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Abstract

U.S. inflation has recently surged, with inflation reaching its highest readings since
early 1980s. We examine the drivers of the rise in inflation, focusing on rising import
prices, labor supply constraints and their interaction. We first develop a two-sector
New Keynesian DSGE model with multiple shocks and substitution between production
factors. Our model considers a finite number of domestic and foreign producers as in
Atkeson and Burstein (2008) to capture the effect of foreign competition on firms’ price
setting. Markups are endogenous and firms pass through shocks incompletely due to the
strategic interaction with their competitors. Using our calibrated two-sector model, we
show that supply chain shocks can lead to higher wages on their own as firms substitute
towards domestic labor. We find that around one third of post-pandemic wage growth
can be explained with import price shocks which caused a substitution towards labor
from imported inputs. Importantly, we show that a joint wage and import price shock
has an amplified effect on inflation by making substitution between factors of production
more difficult.

Our model implies a structural equation linking price changes to changes in marginal
costs and competitors’ prices. In the second part of the paper, we estimate the model-
implied estimating equation using detailed industry-level data on producer prices and
wages at the 6-digit NAICS level. We find that industries which faced a larger increase
in their imported input prices also experienced higher wage growth—consistent with
the substitution channel. Moreover, we find a stark increase in pass-through from wages
to prices in the goods sector: a given level of wage growth is associated with a larger
increase in prices in the 2020-21 period. Our analysis provides a unified explanation for
both the missing inflation (2013-2019) and the high inflation period (2020-2022) and
implies that alleviation of even one of the cost-push shocks would cause a moderation
in inflation by making the input substitution channel more operational.
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1 Introduction

So we have now experienced an extraordinary series of shocks if you think about
it. The pandemic, the response, the reopening, inflation, followed by the war in
Ukraine, followed by shutdowns in China, the war in Ukraine potentially having
effects for years here. So we’re aware that a different set of forces are driving the

economy, we have been obuviously for quite a while. Chair Powell

U.S. inflation has recently surged with annual CPI inflation reaching 9.1 percent in June 2022,
its highest reading since November 1981. Many commentators have attributed this high and
persistent level of inflation to several unprecedented developments, such as the COVID-
19 pandemic, the war in Ukraine, and factory shutdowns in China (see quote above). To
illustrate the high price growth, Figure 1 shows the increase in the core CPI price index for
the past six expansions, starting at the quarter with the peak level of unemployment of the
preceding recession. Price growth in the most recent expansion is markedly higher than in
previous expansions: nine quarters after peak unemployment in 2020:Q2, prices have grown
by more than 10 percent, following a trajectory similar to the 1980s expansion rather than
the most recent periods.

In this paper, we examine the drivers of the rise in price inflation, focusing on two cost-
based explanations: supply chain bottlenecks and labor supply constraints, which emerged
at the onset of the COVID-19 pandemic.! Supply chain bottlenecks have led to an increase
in import prices, driving up input costs. For example, Amiti et al. (2021) and LaBelle and
Santacreu (2022) document that higher import prices and supply chain disruptions have led
to higher U.S. producer prices. Additionally, wage growth has been strong last year, driven
by tight labor market conditions and the declining desire to work. Our hypothesis is that
in normal times, firms can substitute between labor and (imported) intermediate inputs,
thus cushioning any cost shock due to one of the two factors.? Over the past decades, U.S.
inflation has become more linked to global factors, as foreign competition and firms’ ability to
outsource have weakened the link between wage pressures and prices in the U.S. (see Forbes,
2019; Obstfeld, 2019). We argue that this substitution channel is less likely to be operational
in the post-COVID economy due to the large and simultaneous inflationary shocks to both

labor and intermediate inputs. As substitution has weakened, we expect cost-push pressures

"While many factors likely have contributed to the surge in inflation, these two have been the most
prominent explanations. See for example, NY Times Daily Business Briefing: Supply Chain Snags Continued
to Drive Up Prices in December, January 12, 2022 and NY Times: Could Wages and Prices Spiral Upward
in America? February 17, 2022.

2This substitution mechanism has been highlighted by Feenstra et al. (2018), Elsby et al. (2013). When
labor costs go up, firms can outsource production to other countries and import intermediate inputs.



Figure 1: Evolution of Core CPI Inflation During Economic Expansions
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Source: BLS and authors’ calculations. Note: This figure plots the cumulative core CPI inflation (All items less food and
energy, seasonally adjusted) against time, starting at the quarter of peak unemployment of a given recession, for the past six
expansions.

to be amplified compared to times when both shocks arise in isolation. Moreover, U.S. firms
are likely less concerned about losing market share to foreign competitors when the shock is
global in nature, raising their pass-through of cost shocks into prices.

We require a framework that allows us to examine the interaction between multiple shocks
and the substitution between production factors to understand the current inflation dynam-
ics. In the first part of the paper, we therefore develop a two-sector New Keynesian model
with domestic and imported inputs. Our model allows for multiple simultaneous shocks
and substitution between labor and intermediates. Intermediate inputs are a combination
of domestic and foreign inputs, which again are substitutible. To capture the effect of for-
eign competition on firms’ price setting, our model considers a finite number of domestic
and foreign producers, which compete in a framework as in Atkeson and Burstein (2008).
Markups are variable in this framework, and firms pass through shocks incompletely due to
the strategic interaction with their competitors. We refer to the two sectors in the model
as “Goods” and “Services”. The goods sector exhibits a lower labor share than services (and
hence a higher intermediates share), and accounts for a smaller share in the final consump-
tion basket. Moreover, firms in the goods sector are subject to foreign competition in their
output market, while services firms compete only domestically. These sectoral differences
generate heterogeneous responses of inflation across the two sectors.

We calibrate the model using standard parameters from the literature. The model con-



tains two key parameters. The first one is the elasticity of substitution between labor and
intermediates. When the two production factors are easily substituted, an exogenous increase
in wages generates only modest price growth as firms can easily shift away from labor towards
intermediates, moderating the pressure on marginal costs. The second key parameter is the
elasticity of substitution between domestic and foreign intermediates. When substitution is
high, firms can easily replace foreign inputs with domestic inputs. The strength of these two
elasticities governs the extent to which firms can protect themselves against domestic wage
pressures by substituting towards intermediates that are produced abroad.

We compute impulse responses in the calibrated model and obtain three key insights.
First, we find that an import price shock on its own generates substantial wage inflation,
as firms substitute away from imported intermediates towards labor (Substitution effect).
Specifically, a 15 percent increase in imported input prices alone, in the range of recent import
price increases, would generate wage inflation of about 0.8 percent. Second, a combined
import price and labor disutility shock generates larger wage and price inflation than the
two shocks separately (Amplification effect). We calibrate the disutility shock to generate
wage inflation of about 2-3 percent, and show that it generates consumer price inflation
of about 1.8 percent. The combined shock generates wage and price inflation that are
about 0.2 and 0.1 percentage point higher, respectively, than in the case of two separate
shocks, as firms are no longer able to substitute between factors of production to reduce
cost pressures. Third, we demonstrate that a simultaneous cost shock to foreign competitors
further increases price inflation (Competition effect). When both foreign and domestic firms
experience similar shocks, price changes become more synchronized, as both types of firms
raise their prices. Moreover, domestic firms increase their pass-through of cost shocks since
they are less concerned about losing market share.

We analyze the effects of monetary policy in this environment and show that more ag-
gressive policy can reduce inflation significantly at the cost of a recession. However, we find
that aggressive policy does not lead to a drop in employment because firms’ substitution
from intermediates towards labor generates significant labor demand that compensates for
the reduction in output. While a sudden removal of supply chain bottlenecks would reduce
inflation, it would remove firms’ motive to substitute towards labor and substantially reduce
employment.

In the second part of the paper, we test the model’s implications empirically. We obtain
industry-level prices at the 6-digit NAICS level from the Producer Price Index (PPI) of the
Bureau of Labor Statistics for the period 2013-2021. We match the price data to input price
indices for each industry, which we construct by combining domestic producer prices and

import prices and by applying the input-output matrix of the Bureau of Economic Analysis



(BEA). We compute the change in industry wages from weekly wage data from the Quarterly
Census of Employment and Wages (QCEW). We analyze separately the goods sector and
the services sector. Consistent with the model, we define the goods sector as containing all
traded industries, i.e., all industries with positive imports in some year. These industries are
predominantly in manufacturing, with some in mining and agriculture. The services sector
consists of all industries that never record positive imports and are hence non-traded.

We find a significant and positive correlation between industry-level changes in input
prices and changes in employment in both sectors, consistent with the substitution effect. In
line with the substitution mechanism, we also find a positive correlation between changes in
input prices and wage growth. These correlations support the argument that firms substitute
towards labor when input prices increase.

We next examine the amplification and competition hypotheses. Our model implies a
structural equation linking producer price changes to changes in marginal costs, which reflect
changes in input prices and wages in excess of productivity improvements, and to changes in
competitors’ prices. We construct industry productivity from value added per worker from
the BEA. Since our industry-level data do not allow us to control for within-industry domestic
competitors, we focus on foreign competitors only. We construct foreign competitors’ prices
using import unit values from the Census Bureau.

Focusing first on the goods sector, we find that in the pre-COVID period a 10 percent
increase in intermediate input prices was associated with a producer price increase of 2.4
percent while wage pass-through was virtually zero.®> Pass-through rose significantly after
the emergence of COVID-19. In 2021, a 10 percent increase in intermediate input prices
and wages yielded U.S. producer price increases of 3.9 and 1.3 percent, respectively. This
increase in the correlation between input costs and producer prices is consistent with an
amplification effect when both shocks arrive simultaneously and with the competition effect.

We further test the amplification channel by running our regression specification with an
interaction term between the change in intermediate input prices and the change in wages.
Consistent with the theory, we find a strong complementarity between the two: pass-through
from wages to prices is 1.9 percentage points higher for every 1 percentage point increase in
input prices.

We next turn to the competition effect, and show that U.S. firms’ prices have become
more correlated with changes in foreign competitors’ prices in 2021. In the pre-COVID
period, a 10 percent rise in foreign competitors’ prices is associated with a 0.5 percent

increase of the producer prices by U.S. firms in an industry with the average import share of

3This finding is consistent with Heise et al. (2022), who do not find significant pass-through of wage
changes to prices for the manufacturing sector between 2003 and 2016.



31%. This pass-through rises to 2 percent in 2021. The higher correlation between foreign
and U.S. producer prices suggests that firms are experiencing a similar set of shocks. Our
findings are robust to adding a proxy for domestic competitors’ prices, which we construct
from the domestic price index of the higher-level 4-digit industry for each 6-digit industry
we analyze. They also hold when we add aggregated industry by time fixed effects to sweep
out variation affecting the broader sector, for example higher demand for electronics. Our
empirical analysis extends recent work by Heise et al. (2022), where we document declining
pass-through from wages to prices due to import price competition, and shows that this
trend has reversed.

We next turn to services. Since by definition these are non-traded, there is no scope
for a foreign competition effect. We find an increase in wage pass-through from 6.5 percent
pre-COVID to 16 percent in 2021. The pass-through of intermediate input costs remains
21 percent throughout the entire period. We do not find an amplification effect between
wages and intermediate inputs, consistent with the very low elasticity of substitution in the
services sector in our model.

Our paper is closely related to recent work on inflation dynamics in the post-COVID
period. Crump et al. (2022) re-examine the Phillips curve for the recent period and project
underlying inflation to remain high due to strong wage growth. Di Giovanni et al. (2022) show
that supply chain pressures and labor shortages have contributed to higher inflation in both
the Euro area and the U.S. in the recent period, and analyze these effects through an input-
output network. Our paper also relates to work examining the effects of imports on U.S.
inflation. Jaravel and Sager (2019) and Bai and Stumpner (2019) show that Chinese imports
led to a reduction in U.S. consumer prices. Amiti et al. (2019b) find that increased U.S. tariffs
during the trade war period led to substantial increases in the prices of intermediate and
final goods. More broadly, a large literature has examined the pass-through of cost shocks
into prices. Amiti et al. (2019a) examine firms’ price adjustment in response to changes in
input prices and competitors’ prices in Belgium, and Nakamura and Zerom (2010) study the
pass-through of costs into prices in the coffee industry. Our paper focuses explicitly on the
recent, period. We show that changes in import competition, as well as a lower possibility to
substitute between labor and intermediate inputs, contributed to the recent surge in inflation.

Our work is also related to studies estimating components of the Phillips curve using cross-
sectional data, such as Hazell et al. (2021) and Beraja et al. (2019). We use heterogeneity
across industries to estimate the pass-through of wage and input prices on producer prices.

The rest of the paper is organized as follows. Section 2 documents some aggregate facts
regarding behavior of inflation, import prices, and wages. Section 3 introduces our New

Keynesian DSGE model, which we calibrate and analyze quantitatively in Section 4. We



Figure 2: Evolution of Core Goods and Services CPI Inflation
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Source: BLS and authors’ calculations. Note: The left panel plots the cumulative core goods CPI inflation (All items less food
and energy, seasonally adjusted) against time, starting at the quarter of peak unemployment of a given recession. The right
panel plots the cumulative core services inflation (All items less energy services) against time.

derive a structural estimating equation in Section 5, which we take to industry-level data in

Section 6. Finally, Section 7 concludes.

2 Aggregate Facts

Inflation behavior in the post-COVID period is strikingly different than in the recent expan-
sions. In this section, we show that both wages and import prices have increased, suggesting
that they contributed to the rise in inflation.

The left panel of Figure 2 shows the evolution of the core consumer price index for goods
(core goods CPI) in the U.S. starting from the business cycle trough for each of the past six
economic expansions. As the figure shows, the pick-up in core goods prices in the current
expansion is the strongest across all expansions, including even the 1970s and the 1980s
expansions. After only nine quarters since the unemployment peak, goods prices have risen
by 18 percent. Price pressures in the goods sector have recently decreased. The right panel
of Figure 2 shows the analogous figure for core services. The pick-up in services prices is
significant but more modest. This is a reversal of the typical inflation dynamics in the last
20 years, which were characterized by procyclical services price inflation and essentially no
pick-up in goods price inflation despite declining unemployment (see, Heise et al. (2022)).
On the contrary, goods inflation picked up briskly in 2021 and far exceeded services inflation.
However, services inflation has accelerated recently.

