, the sectoral markups, prices, and nominal exchange rate are normalized to pj° = P =

S% = 1. As a result, equation (J.37) becomes:

1= Z N + Z eiE)i1 (1.38)

Log-linearizing equation (J.37) around the steady state yields:

~ ~ — AEX.i A -~
Po+C = Z)‘i%( Wi + P + Y) QFE)i 1 — (0p; — 1)(P S) + DEXFZ] o([I€]1),
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which has the following matrix form as in equation (J.35) in Lemma J.4:

Po+C=Po®P+Y)] a+rop (1-a)
+(1=AT@)S = ALy (P = 15) + Apx @ (6r — 1) Diy o + ol||€]]).

J.6. Sectoral markup wedges and sectoral inflation

Lemma J.5 (Sectoral markup wedges and sectoral inflation). Up fo the first-order approximation, the fol-

lowing condition holds in the sticky-price equilibrium:

fi(€) = (AT —D)P(€) + o |€]))- (1.39)

Proof of Lemma J.5. Under static Calvo-pricing, the vector of sectoral inflation is a function of the sectoral

frequency of price adjustment A and the vector of sectoral nominal marginal costs ®:

~

P(£) = AD(€) + o(||€])). (1.40)

On the other hand, the definition of the sectoral markup wedges i yields:

~

P(£) = f(€) + ®(€). (1.41)

Combining the above two conditions to eliminate ‘/I;(é ) yields equation (J.39). [l

K. Proofs of the theoretical results in Sections 3

This appendix derives the theoretical results that relate sectoral markup wedges to the output gap in
Section 3. These theoretical results are all up to the first-order approximation around the efficient steady

state under Assumption 1.

K.1. Proof of Lemma B.1: The open economy version of Hulten’s theorem

Hulten’s theorem in Hulten (1978) characterizes the first-order impact of disaggregated productivity
shocks on the aggregate TFP in an efficient closed economy (e.g., Baqaee and Farhi, 2019). Our paper
extends the closed-economy version of Hulten’s theorem into a small open economy with international
trade, exchange rate adjustments, and sector-specific shocks to import prices and export demand besides

sectoral productivity.
Under 7; = —1/(¢;—1) and 7px; = 1/0F,; of Assumption 1 and with all of the prices but P ; and W**
normalized to 1, the first-order approximation of the conditions in Lemma J.1 around the efficient steady
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state yields the following:

C=C(€) =Y CCi(&) + o([I€lD), (K.1)
YYi€) = Y A+ WHLP Li( Z X75X:5(6) + o(1€]), (K2)
Cs*Ci(€) = C3,Cmi(€) + CECri(€) + o ||€]D, (K.3)
X3 Xi5(€) = X350 X i, (€) + X355 Xari,pi (€) + oI €]D), (K.4)
L¥LE) =Y LLi(€) + ol IE]), (K.5)
Y0Yi(€) = CiiCra(€) + Y X3 i Xujmi(€) + Yk Yex.i(€) + o(I€]), (K.6)

J
> EXFEXi(€) = Y Vi (0ri — 1) Diy i + Vexa(€)|

= > (G (Praspi + Cri(e)) + Z X33,.mi(Prasrs + Rutjri ()] + o€, ®D)

Then, we combine equations (K.1)-(K.7) to prove Lemma B.1. Rearranging the balance of trade con-
dition (K.7) to move all endogenous terms to the LH.S and all exogenous ones to the RH S yields the

following:

LHS = Z (Ygif,z?EXJ(g) CFZ ZXHz F]XHz Fj E))

s8 D* ss Dk YEXz o
= Z (CFiPIM,Fi + Z Xt piPiv,ri — 9—1DEX Fz> + 0(”5”) RHS. (K.8)

J
Combined with the goods market clearing condition in equation (K.6), the L H S of equation (K.8) becomes:
LIS =Y~ (Y7"Vi(&) - C5iCin(€) Z X5y i X 1i(€) — O Cr(€) Z Xy X3 ri(8)).
Further combined with the aggregators in equations (K.1), (K.3), and (K.4), the LH S becomes:
LHS =Y (Y7i(6) - 3 X55%i5(6)) — €= C(e).
( J

Combined with the production function in equation (K.2):

LHS =Y (Y;SE,- + WSSLfSEi(£)> — o= 0(8).
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Combined with the labor market clearing condition in equation (K.5):
LHS = Z Y A+ WHLSL(€) — C*C(€).
Substituting LH S back into equation (K.8) yields:
C=C() - WL (e)
=30 (A= OB P~ X Pir+ g D) ollED (9)
i j ’

In the steady state, the sectoral output prices and the CPI are normalized to 1. Therefore, dividing both sides

of equation (K.9) by the steady-state aggregate output C'** yields the following:

~ ~ ~ XEXS A,
CE) - ML) =) {AiAi g o1 Dexr

= B =)+ 3 Al = v ﬁfM,Fi} + ol[I€]). (K.10)

K.2. Proof of Proposition B.1: Efficiency and labor wedges

Efficiency wedge. Log-linearizing the efficiency wedge A,,,(§) in Definition B.1 around the steady state
yields

~

Auge(€) = C (&) — A" (€)L(¢).

Substituting AJ“"(&) = A, + O(||€]|) into the above equation yields

~ ~

Augg(€) = C(&) — ALL(E) + o(||€])),

where C (&) —A Li(f) are functions of only exogenous shocks up to the first-order approximation, as shown
in equation (K.10) of Appendix K.1. Therefore, taking the difference of equation (K.10) in the sticky-price

equilibrium and in the flexible-price equilibrium yields the following:

Augs(€) = ALl (€) = (C(&) — ALL(€) + o([I€])) — (C7'*"(&) — ALL™ (&) + o([I€]))
= (&) — ALL*"(€) + o(I€]}) = o(|€]]). K11

In sum, sectoral markup wedges under price rigidities have no first-order impact on the efficiency wedge.

