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US PCE Inflation

Figure 1: Consumer and Import Price Inflation
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(b) Import Price Inflation by End Use
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Note: Consumer price indexes are from the USBureau of Economic Analysis, corresponding to the Personal Consump-
tion Expenditure (PCE) price index and components (series identifiers: DPCERGM, DGDSRGM, and DSERRGM).
Import price indexes are obtained from the US Bureau of Labor Statistics (series identifiers: IR for total imports,
EIUIR1 for industrial materials, EUIIR1EXFUEL for industrial materials excluding fuels, and EIUIR4 for consumer
goods).

inflation for goods. In Figure 1, we plot year-on-year growth in the price deflator for US personal
consumption expenditure (PCE), as well as separate series for goods and services. The rise in
headline inflation – from roughly 2 percent in 2021 to 7 percent as of early 2022 – is obviously
startling. Importantly, this rise in inflation was led by goods price inflation, which rose from near
zero to 10 percent in 2021 and then plummeted in the second half of 2022.

A second set of facts concerns import price inflation: prices for imported inputs rose dramat-
ically in 2021, while price changes for imported consumer goods were modest. Plotting import
price inflation by end use in Figure 1b, we see that inflation for imported industrial materials rose
substantially in 2021, peaking at 50% year on year.10 While the price of oil and derivative fuels
doubled during this period, the price of industrial materials excluding fuels also rose over 30%
in 2021. In contrast, inflation for imported consumer goods was subdued. This large difference
between import price inflation for inputs versus consumer goods motivates our ensuing focus on
disruptions impacting markets for imported inputs, rather than consumer goods.11 In 2022, im-

10This data is from the International Price Program of the Bureau of Labor Statistics. The source data consist
primarily of free on board (FOB) prices (i.e., prices received by foreign producers at foreign dock). During 2021-
2022, transport costs also increased dramatically, which then would be added to these FOB prices to arrive at CIF
prices (inclusive of cost, insurance, and freight) paid by the importer. We abstract from these additional transport
margins, in order to focus on changes in supply prices.

11We have omitted several categories of imports from the figure for clarity, including capital goods imports (IR2),
imports of automotive vehicles, parts, and engines (IR3), and foods, feeds, and beverages (IR0). To verbally sum-
marize, inflation for capital goods imports was generally low, similar to imported consumer goods. Inflation for the
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Source: Bureau of Economic Analysis & authors’ calculations.



Real Consumer Expenditure

Figure 2: Consumption by Sector

(a) Sector Shares in Expenditure
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(b) Real Quantities Consumed by Sector
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Note: Personal Consumption Expenditure shares and real quantity indexes by sector are obtained from the US Bureau
of Economic Analysis (series identifiers: DPCERC, PCES, DGDSRA3, and DSERRA3).

ported input price inflation dissipates rapidly, even excluding volatile fuels prices.
Tying the first and second set of facts together, goods production relies heavily on imported

materials, relative production of services. Thus, the large increase in imported materials prices
may play a role in explaining the surge of inflation in the goods sector discussed above. Our model
framework will include this potential mechanism, alongside other competing drivers of inflation.

The third set of facts relate to consumer expenditures. While consumer expenditure collapsed
during the lockdown phase of the pandemic, it returned to trend by the end of 2021. At the same
time, the sector composition of consumer expenditures changed dramatically, as consumers reallo-
cated away from services toward goods. This is illustrated in terms of nominal expenditure shares
in Figure 2a, and in terms of real quantities consumed for goods and services in Figure 2b. Further,
note that the change in composition has proven remarkably persistent: real consumption of goods
(correspondingly, the goods share in expenditure) remains high relative to pre-pandemic levels
through 2023.

The final set of facts point to potential supply-side constraints. In Figure 3a, we plot real US
gross output by broad sector. The key fact is that real production of goods (already stagnant before
the pandemic) only just recovered and then trended slightly down in 2021-2022, which contrasts
sharply with services output. Stagnant goods production in the face of high domestic demand for
goods immediately suggests that US producers may have faced binding constraints. Correspond-
ingly, consumer demand for goods was filled by imports: in Figure 3b, imported quantities for

automotive sector was also very low, and inflation for foods tracked total import price inflation closely. Thus, the
behavior of imported materials prices stands out.
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Source: Bureau of Economic Analysis & authors’ calculations.



Real Gross Output

Figure 3: Production and Import Quantities

(a) Real Gross Output by Sector
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(b) Import Quantities by End Use
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Note: Real gross output is constructed using data from the US Bureau of Economic Analysis (GDP by Industry, Table
17). Real quantity indexes for imports are obtained from the US Bureau of Economic Analysis (series identifiers:
IB0000043 and B652RA3).

consumer goods (excluding autos) surge. In contrast, imports of industrial materials are flat, re-
covering only to its 2017 levels by the end of 2021 and plateauing there.

Deficient US goods production and stagnant imports of industrial materials are naturally con-
nected, though the direction of causality is not immediately clear. Limited supplies of imported ma-
terials may have constrained domestic production, or distinct binding constraints of domestic origin
may have curtailed production and indirectly depressed demand for imported inputs. Quantity and
price data together will distinguish between binding domestic versus foreign supply constraints in
our model. With this background in mind, we turn to details of the model.

2 Model

This section presents a small open economy model with many sectors, s ∈ {1, . . . , S}, which are
connected through input-output linkages. Within each sector, there is a continuum of monopolisti-
cally competitive firms, who set prices subject to Rotemberg-type adjustment costs. As in Gopinath
et al. (2020), we assume that both exports and imports for the Home country are denominated in
Home currency (i.e., US Dollars). Motivated by the data, we also allow import prices to differ for
final goods and inputs.

The principal new features of the model are the output capacity constraints, for foreign and do-
mestic firms. In writing down the model here, we allow these constraints to be potentially binding
in any domestic sector, and we distinguish constraints that apply to foreign final versus input pro-
ducing firms. Looking forward, we then restrict attention to particular constraints in quantitative
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Source: Bureau of Economic Analysis & authors’ calculations.



Production and Imports

(a) Real Gross Output

Figure 3: Production and Import Quantities

(a) Real Gross Output by Sector
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Note: Real gross output is constructed using data from the US Bureau of Economic Analysis (GDP by Industry, Table
17). Real quantity indexes for imports are obtained from the US Bureau of Economic Analysis (series identifiers:
IB0000043 and B652RA3).

consumer goods (excluding autos) surge. In contrast, imports of industrial materials are flat, re-
covering only to its 2017 levels by the end of 2021 and plateauing there.

Deficient US goods production and stagnant imports of industrial materials are naturally con-
nected, though the direction of causality is not immediately clear. Limited supplies of imported ma-
terials may have constrained domestic production, or distinct binding constraints of domestic origin
may have curtailed production and indirectly depressed demand for imported inputs. Quantity and
price data together will distinguish between binding domestic versus foreign supply constraints in
our model. With this background in mind, we turn to details of the model.