Two important factors that are often referred to as the drivers of high inflation in the

post-COVID period are rising import prices due to supply chain bottlenecks and strong wage



Table 1: Wage and Import Price Growth

Average 4-Quarter Change

1992:Q2- 2003:Q2- 2009:Q4- 2020:Q2-
2000:Q4  2006:Q4  2019:Q3  2022:Q1

Wage Growth (ECI) 3.4% 3.2% 2.2% 4.1%

Import prices (excl. petroleum) 0.0% 2.4% 0.3% 6.7%
- Industrial supplies excl. petroleum 2.0% 10.3 % 0.7% 27.2%

- Capital goods —2.4% —0.8% —0.4% 2.2%

Core CPI 2.6% 2.2% 1.9% 4.8%

growth, both in goods and in services sectors. We next provide some evidence to illustrate
these trends.

Table 1 shows the average 4-quarter change in both wage growth and import prices
during the past four expansions. In row 1, we present wage growth from the Employment
Cost Index (ECI), a measure of labor costs that includes benefits and takes into account
compositional shifts in industry and occupation. According to the ECI, average four-quarter
wage growth in the most recent expansion was 4.1 percent, exceeding the previous three
expansions by about 1-2 percentage points. Row 2 shows average import price growth from
the Import Price Index of the BLS. The average import price growth in the most recent
expansion was 7 percent, compared to near zero in most other expansions. The final two
rows show two end use categories within the import price index. We find a substantial
growth for imported inputs that are used as industrial supplies, such as metals, chemicals,
etc. The annual average growth rate was 27 percent for this group of products. These inputs
are especially important because when the price of inputs increases, these costs are passed
onto the prices of the goods that use them. The final row shows that capital goods prices
have grown by 2 percent in the most recent expansion, while they fell in all prior expansions.

When faced with rising costs, firms are typically able to substitute between labor and
intermediate inputs. Obstfeld (2019) and Forbes (2019) have argued that the transmission of
domestic shocks to inflation has diminished over time due to the rise of global competition.
This substitution mechanism allows firms to keep prices relatively stable, even in the face of
increased input costs. However, we argue that this mechanism is likely to be less operational

today due to large and simultaneous inflationary shocks.



3 Model

Our theory builds on the standard New Keynesian DSGE model. We introduce a CES
production structure using labor and intermediate inputs to allow firms to substitute between
labor and intermediates. Firms can either foreign or domestic, as in Heise et al. (2022). To
capture the strategic interactions between domestic firms and foreign competitors, we allow
for variable markups in the producer problem by assuming that there is only a finite number
of firms, similar to Jaimovich and Floetotto (2008). We will use the model in the next
section to analyze the impact of a cost shock to labor and intermediates on wage and price
inflation. We argue that when the cost of both factors of production increases at the same
time, firms can no longer substitute between the two to ameliorate the increase in marginal
costs, which leads to larger price inflation. Price inflation is further amplified when both
foreign and domestic firms experience the same shock since firms can then raise their prices
without losing market share.

The economy consists of four sets of agents. Households consume final consumption
goods. A perfectly competitive final output firm aggregates differentiated products according
to a CES aggregator. These products are sourced from retailers in two sectors: the goods-
producing sector, which we refer to as manufacturing, and services. Retailers in each sector
are monopolistic competitors subject to Rotemberg pricing frictions, and aggregate inputs
from a continuum of industries. Each industry is populated by a finite number of producers.
The producers combine labor and an intermediate input to produce a differentiated product.
The intermediate input in turn is produced using imported intermediates and domestic
intermediates in a roundabout production structure. We next describe these building blocks

of the model in more detail.

3.1 The Household Sector

There is a continuum of households, indexed by 7. Households supply differentiated labor
at nominal wage W,”" to the manufacturing and services sectors, indexed by s € {M,S}.

Each household 7 maximizes the present discounted value of utility given by:

Ey Y B'U7,

t=0

where [ indicates the discount factor and household 7’s period utility is

T pMT ST 1 T 1—0 ’iz]tw M, m\1+¢ ’if S,T\1+¢
U(Cy, 67,4 ):E(Ct_Ht) —m(@ ) —m(ft) :



In this equation, C7 is the household’s consumption, ¢ > 0 is the coefficient of relative risk
aversion, ¢ > 0 is the inverse of the Frisch elasticity of labor supply, and H; = hC;_; is the
habit stock of the household, as in Smets and Wouters (2003). The labor supply is additively
separable across the two sectors and given by ¢;" for sector s. The parameters k; govern

the disutility of labor and follow an exogenous process
"{?—H = (1 - ’Yﬁ)/fs + f)/n'%? + Ef—fla (1)

where x* is the disutility parameter in steady state and € is a disutility shock in sector s.

Households maximize their consumption subject to the intertemporal budget constraint
CiPri+ 0Bl + Qri1 Al < WO L WETET 4+ By, + AT + Py ],

where Py, is the price index of the final good. Household 7 invests B] into a one-period
bond with price b; at time ¢. Following Cristiano et al. (2005), households also purchase
A7, of state-contingent securities with price ();4;. The state-contingent securities insure
the households against fluctuations in household-specific labor income, and hence the labor
income of household 7 will be equal to aggregate labor income. Households own the firms
and receive nominal dividends Py II7.

We next discuss the household decisions in turn. We delegate all derivations of the model

solutions to Appendix A.

Consumption and Savings Behavior. The solution to the household consumption-

savings problem leads to the standard Euler equation

1+ Ry

Cy—hC,_1) 7 =BF
(t tl) BE, 1+ 700

(Cyp1 — hCY ™7, (2)

where R, is the nominal interest rate on bonds and m, = Py, /Pf,—1 —1 is the rate of consumer

price inflation.

Labor Supply Decisions and Wage Setting. Households are wage setters in the labor

market as in Smets and Wouters (2003). They face a labor demand curve of

o (WETNTT L
= () )




where labor demand L; and the nominal wage in sector s, W}, are given by

7]5

1 n5—1 ns—1
L = [ / wfﬂwﬁ ,
0
1 1-n?®
W = ( / (Wf”)l‘nsdr) .
0

The parameter 1° governs the markup in sector s.

and

Households set wages subject to Rotemberg pricing frictions with a utility cost of changing
price that is governed by a parameter v,,. The maximization problem leads to the following

markup equation:
(n* = 1)(Cy — hCyq)"w; = ﬁfns(Lf)(H‘P)_l — Y (L+ 7)) + B, m (1 +75), (4)

where w; = W} /Py, is the real wage and ;" = W /W7, — 1 is the rate of wage inflation

in sector s.

3.2 Final Output Firm

The final output good is a Cobb-Douglas aggregate of two sectoral goods, manufacturing

and services:
M S
Vi =) (V) (5)

where Y™ and 7° is the manufacturing share of expenditures in each sector, Y™ + v

=1.
Both manufacturing and services are a CES aggregate of a continuum of products j € [0, 1]:

! N =
Yf,ﬁ(/ﬁ y;,t(])gdj) : (6)

where 6 is the elasticity of substitution across products j. Cost minimization implies that

the final demand for product j is

-
P () P
S . S f’t f7t
= _— _
yf,t(]) 8 ( P;,t > (P;,t> Yy, (7)

10



where P}, = fo P ()" 9d5)1/(1=9) is the sectoral price index, and the consumer price index

Py, is a combination of the sectoral price indices

1 ,Y]\/T 1 ’VS
M S
Pf,t:(w) (,y—) (P (PEY. ®)

3.3 Retailers

Each product is sold by a retailer j. Retailers aggregate a continuum of industries i € [0, 1]

) = ( G ) o )

where v is the elasticity of substitution between industries and z§(j,4) is the quantity of

according to

industry ¢ used by retailer j in sector s. The retailers are monopolistic competitors, taking

price indices as given, and face a quadratic price adjustment cost a la Rotemberg with price

adjustment parameter 1,. We denote the cost of the input of industry ¢ by P, (j,7). Given

demand (7) and solving for a symmetric equilibrium with j = j” and ¢ = ¢, maximization of

real profits results in the first order condition
Dot

(Crr1 = hC) ™7 Yy
0—1)=0—— 1+7))m + E ’
( ) pft ¢P ( t) t Bd}p t (Ct IR hcvt_l)fa- Yf,t

(T+7) 7| (10)

where p; , = Py, /Prt, pj, = P7,/Pys, sectoral inflation is m; = P7, /P, | — 1, and we have

omitted the ¢ and j indices due to symmetry.

3.4 Intermediate Goods Firms

Each industry ¢ consists of a finite number of intermediate goods firms indexed by k that
produce for retailer j in sector s. The finite number of firms allows for strategic interactions,
which will generate potentially incomplete pass-through of shocks. We build on the canonical
model by Atkeson and Burstein (2008) and its application in Heise et al. (2022). Firms can
either be domestic, D, or foreign, F', and the total number of these firms is Np and Np,
respectively.

The production of intermediate goods firms is aggregated to the industry level according

to
xi(j,1) = th (7,1, k) e +th j,z,k (11)
where g is the elasticity of substitution between firms and N* = N}, + Nj. As in Jaimovich

11



and Floetotto (2008), we include the scale term (N*)Y/(=#) to ensure that there is no variety
effect, which implies that, in an equilibrium in which all firms are symmetric, N*x{(j,i, k) =
xi(j,1) = x{(j). As in Atkeson and Burstein (2008), we assume that ;1 > v so that it is easier

to substitute across firms within industries than across industries.

Demand

Firms engage in Bertrand competition, and set a producer price of Py, (7,1, k). Demand for

firm k’s output is

M)“ 23 (4, 9) (12)

.
Hi b <P;7t<j,z'> N

where P;,(j,i,k) = P;,(j,i) = P;,(j) = P;, in a completely symmetric equilibrium, and

1

N3, N, T—n
. oL 5 e o gl 6 /e pale
Py (j.i) = (N*)wt | Y PLGi k) 4> Pi k) (13)
k=1 k=1

is the industry price index. We will analyze the behavior of this producer price index at the

industry-level in our empirical analysis below.

Production

We assume that firms combine two factors of production: intermediate inputs and labor.
These factors of production are imperfectly substitutible via a CES production structure.
Our setup will allow us to analyze the substitution patterns in response to a cost shock to
one or both of the factors.

Domestic intermediate firm k supplying retailer j in sector s has a production function

Ps
ps—1 | Ps—1
s

Ps— L
w0, k) = [(AL(,i k) 5 + AP Di(j,i k)" , (14)

where A; is aggregate labor productivity, which is common across sectors, and Li(j, i, k)
and D3 (j,i,k) are labor and intermediate inputs used by the firm. The parameter p, is
the sector-specific elasticity of substitution between the inputs. When one of the factors of
production increases in cost, firms substitute towards the other factor, where the strength of
the effect is governed by p,. The parameter Ay is a constant that we will use to match the
share of intermediates in production in steady state.

The intermediate input Dj (7,4, k) is in turn a composite of domestic and foreign inputs,

12



which are combined according to

DiGi k) = MG R T + 22000 ] (19
where M (7,1, k) is an imported intermediate input and Z7 (7, , k) is an aggregate of domestic
intermediate inputs. The equation highlights that firms can adjust to a change in imported
input costs by substituting towards the domestic input with an elasticity of substitution that
is governed by &.

The imported intermediate input M;(j, 14, k) is supplied with a sector-specific exogenous

price P

o o s
s impt- L he relative import price p3 ;.. = Py i/ P follows an exogenous process

s s s P,s
1n(p:c,imp,t+1> = (1 - ’YP) hl(px,imp) +p 1n(pm,imp,t) + €t11; (16)

where p7 ;.. is the relative import price in sector s in steady state and ef ** is an import price
shock. We will calibrate p; .., below to match the empirically observed imported input share
in each sector.

The domestic input Z;(j, i, k) is assembled using all industries’ output via a roundabout
production technology that combines all industries as in equation (9), and combines sectors
in the same way as the consumer good in equations (5) and (6). We assume that the domestic
input is produced with the same weights v, 75 as the consumer good. This structure leads

to a price index for domestic inputs of

1\ 1\ " s
Prami= () (55) (227" 20" (17)
Y Y

analogous to the equation for the consumer price index (8), but using the sectoral producer
prices P;, defined above. Since both sectors use the same input basket, the domestic input
price index is the same in both sectors. We assume that only domestic firms demand domestic
intermediates, and thus our model does not include exports.

Domestic intermediate input producers optimally choose their input bundle of domestic
and foreign intermediates, and then optimize over intermediates and labor to minimize costs.

Cost minimization implies that marginal costs of domestic firm k are
MCE),t = [(Wts/At)l_ps + AS(P;,input,t>1_p5] Ve ) (18)

where Py, ., is the intermediate input price index. This price index aggregates the prices
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of domestic and foreign inputs according to
S — S — 1/(176)
x,input,t = [(Pﬂf,dom,t)l ¢ + (Px,imp,t)l £:| . (19>

Real marginal costs are defined as mcp,, = MCp, /Py .
We assume that foreign intermediate firms face an exogenous process for real marginal

costs, mcy, = MCh, /Py, given by
In(mey1) = (1= yp) In(mek) + yr In(meg,) + €41, (20)

where mc$, is the foreign firm’s marginal cost in steady state and €!” is a marginal cost shock.
Profit maximization implies that producers set producer prices as
& (.1, k)

Pfl? .7 .7]{ - —M ; , 21
,t(‘] t ) gts(j’ i, k:) 1 Ok,t ( )

where k € {D, F}, and 1
s (5 1N—p
is the market share of firm k, and & (j,i,k) = pu(1 — S;(j,4,k)) + vS; (4,4, k) is the effec-
tive elasticity of substitution faced by the firm. Equation (21) highlights that firms set a
variable markup M,(j,i,k) = &7 (4,1, k)/(E(j, 1, k) — 1) over marginal costs, which depends
on their market share. Firms with a higher market share face a lower effective elasticity of
substitution, and hence set higher markups.
Going forward, we will assume that foreign firms operate only in the manufacturing
sector, while the services sector contains only domestic firms. This assumption is consistent
with the empirical analysis below, where a number of industries, mostly in services, do not

record any imports and hence no competition by foreign firms.