Labor wedge. Consider a prototype economy similar to the closed economy a la Chari et al. (2007), except

that the aggregate production function defined on domestic labor inputs has state-contingent aggregate TFP
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and returns-to-scale, as in the following equation:
F(L,€) = Augg(€) - L' ©),

where A{l“(é ) is the economy-wise labor share in the flexible-price equilibrium of the small open economy
that is contingent on the states of exogenous shocks. According to Definition B.1, C'(&§) = F(L(£), &) and,
therefore, the labor wedge I';,(§) satisfies:

Ou/OL _ OF
5790 C (O L©) = T1(&) - 5 (L(€).€), (K.12)

where the marginal product of labor in the sticky-price equilibrium is equal to:

OF

or g1 = 90
oL

(L(£).€) = Augy(€) - AL (8) - L = 7).

Therefore, substituting the utility function in equation (4) into equation (K.12) and log-linearizing it around

the steady state yields:

~ ~ ~ ~

Tr(€) = 0C(€) + 9L(€) — Augy(€) — AL (€) — (AL (€) — 1) L(8). (K.13)

Taking the difference of equation (K.13) in the sticky-price equilibrium and in the flexible-price equilibrium
yields:

Tp(€) — T3 (€) = oCo? (€) + Lo (€)
— (Augy (&) — ALlx(£)) — (Ay — 1T (€) + o(|I€]]) (K.14)

Combining equation (K.14) with equation (K.11) yields the labor wedge as follows:

p+1

L

Du(§) = T1(§) = (o — 1+ 2= ) - C%(&) + o(€]).

K.3. Relation of sectoral markup wedges to gaps in domestic sectoral prices and CPI

Under the production technology and the total cost of inputs in equations (1), (2), and (3), deriving the
sectoral nominal marginal costs ®(&) from the producers’ cost minimization problem and log-linearizing it

around the steady state, yields the following:

—

B(8) = aW (&) + (20 V,)P(E) + (R0 Vi) (15(€) + Py r) — A+ o(I€]), (K.15)
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which, substituted into equation (J.41), yields:

o~

P(£) = aW(£) + (2O V,)P(€) + (R0 Vi_,) (1S(€) + Py p) — A+ A(€) +o(€]).  (K.16)

Taking the difference of equation (K.16) in the sticky-price equilibrium and in the flexible-price equilibrium

to eliminate the exogenous shocks, yields:

PIP(¢) = aWP(€) + (RO V,)PIP(€) + (20 Vi) 159(€) + f(€) + ol |€]))-
= Lo, (@W9?(€) — a9 (&) + [(€)) + 1597 (€) + o(||E])), (K.17)

where the second equality is derived using the Leontief inverse matrix L,, = (I — Q ® V,)~! and the

identity o« = 1 — 21. Re-arranging equation (K.17) yields:
Por(€) — 159 (€) = & (W (&) — 5°7(€)) + Luohi(€) + ol [I€]), (K.18)

which is equation (28) in Section 3.

Log-linearizing the CPI in equation (7) around the steady state yields:

~

Po(€) = (BoV)P(&) +[B0 (1—v)]" (15(8) + Piyr) + ol I&]D). (K.19)

Taking the difference of equation (K.19) in the sticky-price equilibrium and in the flexible-price equilibrium

to eliminate the exogenous shocks yields:
FET(€) = (B ) "PrP(€) +[B© (1—v)]187(€) + o(|IE])- (K.20)
Substituting equation (K.17) into equation (K.20) and using the identity (3 ® v)'L,, = Xg yields:
PE(€) = ApadVo™(€) + (1= Xpa) S°7(€) + A 7a(€) + o €],
which can be rearranged to:
PET(€) = 5 (&) = Xpex (W2(€) — 5°(€)) + XpA(€) + o([1€]). (K21)

which is equation (29) in Section 3. [
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K.4. Real wage gap and output gap

For the households’ problem that maximizes utility function (4) subject to the budget constraint (6),

combining the first-order conditions with respect to L and C' and log-linearizing it yield:

W(&) — Fo(§) = aC(€) + ¢L(€). (K.22)

Taking the difference of equation (K.22) in the sticky-price equilibrium and in the flexible-price equilibrium,
and substituting in equation (K.11) from Section K.2 yields:

Wor(€) — FE(€) = (o + /ML) C(€) + o 1€])). (K.23)
which is equation (25) in Section 3. Substituting equation (K.21) into equation (K.23) yields:

(04 @/AL) TP (€) = (1 = Aper) (Wo(€) — S (£)) — Api(€) + o(I€]),  (K24)
which is equation (26) in Section 3.

K.5. Log-linearized open-economy budget constraint

Taking the difference of equation (J.29) from Lemma J.3 in the sticky-price equilibrium and in the

flexible-price equilibrium yields:

A © (Pr(€) + Y2 (€))] " = AL (PL™(€) + Co(€)) — (A @ A(€)) (Lo — 1)
+ [)\EX§9ap(€) — PEs ® (ﬁgap(g) — 1§gap(€))}TLw + o(HEH). (K.25)

Taking the difference of equation (J.35) from Lemma J.4 in the sticky-price equilibrium and in the flexible-

price equilibrium yields:

PP (g) + Cor(€) = [A O (PU(&) + Y*(€))] '+ (A0 a(€)) (1 - )
+ (1= AT @) 597 (€) — ALy (P (€) — 1577 (£)) + o(||€])).- (K.26)

Substituting equation (K.25) into equation (K.26) and using the identity equations a = L,,« and A =
ALy Ly, yield

PEr(&) + Crr(€) = Apeu(PET(€) + C77(€)) + A © (1= &) T(€) + (1= AT e+ Xp) S (€)

— (pps © &) (PP (£) — 159%(€)) — Ay (P#7(€) — 1577(€)) + o ||€])).
(K.27)
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Rearranging it and using A = b + Ap from equation (37) in Lemma 2 yields

(1— Xpa)Cor(g)
= —(pps © &)  (PUP(€) — 1597(€)) + A © (1 — &)]Tfa(€) — Ay (PUP(€) — 1597(¢))
+(1 - Xha)(S9P (¢ — PE™(¢))), (K.28)

which is exactly equation (27) in Section 3.

K.6. Proof of Theorem 1: output gap and sectoral markup wedges

Substituting equations (K.18) and (K.21) from Appendix K.3, and equation (K.24) from Appendix K.4
into equation (K.28) from Appendix K.5, yields:

Apa(o +@/A)CU (&) + (1= Apa) [opy + (1= Kgp) (o + ¢/AL)] Co(€)
= —XDA() = Kopr - PEsA(E) + hopr - [— Ar +A© (1= &) (&) + ol €],
where we have used the definition of k¢ p; in equation (23):

(pEs © a + /\EX)T&

1-Ala

Ropr = + 1.