2 Model

This section presents a small open economy model with many sectors, s ∈ {1, . . . , S}, which are
connected through input-output linkages. Within each sector, there is a continuum of monopolisti-
cally competitive firms, who set prices subject to Rotemberg-type adjustment costs. As in Gopinath
et al. (2020), we assume that both exports and imports for the Home country are denominated in
Home currency (i.e., US Dollars). Motivated by the data, we also allow import prices to differ for
final goods and inputs.

The principal new features of the model are the output capacity constraints, for foreign and do-
mestic firms. In writing down the model here, we allow these constraints to be potentially binding
in any domestic sector, and we distinguish constraints that apply to foreign final versus input pro-
ducing firms. Looking forward, we then restrict attention to particular constraints in quantitative
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(b) Real Imports

Figure 3: Production and Import Quantities

(a) Real Gross Output by Sector
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Note: Real gross output is constructed using data from the US Bureau of Economic Analysis (GDP by Industry, Table
17). Real quantity indexes for imports are obtained from the US Bureau of Economic Analysis (series identifiers:
IB0000043 and B652RA3).

consumer goods (excluding autos) surge. In contrast, imports of industrial materials are flat, re-
covering only to its 2017 levels by the end of 2021 and plateauing there.

Deficient US goods production and stagnant imports of industrial materials are naturally con-
nected, though the direction of causality is not immediately clear. Limited supplies of imported ma-
terials may have constrained domestic production, or distinct binding constraints of domestic origin
may have curtailed production and indirectly depressed demand for imported inputs. Quantity and
price data together will distinguish between binding domestic versus foreign supply constraints in
our model. With this background in mind, we turn to details of the model.

2 Model

This section presents a small open economy model with many sectors, s ∈ {1, . . . , S}, which are
connected through input-output linkages. Within each sector, there is a continuum of monopolisti-
cally competitive firms, who set prices subject to Rotemberg-type adjustment costs. As in Gopinath
et al. (2020), we assume that both exports and imports for the Home country are denominated in
Home currency (i.e., US Dollars). Motivated by the data, we also allow import prices to differ for
final goods and inputs.

The principal new features of the model are the output capacity constraints, for foreign and do-
mestic firms. In writing down the model here, we allow these constraints to be potentially binding
in any domestic sector, and we distinguish constraints that apply to foreign final versus input pro-
ducing firms. Looking forward, we then restrict attention to particular constraints in quantitative
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Import Prices

Figure 1: Consumer and Import Price Inflation

(a) Consumer Price Inflation
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Note: Consumer price indexes are from the USBureau of Economic Analysis, corresponding to the Personal Consump-
tion Expenditure (PCE) price index and components (series identifiers: DPCERGM, DGDSRGM, and DSERRGM).
Import price indexes are obtained from the US Bureau of Labor Statistics (series identifiers: IR for total imports,
EIUIR1 for industrial materials, EUIIR1EXFUEL for industrial materials excluding fuels, and EIUIR4 for consumer
goods).

inflation for goods. In Figure 1, we plot year-on-year growth in the price deflator for US personal
consumption expenditure (PCE), as well as separate series for goods and services. The rise in
headline inflation – from roughly 2 percent in 2021 to 7 percent as of early 2022 – is obviously
startling. Importantly, this rise in inflation was led by goods price inflation, which rose from near
zero to 10 percent in 2021 and then plummeted in the second half of 2022.

A second set of facts concerns import price inflation: prices for imported inputs rose dramat-
ically in 2021, while price changes for imported consumer goods were modest. Plotting import
price inflation by end use in Figure 1b, we see that inflation for imported industrial materials rose
substantially in 2021, peaking at 50% year on year.10 While the price of oil and derivative fuels
doubled during this period, the price of industrial materials excluding fuels also rose over 30%
in 2021. In contrast, inflation for imported consumer goods was subdued. This large difference
between import price inflation for inputs versus consumer goods motivates our ensuing focus on
disruptions impacting markets for imported inputs, rather than consumer goods.11 In 2022, im-

10This data is from the International Price Program of the Bureau of Labor Statistics. The source data consist
primarily of free on board (FOB) prices (i.e., prices received by foreign producers at foreign dock). During 2021-
2022, transport costs also increased dramatically, which then would be added to these FOB prices to arrive at CIF
prices (inclusive of cost, insurance, and freight) paid by the importer. We abstract from these additional transport
margins, in order to focus on changes in supply prices.

11We have omitted several categories of imports from the figure for clarity, including capital goods imports (IR2),
imports of automotive vehicles, parts, and engines (IR3), and foods, feeds, and beverages (IR0). To verbally sum-
marize, inflation for capital goods imports was generally low, similar to imported consumer goods. Inflation for the
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Source: Bureau of Economic Analysis & authors’ calculations.



Blame the Supply Chain

Gita Gopinath in the IMF’s World Economic Outlook:
Pandemic outbreaks in critical links of global supply chains
have resulted in longer-than-expected supply disruptions, fur-
ther feeding inflation in many countries.

Jerome Powell in The New York Times:
[Powell] noted that while demand was strong in the United
States, factory shutdowns and shipping problems were
holding back supply. . .pushing inflation above the Fed’s
goal. . . “[i]t is also frustrating to see the bottlenecks and sup-
ply chain problems. . . holding inflation up longer than we had
thought,” Mr. Powell said.

Apple’s finance chief in The Financial Times:
Supply constraints caused by Covid-related disruptions and
industry-wide silicon shortages are impacting our ability to meet
customer demand for our products.



Constraints in the Global Supply Chain

1. Did supply chain constraints trigger the inflation surge?

▶ What is the nature of the constraints?

▶ Potentially-binding capacity constraints on firm output.

▶ Related ideas in Fagnart et al. (1999), Álvarez-Lois (2006),
Boehm and Pandalai-Nayar (2022).

▶ Binding constraints produce non-linear outcomes.

▶ Are constraints domestic or international in scope?
Media/policy attention focused on import constraints.

2. What role for shocks to demand (including monetary policy)
vs. supply in explaining inflation?

▶ Did high demand exhaust existing capacity?
Or, did negative supply-side shocks reduce capacity?

▶ Did binding constraints amplify the impacts of other shocks?



Framework Overview

Multisector, New Keynesian, small open economy.

▶ Continuum of firms under monopolistic competition in each sector.
▶ Standard CES demand and production structure.

▶ Representative consumer; separable consumption/leisure preferences.
Nested CES preferences across sectors and home/foreign goods.

▶ Firms use labor, home inputs, and foreign inputs to produce.
And there are input-output linkages across sectors.

▶ Pricing assumptions:
▶ Dollar invoicing for imports and exports.
▶ Rotemberg adjustment costs for output prices.
▶ Flexible wages [extension with wage rigidity to come].

▶ Complete international financial market.

▶ Taylor-type rule with inertia and policy shocks. [ZLB details later.]

The Twist: potentially binding constraints for foreign & domestic firms.



Pricing Problem for Home Firms

Suppress sector & end use notation for clarity.

Firm ω sets Pt(ω) to solve:

max
{Pt(ω)}

E0

∞∑

t=0

S0,t
Pt

[(Pt(ω)−MCt(ω))Yt(ω)− Φ(Pt−1(ω),Pt(ω))]

s.t. Yt(ω) =

(
Pt(ω)

PHt

)−ε
Yt

and Yt(ω) ≤ Ȳt

with Φ(Pt−1(ω),Pt(ω)) ≡ ϕ
2

(
Pt(ω)

Pt−1(ω)
− 1
)2

PHtYt .