3.5 Monetary Authority

We close the model by assuming that a central bank sets monetary policy based on a Taylor

rule. This rule is given by
Ripy = oRi 1+ (1= )R+ (1= 0)(Prmips + @, (In(Ys) — In(Y))) + €, (23)

where @, and ®, are the central bank’s weights on inflation and on domestic gross output,
respectively. The gross output Y; includes the output by domestic producers going both to

consumers and to other firms, and Y is its steady state value. Monetary policy shocks are
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represented by €.

3.6 Aggregation

We consider an equilibrium in which all domestic and foreign firms are symmetric, but allow
the two groups to differ in terms of their marginal costs. Thus, a domestic producer will
set price Pp ., and a foreign producer sets price Pz, ,. Total output by producers in sector
s, Y}, is equal in equilibrium to the total demand for domestic output by consumers, from

other firms, and for the price adjustment cost:

N§ (Ppai\ " Py, (0 Py tom.t Py tomt /
VS — D ) s ) C! s¥P( s 20 s z,aom, 78 s z,a0m, 7 )
t Ns < Px,t > (7 (P;,t Ty 9 <7Tt> ¢+ sz,t . T st,t t
The first term, (N},/N*)(Pp+/Px+), represents the share of total demand that is satisfied

by domestic producers. This share depends on the number of domestic producers in sector

s, N}, and their price relative to the industry price index, which also includes foreign firms.
The term in parentheses represents the output demand from three sources. The first term
in parentheses is the demand from consumers, where in equilibrium Y};; = C;. The second
term is the output needed by retailers to cover the price adjustment. The third and fourth
term are the input demands by sector s and s’ from sector s, which depend on the price of

sector s relative to the domestic input price index. The total demand for intermediates from

_ —Ps
s £ s
s Px,dom,t Px,input,t s
7 =N | =—— —_— Y’
k Ps MC3 K
z,input,t Dt

sector s is given by

Total gross output is

Aggregate labor demand in sector s is equal to

S - Ws o S
Lt - Afg ! <Mct(3 ) Yt )
it

which must equal the total supply of labor to that sector given by (4). We list all equilibrium
conditions in Appendix A.6.

Figure 3 summarizes the components of the model. The gray cells show the household side.
Households face a trade-off between consumption of final goods and savings, and base their
decision on the interest rate set by the monetary authority, shown here in orange. The

central bank sets monetary policy using a Taylor rule. The blue and green cells show the
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Figure 3: Model Diagram
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Note: This figure summarizes key components of the model. Households are represented by gray cells, the central bank in
orange, while the green and blue cells show the manufacturing and services sector, respectively. The dark blue box highlights
foreign competitors.

manufacturing and services sectors, respectively. Both sectors are populated by a continuum
of retailers, which aggregate a continuum of industries that are populated by a finite number
of producers. The producers assemble labor and intermediate inputs, where the latter are a
combination of the labor supplied by households and imported inputs in both sectors. In the
manufacturing sector, domestic firms face competition from foreign producers, which have

an exogenous marginal cost process.

4 Quantitative Analysis

In this section, we calibrate our two-sector model using standard parameters and perform
counterfactual analysis. We show three results: first, we demonstrate that an import price
shock on its own can lead to substantial wage and price inflation (Substitution effect). Second,
we show that a joint shock to import prices and wages has an amplified effect by muting
the substitution channel (Amplification effect). Third, we show that a concurrent shock to

foreign competitors’ costs further increases inflation by allowing domestic firms to increase
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their prices without losing market share (Competition effect). We then analyze the effect of
monetary policy and show that aggressive policy can significantly reduce inflation without

causing a decline in employment.

4.1 Calibration

We set standard values for a number of parameters, and summarize the parameter values in
Table 2. A number of parameters are set based on a dataset of disaggregated industry-level
data, which we assemble at the 6-digit NAICS level from publicly available data from the
Census Bureau and from the BLS. We describe this dataset in more detail in Section 6.

We choose the risk aversion parameter, inverse elasticity of work effort, discount factor,
wage markup and habit parameter as in Smets and Wouters (2003), and obtain ¢ = 1.371,
¢ =2491, 8 =0.99, nyy =ns =3, and h = 0.595.

To calibrate the weight on labor, A, we define the labor share A, in steady state as

(w/A)

)\5 = )
(ws/A)lfps + AS (pf,input)lips

(24)

where variables are without a time subscript to indicate a steady state. Given a calibrated
As, we can back out the parameter values A,. We set the labor share in goods and services
from the average share of labor costs relative to total costs in our disaggregated industry-level
data. We obtain A\p; = 0.31 and Ag = 0.60, and hence labor is significantly more important
in services than in goods.

We set the steady state disutility of labor in the services sector, kg = 1. To set the
disutility in the goods sector, we obtain the average monthly earnings of workers in goods
and in services from the Quarterly Workforce Indicators (QWI) for 2013-2021.* On average,
wages in the goods sector are 17% higher than in services. We then set xj; to match this
wage gap in steady state, yielding rj, = 122.

To calibrate the steady state relative import price, p; ;,,,, we define the imported input

share in sector s, ay, in steady state as

(pcst,imp)l_£

, 25
(pz,dom>1_f + (pfc,imp)l_g ( )

gy =

where pygom = Prdom/Pr. We set the import share ay to match the average share of

imported input costs in intermediate costs in our disaggregated industry-level data. We

4We define the manufacturing and mining sectors as the goods sector, and set utilities, construction,
wholesale and retail trade, transportation, and all other services as services.
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obtain an imported input share in goods of a; = 0.17, and in services of ag = 0.04. Given
these values, we can then back out pj ..., in steady state.

For the elasticity of substitution across final goods, we follow Cristiano et al. (2005) and
set # = 6. Since all domestic and all foreign firms are symmetric, the parameter p essentially
governs the elasticity of substitution between the domestic and foreign firm groups, rather
than substitution between individual firms. We therefore set this elasticity towards the
lower end of the range discussed by Atkeson and Burstein (2008), and follow estimates on
the elasticity of substitution between foreign and domestic varieties from the trade literature.
Feenstra et al. (2018) estimate this elasticity to be in the range of 1 to 4. We therefore set
i = 3. We follow the conventional calibration from Atkeson and Burstein (2008) and Amiti
et al. (2019a) and set the elasticity of substitution across industries to v = 1.

The consumption share of goods is obtained from the BEA. We average the goods share
over time from 1970 to 2022 and obtain an estimate of v;; = 0.35 and vg = 0.65. We calibrate
the adjustment cost parameter for prices following Keen and Wang (2007). Assuming a
steady state markup of 20%, they find that at a value of ¥p = 72, a simple model with
Rotemberg adjustment costs corresponds to a Calvo model with a price adjustment frequency
of 12 to 15 months, consistent with empirical evidence. Given the rapid adjustment of wages
in the recent period, we do not assume that wages are more sluggish than prices. Instead, we
set W, = 72 as well. We specify the Taylor rule based on estimates by Carvalho et al. (2021),
who follow a similar procedure as Clarida et al. (2000). For the Greenspan-Bernanke era,
they find a Taylor rule persistence parameter of o = 0.8, a weight on inflation of &, = 1.4,

and a weight on the output gap of ®, = 0.95.

18



Table 2: Calibration Summary

Parameter  Description Value Source

o Risk aversion 1.371 Smets and Wouters (2003)

10) Inverse elasticity of work effort 2.491 Smets and Wouters (2003)

B8 Discount factor 0.99 Smets and Wouters (2003)

nM, NS Wage markup 3 Smets and Wouters (2003)

h Habit parameter 0.595 Smets and Wouters (2003)

A, As Labor share goods (services) 0.31 (0.6)  Census Bureau, authors’ calculations
KM, KS Disutility of labor in goods (services) 122 (1) Census Bureau, authors’ calculations
an, ag Imported input share in goods (services)  0.17 (0.04)  Census Bureau, authors’ calculations
0 Elasticity final goods 6 Cristiano et al. (2005)

o Elasticity across firms 3 Atkeson and Burstein (2008)

v Elasticity across industries 1 Atkeson and Burstein (2008)

YMs VS Consumption share goods (services) 0.35 (0.65) BEA, authors’ calculations

¥p Adjustment costs prices 72 Keen and Wang (2007)

Wy Adjustment costs wages 72 Assumed same as prices

0 Taylor rule persistence 0.8 Carvalho et al. (2021)

Dy Taylor rule weight on inflation 1.4 Carvalho et al. (2021)

o, Taylor rule weight on output 0.95 Carvalho et al. (2021)

NM, N3 Domestic firms goods (services) 13 (20) Atkeson and Burstein (2008)

NM | NZ  Foreign firms goods (services) 7 (0) Atkeson and Burstein (2008)

PM PS Elasticity labor v. intermediates 2 (1.5) Chan (2021)

£ Elasticity domestic v. foreign 2 Feenstra et al. (2018)

We calibrate the number of firms based on Atkeson and Burstein (2008). They set the
number of firms to 20. To set the number of foreign competitors in the good sector, we use
the import share in total domestic sales from our disaggregated industry-level data. We find
an import share in the goods sector of 0.3. There are no foreign competitors in services. We
therefore set NM =13, N3 =20, NM =7, and N2 = 0.

Two key sets of parameters remain to be determined. The first is the elasticity of substi-
tution between labor and intermediates, ps. This parameter is important because it governs
to what extent firms can substitute between inputs when hit by a shock, and hence the
importance of the substitution channel. We set this parameter based on Chan (2021), who
estimates using disaggregated Danish data that labor and intermediates are gross substi-
tutes. He estimates the elasticities by regressing the labor-to-intermediate ratio on the ratio
of input prices and wages, instrumenting for wages to induce exogenous wage variation. Chan
(2021) estimates elasticities of substitution in the range of 1.5 to 4, and we therefore choose
pv = 2. We assume a lower elasticity between labor and intermediates in services, and set
ps = 1.5.

The second key parameter is the elasticity of substitution between domestic and foreign
intermediates, £. This parameter governs to what extent firms can switch to domestic inter-

mediates in the event of a shock to foreign inputs. We again build on the estimated value of
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1 to 4 in Feenstra et al. (2018). Since we prefer this elasticity to be at least as high as the
elasticity of substitution between labor and interemdiates, we set it to £ = 2.

Our calibration implies that the model contains four key differences between the goods
and the services sector. First, services account for a larger share of the consumption basket
and of firms’ inputs, vy, > 7vs. Second, the labor share is lower in the goods sector, Ay < Ag,
making intermediates more important. As a result, shocks to input prices will have a larger
direct effect on goods. Third, it is easier to substitute between labor and intermediates in
the goods sector, py; > ps. Finally, only the goods sector contains foreign competitors. The
presence of foreign competition dampens the response of domestic producers to domestic
shocks since these firms partially adjust their markups to preserve market share.

We solve the model via a third-order approximation in Dynare to capture non-linear

effects.

4.2 Results

We first examine the impact of an intermediate input price shock on inflation and show that
it affects wages even in the absence of a labor market shock due to substitution. We then
analyze the effects of joint shocks to input prices and wages and highlight the amplification
mechanism. Finally, we show the additional effect coming from a simultaneous shock to

foreign competitors’ costs.

4.2.1 Substitution Effect

We first consider effect of a positive imported input price shock in both the goods and
services sector on inflation by setting effl = 0.13 for s € {M, S}, in the range of the average
increase in import prices during the current expansion from Table 1. We assume vp = 0.9,
so the shock is quite persistent.

In Figure 4 we trace out the effect of the shock over the next 20 quarters. The first
and second panel in the top row show the exogenous shocks. We do not change the labor
disutility parameter relative to steady state. The imported input shock raises imported input
prices by about 15 percent on impact. Import prices only gradually return to the steady
state. Domestic input prices rise slightly as well due to a rise in equilibrium wages. The
second row highlights that the shock leads to a substitution away from intermediates towards
labor, particularly in the goods sector due to its higher exposure to imported intermediates.
Firms also substitute away from imported intermediates towards domestic intermediates.
Aggregate output falls due to a large decline in goods output, which has become more

expensive to produce. The third row illustrates that the substitution effect towards domestic
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Figure 4: Effect of Input Price Shock
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Source: Author’s calculations. Figure shows the effect of an input price shock on key variables.

labor increases real wages and therefore marginal costs. The real wage increase is larger
in the goods sector than in the services sector due to the stronger substitution in goods.
Foreign firms’ marginal costs do not increase, which leads them to increase their market share
relative to domestic firms in the goods sector. This shift of market share towards foreign
firms dampens the effect of the shock. The final row highlights that there is significant
wage inflation in both sectors of approximately 0.8 percent due to the substitution towards
labor. The change in real marginal costs translates into consumer price inflation of about
0.6 percent. Nominal interest rates adjust gradually due to the sluggish Taylor rule. As a
result, real interest rates actually decline on impact, leading to a consumption boom. The
additional goods consumption is produced by the foreign firms, which have gained market
share.

This experiment highlights that an import price shock on its own can generate substantial
wage and price inflation due to the substitution effect. If supply chain bottlenecks prompt
firms to source more from domestic suppliers, the resulting additional labor demand can put

upward pressure on wages.