Further using the definition of x¢ in equation (24):

(PEs ® @+ Apx) &

1- AL

Fo = [ (0 + @/AL) + Ape(o +p/AL) + (1 - XEQ)] /Kcpr,

we obtain the following matrix form of equation (21) of Theorem 1:
hic-CUP(€) = —{Xp+hcpr Pesthicp [Ar—AO (L -a)]} AE)+o([€]]) = —Moch(€) +olIE]).
]

K.7. Negative markup wedges and the gap in the nominal exchange rate relative to domestic wage

We show that negative markup wedges (z1(€) < 0) are linked to a negative gap in the nominal exchange

rate relative to domestic wage —i.e., S9P(¢) — /Wg‘lf”(é ) < 0. To illustrate this, we first show the following:

(0 + /ML)~ (0 + /) (LG 4 1)
. . AL 1 _ i} _ D — > 1,
we ~ BESEPRIE (o4 o70,) + Xpalo + p/Ar) + (1- Xpa)
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where the inequality comes from the facts that o > 1, /A, > 0, and )\Da € (0,1). Accordingly,
Sgap(E) — Wgap(ﬁ) satisfies:

(1 - Xga) (ggap@) _ /Wgap(é)) — _(J + SD/AL)agap(E) . ;\gﬁ(f)
= [+l AL)éMgc — Xp|ag) <o, (K.29)

where the first and the second equality come from equations (26) and (21), respectively. The third inequality
comes from the facts that gz < 0, (a + ¢/ AL) % > 1, and Mpg > XD (because XD is a sub-component
of Mog).

K.8. Deriving the terms of trade gap

Due to the trade balance, we can denote the steady-state share of sector ¢’s exports in total exports and

the share of sector ¢’s imports in total imports by:

O
EX_Share;, = 9Fz = 1)\EX1/( QFj— 1)\EX,Z">7 and
O
IM _Share; = [(;)\jwj,i (1- 'Ux’jﬂ')) + 5 (1 }/( G — 1>\EX,1‘/>7

respectively. Then, we can define the terms of trade as:

EX _Share;
EX,i

Tol = .
Hi (SPI*M,FZ) IM _Share;

The terms of trade gap is equal to:
ToT"™™" = Z EX _Share; P9 — Z IM _Share;59%
= Z EX _Share; P9" — Z EX _Share; 59

Or, = 5 Op,
- px (P = S) | /( Y Apxa
[ i O — 1 Exi\ L S / 4 Ory — 1 EX, )

= [(0r @ (0F — 1))T)\EX]_1(0F ©0r—1)0 )\EX)T([A)WP _ 1§gap)’

where the second quality comes from the trade balance.

K.9. Proof of Corollary E.I under foreign-currency pricing

In this proof, for the sake of space we only show equilibrium equations under foreign-currency pricing

that differ from those in the baseline model under producer-currency pricing.
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With the definition of sectoral markup wedges of foreign-market products, we have the following pricing

equation of sectoral foreign-market products:

~

ﬁEX,i = ((I)i - §) + :ZZ*EXz (K.30)
Thus, the log deviation of the export demand function in equation (E.3) is equal to:
?EX,i = _QF,i(@' - § + ZZEXZ) + BZ’XFZ (K-31)
Under our Calvo-pricing friction, the price of sectoral foreign-market product satisfies:
ﬁEX,i = 5EXZ((/§Z - §)7

which, combined with equation (K.30), yields:

1— 6%y~
B P (K.32)

~
ILL EX A 5*E X7i
Under Assumption 1, the sectoral goods market clearing condition under foreign-currency pricing is the

same as in the baseline model under PCP as follows:

P\ 1-6; P N1y w0 PYs
PYi=(5-) wbiPeC+ Y (5) I Py, K.33
P., vi3iPcC + ; o i + LiYex; ( )

However, log-linearizing equation (K.33) and combining it with the log linearization of the demand and

pricing equations (K.30) and (K.31) of sectoral foreign-market products yields the following condition:

N(P 4+ Y;) = B0, — 1)(1 — v) (S + ﬁI*M,Fi ~P)+ Po+C]
) Nwjia [0 — 1)(1 = v23) (S + Pl ey — P) + P+ Y5 — ;]
j

+ Apxi [P = Ori(P — i — S + [ipx,;) + Dix pi] +o(ll€])),
which can be re-arranged and stacked into the following matrix form:

AOP+Y)] =ALPo+0) = AR (Lye — 1) + {ApxS — [pps © (P —15)]} 'Ly,
+ {)\EX ® f)*EX,F + [pES — (0F — 1) ® )\EX] ® ]/.:\)?MF}TLUI
— [0r © Apx © (figpy — )] L + ol |€]))- (K.34)

Equation (K.34) differs from its counterpart in the model under PCP (equation J.29 in Appendix J.4) in the
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7s lastterm — [0p © Apx © (Byx — 1)) "L,, that represents exports.

775 Under foreign-currency pricing, the household’s budget constraint is equal to:

PcC=WL+11+T

=> { [PYpari — ®:iYpari(1 — )] + [SPpx, Yix, — ®iVix (1 — ai)] }

= > { 1PYours = BYpara(1 — a0/ + [SPixVixs = PV, (1= ) /] }

=;[Rn(1—1

Q; * * *
i ) + SPrxYexi— Pz‘YEX,z} ;

776 the log-linearization of which —combined with equations (K.30) and (K.31)— yields:

~

S+ (1 =0ri)(®; — S+ lipx,) + D*EX,FJ

ﬁC+é:Z>‘iai< &lﬂZ+P+Y>+Z)\EXZ _1[

_Z)\EX’LI:P 6)Fz(cf) S+ NEXZ‘) +DEXFJ +0(||§||)
~ S (o B ) + > [ 54 (§-P) 4 Di] +ollED)
1 o % EX 0F7,—1 7 9F,z_1 EX,Fi ’

i

777 which is the same as its counterpart in the baseline model (equation J.35 in Appendix J.5). Taking its
778 matrix form, combining it with equation (K.34), and taking the difference of it between the sticky-price and
779 flexible-price equilibria, yields the following log-linearization of the trade balance condition under foreign-

780 CuUrrency pricing:

(1-A0Q)C% = — (pps ® &+ Apx)' (P —159%) + Ao (1-a&)] @ (K.35)
+ (1= 2)a) (59 — PE™) — (0r © Apx © &) (Bx — A) + ol [|€]]).