Pricing in Symmetric Equilibrium

Optimal Pricing:

0 = 1− ε

(
1− MCt + µt

PHt

)
− ϕ (ΠHt − 1)ΠHt

+ Et

[
St,t+1

Πt+1
ϕ (ΠHt+1 − 1)Π2

Ht+1

Yt+1

Yt

]

with ΠHt ≡ PHt/PH,t−1.

Complementary Slackness Condition:

µt
[
Ȳt − Yt

]
= 0

plus µt ≥ 0 and Yt ≤ Ȳt .

Slack constraint ⇒ µt = 0 ⇒ usual domestic price Phillips Curve holds.

Binding constraint ⇒ Yt = Ȳt ⇒ price determined by demand.



Phillips Curves

Adding notation: s ∈ {1, . . . ,S} and u ∈ {C ,M}:

πHt(s) =
ε− 1

ϕ(s)
[r̂mct(s)− r̂pHt(s)] +

ε

ϕ(s)
ˆ̃µt(s) + βEt [πHt+1(s)]

πuFt(s) =
ε− 1

ϕ(s)

[
r̂mc∗t (s) + q̂t − r̂puFt(s)

]
+

ε

ϕ(s)
ˆ̃µ∗ut(s) + βEt [πuFt+1(s)]

1. Binding constraints ∼ markup (cost-push) shocks.
▶ Stable market structure (elasticity), change in pricing conduct.
▶ Bernanke and Blanchard (2023) & Del Negro et al. (2022):

cost-push shocks account for US inflation.
▶ Distinct from “capital utilization” approach to capacity. Details

▶ Markup channel is also consistent with resilience of profits.

2. Prices tell us whether constraints bind, not why they bind.
▶ Positive demand shocks vs. negative capacity shocks.
▶ Both manifest as supply-side “markup shocks.”
▶ We need data on prices & quantities to pin down shocks. IRFs



Profits per Unit of OutputFigure 4: Corporate Profits per Unit of Gross Output
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Note: Corporate profits (with inventory valuation adjustments) and gross output are from the US Bureau of Economic
Analysis (series identifiers: N400RC and A390RC). The corporate profits per unit of gross output are are reported as
an index, measured relative to their value in 2017Q1.

tional form assumptions in Greenwood et al., the standard log-linear Phillips Curve relationship
between marginal costs and inflation (equivalently, utilization and inflation) holds. Thus, this al-
ternative approach to capacity utilization will struggle to explain the highly non-linear response of
inflation observed in recent data.

Profits Our model implies that price-cost margins (realized markups) are high when firms face
binding constraints. To examine the plausibility of this channel, we turn to data on profits per unit of
output, which serves as an observable proxy for price-cost margins. To formalize this link, note that
the absolute markup is equal to profits per unit of output in the steady state: Pt(s)−MCt(s) =

Ξt(s)
Yt(s)

,
where Ξt(s) ≡ Pt(s)Yt(s) −MCt(s)Yt(s) is the profit of the representative producer in sector s.
Thus, tracking profits per unit over time sheds light on how markups are changing.

In Figure 4, we plot indexes of US corporate profits per unit of gross output for both the man-
ufacturing sector and the aggregate private sector.19 The takeaway is that profits per unit escalated
sharply for manufacturing firms during the pandemic recovery, coinciding with the takeoff in goods
price inflation and widespread complaints about binding (supply chain) constraints that limited pro-
duction. Further, total profits (profits per unit times quantity sold) were at historically high levels
in 2021. This pattern of high profitability alongside high inflation is a natural outcome of binding
(domestic) constraints in our model. More recently, profit margins appear to be falling as inflation
has declined in 2023 [Kerr (2023)].

19This corporate profit measure omits profits attributable to non-corporate entities; We focus on corporate profits
because data is available for manufacturing on a quarterly frequency in the national accounts.

17

Nominal corporate profits (NIPA Table 6.16) per unit of gross output.
Source: Bureau of Economic Analysis & authors’ calculations.



Framework, Final Details

Two sectors: goods and services.
Labor is homogeneous and mobile across sectors.
CES export demand for each sector’s output.

Foreign consumption goods and inputs are distinct goods,
but are subject to the same cost shocks: r̂mc∗t (s).

Two potentially binding constraints:

1. Foreign input goods production capacity.

2. Domestic goods production capacity.

Monetary policy:

1 + it = (1 + it−1)
ϱi Π̄

ω(1−ϱi )
t (Yt/Y0)

(1−ϱi )ϱy Ψt



Shocks

1. Demand shocks:

▶ Time discount shock: E0

∞∑
t=0
βtΘt

[
C 1−ρ
t

1−ρ − χL1+ψ
t

1+ψ

]
.

▶ Goods-biased demand shock: Ct(g) = ζt(g)
(

Pt(g)
Pt

)−ϑ
Ct ,

with ζt(g) + ζt(s) = 1.

2. Monetary policy shocks: Ψt .

3. Shocks to domestic and foreign capacity: Ȳt(g), Ȳ
∗
Mt(g).

4. Cost shocks:
▶ Sector-level TFP: Zt(s).

▶ Foreign real marginal cost: r̂mc
∗
t (s).

Exogenous variables follow AR(1) process.

Note: no labor market shocks; more to come in an extension.



Solution Method
Non-linearities due to occasionally binding constraints
→ construct piece-wise linear solution [Guerrieri and Iacoviello (2015)].

General Solution:

Xt = P (Xt−1, εt ; θ)Xt−1 + D (Xt−1, εt ; θ) + Q (Xt−1, εt ; θ) εt

Policy function depends on whether constraints bind today,
and how long they are expected to bind into the future.

Looking forward to estimation, re-write the solution:

Xt = J(Dt , θ) + Q(Dt , θ)Xt−1 + G (Dt , θ)εt

▶ Dt = [dt , dMt ] is # of periods agents expect each constraint binds
from date t.

▶ Given guess for Dt , one can solve for time-varying coefficients in
policy matrices. Then verify path of Xt is consistent with the guess.



Estimation

▶ Calibrate subset of parameters, estimate the remainder.
▶ Excess steady-state capacity for domestic goods (5%)

and foreign goods inputs (10%).
▶ Sufficiently high so that constraints are slack prior to 2020.
▶ Calibrated level isn’t important; magnitude of capacity shocks adjusts

so that capacity is about 1% above steady state during pandemic.

▶ Structural parameters to be estimated:
▶ Stochastic process for exogenous variables: shock variance, AR coeffs.
▶ Elasticities of substitution between home and foreign goods,

separately for consumption and inputs.
▶ Parameters of monetary policy rule.

▶ Treat durations of binding constraints (Dt) as estimable parameters.
▶ Kulish et al. (2017), Kulish and Pagan (2017), Jones et al. (2022).
▶ We extend this work by imposing equilibrium constraints on durations.
▶ Allow constraints to potentially bind from 2020:Q2 onward.