Figure 5: Effect of Joint Shock

- : Combinad : ¢
015 Labor Disutility Shock 2 Input Prices 4 Input Price 2
Goods Domestic
Services 15 Imported 3 1.5
= 01
@
e 10 2 1
I
& 0.05
5 1 0.5
, . e 0 0
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
Labor Demand 1 D ic Input Demand Sectoral output 02 Agg. Output
2 -0.
0
-0.4
1 0 -1
1 -0.6
o} 2 .
Qg 1
3 0.8
-1 2 -4 El
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
3 Real Wage 3 Real Marginal Cost 3 Producer Price 02 Market Share
e 2 2 2 0.1 /\
@
=1
I
& q 1 1 0 ————
. /\ . . o
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
3 Wage Inflation 2 Retail Price Inflati 2 Consumer Price Inflation Interest Rate
1
15 15
£2 0.8
S 1 1
g, 06
0.5 0.5
0.4
0 0 0
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
Months Months Months Months

Source: Author’s calculations. Figure shows the effect of a joint labor disutility and input price shock on key variables.

4.2.2 Amplification Effect

We next investigate the impact of an import price shock that is accompanied by a labor disu-
tility shock. We interpret the disutility shock as representing workers’ increased reservation
wage and the tighter labor market conditions in the recent period. Since wage pressures have
been larger in the services sector than in goods, we feed in a disutility shock of effl =0.15in
services and of efjr]\f = 0.10 in goods. These shocks are calibrated such that wage inflation is
3 percent in services and 2 percent in goods, which roughly matches the rise in wage inflation
above its 2 percent baseline in the recent period. As for the import price shock, we assume
a relatively persistent shock and set v, = 0.9.

The first two panels in the first row of Figure 5 show the exogenous joint shock. Domestic
input prices rise more strongly than in the previous experiment due to the additional wage
shock. The second row highlights that as before there is strong substitution from intermedi-
ates towards labor. This shift is particularly strong in the goods sector because intermediate

inputs are more important and it is easier to substitute towards labor in that sector. In



Figure 6: Effect of Joint Shock: Amplification and Competition
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Note: Figure shows the amplification effect of a joint shock on input prices and labor disutility, as well as the further effect of

a foreign competition shock.

the services sector, substitution is relatively stronger towards domestic intermediates due to
the strong increase in wages. The third row shows that real wages now rise by more than
2 percent in services and by nearly 1 percent in goods, leading to a significant increase in
real marginal costs. As before, foreign competitors’ costs are unchanged, and they therefore
gain market share. The final row highlights that price inflation is about 2 percent in this
scenario.

The joint wage and import price shock makes substituting between labor and intermedi-
ates less effective for domestic firms. Feenstra et al. (2018) describe that U.S. firms substitute
away from labor and towards imported inputs to reduce costs, and Heise et al. (2022) show
that firms’ ability to use foreign inputs reduced the pass-through from wages to prices in
the goods sector in the past two decades. As a result of the impaired substitution, a joint
wage and import price shock has an amplified effect on inflation compared to two separate
shocks. Figure 6 illustrates this point. The left panel shows the impulse response of the
average wage inflation in the model, where the average is constructed using each sector’s
share in consumption. The right panel shows the impulse response of price inflation. We
trace out the impulse responses to an import price shock alone in the blue line, and to a labor
disutility shock alone in the black dashed line. The black solid line shows the sum of these
two impulse responses; i.e., we simulate the model twice and add the resulting responses.
The purple line shows the effect of the joint disutility and import price shock. When both
shocks hit together, wage inflation is about 0.2 percentage points higher and price inflation

is about 0.1 percentage points higher at the peak than when both shocks hit separately.
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Figure 7: Effect of Additional Competition Shock
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Source: Author’s calculations. Figure shows the effect of a joint disutility, input price, and competitor shock.

4.2.3 Competition Effect

We finally add a further shock to foreign competitors’ marginal costs to the model. The sup-
ply chain disruptions also affected U.S. firms’ foreign competitors. The resulting additional
inflation effect is a reversal of the mechanism discussed in Heise et al. (2022), who show that
the missing inflation in the goods sector in the period between the Great Recession and the
pandemic can be linked to import competition from foreign firms, in particular from China.
Import competition prevented U.S. firms from raising their prices in response to shocks and
reduced wage-to-price pass-through. In the current period, foreign firms are experiencing a
similar cost shock as domestic firms, reversing this mechanism and increasing pass-through.

We set the foreign competitor shock eﬂl = 0.024, which generates an increase in marginal
costs similar to that of domestic goods firms. Figure 7 shows the impulse responses in this
scenario. The second row shows that compared to the previous case there is a significantly
stronger shift towards labor and domestic intermediates in the goods sector. This shift

arises because domestic firms no longer lose significant market share to foreign competitors,
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raising the output produced domestically. Wage inflation and price inflation increase slightly
further.

To compare the scenario to the previous cases, the red line in Figure 6 shows the average
wage and price inflation with the additional competitor shock. While there is only a small
effect on average wage inflation compared to before, price inflation rises by an additional
0.2 percentage point on impact. This increase in price inflation is on the one hand due to
a direct effect: when both foreign and domestic firms experience a similar cost shock, their
price increases become more synchronized as all firms raise prices. On the other hand, there
is an indirect effect due to U.S. firms’ higher pass-through of cost shocks into prices since
they are less concerned about losing market share.

In Appendix B, we consider a model extension with two types of labor, low-skilled and
high-skilled. One less appealing feature of the baseline model is that real wages rise in both
goods and services, while empirically real wages of high-skilled workers actually fell. The
extended model features significant real wage increases only for low-skilled services workers,
consistent with the recent U.S. experience, while real wages of other workers are flat or even

fall. The other patterns are qualitatively similar to the baseline.

4.3 Monetary Policy

We now study the effect of monetary policy on the path of inflation, output, and employment
in the presence of the current shocks. We first demonstrate that more aggressive monetary
policy can significantly reduce inflation without reducing employment. We then show that a
sudden reversal of supply chain pressures would generate a significant negative employment
effect.

Our aggressive policy rule exhibits less persistence and a stronger response to inflation
than the baseline. Specifically, we set o = 0.2 instead of its baseline value of 0.8, and we
choose @, = 4 instead of its baseline of 1.4. We then simulate the response of the economy
to the combined disutility, import price, and foreign competitor shock. Figure 8 compares
the impulse responses of six key variables under the baseline policy (dark blue) and the more
aggressive policy (light blue). Under the more aggressive policy, consumption and output
drop significantly on impact, while price and wage inflation are much more moderate than in
the baseline at only about 1 percent. Importantly, while aggregate labor demand does not rise
as strongly as in the baseline case, it still increases by about 1 percent on impact. Thus, there
is no employment decline. This outcome arises because firms’ substitution from intermediate
goods to labor supports aggregate employment. Aggressive policy can therefore significantly

reduce inflation without generating a drop in employment. This pattern is qualitatively in
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Figure 8: Monetary Policy
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line with the current state of the U.S. economy.

We next consider the effect of a surprise reversal of the import price shock while main-
taining the aggressive monetary policy rule. Specifically, we simulate the model with the
same set of combined shocks as before, but set the import price back to its steady state level
from period 8 onwards. All other shocks still follow their original trajectory. The impulse
responses under this scenario show that consumption and output recover significantly faster
than under the standard aggressive policy scenario, while inflation moderates more quickly
(orange dashed lines in Figure 8). However, employment declines upon disappearance of the
imported input price shock, as firms substitute back from labor towards intermediates, re-
moving the support of the labor market. Thus, employment may fall significantly as supply
chain pressures unwind, but this effect may only become visible with a delay.

We next turn towards testing the model’s key predictions in industry-level data. In the
next section, we derive a structural pricing equation from the model that we can use to
test the model in the data. Section 6 then describes our empirical analysis and presents the

results.
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5 Linking the Theory to Data

The firms’ price setting equation (21) implies that domestic producers set prices equal to
marginal cost times a variable markup M,(j,i, k) = &:(4,4,k)/(&(j,1, k) — 1). Taking logs

and differentiating this equation for a domestic firm, we obtain
dIn(P,(j,i,k)) = dIn(MCY} ;) + dIn(M(j,1, k)), (26)

which is a log-linear approximation of a price change. Using the expression for marginal
costs, (18), a log-linear approximation yields

dIn(MC,) = Ay, [dIn W} — dIn A] + (1 — A,)dIn P

x,input,t?

where )\, is the labor share defined in (24), and the input price P}

e input 15 itself a combination

of imported and domestic input prices. It can be approximated from equation (19) as
d1n<P;,input,t) = (1 - aS,t)dln(Pﬂf,dOm,t) + Oésytd ln(sz,imp,t)’ (27)

where a; is the imported input share from (25).

For the markup, given our functional form of the demand elasticity £7(J, 4, k), we obtain
dln(Mt<ja ia k)) = _Ft(j7 ia k) [dln Pa:,t(ja i: k) —dlIn Pa:,t(ja Z)] ;

where I'y(j,i, k) = —(0log My(i,j,k)/0log Py +(j,i,k)) > 0 is the elasticity of the markup

® Plugging the expression for marginal costs and the

with respect to a firm’s own price.
markup into (26) and re-arranging, we obtain a firm’s price change as a function of changes

in the components of marginal costs and of changes in competitors’ prices

.. >\st (1_>\st)
In(P, =——+—|[dinW’ —dln A ———=dIn P?,
d n( $7t(]727k)) 1 +Ft(],2,]€) [d nwy dln t] + 1 —|—Ft<],l,k)d DL input,t
Ft(j7iak) ..
DB g P, (4, 4). p
1+Ft<],l,k> n :t<j Z) ( 8)

Equation (28) illustrates how producers’ prices are related to wages and input prices. The
first and second terms in the equation reflect the direct effect of input costs on prices, i.e., the
effect of marginal costs. An increase in wages W that exceeds productivity growth passes
through into prices with an elasticity that is proportional to the labor share in marginal

costs, As;. Wage increases only raise prices to the extent that they exceed productivity

5See Appendix A.7 for the derivation.

27



growth. Changes in input costs pass through to prices with an elasticity that is proportional

to (1—A\7), where the pass-through of imported input prices in turn depends on the imported

input share a,;. The third term in equation (28) captures the indirect effect on pass-through

that operates via firms’ markup adjustment. An increase in a firm’s competitors’ prices

P,+(j,7) allows the firm to raise its prices itself by increasing its markup. The relative

strength of this channel relative to the marginal cost channel is modulated by the markup

elasticity I';(j,4,k). Firms with a higher markup elasticity put a higher weight on the

aggregate price index. The markup elasticity is increasing in a firm’s market share holding

everything else fixed, dI',(j, ¢, k)/dSi(j,1, k) > 0, and satisfies I';(j,, k) = 0 if S;(j,4,k) = 0.

Equation (28) is a version of a standard pass-through equation Amiti et al. (2019a). One

shortcoming of this specification is that due to the log-linearization it does not account for

the non-linearity of the response due to the substitution between labor and intermediates.

In particular, the labor share A;; adjusts in response to a shock: when import prices rise,

firms substitute towards labor, raising the labor share. We therefore also perform a second-

order approximation to the marginal cost term to derive the following alternative non-linear
estimating equation

dIn(P,,(j,i,k)) = L [dInW;? —dln A}] +

’ 1+ Ty(g,4, k)
(ps — D Ase(1 = Agp)
1+ Ty(y,4, k)
~ (dInW¢ —dln Ay)? _ (dIn Pa:,input,t)Q} Ly(,1,k)
2 2 1+ 14,4, k)

(1= Ast)
——————dIn P},
1 + Ft(j, i, k) n z,input,t

{ (dIn W7 — dIn Ay) d1n Py mpute

d 111 P%t(j, Z)

This equation contains in the second row the interaction between the wage change and the
input price change and in the third row quadratic terms of the wage change and the input
price change. The negative sign of the quadratic terms highlights that, absent the interaction
effect, the response of producer prices to a shock is smaller than that implied by the linear
effect, due to the possibility to substitute. The importance of the substitution rises with the
elasticity of substitution p, and with the product of the shares of the two inputs, As+(1—Xs¢).
When both shares are relatively equal, substitution is strongest. We will estimate both the

standard linear equation and this specification with non-linear terms.

6 Empirical Analysis

We now test some of the key implications of our model in industry-level data. We first discuss

our main datasets. We then estimate a specification to provide evidence of the substitution
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channel. Finally, we estimate a reduced form version of the structural equations derived in
the previous section to test for the presence of the amplification and competition channels.
To simplify notation, we denote industry-level variables using the subscript 7, and drop the

sector subscripts. We do not have firm-level observations.

6.1 Data

We construct the industry-level producer prices P;; from the Producer Price Index (PPI),
which we have at the 6-digit North American Industrial Classification System (NAICS) level.
The PPI measures the price received by domestic producers for their goods and services,
comprising both final goods and intermediate goods. It is constructed by the Bureau of
Labor Statistics (BLS) from a monthly survey of establishments representing nearly the
entire goods sector and 70 percent of services. We rely on disaggregated industry data
because constructing input prices is not possible at the sector or economy-wide level, since
we would not be able to distinguish inputs from outputs. We aggregate the monthly PPI
data to the quarterly level and match it with some of the data series that are only available
at the quarterly level, such as wages and productivity. Our sample comprises 530 industries
for the period 2013:Q1 to 2021:Q3.°

We obtain quarterly industry wages, W;;, as the average weekly earnings from the Quar-
terly Census of Employment and Wages (QCEW) from the BLS. In principle, hourly earnings
would be preferable to account for changes in hours worked. In practice, however, using the
QCEW has several advantages over other datasets, such as greater coverage of establishments
and industries (see Heise et al. (2022)).

We construct an industry’s input cost index, Py input, as a weighted average of the do-
mestic input price index and the imported input price index, consistent with equation (27).

Specifically, the change in industry input prices is

A ln(Pit,input) = (2012 Z wn,i,ZOlQA ln(pnt,imp) + (1 - Oéi,2012) Z wn,i,QOlQA ln(Pnt)- (29)

n

where @; 9012 is the industry’s share of intermediate imported inputs in total material costs
in 2012. The change in the domestic input price is constructed as the change in the log
PPI across all industries n that provide inputs to industry i, where the weights are the

time-invariant cost shares from the 2012 input-output table from the BEA.” We omit the

We do not include earlier years due to revisions in the Census trade codes and NAICS codes, which
make a consistent mapping from import prices to 6-digit PPI codes over longer time horizons more difficult.