781 Substitute equation (K.18) for 139‘1”(5) — 159ep (&) into equation (K.35) to express the domestic-to-
72 foreign price gaps as functions of real wage gaps TWeap &) — §9“p(£ ) and p; similarly, substitute equation
78s  (K.21) into equation (K.35) to express 135‘”’ &) — Sgap (€) as functions of real wage gaps and @' Further,
78« using equation (K.24) for the real wage gaps WW’(E ) — §9“p(£ ), We can express (9% only as a function of

785 14 as follows:

Ao + @/ AL)CO + (1= Xje) [igpy + (1= kigp) (o + ¢/AL)]Co
X - ~ _ N ~\11 T ~ _ ~ o~ ~ o~
= _{)‘D + HC})I “PES + ’fc}Dl ) P‘F A0 (1 - a)}} K= “C}Dl (0F ©Apx © a)T (BEx — )+ o(|[&]]),

As in the baseline, in the derivations we have used the definition pgs = (prs ©® &) 'L, to simplify the coefficients of
sectoral markup wedges of domestic products fi.
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which is exactly equation (E.4) in Corollary E.1. Lastly, substituting equations (J.39) and (K.32) which link
markups and inflation into equation (E.4), we obtain equation (E.5) in Corollary E.1.

Throughout the above proof of Corollary E.1, only — (8 ® Agx ® &) (fi%x — fi) in equation (K.34)
deviates from the baseline model under PCP —i.e., the quantity of demand for sectoral exports depends
on the markup wedge of sectoral foreign-market rather than domestic-market products in the expenditure-
switching channel. Therefore, compared to the three channels in the baseline OG weight in equation (22),
only the expenditure-switching channel changes under foreign-currency pricing, while the CPI and the profit
channels remain dependent on sectoral domestic-market markup wedges and inflation as in the baseline
model under PCP.

K.10. Proof of Proposition G.1: Sectoral relevance metrics and import shares

As preparation, we derive the partial derivatives of the Leontief inverse matrix L., with respect to the
home bias in intermediate inputs, as in the following equation:
oL oL} oI-Q06V

= = _va — Lva: - _va ( z)

avx,r,s avz,r,s avxm,s

va - {gvm,j,rwr,sgvm,s,i}

3’

where { o ;w5 los,s i }ji is the (j,7)-th element of the partial derivative matrix.
Because L, = (I-Q0OV,) ' =1+> 2 (Q0 V,)", w;; > 0and v, ;; > 0forall j and i, we have:

>0 Vj=i
>0 Vj#i

VT, 7,0

Proof of Proposition G.1. According to Xg = (B ® v)"L,, in equation (16) of Definition 3, the partial
derivatives of the total content in domestic consumption in sector % (X p.i) With respect to the import shares

of consumption goods and intermediate inputs are as follows:

O\,
5’(1 — ’Uj)

a)\D,i ) T ( Z ﬁjvjév:ajf)wr,sgvr,s,i = _XD,rwr,sfvx,s,ia Vr,s. (K.37)
J

= —Bilys ji v J, (K.36)

6(1 — Uzrs

Equation (K.36) implies that the total content in domestic consumption of sector ¢ strictly decreases in

its own import share of consumption —viz., % < 0—if and only if 3; > 0, because ¢, ;; > 0.

Equation (K.37) implies that the total content in domestic consumption of sector ¢ strictly decreases in

its direct downstream sector 7’s import share of sector ¢’s goods (i.e., w,; > 0 and v, ,; > 0), if and only if
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sector r, directly and indirectly, supplies to domestic aggregate output (i.e., > ;i Bjvilyg jr > 0), that is:

ONp.;
8(1 — U:c,'r,i)

= _AD,rwr,igvm,i,i < 0.

Equation (K.37) also implies that, the total content in domestic consumption of sector ¢ strictly de-
creases in its indirect downstream sector s’s import share of sector r goods if and only if both of the
following two conditions hold: (i) sector s, directly and indirectly, supplies to domestic aggregate output
(e, > ; Bjvilye ;s > 0); and (ii) sector ¢ indirectly supplies inputs to sector s via sector r (i.e., ws, > 0
and 0, ,; > 0), that is:

Op.i

—:_X s srgvxri<0-
O —vy,,) Descertver

L. Proofs of the theoretical results in Section 4

This appendix derives the theoretical results associated with the divine coincidence and sectoral Phillips

curves, and the normalized sectoral OG weights in Section 4.

L.1. Proof of Proposition 2: Sectoral Phillips curves
Step 1: Derive S and Pc as functions of {é P& }. Following every step in the proof of equation (K.28)

in Appendix K.5 —except that now we do not need to take the difference between the sticky-price and

flexible-price equilibria but just need to look at the sticky-price equilibrium— yields:

[1 — Xga + (pes © o + AEX)Tl} §(£)
= (prs @ &+ Apx) PE) + A0 (1 — @) AT T - A)P(E) + (1 - Apa)(Pe(€) + C(€))
~ A ©@a+Apx @ (0 — 1) "Dixr — (prar © &) Py g+ o(|€])), (L.1)

where the shorthand notation pry; = prs — (0r — 1) ® Agx is the elasticity of sectoral imports to im-
port price shocks, which is equal to the expenditure switching elasticity pgpx diminished by the export
component (0 — 1) ® Agx.