Estimation Details

▶ The likelihood, L(θ,D|Y obs) is a function of both the structural
parameters (θ) and the sequence of durations (D = {Dt}Tt=1).

▶ We set priors over structural parameters and independent priors over
durations to construct the posterior.

▶ For each proposed draw, we check that durations are consistent with
rational expectations equilibrium.
▶ Draw proposed durations and parameters.
▶ Construct time-varying policy matrices for those parameters.
▶ Kalman-filter data and construct smoothed shocks.
▶ For each date τ , project endogenous variables forward given

duration (dτ ) and smoothed shock (ε̃τ ), assuming no future shocks.
▶ Reject the draw if constraints are violated.

Otherwise, accept it and evaluate the likelihood.
▶ We accept about 25% of parameter/duration draws.



Validation of estimation procedure

▶ Validate the methodology by simulating model with large monetary
policy shocks that make constraints bind.

▶ Estimated durations during these periods are positive

▶ Inverse log-likelihood is minimized at the true duration every
quarter.

▶ Estimated multipliers are very similar (economically and statistically)
to actual multipliers.



Observables
Data for 1990:Q1 to 2022:Q3

▶ Consumer inflation and expenditure by sector.

▶ Industrial production and aggregate nominal GDP.

▶ Value-added per worker by sector.

▶ Inflation and expenditure for imported goods inputs (ex. fuels).

▶ Inflation and expenditure for imported consumer goods.

▶ Shadow Fed Funds rate:

▶ We use updated Wu and Xia (2016) shadow rate as the policy rate.

▶ We have also explored explict ZLB constraint in our model,
as in Kulish et al. (2017) and Jones et al. (2022).



Model Fit: Inflation

(a) Aggregate Consumer Inflation

Figure 5: Consumer Price Inflation in Model and Data

(a) Aggregate Consumer Inflation
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(b) Consumer Services Inflation
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(c) Consumer Goods Inflation

-5
0

5
10

15
Pe

rc
en

ta
ge

 P
oi

nt
s

2017 2018 2019 2020 2021 2022 2023 2024

Data
Median Smoothed Value
5th-95th Percentiles

(d) Inflation for Imported Goods Inputs
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Note: Inflation at each date is the annualized value for demeaned quarterly inflation, in percentage points. If
demeaned quarterly inflation is πt(s) = lnPt(s)− lnPt−1(s) where t indexes quarters, then the annualized inflation
rate is 4πt(s). Data is raw data. We take 1000 draws from the posterior distribution of model parameters, compute
the Kalman-smoothed values for model variables for each draw, and then plot the median smoothed value as the
dashed line. We shade the area covering the 5% to 95% percentile for smoothed values (the interval is imperceptibly
small prior to 2020).
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(d) Inflation for Imported Goods Inputs
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Note: Inflation at each date is the annualized value for demeaned quarterly inflation, in percentage points. If
demeaned quarterly inflation is πt(s) = lnPt(s)− lnPt−1(s) where t indexes quarters, then the annualized inflation
rate is 4πt(s). Data is raw data. We take 1000 draws from the posterior distribution of model parameters, compute
the Kalman-smoothed values for model variables for each draw, and then plot the median smoothed value as the
dashed line. We shade the area covering the 5% to 95% percentile for smoothed values (the interval is imperceptibly
small prior to 2020).
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Note: Inflation at each date is the annualized value for demeaned quarterly inflation, in percentage points. If
demeaned quarterly inflation is πt(s) = lnPt(s)− lnPt−1(s) where t indexes quarters, then the annualized inflation
rate is 4πt(s). Data is raw data. We take 1000 draws from the posterior distribution of model parameters, compute
the Kalman-smoothed values for model variables for each draw, and then plot the median smoothed value as the
dashed line. We shade the area covering the 5% to 95% percentile for smoothed values (the interval is imperceptibly
small prior to 2020).
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Note: Inflation at each date is the annualized value for demeaned quarterly inflation, in percentage points. If
demeaned quarterly inflation is πt(s) = lnPt(s)− lnPt−1(s) where t indexes quarters, then the annualized inflation
rate is 4πt(s). Data is raw data. We take 1000 draws from the posterior distribution of model parameters, compute
the Kalman-smoothed values for model variables for each draw, and then plot the median smoothed value as the
dashed line. We shade the area covering the 5% to 95% percentile for smoothed values (the interval is imperceptibly
small prior to 2020).

23



Capacity Multipliers

(a) Multiplier on Domestic Constraint

Figure 6: Smoothed Values for the Reduced-Form Markup Shock Implied by the Multipliers on
Constraints

(a) Domestic Constraint
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Note: Figure 6a plots composite variable
(

ε
ϕ(s)

P0

PH0(s)

)
ˆ̃µt(s) and Figure 6b plots composite variable(

ε
ϕ(s)

P0

PuF0(s)

)
ˆ̃µ∗
ut(s), which are the reduced-form markup shocks in domestic and import price Phillips Curves

induced by binding constraints. We take 1000 draws from the posterior distribution of model parameters, compute
the Kalman-smoothed values for model variables for each draw, and then plot the median smoothed value as the solid
line. We shade the area covering the 5% to 95% percentile for smoothed values.

On the import side, constraints appear to be slack in 2020, then bind sharply at the start of 2021,
relax somewhat, then bind sharply again into 2022, and ease in the latter half of 2022. Domestic
multipliers fluctuate in 2020 with gyrations in the US economy, but are near zero heading into 2021.
They rise steadily through 2021 into 2022, and then slacken into 2023.

While there is limited external data to which we can benchmark the estimated multipliers, we
show that their joint dynamics align well with fluctuations in the New York Federal Reserve’s
Global Supply Chain Pressure Index over the post-2020 period in the Online Appendix. For both
multipliers, the high frequency dynamics also correspond to fluctuations in goods price inflation and
imported input price inflation in Figure 5, which foreshadows the quantitative role of the constraints
in explaining inflation.

3.4.2 Relaxing Constraints

We now provide counterfactual analysis as to how inflation would have evolved in the absence of
capacity constraints, given the path of realized shocks that we infer hit the US economy after 2020.

When constraints bind, the multipliers are computed as residuals in the log-linearized Phillips Curves. As such, the
computed multipliers are approximations to the exact equilibrium multipliers; further, we do not impose a zero lower
bound on them, as would be required in the full non-linear solution to the model. Despite this, the estimated multipliers
are typically positive, consistent with the underlying theory.
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(b) Multiplier on Foreign Constraint

Figure 6: Smoothed Values for the Reduced-Form Markup Shock Implied by the Multipliers on
Constraints
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Note: Figure 6a plots composite variable
(

ε
ϕ(s)

P0

PH0(s)

)
ˆ̃µt(s) and Figure 6b plots composite variable(

ε
ϕ(s)

P0

PuF0(s)

)
ˆ̃µ∗
ut(s), which are the reduced-form markup shocks in domestic and import price Phillips Curves

induced by binding constraints. We take 1000 draws from the posterior distribution of model parameters, compute
the Kalman-smoothed values for model variables for each draw, and then plot the median smoothed value as the solid
line. We shade the area covering the 5% to 95% percentile for smoothed values.