"The latest input-output table with sufficiently disaggregated industries available is 2012. It comprises
405 BEA industries, which are mapped to 6-digit NAICS codes.
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domestic input industry n that is the same as industry ¢ since we cannot disentangle the own
industry’s input prices from its output prices using our industry-level data.® We construct
the imported input price index of industry ¢ analogously as a weighted average over the
import price indices Pyt imp of all industries n that provide inputs to industry 4. Since the
import price indices provided by the BLS are too aggregated for our purposes, we construct
our own measures using disaggregated import data from the Census Bureau. Our 6-digit
NAICS industry-level import price index is a weighted average of the log change in import
unit values (equal to import values divided by quantities) across all 10-digit Harmonized
Tariff Schedule (HTS10)-country observations, h, ¢, within each NAICS industry 4, where

the weights are lagged annual import value weights

AIn(Pyimp) = Z Wh,eyear—1 A In(import unit values,, . ;). (30)
h,c

We construct a mapping between HTS10 codes and 6-digit NAICS industries throughout
our sample period using the concordance by Pierce and Schott (2012).

We provide some summary statistics on average four-quarter change in wages and input
prices in our sample of industries in Table 3. The first two columns present statistics for
industries in the “Goods” sector. To be consistent with the model, we define that sector to
comprise all industries with positive imports in at least one year, i.e., there is some import
competition. These industries are predominantly in manufacturing, with a few industries in
agriculture and mining.® The last two columns present statistics for the “Services” sector,
comprising all industries that are non-traded, mostly services. Import prices can still affect
non-traded industries through imported intermediate inputs.

The first panel presents statistics for the pre-COVID period. We find that the average
industry’s change in input prices is virtually zero in this period, with average wage growth
between 2 and 3 percent. The correlation between wage growth and input price changes is
also negligible prior to COVID. The second panel shows the same statistics for 2020. Input
prices decline in that year, while wages exhibit slightly faster growth than in the earlier
period. What stands out most, however, is the significantly higher correlation between wage
and input price changes in 2020 compared to the pre-COVID period. The last panel shows
the statistics for 2021. Both wages and input prices rise significantly, and moreover the
growth is strongly correlated. Thus, what makes 2021 special is that it combines both high

growth in wages and input prices with a strong correlation between the two.

8 As an example, if the auto industry uses 70 percent rubber and 30 percent steel, its domestic input price
index will be constructed as 0.7 times the change in the log rubber price plus 0.3 times the price of the log
steel price.

9Manufacturing accounted for about 63% of employment in goods-producing industries in the last decade.
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Table 3: Summary Statistics

Goods Services
Pre-Covid (2013:Q1 - 2019:Q4) Aln(Pinpuwt) Alm(Wagey) AW(Piinpuwr) Aln(Wages)
Mean 0.000 0.022 -0.006 0.028
P50 0.005 0.024 0.005 0.029
Mean of 4th quartile 0.063 0.079 0.078 0.073
Correlation 0.045 0.064
COVID period (2020)
Mean -0.024 0.035 -0.066 0.050
P50 -0.015 0.029 -0.025 0.044
Mean of 4th quartile 0.028 0.116 0.004 0.127
Correlation 0.293 0.204
COVID period (2021)
Mean 0.149 0.049 0.171 0.060
P50 0.124 0.051 0.124 0.056
Mean of 4th quartile 0.300 0.128 0.387 0.147
Correlation 0.228 0.166

6.2 Substitution Channel

We next provide some evidence of the substitution channel. We run a simple OLS regression

of the form
A lIl(th> = BlA 11’1 Pit,input —+ 62A lIl -Pit,input . ]I(Year = 2021) -+ OéXit + €ity (31)

where all variables are at the quarterly level and the difference operator indicates four quarter
changes. The left-hand side is the four-quarter change in industry employment. On the right-
hand side we include the change in industry input prices, P input, and its interaction with
2021 to see whether the relationship changes in that year. The controls X;; include variables
that pick up the composition of the industry’s workforce in quarter ¢ to address potential
composition bias in an industry’s workforce. Specifically, we include the shares of prime-
aged and older workers, the share of female workers, and the shares of workers with a high-
school degree, associates degree, and bachelors degree or higher. We obtain these variables
from the Census Bureau’s Quarterly Workforce Indicators (QWT). Our model predicts that
increases in input prices should be positively correlated with industry employment due to
the substitution channel.

The first two columns of Table 4 present our results for the goods sector and for the
services sector, respectively. We find a significant positive correlation between changes in the

input price index and changes in employment in both sectors, consistent with the substitution
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Table 4: Substitution Effect, 2013:Q1 - 2021:Q3

(1) (2) 3) (4)
Aln(Emp,) Aln(Emp,) Aln(Wage,;) Aln(Wage,,)

Aln(IPI) 0.143*** 0.082%** 0.069*** 0.022%**
(0.011) (0.014) (0.010) (0.007)
An(IPI) x Year=21 -0.008 0.054** 0.087*** 0.099***
(0.016) (0.023) (0.015) (0.012)
Worker Composition Yes Yes Yes Yes
R2 0.092 0.031 0.035 0.038
Observations 10,470 5,242 10,470 5,242

effect. For example, column 1 indicates that a 10 percent increase in input prices is associated
with a 1.4 percent rise in employment in the goods sector. While this elasticity did not
strengthen in 2021, we find a significant increase for services in column 2.

Columns 3 and 4 run the same regression but with the change in wages on the left-hand
side. Consistent with the substitution channel, we find a significant and positive correlation
between changes in input prices and changes in wages. A 10 percent increase in input prices is
associated with a 0.7 percent increase in wages in the goods sector and a 0.2 percent increase
in wages in the services sector. Both correlations strengthened in 2022 to 1.6 percent and

1.2 percent, respectively.

6.3 Amplification and Competition Channel

We next turn to providing evidence for the other two channels. We estimate a reduced-form

version of (28)
Aln(Py) = SiAIn Wi+ BoAIn Ay + B3 A In Py iy + BaA I Py i+ X+ 6, +10 €5, (32)

where as before the difference operator indicates four quarter changes. Note that in this
regression (1 to B4 cannot be interpreted as structural coefficients since we only have industry-
level data. We will run the baseline regression as well as a version interacted with a dummy
for 2021. If the amplification channel is operative, we would expect pass-through from wages
and input prices to have increased in 2021 due to the weakened substitution. Moreover, if
the competition channel is present, we would expect U.S. producer prices to have become
more strongly correlated with foreign competitors’ prices since all firms are experiencing the
same shocks.

As in the previous section, F;; denotes the PPI, W;, are wages, and Pj jnp. is the input
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price index. We construct industry-level labor productivity, A;;, using industries’ real value
added from the Bureau of Economic Analysis (BEA). While the BLS provides disaggregated
industry-level productivity measures, these are only available at an annual basis and with
significant delay. We obtain quarterly real value added for 50 2-digit and 3-digit industries
from the BEA, and divide by each industry’s number of workers from the QCEW to obtain
real value added per worker. For each 6-digit NAICS industry in our sample, we assign
the real value added per worker of the corresponding 2-digit or 3-digit industry. We run
an unrestricted regression where the coefficients on wages and productivity are allowed to
differ, but examine a restricted regression below where 3; + 8, = 0, as in the theory.

Since we use industry-level data we do not have domestic competitors’ prices within the
same industry. We will therefore estimate the competition effect using only an industry’s
foreign competitors’ prices. These are given by the import price index P ;,, constructed
above. In contrast to the imported input price index, which is a weighted average of import
prices across all industries that provide inputs to ¢, the competitors’ price index is simply
the import price index of industry 4, e.g., the price of imported cars for the car industry.

The controls X;; include the same workforce composition controls as before. Finally, 9;
is an industry fixed effect and 1, is a time fixed effect. The latter picks up any aggregate
variation that affects all industries, such as changes in aggregate inflation expectations or
general business cycle trends. We estimate our regression specification (32) separately for
goods and for services. Our regressions use Driscoll-Kraay standard errors with bandwidth
two quarters to account for cross-sectional and time series correlation.

We first run the baseline regression for the goods sector, i.e., traded industries, using
the entire sample period 2013:Q1 - 2021:Q3. Table 5 shows the results. Since different
industries have different degrees of import penetration, we multiply the foreign competitors’
price index, P, by the industry’s import share, s;, in 2013. The first column presents
the results from specification (32). We find a positive and significant correlation between
producer prices and input costs for our sample period 2013-2021. A 10 percent increase in
input prices is associated with a 3.1 percent rise in producer prices. We also find a positive
pass-through from wages to producer prices, although the effect is small. A 10 percent
increase in wages is associated with a 0.3 percent rise in producer prices. This small pass-
through from wages to prices in the goods sector is consistent with earlier work (Heise et al.
(2022)). The coefficient on the competitors’ price index indicates that for an industry with
the average import share of 31 percent, a 10 percent increase in import prices would lead
to an increase in producer prices of 0.7 percent. Finally, productivity improvements have a
negative impact on producer prices, as expected.

We next turn to providing some evidence of the amplification and the competition channel
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Table 5: Pass Through for Goods, 2013:Q1 - 2021:Q3

(1) (2) (3) (4)
Aln(pir) Aln(pir) Aln(pi) Aln(pi)
AIn(pit,input) 0.309***  0.236™**  0.245***  (0.284***
(0.028) (0.025) (0.026) (0.031)
AIn(pit,input) X Year=20 -0.093**
(0.035)
AIn(pit,input) X Year=21 0.158*** 0.046 -0.117
(0.026) (0.034) (0.108)
Aln(Wage;) 0.029* 0.011 0.008 -0.004
(0.016) (0.013) (0.011) (0.012)
Aln(Wage;+) x Year=20 0.053*
(0.028)
Aln(Wage;t) x Year=21 0.127*** -0.076 -0.044
(0.023) (0.046) (0.038)
s; X AIn(pit,imp) 0.223***  0.174***  0.174***  0.158***
(0.044) (0.024) (0.024) (0.023)
8; X AIn(pit,imp) X Year=20 0.098**
(0.044)
s; X AIn(pit,imp) x Year=21 0.477***  0.499***  0.504***
(0.157) (0.163) (0.151)
Aln(Wageir) X An(pit input) -0.287 -0.414
(0.237)  (0.312)
Aln(Wagey) x Aln(pitinput) X Year=20 -0.320
(0.476)
Aln(Wage;r) x Aln(pig,input) X Year=21 1.863***  1.951***
(0.287) (0.348)
Aln(Wageir) x Aln(pit,input) X xHH x Year=20 1.264**
(0.611)
A ln(Ait) -0.154***  -0.150***  -0.149*** -0.140***
(0.026) (0.025) (0.024) (0.031)
Time Fixed Effects Yes Yes Yes Yes
Industry Fixed Effects Yes Yes Yes Yes
Worker Composition Yes Yes Yes Yes
Nonlinear Effects No No Yes Yes
R2 0.134 0.151 0.154 0.157
Observations 10038 10038 10038 10038
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by re-running the regression but interacting the variables with a dummy for the year 2021 in
column 2. As shown before, inflation picked up significantly in 2021, and we have argued that
simultaneous wage and input price changes lead to a stronger pass-through into producer
prices. We find support for this amplification hypothesis. Both wages and input prices have
become more correlated with producer prices in 2021. In particular, a 10 percent rise in
input prices was associated with a 2.4 percent rise in producer prices in the pre-2021 period,
but led to a 4 percent increase in 2021. Even more strikingly, we find that the entire positive
correlation between wage changes and producer prices is accounted for by 2021. While in
earlier years the pass-through from wages to producer prices was insignificant, it rose to 12.6
percent in 2021.

We also find support for the competition hypothesis that U.S. and foreign firms’ price
changes have become more synchronized. The pass-through of import prices into producer
prices was around 5 percent in an industry with the average import share in the pre-2021
period, but rose to around 20 percent in 2021.

To test the amplification channel more directly, in column 3 we run the specification
with additional non-linear marginal cost terms using (29). This specification includes an
interaction term between wage changes and input prices changes, an interaction between
productivity and input price changes, and squared wage and input price terms. We interact
all terms with dummies for 2021 to examine structural changes in the coefficients. We find
a positive and very significant effect of the product of wage and input price changes on
producer prices in 2021. Moreover, once this term is included in the regression, the 2021
interaction terms on wages and input prices become insignificant. This result suggests that
the interaction between wages and input prices can completely explain the pick-up in the
pass-through of costs in 2021.

The non-linear regression results indicate a positive interaction effect in 2021, but not
in earlier years. As shown in Table 3, changes in wages and input prices were small until
2021, and the changes were virtually uncorrelated until 2020. This could explain the lack
of an effect in prior years if smaller changes have a lower pass-through. As a robustness
check, we next exploit the high correlation between wage and input price shocks in 2020,
and construct dummies for whether an industry was in the top quartile of the wage change
distribution and in the top quartile of the input price change distribution in that year. For
industries that exhibited large changes in wages and input prices, we should pick up an
interaction effect. Column 4 re-runs our non-linear specification with additional interactions
for 2020, where the interaction between wages, input price changes, and the 2020 dummy
is additionally interacted with a dummy for whether an industry was in the top quartile

of both wage and input price change distribution. For this subset of industries we find a
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significant and positive interaction term, consistent with our hypothesis that both large and
positively correlated shocks are needed.