Rearranging equation (L.1) and introducing shorthand notations yield:

(Mpx + M) 15(8) = Po(€) + C(€) + (M, + M,)TP(€)
-~ (Mgx @ OF)Tﬁ*E‘X,F - MITMlg}M,F + O(HEH)a (L.2)
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g5 where the shorthand notations are as follows:

Mpx = (1= A5a) Apx @&+ Apx @ (0 — 1)] © O, (L3)
M = (1= Xpa) " (pru © &), (L.4)
M, =(1-2a) (pgs ® &+ Apx), (L.5)
M, =(1-A)a) (AT -DA6 (1 -a&). (L.6)

826 According to equation (J.38) in Appendix J.5, it is clear that 1 + M;l = (Mpgx + M) "1, Thatis,

g2z we have:
SE=(1+My1)" [130(5) - 6(5)] +(14+M]1) "HM, + M,)TP(E)
— (14 M1) N Mpx @ 08) Diyp — (1+ ML) "M Py e o€ @7

828 Recall that the CPI pricing equation (K.19) in Appendix K.3 is given by:

Po(€) = (Bov) PE) + B0 (1—v)]"(15(€) + Piyp) + olI€]D,

s20 and substituting equation (L.7) into the CPI equation above, we have:

Fe(€) = (Bov)'P(€)
FBO A =VITL[(1+M]1) 7 (Pole) + C&)) + (1+ M]1) (M, + M,) P(&)]
+[BO M =V)1 [~ (1+ M]1) (Mpx ©0p) Dy o — (14 M]1) "ML PY ]

+1BO A =V)]TP}y g+ o([€]), (L.8)

g0 Or, equivalently,

130@){1 —(1+M]1)Bo(1- v)]ﬁ}
= (BOV)PE) + (1+M]1) [BE (1-V)]"1|C(€) + (M, + M,) P(E)]
F[BO A= V)T1 |~ (14 MJ1) " (Mpx ©608) Dy p — (14 M]1) "M Py

+[B0 (1 =) Py p+ o€,

ss1  which can be further simplified as:

~

Po(&) =TeprcC(€) + FE‘PI,PP(E) + F;PI,EXD*EX + I‘EPI,IMP;M +o([I€]), (L.9)
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with shorthand notations defined as:

Tepre=(B'v+M1)7(1-8"v),

Leprp=(B'v+M D) I+ MD(BOV)+(1-B8"v) (M, +M,)],
Teprpx = —Teopre - (Mpx @ 0p),
Copriv = —Tepre - M+ (BTv + M;l)_l(l + M;l) Be (1 —v).

Similarly, we can also express S (&) as functions of C (&), f’(E) and shocks only:
S(&) = FS,CC(Q + FE,PP(E) + F:S‘F,EXD*EX,F + F—SF,IMP?M,F +o(||€]]),
with shorthand notations defined as:

Tsc=(1+M)1) 7 (1+Tepre),
Tsp=(1+M1) (M, + M, +Tcprp),
Fspx = —Tgc- (Mpx ©0p),
s =-Tso - Mmy+Tse-[BO1—v).

(L.10)
(L.11)

(L.12)

(L.13)
(L.14)

Step 2: Derive W as a function of {13, C, E} Substituting P in equation (L.9) and L in equation (K.10)

into the labor supply equation (K.22), yields:
W(E) = FWL@(@ + FEPI,PI?’(E) + FITV,AA + FITV,EXﬁ*EX,F + Fa/,IMf);M,F + O(HEH)a

where the shorthand notations are

I'we=0+ Aﬁ +Teprc,
L
2
r =—1X
W,A AL Y
I'vex =T'ex — Ai[AEX © (0r — 1)],
L
FW,IM = F[M + Aﬁ [ﬁ ® (]_ — V) —+ (Q ® Vlfx)TA] .
L

(L.15)

Step 3: Substitute W and S into sectoral pricing equation. Substituting the sectoral marginal costs in

equation (K.15) into the sectoral inflation in equation (J.40) yields the following pricing equation:

P(¢) = AlaW(£) + (20 Vo)P(€) + (R0 Vi) (15(6) + Pl r) — A] + o [€])-

(L.16)

Substituting W and Sin equations (L.15) and (L.12) into the pricing equation (L.16) yields the following
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ss1  sectoral Phillips curves in terms of C:

~

A~

P(¢) = BC(€) + VouA + Vo rxDiy p + VoruPiy g + o(|€]), (L.17)

ss2  where the shorthand notations are as follows:

B = A@ [a (O’ + Aﬁ —|— Fcp[7c> —f- (Q @ Vl_m)lrgc},
L

Ap=[AT"—QOV,—alipp— (RO V)10, ] o
Vo = Ag(aly, 4 — 1),
Veepx = Ag [QF%EX + (06 Vl—w)]-F:S‘r,EX]’
Veiu = Ag [QFJV,IM +(20 Vl—w)lrg,IM]'

843 To derive further the sectoral Phillips curves in terms of the aggregate output gap 59‘”’, we need to solve
for the log deviation of the aggregate output in the flexible-price equilibrium from the steady state, denoted
85 by of le‘”(f). To do so, we derive the flexible-price version of equations (L.16), (K.22), (L.2), (K.10), and
s (K.19) by setting A = I, which yields the following equations, respectively:

8

b
iN

8

5

P/l (g) — 18717 (&) = (W' (£) — 57'*(€)) — LyuA + L, (20 Vi) P}y, 1 + ol €],
Wter(g) — ST (&) = PL" (&) — §7'*(€) + 0 CT'* (&) + L™ (€),

PLIe(€) — 871 (&) + CT'e(€) = —ML(P1" () — 187%(£)) + (Mpx © 05) Dy o + M Piy o+ o([€]]),

CTer (&) = ALL"*(€) = AT A+ [Apx @ (07 — 1) Dy — [BT 01 =v)T + AT(QO V)| Py + ol €]]),
Plleo(g) = §Me(g) = (Bov) T (P (€) = 187(£)) + [B® (1 = V)] P}y o + o([[€])-

\/\_/

sz Combining the above five equations yields:
Cler() = TLVA + TLS Dy o + TLT P + o€]), (L.18)
sas  Where the shorthand notations are as follows:

TL% = (AL) N (MiaA /AL + M Ly,),
Tl =~ {MIE[A +9)8T 0 (1= V)T + AT 0 Vi) /A
ML (260V, ) —M,+87 o1 - V)T},
Tl = (AL {M[aApx @ (0F — 1)) /AL + (Mpx @ 0r) "},
M =Mp+Bov) I-aBov) ],
AL =1+ Ma(o+ o/AL).
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Combining equations (L.17) and (L.18), yields the following sectoral Phillips curves in terms of the output
gap Coop.