On the import side, constraints appear to be slack in 2020, then bind sharply at the start of 2021,
relax somewhat, then bind sharply again into 2022, and ease in the latter half of 2022. Domestic
multipliers fluctuate in 2020 with gyrations in the US economy, but are near zero heading into 2021.
They rise steadily through 2021 into 2022, and then slacken into 2023.

While there is limited external data to which we can benchmark the estimated multipliers, we
show that their joint dynamics align well with fluctuations in the New York Federal Reserve’s
Global Supply Chain Pressure Index over the post-2020 period in the Online Appendix. For both
multipliers, the high frequency dynamics also correspond to fluctuations in goods price inflation and
imported input price inflation in Figure 5, which foreshadows the quantitative role of the constraints
in explaining inflation.

3.4.2 Relaxing Constraints

We now provide counterfactual analysis as to how inflation would have evolved in the absence of
capacity constraints, given the path of realized shocks that we infer hit the US economy after 2020.

When constraints bind, the multipliers are computed as residuals in the log-linearized Phillips Curves. As such, the
computed multipliers are approximations to the exact equilibrium multipliers; further, we do not impose a zero lower
bound on them, as would be required in the full non-linear solution to the model. Despite this, the estimated multipliers
are typically positive, consistent with the underlying theory.

24

We plot reduced-form markup shocks in the domestic and import price Phillips Curves:(
ε
ϕ(s)

P0
PH0(s)

)
ˆ̃µt(s) and

(
ε
ϕ(s)

P0
PuF0(s)

)
ˆ̃µ∗
ut(s).



Counterfactual: Slack Capacity Constraints
Aggregate Consumer Price Inflation

Figure 7: Counterfactual Consumer Price Inflation without Capacity Constraints

(a) Goods Inflation
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(b) Services Inflation
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(c) Aggregate Inflation
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Note: We take 1000 draws from the posterior distribution of model parameters, compute the Kalman-smoothed
values for model variables for each draw, add measurement error to the observables, and then plot the median
smoothed value as the solid line. We shade the area covering the 5% to 95% percentile for smoothed values.

Adding up these results in Figure 7c, headline consumer price inflation is between one and two
percentage points higher than counterfactual inflation during 2021-2022. And binding constraints
account for about one half of the acceleration in headline goods price inflation. The relaxation
of constraints, starting in the latter half of 2022 and extending into 2023, then leads actual and
counterfactual inflation converge again.

Finally, we revisit the discussion about profits per unit. In Figure 4, we presented an index of
nominal profits per unit of gross output for manufacturing and the aggregate economy. In Figures
8e and 8f, we present analogous results from the model for goods and services.30 Similar to the
data, our model yields a sharp increase in profits for the goods sector during the 2021-2022 period,
even though this is not a targeted data moment. In contrast, the counterfactual economy with slack
constraints yields no such goods profit surge. Moreover, profits per unit are essentially flat through
the pandemic period (outside the 2020 spike), for both the economies with and without capacity
constraints. We conclude that the model provides a plausible explanation for the run-up in profits
for goods producers that occurred alongside the inflation takeoff, where both are explained in large
measure by binding capacity constraints.

3.4.3 Decomposing the Role of Individual Shocks

We now examine the role of individual shocks in explaining inflation outcomes. We start by filter-
ing smoothed shocks from the data. Specifically, we take a draw from the posterior distributions

30In the model, the log change in nominal profits per unit of output from a given base period (t = 0) is given
by:

[
Ξ̂t(s)− ŷt(s)

]
−
[
Ξ̂0(s)− ŷ0(s)

]
= [p̂Ct − p̂C0] + ϵ [r̂pt(s)− r̂p0(s)]− (ϵ− 1) [r̂mct(s)− r̂mc0(s)], where

p̂Ct − p̂C0 =
∑t

s=0 πCs. We add trend inflation to these log changes to make it comparable to the data in Figure 4,
and then we convert the log change to levels to plot the index.

26

Note: Simulated values include measurement error, for comparability to data.



Counterfactual: Slack Capacity Constraints

(a) Goods Inflation

Figure 7: Counterfactual Consumer Price Inflation without Capacity Constraints

(a) Goods Inflation

-1
0

-5
0

5
10

Pe
rc

en
ta

ge
 P

oi
nt

s

2017 2018 2019 2020 2021 2022 2023 2024

Data
Median Counterfactual Value
5th-95th Percentiles

(b) Services Inflation

-4
-2

0
2

4
Pe

rc
en

ta
ge

 P
oi

nt
s

2017 2018 2019 2020 2021 2022 2023 2024

Data
Median Counterfactual Value
5th-95th Percentiles

(c) Aggregate Inflation

-4
-2

0
2

4
Pe

rc
en

ta
ge

 P
oi

nt
s

2017 2018 2019 2020 2021 2022 2023 2024

Data
Median Counterfactual Value
5th-95th Percentiles

Note: We take 1000 draws from the posterior distribution of model parameters, compute the Kalman-smoothed
values for model variables for each draw, add measurement error to the observables, and then plot the median
smoothed value as the solid line. We shade the area covering the 5% to 95% percentile for smoothed values.

Adding up these results in Figure 7c, headline consumer price inflation is between one and two
percentage points higher than counterfactual inflation during 2021-2022. And binding constraints
account for about one half of the acceleration in headline goods price inflation. The relaxation
of constraints, starting in the latter half of 2022 and extending into 2023, then leads actual and
counterfactual inflation converge again.

Finally, we revisit the discussion about profits per unit. In Figure 4, we presented an index of
nominal profits per unit of gross output for manufacturing and the aggregate economy. In Figures
8e and 8f, we present analogous results from the model for goods and services.30 Similar to the
data, our model yields a sharp increase in profits for the goods sector during the 2021-2022 period,
even though this is not a targeted data moment. In contrast, the counterfactual economy with slack
constraints yields no such goods profit surge. Moreover, profits per unit are essentially flat through
the pandemic period (outside the 2020 spike), for both the economies with and without capacity
constraints. We conclude that the model provides a plausible explanation for the run-up in profits
for goods producers that occurred alongside the inflation takeoff, where both are explained in large
measure by binding capacity constraints.

3.4.3 Decomposing the Role of Individual Shocks

We now examine the role of individual shocks in explaining inflation outcomes. We start by filter-
ing smoothed shocks from the data. Specifically, we take a draw from the posterior distributions

30In the model, the log change in nominal profits per unit of output from a given base period (t = 0) is given
by:

[
Ξ̂t(s)− ŷt(s)

]
−
[
Ξ̂0(s)− ŷ0(s)

]
= [p̂Ct − p̂C0] + ϵ [r̂pt(s)− r̂p0(s)]− (ϵ− 1) [r̂mct(s)− r̂mc0(s)], where

p̂Ct − p̂C0 =
∑t

s=0 πCs. We add trend inflation to these log changes to make it comparable to the data in Figure 4,
and then we convert the log change to levels to plot the index.
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Note: We take 1000 draws from the posterior distribution of model parameters, compute the Kalman-smoothed
values for model variables for each draw, add measurement error to the observables, and then plot the median
smoothed value as the solid line. We shade the area covering the 5% to 95% percentile for smoothed values.