In Appendix C, we perform several additional robustness checks of our findings. First, our
structural equation (28) indicates that the effect of wages and productivity on prices should
be of equal and opposite sign. We therefore run a constrained regression which imposes this
requirement. Second, we introduce a proxy for domestic competitors, using the prices of
the more aggregated 4-digit NAICS industry, to attempt to capture the competition that is
missing from our baseline analysis. Third, we analyze whether our findings could be driven
by a demand shock by re-running our regression with 3-digit NAICS industry by quarter fixed
effects. This specification absorbs all factors that are common to the same 3-digit industry
and quarter, and identifies our coefficients of interest from variation within broad industries.
If demand shocks are common within 3-digit industries, then the remaining variation can be
attributed to the shocks we focus on. The results in Appendix C indicate that our results
continue to hold with these alternative specifications.

Table 6 shows analogous regressions for services. By definition, these industries are
not directly affected by foreign competitors’ prices and we therefore omit this control here.
However, these industries can still be indirectly affected by imported input prices. Column
1 shows that there is a significant and positive correlation of both input prices and wages
with producer prices. A 10 percent increase in input prices is associated with a 1 percent
rise in producer prices on average. Similarly, a 10 percent rise in wages is associated with
a 1.1 percent increase in prices. Column 2 shows that, in contrast to the goods sector,
there was no increase in input price pass-through in 2021 for the services sector. However,
the correlation between wages and prices rose significantly. A 10 percent rise in wages is
associated with price growth of 0.7 percent in the earlier years, but with a 2.4 percent rise in
prices in 2021. This rise in correlation between wages and producer prices is consistent with
the model, since the substitution towards labor and domestically produced intermediates in
particular in the goods sector drives up wages at the same time as prices rise.

The last column shows that the coefficient on the interaction between wages and input
prices is actually megative in services in 2021. This absence of an amplification effect in
services is consistent with the model, because the substitutability between labor and in-
termediates in services is low, and hence there is no change in substitution patterns when
both labor and intermediates’ costs rise. While we find a negative and significant effect on
the interaction, we note that the interaction with the 2021 dummy also increases for both
wages and input prices. From column 2, we know that the overall effect is to increase the
correlation of wages with producer prices, while the correlation between intermediate input

prices and producer prices stays unchanged.
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Table 6: Pass Through for Services, 2013:Q1 - 2021:Q3

(1) (2) (3)
Aln(pi) Aln(pi:) Aln(pi)

AIn(pit input) 0.095***  0.094***  0.094***
(0.011) (0.016) (0.015)
AIn(pit,input) X Year=21 0.004 0.071*
(0.026) (0.037)
Aln(Wage;t) 0.108***  0.069** 0.069**
(0.034) (0.029) (0.031)
Aln(Wage;t) x Year=21 0.174**  0.358***
(0.044) (0.106)
Aln(Wagei) x An(pit,input) -0.019
(0.184)
Aln(Wage;r) x Aln(pit,input) X Year=21 -0.890***
(0.277)
Aln(Ay) -0.030 -0.030 -0.029
(0.019) (0.018) (0.018)
Time Fixed Effects Yes Yes Yes
Industry Fixed Effects Yes Yes Yes
Worker Composition Yes Yes Yes
Nonlinear Effects No No Yes
R2 0.046 0.050 0.055
Observations 5242 5242 5242

7 Conclusion

In this paper, we have developed and calibrated a DSGE model to quantify the effect of a large
wage and import price shock on inflation. The model has generated three key insights: first,
an imported input price shock on its own can generate significant wage and price inflation due
to the substitution from imported intermediates to U.S. labor (substitution effect). Second,
a joint imported input and wage shock can have an amplified effect on inflation by making
substitution between the two production factors less viable (amplification effect). Third, a
simultaneous shock to foreign competitors further raises inflation by making price changes
more synchronized and by raising U.S. firms’ pass-through of cost shocks (competition effect).

Using disaggregated industry-level data, we provide empirical support for these predictions
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in the goods sector.

Our findings imply that the elasticity of inflation to shocks depends on the composition
of shocks, and that in the recent period it might be higher than commonly assumed due to
the amplification channel. A corollary of our findings is that if one of the shocks reverses, for
example as supply chain bottlenecks ease, inflation might fall significantly as the substitution
channel re-emerges. However, this re-emergence of substitution towards intermediates may

lead to a drop in employment due to the associated decline in labor demand.

38



References

Awmiti, M., S. HEISE, A. WANG, ET AL. (2021): “High Import Prices along the Global Supply
Chain Feed Through to US Domestic Prices,” Tech. rep., Federal Reserve Bank of New York.
Amrti, M., O. ITSKHOKI, AND J. KONINGS (2019a): “International shocks, variable markups, and

domestic prices,” The Review of Economic Studies, 86, 2356—-2402.

Awmriti, M., S. J. REDDING, AND D. E. WEINSTEIN (2019b): “The impact of the 2018 tariffs on
prices and welfare,” Journal of Economic Perspectives, 33, 187-210.

ATKESON, A. AND A. BURSTEIN (2008): “Pricing-to-market, Trade Costs, and international Rela-
tive Prices,” American Economic Review, 98, 1998-2031.

BArl, L. AND S. STUMPNER (2019): “Estimating US consumer gains from Chinese imports,” Amer-
ican Economic Review: Insights, 1, 209-24.

BERAJA, M., E. HURST, AND J. OsPINA (2019): “The aggregate implications of regional business
cycles,” Econometrica, 87, 1789-1833.

CARVALHO, C., F. NECHIO, AND T. TRISTO (2021): “Taylor Rule Estimation by OLS,” Journal
of Monetary Economics, 124, 140-154.

CHAN, M. (2021): “How Substitutable Are Labor and Intermediates?” .

CLARIDA, R., J. GALI, AND M. GERTLER (2000): “Monetary Policy Rules and Macroeconomic
Stability: Evidence and Some Theory,” The Quarterly Journal of Economics, 115, 147-180.

CrisTiANO, L. J., M. EICHENBAUM, AND C. L. EVANS (2005): “Nominal Rigidities and the
Dynamic Effects of a Shock to Monetary Policy,” Journal of Political Economy, 113.

Crump, R. K., S. Euseri, M. GIANNONI, AND A. SAHIN (2022): “The Unemployment-Inflation
Trade-off Revisited: The Phillips Curve in COVID Times,” Tech. rep., National Bureau of Eco-
nomic Research.

D1 GIovAaNNI, J., KALEMLI-OzCAN, A. Siva, AND M. A. YILDIRIM (2022): “Global Supply
Chain Pressures, International Trade, and Inflation,” Tech. rep., National Bureau of Economic
Research.

ELsBY, M. W., B. HOBIIN, AND A. SAHIN (2013): “The decline of the US labor share,” Brookings
Papers on Economic Activity, 2013, 1-63.

FEENSTRA, R. C., P. Luck, M. OBSTFELD, AND K. N. Russ (2018): “In Search of the Armington
Elasticity,” The Review of Economics and Statistics, 100, 135-150.

ForBes, K. J. (2019): “Inflation Dynamics: Dead, Dormant or Determined Abroad?” Brookings
Papers On Economic Activity, 2019, 257-338.

HazgLL, J., J. HERRENO, E. NAKAMURA, AND J. STEINSSON (2021): “The Slope of the Phillips
Curve: Evidence from U.S. States,” .

HEISE, S., F. KARAHAN, AND A. SAHIN (2022): “The Missing Inflation Puzzle: The Role of the
Wage-Price Pass-Through,” Journal of Money, Credit and Banking, 54, 7-51.

JamvmovicH, N. AND M. FLOETOTTO (2008): “Firm dynamics, markup variation and the business
cycle,” Journal of Monetary Economics, 55, 1238-1252.

39



JARAVEL, X. AND E. SAGER (2019): “What are the Price Effects of Trade? Evidence from the US
and Implications for Quantitative Trade Models,” .

KEEN, B. AND Y. WANG (2007): “What is a realistic value for price adjustment costs in New
Keynesian models?” Applied Economics Letters, 14, 7T89-793.

LABELLE, J. AND A. M. SANTACREU (2022): “Global Supply Chain Disruptions and Inflation
During the COVID-19 Pandemic,” .

NAKAMURA, E. AND D. ZEROM (2010): “Accounting for Incomplete Pass-Through,” The review of
economic studies, 77, 1192-1230.

OBSTFELD, M. (2019): “Global Dimensions of U.S. Monetary Policy,” International Journal of
Central Banking, 16, 73-132.

PIERCE, J. R. AND P. K. ScHOTT (2012): “A Concordance Between Ten-Digit U.S. Harmonized
System Codes and SIC/NAICS Product Classes and Industries,” Journal of Economic and Social
Measurement, 37, 61-96.

SMETS, F. AND R. WOUTERS (2003): “An Estimated Dynamic Stochastic General Equilibrium
Model of the Euro Area,” Journal of the European Economic Association, 1, 1123-1175.

40



Appendix

A Theory

In this section we derive the main equations of the theoretical model in Section 3.

A.1 Households

A.1.1 Consumption-Savings Problem

Here, we derive the solution to the household consumption-savings problem. The first-order

condition with respect to consumption implies
Eoﬁt(ct - Ht)io- = )\tPf,t' (33)
The first-order condition for assets is, for any state,

)\tQtJrl = >\t+17 (34)

which can be re-written as

pHCy — Hy)™° _ BNCr — Hy)™°
Qi1 =
P, Pf,t+1 (35)
Opoy = B(Ct-&-l — Hi1)77 Ppy
t+1 = )
" (Cy — Hy)™e Prii1
Taking expectations on both sides yields
1 (Cig1 — Hip1)™7 Py ]
E =  —fBF — 1, 36
[Qual = g =98 | S (36)
which is the Euler equation. Rewriting H; in terms of previous consumption
1 Cp1 —hCyH)™ P
— BE, {( AR t)ig L } . (37)
1+ Ry (Cy — hCy—1)7% Pryna
A.1.2 Labor and Wage Setting
The labor bundler’s problem is
1
max(W7L; - [ Wi, (33)
¢ 0
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which implies the standard demand equation

07 = < I/I;; ) L, (39)

Wi = ( /0 1(va7)1—’75)1_”8. (40)

Since the labor supply to each sector is additive, we can solve the wage setting problem

where

separately for each sector. The wage setting problem for sector s is

0o s 8,7 2
t LYN7S:T psiT Ki $,T\14+¢ % Wt _ s
max By > 5 {A Wttt = ST (Wf”ﬁ 1) Lt}’ e

t t=0

where ); is the Lagrange multiplier from the general consumer problem representing the
marginal utility of consumption. Plugging in for labor demand ¢;”" and using the expression

for the Lagrange multiplier from (33) we get

W P
f’t ) (42)
Ki 5,7\ —1° (14 syt (e Tsvite  Yu (WO s
— w, () (T )™ —— | —=—=—1) Lj;.
1+gp<t> aveyrea e - e (1) 1
The first order condition of this problem is
C - hc_ -7 s £
i = 1) IO o ey g = e (W) e e L
it
S, T S, T S, T (43>
Wy 1 Wit Wih) 1
—Vu | 757 — 1) mosr L T Eibbw | w57 — 1) | o7 | T Lt
o (i =) et + v (i W)
Using that W,>" = W} in equilibrium due to risk sharing, and using the real wage

= W} /Py, we obtain
(7° =1)(Co—=hCi1) "wi L; = kin®* (L)' 2 —pum ™ (L)) Li+ By S myy (L+m ) L, (44)
where 7" = (1 + W7 /W}_,). Rearranging, we obtain
(1" = 1)(Ce = hCya)™w; = win* (L3) 071 — by (14 ") + ESbum 1 (1+ 7). (45)

If there are no adjustment frictions, then the real wage is a markup over the ratio of the
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disutility of labor and the marginal utility of consumption.

A.2 Final Output Firm

Profit maximization within each sector implies demand for each differentiated product of

PG\
y;e,to):(f,%) Vi (46)

f’t

where the sectoral price index is

1 =
Pfs,t = (/0 P;,t(j>1_0dj) : (47)

Profit maximization across sectors yields the relative demand for each sector s aggregate

/

s 78 J?Jf s’
Y; = — Y?,. 48
fit ,ys' P;,t fit ( )

From the production function, Yy, = (Y} )VM(Yf*?t)VS, we can substitute for Y7, from (48)

and solve for Yf]}f as a function of total output:

S

s\’ pM\ 7
Y = YM <L) f7t , (49)
and hence
S _~S _~S S
Y = (M) ()T (P TP Y,

(50)
_ M _~S S s \~S
= (")) T BT (P Y

This expression gives the demand for the manufacturing output as a function of total final
output.

The cost function of the final output firm is

cY,) = P}gyfff + PﬁtYfi. (51)
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Plugging in for Yf?t from (48), we obtain

S
C(Y;) = PYP + ,;/Y_MP%YJC]};[

1 (52)
M~ M
= s bre¥i
Plugging (50) into the cost function, we get
1 ’VJVI 1 'YS
M S
cv=(=w) (o) @ e (53)

Therefore, we can define the aggregate price index as
IN (N i s s
Pry = S o (Pr)" (Pr)" (54)

We can obtain the aggregate inflation rate as a function of the sectoral inflation rates.
Dividing (54) by Pf;_1, we get

S

1+m = 1+ 7)1+ 787, (55)

where 7, = (Pr+/Pr+—1) — 1 is the inflation rate. Hence, aggregate inflation is a combination
of inflation in the two sectors.

Finally, total spending in sector s is

P3 Y5 = (v () (P ) (PR T Y

(56)
= ’}/SPf’tYﬂt .

Therefore, demand for product j as a function of final output is

S ; f’t ‘7 S S f7t ‘7 fvt 7
7t ( f,t > 7t ( f,t ) < f,t)

A.3 Retailers

Retailers face producer prices ijt( J,i) for their input from industry i. Cost minimization

implies that retailers have demand for ¢ of
PS

aﬁmw:(j%%§)ﬁ@@x (58)
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where

= ([ PG, v - (59)

is the producer price index faced by retailer j.