P(§) = BO (&) + VaA + VixDiy p + VinPi o + o(|IE]), (L.19)
where the matrices of coefficients of exogenous shocks are as follows:

V= VC,A +B- Félff,
Vex =Veex +B- Féle’”X,
Vi = Ve +B-TEG,.

L.2. Proof of Lemma 2: OG reduces to Domar weight in closed economies

Recall the expression of OG weights (21) in Theorem 1 in the following:
Mo = Ap + Kby - Pus + kgbr - [Ar — A0 (1 —a&)].
The sectoral relevance metrics reduce to the following values in closed economies:
Ap=XA, Ppes=0, Ap=0, a=1,

which, substituted into the OG weights in equation (21) of Theorem 1, yields Mpg = A.
Multiplying both sides of equation (J.24) in Lemma J.2 by the Leontief inverse matrix L,, = (I - Q ®
V)™, yields the following:

AL =AT=(B6v) L, <  AX.=AT-X],
where the last equality holds due to definitions of Ap and Ap in equation (16). 0

L.3. Output strictly increases in money supply

Lemma L.1 (aggregate output increases in money supply). In the sticky-price equilibrium where 6; > 0 for
alli € {1,2,--- , N}, for any realized state €& € E, a rise in M strictly increases 6(5) up to the first-order

approximation.

Proof of Lemma L.1. Up to the first-order approximation, given the shock to the money supply M. , we have

the following five conditions: (i) decomposition of CPI in equation (K.19):

Pe=(Bov)'P+[B6(1—v)]T18 + Y€+ of | M]);
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(i1) the determination of the exchange rate in equation (K.27):
(1=Xpa)(Pe =S +C) = A0 1 -a)] - (pps © &+ Apx) (P — 1) + Y3 & + o||M]));
(ii1) the sectoral Phillips curves in equation (L.17):
P = BC + Y€ + ol | M]));
(iv) the relationship of sectoral markup wedges and inflation in equation (J.39):
i=—(A7 = DP + of|[A])):;
(v) the money demand equation (2.3):
M = P-+C.
Combining the above five equations yields the following:

T T
1 —_~
B'v+Mp N

1+ Mp[L+(BOV) Bl +(1-8Tv)|(A -1)2202 4 M, B

1—X£a

C=

+YTE+ o||M]), (L.20)

where vector Y is a linear combination of {Y;},—123 and M, = (1 — b)) Y(pps ©® & + Apx). In
particular, we need 0; > 0 for all i € {1,2,---, N} to ensure that the slopes B of the sectoral Phillips

curves will be finite. L]

M. Proofs of the theoretical results in Section 5

This appendix derives the welfare loss up to the second-order approximation, from which we derive the

analytical solution of the optimal monetary policy by solving a linear-quadratic programming problem.

M.1. Proof of Proposition 4: welfare loss up to the second-order approximation

Step 1: Decompose the welfare loss into labor wedge and efficiency wedge components. Approximating

the utility function around the flexible-price equilibrium up to the second-order approximation yields:

oc—1 p+1

(Cor?| s uff e Lfer Lo 4 (L)) + o€ M)

U — uflex _ uélewcrflea: [agap _

Substituting into equation (M.1) the optimality condition of labor supply —u}'** /uli" = W/l /| PI"  the
approximation of labor share AJ'** = (W /lex [fler) j(pllerCiflery — A 4 O(||€]]), and the approximation
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of the coefficient u/}“* C/ler = (C’fl“)l_a = 1+ O(||€]|) under normalization C'** = 1, yields:
Combined with Definition B.1 and Proposition B.1 on efficiency and labor wedges, equation (M.1)

becomes

u(€) — w7 (€) = Augg(€) — AL ()5 [0 — 1+ (o + 1)/As] "Tul€)? + o(IEI).

~
efficiency wedge component

Vv
labor wedge component

Step 2: Derive the second-order approximation of the labor wedge and introduce the equivalent economy.
Combining equation (B.5) in Proposition B.1 and equation (21) in Theorem 1 yields a quadratic form of the

labor wedge component in terms of markup wedge fi(€):

[0 =1+ (o +1)/AL) 'TL(€)* = k5[0 — 1+ (9 + 1) /AL A(E) T MEeMochi(€) + o([€]P). (M.2)

To facilitate the derivation of the efficiency wedge component, we construct an equivalent economy with
sectoral markup wedges. For the sticky-price equilibrium under realized shocks é\, the equivalent economy
satisfies all of the equilibrium conditions in Definition 1 except that in condition (ii), the markups of sticky-
price firms, j; 7, are derived from 1 — §; + 6iu§f_ b — 11;(€)'%, where [i;(£) is the markup wedge of sector
1 in the sticky-price equilibrium. Therefore, the constructed economy has identical allocations, prices, and
welfare loss as the sticky-price equilibirum for any realized shock &A', and thus we refer to it as the equivalent
economy. With slight abuse of notation, in the remainder of this subsection, we express the utility and other
sector-level allocations and prices in the equivalent economy as functions of (&) and E, using the same
function names as in the sticky-price equilibirum (e.g., u(p(€), E) and C'(p(§), é))

The equivalent economy enables us to express the welfare loss of the original economy as a function of

only sectoral markup wedges, using the following lemma.

Lemma M.1. Let i(§) be the sectoral markup wedges in the sticky-price equilibrium under realized shocks

é\. Up to the second-order approximation, the welfare loss in the sticky-price equilibrium under any shock

~

& is equal to the welfare loss in the equivalent economy under the same sectoral markup wedges p(€) but

absent of all shocks, viz,

-~ ~

u(B(€), €) — u(0,€) = u(f(€),0) — u(0,0) + of|[€][*) = B(&)T L2, A(E) + o] |€]]P). (M.3)

which is, therefore, a function of only sectoral markup wedges pi(€).