Adding up these results in Figure 7c, headline consumer price inflation is between one and two
percentage points higher than counterfactual inflation during 2021-2022. And binding constraints
account for about one half of the acceleration in headline goods price inflation. The relaxation
of constraints, starting in the latter half of 2022 and extending into 2023, then leads actual and
counterfactual inflation converge again.

Finally, we revisit the discussion about profits per unit. In Figure 4, we presented an index of
nominal profits per unit of gross output for manufacturing and the aggregate economy. In Figures
8e and 8f, we present analogous results from the model for goods and services.30 Similar to the
data, our model yields a sharp increase in profits for the goods sector during the 2021-2022 period,
even though this is not a targeted data moment. In contrast, the counterfactual economy with slack
constraints yields no such goods profit surge. Moreover, profits per unit are essentially flat through
the pandemic period (outside the 2020 spike), for both the economies with and without capacity
constraints. We conclude that the model provides a plausible explanation for the run-up in profits
for goods producers that occurred alongside the inflation takeoff, where both are explained in large
measure by binding capacity constraints.

3.4.3 Decomposing the Role of Individual Shocks

We now examine the role of individual shocks in explaining inflation outcomes. We start by filter-
ing smoothed shocks from the data. Specifically, we take a draw from the posterior distributions

30In the model, the log change in nominal profits per unit of output from a given base period (t = 0) is given
by:

[
Ξ̂t(s)− ŷt(s)

]
−
[
Ξ̂0(s)− ŷ0(s)

]
= [p̂Ct − p̂C0] + ϵ [r̂pt(s)− r̂p0(s)]− (ϵ− 1) [r̂mct(s)− r̂mc0(s)], where

p̂Ct − p̂C0 =
∑t

s=0 πCs. We add trend inflation to these log changes to make it comparable to the data in Figure 4,
and then we convert the log change to levels to plot the index.
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Note: Simulated values include measurement error, for comparability to data.



Decomposition Consumer Price Inflation
Individual Shocks

Figure 9: Counterfactual Consumer Price Inflation for Individual Shocks

(a) Individual Shocks
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(b) Individual Shocks with Capacity Constraints
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Note: In Panel (a), each series represents the simulated path of consumer price inflation (quarterly value, annualized)
for the indicated subset of smoothed shocks during 2020-2023. In Panel (b), each series represents the simulated path
of inflation for the indicated subset of shocks with capacity constraints set to their smoothed value.

for structural parameters and durations, use this draw to parameterize the state equation (Equation
20), and then apply the Kalman filter to the data to construct smoothed shocks. We then feed the
smoothed shocks into the structural model (summarized by Equation 17) to compute counterfac-
tual model outcomes. In each counterfactual scenario, we solve for the simulated equilibrium path
using Dynare’s OccBin procedure, which ensures that whether constraints bind at particular points
in time in response to shocks is endogenous. We repeat this procedure 1000 times, compute the
median across the simulated counterfactual series, and report the results in Figure 9.

In Figure 9a, we plot the path of aggregate consumer price inflation following four types of
shocks, each fed individually into the model: demand shocks (including both the discount rate
and goods-biased preference shocks), monetary policy shocks, capacity shocks, and cost shocks
(including domestic productivity and foreign cost shocks).31 In 2020, temporary negative demand
shocks yield a decline then rebound of inflation in 2020, while negative capacity shocks in the
third quarter of 2020 (as the economy re-opens) raise inflation. Into 2021, however, no single
shock appears to play a dominant role in explaining the path of inflation on its own.

In Figure 9b, we plot a second set of counterfactuals, which illustrate how particular shocks
interact with the capacity constraints. Because the model is non-linear, interactions between the
shocks and constraints are important for parsing the underlying sources of inflation. To illustrate

31In the demand, monetary policy, and cost shock counterfactuals, domestic and foreign capacity are set to their
steady state levels in all periods. Constraints therefore bind only if the filtered shocks push the economy to trigger the
constraints. In the capacity shock scenario, the shocks themselves move the realized level of capacity around, such
that capacity shocks themselves trigger the constraints. The final series is the value for inflation when all shocks are
fed simultaneously into the model.

28

Draw parameters & filter data for smoothed shocks.
Introduce shocks one-by-one and solve model with potentially binding constraints.
Repeat 1000 times and plot median across simulations.



Decomposition Consumer Price Inflation
Individual Shocks + Capacity Shocks

Figure 9: Counterfactual Consumer Price Inflation for Individual Shocks
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-6
-4

-2
0

2
4

6
Pe

rc
en

ta
ge

 P
oi

nt
s

2020 2021 2022 2023 2024

All Shocks
Demand Shocks
Monetary Policy Shocks
Capacity Shocks
Cost Shocks
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Note: In Panel (a), each series represents the simulated path of consumer price inflation (quarterly value, annualized)
for the indicated subset of smoothed shocks during 2020-2023. In Panel (b), each series represents the simulated path
of inflation for the indicated subset of shocks with capacity constraints set to their smoothed value.

for structural parameters and durations, use this draw to parameterize the state equation (Equation
20), and then apply the Kalman filter to the data to construct smoothed shocks. We then feed the
smoothed shocks into the structural model (summarized by Equation 17) to compute counterfac-
tual model outcomes. In each counterfactual scenario, we solve for the simulated equilibrium path
using Dynare’s OccBin procedure, which ensures that whether constraints bind at particular points
in time in response to shocks is endogenous. We repeat this procedure 1000 times, compute the
median across the simulated counterfactual series, and report the results in Figure 9.

In Figure 9a, we plot the path of aggregate consumer price inflation following four types of
shocks, each fed individually into the model: demand shocks (including both the discount rate
and goods-biased preference shocks), monetary policy shocks, capacity shocks, and cost shocks
(including domestic productivity and foreign cost shocks).31 In 2020, temporary negative demand
shocks yield a decline then rebound of inflation in 2020, while negative capacity shocks in the
third quarter of 2020 (as the economy re-opens) raise inflation. Into 2021, however, no single
shock appears to play a dominant role in explaining the path of inflation on its own.

In Figure 9b, we plot a second set of counterfactuals, which illustrate how particular shocks
interact with the capacity constraints. Because the model is non-linear, interactions between the
shocks and constraints are important for parsing the underlying sources of inflation. To illustrate

31In the demand, monetary policy, and cost shock counterfactuals, domestic and foreign capacity are set to their
steady state levels in all periods. Constraints therefore bind only if the filtered shocks push the economy to trigger the
constraints. In the capacity shock scenario, the shocks themselves move the realized level of capacity around, such
that capacity shocks themselves trigger the constraints. The final series is the value for inflation when all shocks are
fed simultaneously into the model.

28

Repeat the same exercise, now combining capacity and non-capacity shocks.
Tight capacity amplifies the impact of monetary policy shocks in 2021-2022.