The retailers are monopolistic competitors, taking price indices as given, and face final

—0
P?.(7) P
s [ s fit fit
— e [ 2 Y,
yf,t(]) Y ( P;,t > (P;,t> 1.t (60)

P ,(j)
P70

demand from (7) of

Retailers face a quadratic adjustment cost of 7’Z’p( — 1)24*P;,Y;4. Their real profits

are

I (j) = stt( )1 G(Pft)a 1th pzt( )y SPft(J) (Pft)e 1Pftth

4y [ PLG) " (61)
9 (PS () 1) ’YYf,u

-1

where p5, ,(j) = P;,(j)/ Py, are real marginal costs. The firms’ maximization problem is

k (Ct"rk) P}St+k (-]) s Pf t+k s DS -\ —0 s 0
Pmaé) Et{ZB ( U'(Cy) ) [( ps _pm,t+k< )PS Pf,t+k(]) (Pf,t+k) Ytk

fit+k fit+k fit+k
NSO
vp Fit+k\J s
Jin) Vo )
2 (Pft+k 1(]) )

Under the assumption that all retailers are symmetric, the solution to the maximization

(62)

problem is

th Pft th P 1
60—1) . = 0p; 2 = — . -1 — Y},
Pﬁt ! Pf,t Pf : Pft 1 Pft 1

(63)
(Cogr — He1) ™7 [ P P}
E . —1 Y
+ BYp L (C, — Hy)—~ Ps, pP;, | Ps, ft1 | s
which becomes
P (Cip1 = hC) ™ Yy
f—1)=0—=—1(1 Nr?d E ’ 1 5 N 4
(0-1) =022 (1 U, (G ] (6
where 77 = t/ 21— 1, and p}, = ﬁt/Pf,t.
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A.4 Intermediate Goods Firms
A.4.1 Firm and Industry Demand

In this section, we derive the demand faced by producer k. Given price Py ,(j,4,k), the first

order condition for demand of the firm’s output is

A1
p—1
(Nt)1 wxy(d,4, k)" th Jyiy k) S +th j,z,k: = P;.(j,i, k), (65)
implying
S/ - P;,t(jviak) - S/ . -
Ly (.]7 2, k) - <m) Ty (.]7 L, k,) (66)
Plugging into the aggregator function and re-arranging, we get
- N )
: k k)l k) P k) rt )
(i k) = Z (i, +Z (i, 201 k) T
(67)
Thus, the demand faced by firm £ is
- P:ﬁt(j,i,k)>_“ {(J, %)
xi (7,1, k) = <’S— NI 68
t( ) Px,t(]7 Z) NS ( )
where )
N3, N =7
Ps(7.4) = s%l pPs -~k1—u ps ~~k1—y
x,t(]?z) = (Ny)» x,t(]?l? ) + Z m,t(]?zﬂ ) ) (69)
k=1 k=1

and P;(j,1,k) = P;,(j,i) = P;,(j) in a completely symmetric equilibrium.

A.4.2 Roundabout Production Technology

In this section, we describe the roundabout production technology and derive the sectoral
demand for domestic intermediates.

The domestic inputs are assembled using all industries’” output via a roundabout produc-
tion technology. The domestic input aggregate Z7(j,i, k) used by firm k in industry 7 for
retailer j in sector s combines inputs from the manufacturing and service sector according
to

Z3 (3, k) = (Z0M Gy, )™ (255 (5,4, k)7 (70)
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The sectoral aggregates are in turn combined from all industries using

v—1

1
755 (Gi k) = [/ 22 (i kDT | (71)
0

where 2/ )5 (7,1, k,i") is the output from intermediate industry ' in sector s’ used as input by

firm £ in industry ¢ in sector s. This output is produced by firms &’ in industry i’ according

to
_K®
N3, N3, =
/ 1 -1 1
Gk, i) = (N [ Y G,k d KD Y aiG kK (72)
k=1 k=1

The demand for producer (k’)’s output by industry i’ for use as intermediate is, as shown

in Appendix A.4.1 for the consumer side

(73)

’ PS’ .’ i/,k, K PR k y
Zf’s (j,i,k,i/,/{?/) _ < x,t(] )) 2y (]727 ,Z)

Pry(j. i) Ny ’

where P;:t (7,4, k") is the price charged by firm £’
The demand for industry ¢ as input for firm & in industry ¢ in sector s for retailer j is

obtained from cost minimization as

s,8' /. . . P;l (J?Z/) - ss /. .
2t (],Z,k‘,Z,) = <P’Zl—(]) Zy (]7Z’k)a (74)
x,t

similar to the demand from retailers derived in (58), where Pj:t is as before the producer

price index. For the choice of inputs by sector, we have

s,8' /. . s.s' P;,dom,t s/ - -
Zt7 (],Z7k) =y T Zt(]7z,k), (75)
x,t
where
I\ N e s
Px,dom,t = ’Y_M ? (Px,t) (Px,t) (76)

is the domestic input price index.

47



A.4.3 Producers’ Marginal Costs

Cost minimization across domestic and foreign intermediates implies

=£
L. s/ - - Px,im X
Mts(j727k) = Zt (]7Z7k) <P5—pt> : (77>

x,dom,t

Plugging this into the CES aggregator for domestic and foreign inputs, equation (15), yields

Df(]? Z, k) = Zf(]a Z? k) (P;,input,t>7£(Paf,dom,t)gv (78>
where
_ gL
xs,input,t = [(P;,dom,t)l ¢ + (Px,imp,t)l 5] 1=¢ (79)
is the input price index. It follows that
S . P;,dom,t ¢ s/ -
Zt <]>Z>k) - f)s— Dt(j7zak) (8())
zinput,t
and
S/ - - Pz,imp,t ¢ S/ -
Mt (]727k): Pg— Dt(]727k)' (81>
x,input,t
The expenditure share on imported inputs is
Px,imp,tMtS(,ja i, k) _ (Pm,imp,t)l_g _ (Pm,imp,i&)l_5 =a (82)
st,input,tDts (37 i? k) (Pms,input,t>17£ (sz,dom,t)li£ + (Px,imp,t)lig 7

where «; is the import share in sector s.

Cost minimization across labor and intermediates implies

s/ Lty wg o\
Lt(.]7l7k) = A_Atps 1Dt<.]>l7k) (F)s—t> : (83>

x,input,t

Plugging this into the CES aggregator for labor and intermediates, equation (14), yields

s/ 1 . s s A
Ty (j7 2 k) = A_Dt(j7 2 k) (Px,input,t)ps (MCD,t) Ps, (84>
where .
Ws 1—ps 1-ps
Mog,t - ( Az ) + AS<PwS,input,t)1_pS] : (85)

48



It follows that the demand for the intermediate good is

P, o
Di(j.i.K) = A, ( Mo) v (i, B) (36)
Dyt
Similarly, the demand for labor is
we )
L., b) = Ap ( e ) 7 k). (57)
Dyt

Plugging these two expressions into the firm’s cost function yields

C(l’f(], ia k)) = Wth(]a ia k) + ng,input,tDtS(ja ia k) (88)
= MC} ,(x;(4,4,k)).
Thus, MC},, are the firm’s marginal costs.
The share of labor in total costs is
Ny AP W) MO (55,1, F))
AT MO () + AP MBI R) g

(We /Ayt =P
(WtS/At)l_ps + AS(P;,input,t)l_ps .

This equation links the parameter A, to the labor share in steady state, \®.

A.4.4 Price Setting Problem

In this section we find the solution for the firm’s profit maximization problem. We first derive
the firms’ effective elasticity of demand. We then solve the profit maximization problem and
obtain firms’ prices.

Demand Elasticity

Each producer faces final demand as well as demand for its output as inputs into other

industries. Each retailer also demands some output ysg(wf)QYﬁt to cover its price adjustment
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cost. From the demand equation (12), each producer thus faces total demand of

o Gk = (PRl RN (PG
tot,t\Jo 1 F) = 7 Ps . (j,1) Pr()

1 1
x (xf(j) + / Y2 )i+ / > 2, zk)dz)
0w 0 %

where the first term is the demand by the associated retailer, which includes additionally

(90)

the resources needed for price changes, and the second and third terms are the demands for
inputs by all other firms in all other industries to produce for the retailer. We denote by
Z3(j) = fol S Zi (4,1, k')di’ the demand by retailer j in sector s for inputs to obtain

-0
. 1 (P, 0, k)\N" (Ps,(ji)\ " P;(7) P
T (Giik) = — 2 B ol L) vy,
' Ns Px,t(]az) P:c,t(]) Pf,t Pf,t

5¢ s s sz,dom,t S/ - s P;,/dom,t s’/ .
+7 f(ﬁt)QYf,t‘FV W Z;(j) + Ps, Z;(3) |-

—~

91)

Each producer therefore faces an effective elasticity of demand of

lengot’t(],Z,k) (910% P;,t(jal>

Eg, i k) = — =u—(u— : 92
R = g PGk T T olog PG k) 2
From the definition of an industry’s price index (13), we have that
8 ]'Og P;,t(j7 /L) _ P;,t(]’? Z.’ k)lilu‘ (93)
Olog Pry(3: i k) 5200, P4, k) 4 S0k, Pay i, k) +
We can define a firm’s market share as
SS(] i k) — sz7t(j7lak)wfot,t(]727k)
t\)r 0 ) = N3 - o N3 . o
Zk/il P;,t(]a (2 k/)xfot,t(]a (2 k’) + Zk/il Pg,t(]: t, k/)xfot,t<]7 t, k/) (94)
_ 1 P;,t(jai>k)1_“
AN R G
Using this expression, we can re-express the demand elasticity as
&, k) =p— (n—v)Si(,i, k) = p(l = 57(j,4,k)) + vS; (J,4, k). (95)

Thus, the firm’s demand elasticity is a weighted average of the within-industry and across-

industry elasticities of substitution.
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Prices

Producer k in industry 7 in sector s sets prices Py ,(j, 7, k) to solve

maX [P;,t<j> ia k) - MCE,t]:Efoat(j? ia k)a (96)
Py (3,,k)

where 27, ,(j, 4, k) is given by (91). The first-order condition of this problem is

[(1 - M)P;,t(Jv ia k)i'u + /’LPLt(j? i? k)iuilMCB,t]P:j,t(j? Z')H*VP;’t(j)l/
v aPﬂit(j: Z)
apait(j77;7 k)

(97)

+ (= )Py, k)P, (5,07 Py () ] [P (5, k) = MCp ] = 0.

The derivative of the price index is equal to

oP: (i) (1N (PG RN
oP;,(j.ik) <F> ( P2,(j,1) ) = 5il6i.k) (98)

where we have used equation (93) and the expression for the market share (94). Plugging

in, the first-order condition becomes
(1 - M)P;,t<.]7 i? k) + MMOB,t + (:U’ - V)Sf(j7 iv k)[P;,t(]7 Z.u k) - MCls),t] - 07 (99>

which can be rearranged to

H-(/L-V)Sf(],@,k)
(,u—l)—(u—y)StS(j,z,k)

sz,t(jaiak) = MCSD,t' (100)

Using the definition of the demand elasticity, the producer price is thus

- 5(4,i, k)
P; k)= 2 MO 101
.’E,t(j77/7 ) 5;(]727 k) _ 1 CD,t’ ( O )

which can be re-written with real marginal costs by dividing both sides by Py;.

A.5 Aggregation

In this section we derive the aggregate resource constraints. Using equation (91) and sym-

metry of producers of the same origin, each domestic producer supplying retailer j faces
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total demand of

s .. 1 PE,%,t - s P )t
xtot,t(j’l7k) = N ( Ps ) Y PJ; Yy
x,t fit

sw s s st,dom,t s/ - s Pws,/dom,t s /.
+ 7 () e+ P, Z () +~ P, Z7(5) ).

We aggregate across domestic producers and integrate across industries and retailers, and

use Yy, = (4, to get total output in sector s:

N} PDmt e Pft 1/J P;domt Paf,domt /
VS — D Ty s ) C 5P SZC s ) ) YA s ) ) s )
TN ( P> (7 (P;,t ey (T ) A TRy )

The demand for intermediates by firm £ can be derived as

S/ + - szdomt 75 S/ -
Zt(]alak): P‘;—’ Dt(jJ?k)

x,input,t
_ —Ps
s 3 s
— A Px,dom,t Px,input,t s ik
 its PS MCS xtot,t (.]7 Z, )
x,input,t Dt

Since only domestic firms demand domestic intermediates, we can obtain the total domestic

demand in sector s by summing across domestic firms and using symmetry to obtain
s - s Ps
75 — A < Px,dom,t ) ¢ Px,input,t ys
t S S s t
Px,input,t MOD,t
The total demand for labor by firm £ is, from (87),

we "
Lf(], 7:, k?) == Afs_l (W) xfot,t(ju 7:7 k)
Dt

Aggregating across firms, industries, and retailers, we obtain

—pe
Wws
Lf = Afs_l (Mcfs ) Y;s'
Dt

A.6 Equilibrium Conditions

- . . M s,
Our equilibrium consists of 40 endogenous variables: C;, ZM, 72 m, «#M, 70, =", 7"

Mo S M S M S M S M S M S M S
pf ) pfv pm,tv px,w pD7x,t7 pD,;@,tv pF,z,ﬁ pF7;c7t7 MCD,t? MCD,t? MCF,t’ MCF,t? px,input,ﬂ p:c,input,t’

’
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M S M S M S M .S M S M S
wt7Lt 7Lt7}/t7Y;£ 7}/15 7At7l{t 7I{t7Rt7SD7SD75F7andSF'

M S
Pz imp,ts px,dom,tv px,dom,t’ wy™,

We have the following conditions that describe the system:

1. Euler equation:

—0o 1 + R —0o
(C, — hCy_1)~° = BE, T——LKM4—hQ) (102)
+ Te41
2. Demand for domestic intermediates:
sz - AS (pi,dom,t)_§<pi,input,t)§—ps (MCB,t)pSX/tS (1O3>
3. Aggregate inflation:
’ (104)

1+m=1+7")" 1+ a8y

4. Sectoral inflation:
28 o s Cii1 — hCy) ™ C, oo
- - V(1 + )7 + Biop By EC?_I th_lt;a é«jl (L+7q)miyq | (105)

(0—1)=0—
Pyy
5. Sectoral wage inflation:
1+ 7% = =L (14 m) (106)
Wiy

6. Retailers’ real marginal costs

L S S — S S — 1w
P = (V)P (N 4 Ve (107

7. Domestic manufacturer’s price

s w—= (/‘L B V)SSD s

Phar = —MC 108

N TS e A o)

8. Foreign manufacturer’s price
— (1 — S

Pt = =1 —(u=w)sp ™
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10.