To prove Lemma M.1, consider the following second-order approximation of the welfare loss:

~

u(fi(€), &) — u(0,€) = A(&) L, (€) + € LLAE) +ETLLE+ ol|IE]1). (M.4)
Because the allocation in the flexible-price equilibrium is the solution to the domestic social planner’s prob-
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lem, the welfare is maximized at z(&€) = 0 and u(p(€), §) < (0, é\) for any realized shocks &. First,
because the welfare is maximized at fi(€) = 0, the derivative of the RHS of equation (M.4) with respect
to i equals O at £(&€) = 0 for any realized shocks £, requiring £¢, = 0. Second, we also have L, = 0.
Otherwise, there exists some realized shocks E such that the RHS of equation (M.4) is strictly positive or
negative at (&) = 0 (i.e., |§T[fg§§| > 0), which contradicts u(0, £) — u(0, €) = 0. Therefore, we conclude
that £, = 0 and L¢; = 0, and the RHS of equation (M.4) degenerates to fi(§ )" L, [(€), which proves

1
the second equality in equation (M.4) of Lemma M. 1.

Based on Lemma M. 1, we derive the original welfare loss u (&), E )—u(0, E ) by deriving the equivalent
u(p(€),0) — u(0,0) with the sectoral markup wedges pi(€) resulting from shocks € in the sticky-price
equilibrium. In particular, because both the welfare loss in equation (M.3) and the labor wedge component
in equation (M.2) are quadratic functions of only sectoral markup wedges 1i(£€), the efficiency wedge —as
the remaining component of the welfare loss— is also a quadratic form of only sectoral markup wedges.

Therefore, we arrive at the following:

-~

Augg(€) — AL () = Augg (B(E), €) — Augg(0,€) = Augg(B(E),0) — Auyy(0,0) + of||€]?)
)

where the first equality holds because the allocation in the sticky-price equilibrium that is free of markup
wedges is equivalent to those in the flexible-price equilibrium, under the same exogenous shocks —i.e.,
ggéegx@) - A\aggmvé\)-

For simplicity of notation, in the remainder of this subsection, we denote 1i(£) by & and ignore the entry
of 0 for any function in the equivalent economy with sectoral markup wedges f but no realized shocks —
e.g.. O(f) - ALL(@) = C(A(E), 0) - ALL(A(E),0).

With the above simplifying notation, for any variable =, we have z(0) = 0 when all sectoral markup
wedges are set to zero to represent both the flexible-price equilibrium and the steady state, leading to
z(p) =2z(p) —2(0) = 2(1(€),0) — (0, 0). Up to the first-order approximation, Z(z£(£€),0) — 2(0,0) =
Z((€), &) —7(0,€) +o(||€]]) = 297 (€) + o(||€]|). Thus, in the remaining proof of this section, we replace
799 (&) with Z(p) whenever only first-order approximation is used.

We also introduce, for any variable z, the notation of Az that denotes the percentage deviation of x from

its steady state, compared to the log deviation of z from its steady state 7.

Step 3: Derive the second-order approximation of the efficiency wedge component. In the equivalent econ-
omy without realized shocks, we express the efficiency wedge component in terms of the percentage devia-

tions of different variables from their steady states as follows:

~ ~ —~ . —~ . 1 ~ .
C(@) = ALL(p) = AC(R) = AL AL(E) + 5AL(1 = A L(7)” + o[|l*)- (M.5)
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o3¢ The equivalent economy satisfies the conditions (J.1)-(J.7) of the feasible allocation in Definition J.1. There-

o35 fore, the terms in equation (M.5) satisfy the following equations up to the second-order approximation:

N e IS i .
= 2 AAGHE) - 5 30 A (RCE) ~ AC@)*+ o |EIF), (M.6)
=1 ]
AY (i) = T(1) + cw ALy (f +Zw”AX”( ) (M.7)
7=1
1 N R~ 2 " ~ o N 2 ~
— 5[ (BLi@) = AYi()" + 3wy (B () — AYi(@)*| + oI,
AC (1) = v;ACH; (i) + (1 — v;) ACk:(1) (M.8)
Vi 1-— (5 -~ ~ -~ ~ ~
= (R() — ACk(@)" + of ),
AX (1) = i jAX i () + (1= vai ) AX i o (73) (M.9)
Vg.i,5 1 —Uzij) /R ~ ~ 0\ 2 —~
- J(%, (B Xt () — Bz () + o1,
J
ALAL(f Z N AL ([ (M.10)
A AY( ) /B’LUZACH’L + Z Aj FWj, zvszAXHj Hz( ) + )\EX,iAYEX,i(ﬁ)7 (Mll)
j=1
R N N
AexAEX(f ZAEXzAYEXl(u) 52 ;FX AYixa(@)? + o||GI) (M.12)
i=1 i=1 it

- Z |:ﬂz 1 - Uz ACFz + Z Ajw]’t ’Ux,j,i)AXHj,Fi(ﬁ) .

s3s Combining equations (M.5)-(M.12) eliminates all first-order terms following the same proof of Proposition

ez B.1, and further applying equality Az (f) = Z(fi) + o(||f]]) to all square terms yields:

C(f) — ALL(R) = (M.13)
- Z )\Z/L\Z(ﬂ) } within-sector misallocation
=1
1 n )
N~ A2
-3 Z Bi [Ci(u) - C’(,u)}
i=1
1 o N PPN
9 Z Aiy; [Li(u) - Yz(ll/)} ’ across-sector misallocation
=1
1 n n o
=20 Nwiy [Xi(E) — Vi)
i=1 j=1 )



_ = Z ;Ui(l — U') [@Hl(A) - an(ﬁ)]Q

35 Z Z At Varig (1 = Vnig) [ Xrriry () — Xriors (1))

=1 j=1 cross-border misallocation

AEX,i
__Z Px, YEX’L
i—1 9Fz

+ AL(1—AL)Z( )

+o([[B]?).

s3s The within-sector misallocation has the same expression as in Rubbo (2023) viz.:
—im(m = —limiﬁuoq\my?). (M.14)
i=1 243 1=67"

w9 Replacing Z(p) with 2997 (€) for all variables « in equation (M.13) and combining it with equations (M.14),
a0 (J.38), and (J.39) yield the RHS of equations (40), (41), and (42) in Proposition 4, which completes the

e+t main part of the proof.

sz Step 4: Express the efficiency wedge component in square terms of sectoral inflation. Rearranging equation
s  (K.24) in Appendix K.4 yields:

Wgcm(g) _ §9ap(€) _ (0 +@/AL)CI(&) + > p_y Apxiik(§) i 0(“5”)

1— Zk Xpkaék
a4 The scalar form of equation (K.18) implies that:
Prr(g) — 5o0() = @ (W0 (€) — 597(€)) + D lumssin &) + ol €], (M.15)
k=1
PP (&) — W9 (&) = —(1 — &;) (W9 (g) — 5997 (£)) + Z Co i1 (€) + o€, (M.16)

PIP(€) — P (€) = (@i — ;) (Wor(€) — S9°( +Z waik — Loa )Tk (€) + o(| €. (M.17)

a5 Denote the consumer price of sector ¢ goods by

_1_

Pa= (0P 7 4 (1= 0)(S - Piyge) ™)
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ws Using equation (K.23) in Appendix K.4, the difference between the gaps of the consumer price of sector ¢

9

=

7 goods and the CPI is equal to:

PY™(€) — PA(€)
= vy (PIP(€) — WIP(£)) + (1 — v;) (S9P (&) — WP(€)) + (W9P(€) — P (€)) + o(||€]|)
= 0 (PP (€) — WI(£)) + (1 — ;) (S9(€) — WP(€)) + (0 + /Ar)CoP(€) + o(||€])).  (M.18)

948 We can replace the terms of allocation gaps on the RHS of equations (41) and (42) in Proposition 4 with

a9 the relative price gaps on the LHS of equations (M.15)-(M.18) according to the following equations:

Cr (&) — Cr(€) = — (PE™(€) = P (8)) + o(|IE]):

LI (€) = V7(€) = —(Wor (¢ > P (€)) — 7€) + ol I€]),

XP(€) = Vi (&) = —(P{"(&) = F™(€)) — (&) + ol |I€]).

CHL (&) = CFP (&) = ~0:(PI™(6) = 57(€)) + o €],

X070y (&) = Xifle,(6) = —0:(PI"(6) = 577()) + o(|IE]).
VELA€) = —0r (P () — 5 (€)) + o(|I&])-

950 Further combining the above equation with equation (B.4) in Proposition B.1, equation (21) in Theo-
os1 rem 1, and equation (J.39), we can express each of the RHS of equations (40), (41), and (42) in Propo-
ss2 sition 4 as a square term of sectoral inflation, viz., —3 (S)Tﬁw”hmP(ﬁ) (E)Tﬁacmsslg(ﬁ), and
93 —= (E )T[be(E ), respectively, which are the LHS of equauons (40), (41), and (42) in Proposition 4. [

o4 Efficiency wedge component of welfare loss in closed economies. In closed economies a la La’O and
s Tahbaz-Salehi (2022) and Rubbo (2023), v; = v,,; = Ar = 1, Agx,; = 0, Mog,: = XD,Z- = )\, and
w6 {yg,; reduces to ¢; ;. The cross-border misallocation disappears, and equation (M.13) reduces to the follow-

957 1Nng expression:

1 n (51 ~2 1 - o~ N ~N12
= _5 — >\1511 —5 i — 5 ;Bz [Cl(l’l‘) - C(I“l’)]
1 n - oy 1 n n N N
-5 2 haa[L@) - V@) - 5 Niwig [ Xig(B) = Yi(@)]” + ol &]1%).
i=1 =1 j=1

oss The mappings from sectoral markup wedges into allocations in the equivalent economy reduce to:

n

Ci(m) — C(i) = Pe(p) — P(j) = Z(Ak — Li )iy + o[l el)),

k=1
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Li(f) — Yi(fi) = Pi(f) — W(@) — fis = > _ lisfie — i + o(| ),
k=1

Xij(B) = Vi) = Pi() = Py(1) — i = (G — a)itn — i + o( | )
k=1
Accordingly, we derive the same efficiency wedge component of welfare loss for closed economies as in
Rubbo (2023), viz.:

a@—z(m:—%Zml .——Zm sz,jmj+%(Zm)ﬂoumuz).
=1 =1

i=1 j=1

(M.19)

We further follow La’O and Tahbaz-Salehi (2022) to introduce the pricing error {€;}; and link them to

sectoral markup wedges as below:

Ei = Z&’j’aj’ ZZZ = éi — z; wi,jéj, Z 6]‘6]‘ = Z )\z,az (Mzo)
j=1 j= J i=1

Combining equations (M.20) and (M.19), we derive the same efficiency wedge component of welfare loss

for closed economies as in Rubbo (2023), viz.:
émmeD:—lipw—ﬁ—ﬁ—-mma }:Amm )+ o(||Bl|?),
191 61 3 0 %

where zvary(€) and zvar;(€) are the same short-hand notations as in La’O and Tahbaz-Salehi (2022), viz.:
n 2
zvary(e Z B] (Z ﬁj€j> , and
j=1
n 2
xvar;(€e Zwm — (Zwméj) , for i€ {1,2,--- n}.
j=1

M.2. Proof of Propositions 5 and H.1: The optimal monetary policy

The optimal monetary policy maximizes the welfare loss (up to the second-order approximation) in

equation (39) subject to the sectoral Phillips curves (up to the first-order approximation) in equation (34):

L Y+ 1\ Agwey2 1T P
AmaXA{ 2(0 1+ A )C (€) 2P LP

C9ar P

st.  P(€) = BCUP(g) + VE,
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where £ = (LY £ 1 £P), Denote 1 the vector of multipliers for the constraint of sectoral

Phillips curves. The first-order conditions with respect to (9% and f’, respectively, are:

—[o =1+ (p+1)/AL]C(&) +n B =0, (M.21)
—LP(&)—n=0. (M.22)

Substituting equation (M.22) into equation (M.21) to eliminate 7 yields:
[0 =1+ (¢ +1)/AL]C9(€) + BTLP(£) = 0. (M.23)
Substituting equations (21) and (20) from Section 3 into equation (M.23) yields:
{ [0 =1+ (p+ D)/AL] ki M (A™ —T) + BTc}ﬁ(g) —0.
Substituting the sectoral Phillips curves in equation (34) in equation (M.23) yields:

[0 — 1+ (p+ 1)/AL +BTLB]C (&) + BTLVE = 0.
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