Why monetary policy matters so much?Figure 22: Comparing the Policy Interest Rate to the Extended Taylor Rule
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its budget constraint, the demand curve for its labor, and the labor supply constraint:

max
{Ct(j),Wt(j),Bt+1(j)}∞t=0

E0

∞∑
t=0

βtΘt

[
(Ct(j))

1−ρ

1− ρ
− Λt

Lt(j)
1+ψ

1 + ψ

]
(26)

s.t. PtCt(j) + Et [St,t+1Bt+1(j)] ≤ Bt(j) +Wt(j)Lt(j)− ϕW
2

(
Wt(j)
Wt−1(j)

− 1
)2
WtLt,

Lt(j) =

(
Wt(j)

Wt

)−εL
Lt, and Lt(j) ≤ Lt,

where ϕW is a parameter governing wage adjustment costs and Λt governs the disutility of labor
supply. In a symmetric equilibrium, the first order condition for the wage is:

1− εL

(
1− MRSt+(µLt/Ct−ρ)

Wt/Pt

)
− ϕW (ΠWt − 1)ΠWt

+ Et

[
βΘt+1

Θt

(
Ct+1

Ct

)−ρ
1

Πt+1
ϕW (ΠWt+1 − 1)Π2

Wt+1
Lt+1

Lt

]
= 0, (27)

where µLt is the multiplier on the labor constraint,ΠWt ≡ Wt

Wt−1
, andMRSt =

ΛtL
ψ
t

C−ρ
t

is the marginal
rate of substitution between consumption and labor supply in preferences. Further, the complemen-
tary slackness condition applies:

(
Lt − Lt

)
µLt = 0, with µLt ≥ 0.

Taking a log linear approximation for this equation, we arrive at the wage Phillips Curve pre-
sented in the main text:

πWt =

(
ϵL − 1

ϕW

)
[m̂rst − r̂wt] +

(
ϵL
ϕW

P0

W0

)
ˆ̃µLt + βEt (πWt+1) , (28)

where πWt ≡ ŵt − ŵt−1 = r̂wt − r̂wt−1 + πt is nominal wage inflation, r̂wt ≡ ŵ − p̂t, m̂rst =
λ̂t + ψl̂t − ρĉt with λ̂t ≡ lnΛt − lnΛ0, and ˆ̃µLt ≡ln µ̃Lt − ln µ̃L0 where µ̃Lt ≡ 1 + (µLt/Ct

−ρ) is a
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Decomposition Consumer Price Inflation
Domestic vs. Import Constraints
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Extensions
We conduct several extensions to show the robustness of the findings to
enriching the framework, and to explore other potential drivers of
inflation considered in the literature.

▶ Energy
▶ Remove energy from price and quantity measures
▶ Extend model to allow for energy to be a separate good consumed

and input in production

▶ Mark up shocks – include them while allowing for capacity
constraints

▶ Richer labor market:
▶ Include hours worked and nominal wage growth as observables
▶ Allow for labor supply shocks
▶ Include constraints to the supply of labor

▶ Fiscal policy:
▶ Include distortionary taxes and TANK
▶ Include as observable government outlays to match fiscal deficits
▶ Separate beteen time discount shock and fiscal shock



Energy Shocks
Energy prices rise (late 2021), then fall (late 2022).
We removed oil/fuels from the import price index.
Now, remove from domestic price indexes, and re-estimate.

Figure 10: Accounting for Energy Shocks

(a) PCE Inflation with and without Energy
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(b) Capacity Shocks plus Individual Shocks
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Note: In Figure 10b, each series represents the simulated path of consumer price inflation (quarterly value,
annualized) for all shocks and the indicated set of constraints during 2020-2022.

To frame this discussion, note that our model abstracts from the peculiar features of energy mar-
kets – i.e., we do not attempt to model energy prices, production, and demand explicitly. Therefore,
we think it reasonable to estimate our model using data that also excludes energy prices. In part,
we have already done this in prior sections, in that we have stripped out petroleum and fuels when
we constructed the price index for imported materials. Here we also remove energy prices from
the domestic price indexes used in estimation – constructing PCE inflation for goods and services,
excluding energy. Specifically, we remove prices for “gasoline and other energy goods” (which
includes motor vehicle fuels and lubricants, fuel oil, and other fuels) from the goods PCE price in-
dex, and then we remove prices for electricity and gas utilities from the services PCE price index.
We then re-estimate the model using the modified domestic price indexes.

In Figure 10a, we plot the adjusted PCE inflation series for goods prices and overall consump-
tion.33 Goods price inflation is virtually indistinguishable with/without energy through 2021:Q3,
during the initial inflation takeoff. Thereafter, energy prices push inflation up during early 2022,
and then rapidly bring goods price inflation down thereafter. Nonetheless, the basic inverted U-
shape for goods price inflation appears in both series, with non-energy goods price inflation falling
from 8 percent to near zero during the course of 2022. Overall PCE price inflation then reflects
these deviations in goods price inflation.

In Figure 10b, we investigate the role of these differences for our conclusions about the role
of constraints in explaining inflation dynamics. The simulations here follow the same scheme as
in Section 3.4.3: we compare simulated inflation when all shocks are fed through the model to

33Services inflation looks very similar with and without energy prices, so we omit it for clarity in the figure.
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Labor Supply Shocks and Constraints

Add three new features to enrich labor market:

1. Wage rigidity → Phillips Curve for wages.

πWt =

(
ϵL − 1

ϕW

)
[m̂rst − r̂w t ] +

(
ϵL
ϕW

P0

W0

)
ˆ̃µLt + βEt (πWt+1)

with m̂rst = λ̂t + ψl̂t − ρĉt .

2. Labor disutility shocks (λ̂t) → raise cost of labor supply,
moving up the wage Phillips Curve.

3. Labor supply constraints: Lt ≤ L̄t
→ when constraint binds (ˆ̃µLt > 0), wage Phillips Curve shifts up.



Key questions

Re-estimate model, adding data on real wages and hours worked.

Three questions:

1. Did labor supply constraints bind? And what impact on inflation?

2. How important were labor supply shocks in the inflation surge?

3. How does adding labor market shocks alter quantitative impact of
goods capacity constraints and policy shocks?



Multipliers on the Labor Constraint

Figure 11: Model Fit with Labor Market Extensions
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(b) Real Wage Growth
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(c) Reduced-Form Wage Markup
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Note: We take 1000 draws from the posterior distribution of model parameters, compute the Kalman-smoothed
values for model variables for each draw, and then plot the median smoothed value as the solid line. We shade the
area covering the 5% to 95% percentile for smoothed values. In Figure 11c, we plot the reduced form labor markup
shock term

(
ϵL
ϕW

P0

W0

)
ˆ̃µLt.

series: aggregate hours worked and real wage growth, which are constructed using data from the
US Bureau of Labor Statistics. Details on these steps are provided in the Online Appendix.

Turning to results, we illustrate model fit and smoothed multipliers on the labor constraint in
Figure 11. In Figure 11a, there is an obvious dramatic collapse in hours in early 2020:Q2, a rapid
partial rebound in Q3, and then a slow recovery thereafter through 2021. The model matches these
dynamics well, in large part through shocks to labor supply. In addition, Figure 11b illustrates that
there were sharp gyrations in real wage growth during the early pandemic. However, real wage
growth from 2020:Q4 forward was similar to the pre-pandemic period. Turning to Figure 11c,
the model clearly favors a binding labor constraint in 2020:Q2, in order to explain the spike and
subsequent collapse in real wage growth. Labor constraints then play a less important role in 2021-
2022. The median simulation has a slack or nearly slack labor constraint in most periods, though
labor constraints do appear to bind in 2022 for a non-trivial share of the simulations.