11.

12.

13.

14.

15.

16.

Domestic producers’ real marginal costs:

1—ps

wy e 1—
MCSD,t = {(E) + As(p;,input,t) P

Foreign producers’ real marginal costs:

ln(MC}ST,t-i-l) = (1 = )In(MCp) + ’YPZH(MO;,t) + 651—1

Real input price index:

1
1-¢

pi,input,t = |:(p§c,dmn,t)1_f + (px,imp,t)1_£:|

Real domestic input price index:

s,M 5,8

s ( 1 )’Y ( ]_ )’Y ( M),Ys,lw( S ),YS,S
Prdomt = \ 527 Y2 Dy
,dom,t ,75,M 75,5 it it

14
_11+7Tt

Sectoral prices:

S

P; = p;

Sectoral labor supply:

(n° = (Cy = hC )"y =

ns(L?)'Ys(l‘Hﬁ)*l _ wwﬂ_:,’w(l + 7_‘_f,w) + waEtﬂf_’i_ui(l + 7T:_’i_ui)

Sectoral labor demand

s s
L= Ap ( Ter ) Yy
Dt

Sectoral goods market clearing:
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(111)

(112)

(113)

(114)

(115)

(116)
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17.

18.

19.

20.

21.

22.

23.

Aggregate goods market clearing:

)/; — }/;M + }/;S
Domestic firm market shares:
Ss — (L) (psD,x,t)lju
P N¢ (pi,t)l_“

Foreign firm market shares:
1 ( S )1—#
95 — (_) Pra:s
F N (Y%it)lfﬂ

Technology process:
In(Agr1) = yaln(Ay) + €y

Real imported input price process:

ln(px7imp,t+1) = (1 - ’)/P)ln(plmp) + W/Pln(p:cﬂmp,t) + 62—1

Disutility shocks:

Kipr = (1 — %) K" 4+ ki + €01

Monetary policy:

Ri=0oR 1+ (1—p0R+(1-0) (qﬁﬂrt + ¢, (In(Y;) — ln(Y))) + M

95

(118)

(119)

(120)

(121)

(122)

(123)

(124)



A.7 Price Change Equation

The change in the markup, dln M,(j,1, k) is given by

dlth(j7i7k) =dln [,U, o (:U’ - V)Srfs(jJ?k)] —dln [(:U’ - 1) - (M - /L)Sts(jvlv k)]

L W—v n Ww—v
« OFHGLR) e g

0log S(j4,1, k)
(1 —v)Si(4,4, k)
= (e =v)S; (g, 4, k)] [(p = 1) — (. — v)SE(4,4, k)]
< [(1 = ) P (i, K) — (1 - p)dn P (5.)]
- St Ui, ) [dIn P2,(j, ) — dIn P2, (j, i, k)]
-SR] 1o ssiGaw] T |

= _Ft(j7i7 k) [dln P;,t(j7i7k) —dln P;,t(jJZﬂ )

where T'y(j,4,k) = —(0In My(j,4,k)/0In PZ (5,1, k)) > 0 is the elasticity of the markup with
respect to a firm’s own price. From
S; (.1, k)

u(jii k) = [ — s [1 - =e.0. k)]

(125)

it follows that I';(j,4, k) = 0 if S;(j,4,k) = 0.
Finally, the derivative of the markup elasticity with respect to the market share S(i, )
is given by

dr,ink)
ds;(j,i, k)

(Ges-so] =g

> 0.
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B Heterogeneous Labor

In this section, we consider an extension of the baseline model where we allow for two types
of labor in both sectors: high-skilled (H) and low-skilled (L). To incorporate heterogeneous

labor, we modify the firms’ production function (14) to

9s—1 1 9s—1

25 (g, 4, k) = [(AL;H (5,0, k) 05 + A (38,0, k) e

Y

rs/wsl)

where L is high-skilled labor used in sector s, and = is a composite of low-skilled labor,

Lt and intermediates

—_S/ . - S/ - pa—l sL/ - - pe=l ps—1
=i, )={Dt<j,z,k> o (AL K) } |

Here, ps now represents the elasticity of substitution between low-skilled labor and interme-
diates.
We set the constant A; to match the labor share in each sector in steady state, which is

now given by a modified version of (24)

_ WELE (5,0, k) + WL (4, k)
o WSLLSL<j7 i? k) + szinputDS(j7 iv k) + WSHLSH(j7 7:7 k)

AW AY P (R (W)
AP+ (Wo Ao

As

where Py, is the composite price index of intermediates and low-skilled labor,

1
P = { (P + (WL /A 0} 0

i,input,t

On the household side, the utility function is modified to capture the four types of labor

1 Mo So

- T —c K Mo,7\1+ Ky So,7\1+
U= ———(C7 —H)'"" = Y (") =y ()
L—o oc{L,H} T+o oe{L,H} I+

where the disutility parameter for each sector s and labor type o follows an exogenous process

of the form (1). The budget constraint becomes

CTPro+bB] + QuaAf, < Y WHMOTGIT 4 N " WO 4 B+ AT + Py 117
o€{L,H} o€{L,H}
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Households’ labor of type o in sector s is combined via a Dixit-Stiglitz aggregator

1 n°—1 n°/(n°—1)
= [ a] "
0

The household’s wage setting problem now implies the wage setting equation
(07 = Do = o) “wi® = (L) o (L4 o) Byt (L4 i)

for each sector and labor type.

We calibrate p, as in the baseline. We set 14 = 1.5 in both sectors to capture that there
is a relatively low elasticity of substitution between intermediates and high-skilled labor.
We set the disutility parameter kg, = 1, and set the other disutilities to match the wage
gaps between low- and high-skilled labor and between manufacturing and services from the
QWI. We define low-skilled workers as those with at most a high-school degree and high-
skilled workers as those with at least some college. The wage gaps are wML/wl = 1.28,
w JwSt = 1.68, and wM /w5t = 1.97.

We simulate the model with a joint imported input, labor disutility, and foreign com-
petitor shock as in the main text. We assume that the labor disutility shock only affects
low-skilled labor, reflecting workers’ inability to work remotely in these sectors during the
pandemic. The first panel in the first row of Figure A.1 shows the disutility shock to low-
skilled goods and services labor. We assume a larger shock than in the baseline since only
one type of labor is affected. The second row shows that there is a strong shift in labor
demand away from low-skilled services and towards high-skilled services and goods. In the
third row, we find that real wages strongly increase in low-skilled services, while real wages
in high-skilled services fall. This pattern is consistent with the recent U.S. experience. Real
wages in the goods sector are basically flat. The final row shows that price inflation is around
1 percent in this extended model. Inflation is lower than in the baseline because only a subset
of labor is affected by a disutility shock. Overall, the patterns are qualitatively similar to

the baseline, but generate heterogeneous responses of real wages.
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Figure A.1: Impulse Responses with Heterogeneous Labor
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Source: Author’s calculations. Figure shows the effect of a joint disutility, input price, and competitor shock in the extended
model with heterogeneous labor.

C Additional Empirical Results

In this section, we show additional regression results to explore the robustness of our baseline

specification (32) in the goods sector.

C.1 Constrained Regression

One concern with our findings in the main text is that we did not impose the restriction
that the coefficient on the wage and the coefficient on labor productivity are of equal and
opposite signs, as implied by the theory. We therefore re-run our baseline regression (32),
but impose the restriction 8; + S = 0. The results, in column 1 of Table A.1, are similar to
those in the main text. In the second column, we additionally include interactions with 2021.
We also interact productivity with a 2021 dummy, and impose the additional constraint that
the coefficients on the wage and productivity terms interacted with 2021 are of equal and

opposite signs. We still find that the correlation of wages with prices increases in 2021, as
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in the baseline.

Table A.1: Pass Through for Traded Industries with Constraints, 2013:Q1 - 2021:Q3

(1) (2)
Aln(py)  Aln(py)
A (pit input) 0.315%**  0.241%**
(0.023) (0.018)
AIn(pit input) X Year=21 0.144***
(0.055)
Aln(Wage;+) 0.095***  0.079***
(0.010) (0.009)
Aln(Wage;t) x Year=21 0.104**
(0.046)
S; - A ln(pit’imp) 0.225*** 0.177***
(0.027) (0.024)
Si - AIn(pit imp) X Year=21 0.469***
(0.117)
Aln(A;) -0.095***  -0.079***
(0.010) (0.009)
Aln(A;) x Year=21 -0.104**
(0.046)
Time Fixed Effects Yes Yes
Industry Fixed Effects Yes Yes
Worker Composition Yes Yes
Observations 10,038 10,038

C.2 Domestic Competitors

One issue with our findings in the main text is that we do not control for domestic competi-
tors. Some of the correlation of prices with input costs and wages could be due to a response
to domestic competitors’ price changes. While our industry-level data do not permit us to
take into account within-industry competition, we construct a measure of domestic competi-
tion using the price index at the more aggregated 4-digit NAICS industry level. Specifically,
we compute for each 6-digit industry a 4-quarter producer price change of the associated 4-

digit industry in each quarter by taking a weighted average across the 4-quarter PPI changes
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of all associated 6-digit industries, using total shipments in 2021 as weight. We include the
resulting variable A In(pf;”/*) in the regression, interacted with industry i’s domestic share,
1 — s;. To be consistent, we construct the foreign competitors’ price change analogously.
The results in column 1 of Table A.2 still indicate a positive correlation of prices in
the goods sector with input prices, wages, and foreign competitors’ prices. In addition
to that, we also find a positive correlation with our proxy for domestic competitors. In
column 2, we further add interactions with 2021 and find that pass-through of input prices
and wages increased in that year, as before. While we do find a strengthening correlation of
producer prices with foreign competitors’ prices, we do not find a similar strengthening of the
correlation with domestic competitors’ prices. Column 3 presents our non-linear specification
results. As before, we find a positive and significant interaction between wage changes and

input price changes in 2021.

C.3 Regression With Shift in Demand

A concern with our analysis is that while we focus on changes in input costs, demand factors
could also be responsible for our findings. To examine whether an increase in demand could
be behind our results, we re-run our baseline analysis in the goods sector with time-by-3-
digit NAICS industry fixed effects. These fixed effects sweep out any variation that occurs
at the broad 3-digit industry level. If demand shocks affect all industries that are part of a
broader 3-digit aggregate equally, then the remaining variation is due to supply factors. Since
the productivity measure is at most at the 3-digit level, this regression does not separately
identify a productivity effect.

Column 1 of Table A.3 shows pass-through coefficients very similar to those in our baseline
regression. Thus, most of the variation we pick up is due to variation within 3-digit industries.
Column 2 shows that as before we find a significant pick-up in the correlation between
domestic prices, wages, and input prices in 2021. The final column shows the results from
the non-linear specification. As in the baseline, we find a significant and positive interaction
effect in 2021.
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Table A.2: Pass Through for Domestic Competitors, 2013:Q1 - 2021:Q3

1) (2) (3)
Aln(pir) Aln(pi) Aln(pi)
AIn(pit,input) 0.123*  0.094***  0.126***
(0.019) (0.019) (0.019)
AIn(pit,input) X Year=21 0.084*** -0.049
(0.018) (0.066)
Aln(Wage;t) 0.033** 0.013 0.005
(0.016) (0.012) (0.010)
Aln(Wage;) x Year=21 0.161***  0.082***
(0.016) (0.028)
Aln(Wage;) x Aln(pitinput) -0.602**
(0.247)
Aln(Wage;) x Aln(pit input) X Year=21 0.740**
(0.301)
si x Aln(pfBlt) 0.239***  0.173***  0.164***
(0.051) (0.019) (0.017)
8; X Aln(pﬁffn‘;) X Year=21 0.551***  0.588***
(0.133) (0.132)
(1—s;) x Aln(pﬁfﬁmt) 0.555"**  0.502***  0.461***
(0.025) (0.039) (0.043)
(1—s;) x Aln(pﬁféfmt) x Year=21 0.057 0.008
(0.045) (0.040)
Aln(Ay) -0.088***  -0.090***  -0.084***
(0.013) (0.015) (0.016)
Aln(A;) x Year=21 0.012 -0.040
(0.035) (0.047)
Time Fixed Effects Yes Yes Yes
Industry Fixed Effects Yes Yes Yes
Worker Composition Yes Yes Yes
Nonlinear Effects No No Yes
R2 0.228 0.238 0.242
Observations 10,322 10,322 10,322
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Table A.3: Pass Through with Time-by-Industry Fixed Effects, 2013:Q1 - 2021:Q3

(1) (2) (3)
Aln(pi) Aln(pi:) Aln(pi)

AIn(pit,input) 0.304***  0.231***  0.271***
(0.055) (0.042) (0.047)

AIn(pit,input) X Year=21 0.167*** -0.050
(0.060) (0.099)

Aln(Wage;) 0.027 0.009 0.003
(0.019) (0.016) (0.011)

Aln(Wage;s) x Year=21 0.112%** -0.038
(0.018) (0.056)
i - AIn(pit,imp) 0.202***  0.161***  0.161***
(0.041) (0.028) (0.028)
si - AIn(pit,imp) X Year=21 0.401***  0.416***
(0.142) (0.151)

Aln(Wagei) x In(pit input) -0.616*
(0.345)
Aln(Wage;r) x Aln(pit,input) X Year=21 1.886***
(0.415)

Time by 3-digit Industry Fixed Effects Yes Yes Yes
Worker Composition Yes Yes Yes

R2 0.062 0.075 0.078
Observations 10,038 10,038 10,038
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