To evaluate how incorporating labor supply shocks and constraints affect our prior results, we
present two sets of counterfactuals.36 First, in Figure 12a, we illustrate how relaxing the goods
and labor constraints separately and in combination affects inflation. When the labor constraint is
assumed to be slack, inflation falls substantially at the outset of the pandemic, which is counter-

36Like prior counterfactuals, we draw form the posterior to parameterize the model and filter smoothed shocks from
data, and we then simulate responses to subsets of the smoothed shocks under various assumptions about whether
constraints bind. Repeating this procedure 1000 times, we report median outcomes in the figures. As a technical
matter, we allow goods constraints to bind endogenously in all these simulations. The labor constraint is a third
constraint, which complicates simulation, as the Dynare implementation of OccBin only admits two potentially binding
constraints. Therefore, we impose the labor constraint by assuming that there are reduced-form wage markup shocks,
which are tied to the smoothed values of the multiplier on the labor constraint. We then solve for whether the two
goods constraints are binding endogenously.

33

Binding labor constraint helps explain lack of deflation in 2020.



Counterfactuals

Figure 12: Counterfactuals with Labor Market Extensions

(a) Relax Goods Capacity or Labor Constraints

-4
-2

0
2

4
Pe

rc
en

ta
ge

 P
oi

nt
s

2020 2021 2022 2023 2024

All Shocks
All Shocks + Slack Goods Constraints
All Shocks + Slack Labor Constraint
All Shocks + Slack Goods & Labor Constraints

(b) Monetary Policy Shocks and Capacity Shocks
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Note: Each series represents the simulated path of consumer price inflation (quarterly value, annualized) for the
indicated subset of smoothed shocks and constraints during 2020-2022.

factual; thus, binding labor constraints help explain the absence of disinflation in 2020. However,
their impact dissipates rapidly, such that inflation is essentially similar across versions of the model
with and without labor constraints in 2021-2022. In contrast, assuming goods constraints are slack
has little impact on inflation in 2020, but then inflation would have been significantly lower in
2021-2022 with slack goods constraints (this echoes Figure 7c). Further, we point out that the
quantitative impact of removing the goods market constraints is essentially the same in this model
with labor supply (disutility) shocks as in the baseline without them.

Second, we investigate again how monetary policy interacts with constraint shocks in Figure
12b. The first simulation shuts off all shocks except for the monetary policy shocks, and the sec-
ond considers the joint impact of monetary policy shocks and capacity shocks for both domestic
and imported goods. As in the prior simulations, monetary policy alone has a moderate effect on
inflation, while monetary policy combined with capacity shocks lead to a rapid increase in infla-
tion in 2021, sustained high inflation through 2021 into 2022, and then a collapse in inflation from
2022:Q3 forward.

5 Concluding Remarks

We have developed a quantitative framework that places potentially-binding capacity constraints
at center stage. We show that binding constraints alter the Phillips Curve relationship between in-
flation and real marginal costs, introducing a term that looks like a markup shock in reduced form.
Applying the framework, we find that binding constraints are important drivers of US inflation dur-
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Note: Median values across 1000 simulations.

C1: Goods constraints are slack.
C2: Labor constraint is slack.
C3: Goods and labor constraints are slack.



Counterfactual: Policy & Capacity Shocks

Figure 12: Counterfactuals with Labor Market Extensions

(a) Relax Goods Capacity or Labor Constraints

-4
-2

0
2

4
Pe

rc
en

ta
ge

 P
oi

nt
s

2020 2021 2022 2023 2024

All Shocks
All Shocks + Slack Goods Constraints
All Shocks + Slack Labor Constraint
All Shocks + Slack Goods & Labor Constraints

(b) Monetary Policy Shocks and Capacity Shocks
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Note: Each series represents the simulated path of consumer price inflation (quarterly value, annualized) for the
indicated subset of smoothed shocks and constraints during 2020-2022.

factual; thus, binding labor constraints help explain the absence of disinflation in 2020. However,
their impact dissipates rapidly, such that inflation is essentially similar across versions of the model
with and without labor constraints in 2021-2022. In contrast, assuming goods constraints are slack
has little impact on inflation in 2020, but then inflation would have been significantly lower in
2021-2022 with slack goods constraints (this echoes Figure 7c). Further, we point out that the
quantitative impact of removing the goods market constraints is essentially the same in this model
with labor supply (disutility) shocks as in the baseline without them.

Second, we investigate again how monetary policy interacts with constraint shocks in Figure
12b. The first simulation shuts off all shocks except for the monetary policy shocks, and the sec-
ond considers the joint impact of monetary policy shocks and capacity shocks for both domestic
and imported goods. As in the prior simulations, monetary policy alone has a moderate effect on
inflation, while monetary policy combined with capacity shocks lead to a rapid increase in infla-
tion in 2021, sustained high inflation through 2021 into 2022, and then a collapse in inflation from
2022:Q3 forward.

5 Concluding Remarks

We have developed a quantitative framework that places potentially-binding capacity constraints
at center stage. We show that binding constraints alter the Phillips Curve relationship between in-
flation and real marginal costs, introducing a term that looks like a markup shock in reduced form.
Applying the framework, we find that binding constraints are important drivers of US inflation dur-
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Median values across 1000 simulations.



Concluding Remarks

▶ We have developed a quantitative framework to study inflation that
places capacity constraints at center stage.

▶ Binding constraints introduce a wedge in the Phillips Curve
relationship between inflation and real marginal costs.

▶ Quantitatively, we find that binding capacity constraints explain
about half of the rise in US inflation during 2021-2022.

▶ Why do constraints bind? Increases in demand, triggered by loose
monetary policy, plus negative capacity shocks.

▶ Next: optimal policy & mistakes with capacity constraints.



Fiscal Extension
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Monetary vs. fiscal shocks
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Contrast with Capacity (Capital) Utilization

Recall Greenwood, Hercowitz and Huffman (1988):

Yt = Zt(UtKt)
αL1−αt

Kt = It + (1− δ(Ut))Kt−1

r̂mct = −ẑt + α(εδ ∗ ût + r̂qt) + (1− α)r̂w t

πHt(s) =
ε− 1

ϕ(s)
[r̂mct(s)− r̂pHt(s)] +

ε

ϕ(s)
+ βEt [πHt+1(s)]

Capital utilization (ût) → r̂mct(s) → πHt(s).

Our approach to capacity works through markups, conditional on rmc .
It changes the structural relation between π and rmc .

Back



Demand vs. Capacity Shocks

(a) Demand Shock: Inflation
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(b) Capacity Shock: Inflation
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(c) Demand Shock: Output
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(d) Capacity Shock: Output
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Positive demand shock causes domestic constraint to bind in (a) & (c).
Negative domestic capacity shock causes constraint to bind in (b) & (d).
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