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US PCE Inflation
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Real Consumer Expenditure
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Real Gross Output
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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.
▶ 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
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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 the constraint is binding.

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 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.

▶ Structural parameters to be estimated:

▶ Stochastic process for exogenous variables: shock variance, AR coeffs.

▶ Capacity levels (mean for periods w/ potentially-binding constraints).

▶ 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.



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: InflationFigure 11: Consumer Price Inflation in Model and Data

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

-6
-4

-2
0

2
4

Pe
rc

en
ta

ge
 P

oi
nt

s

2017 2018 2019 2020 2021 2022

Data
Median Smoothed Value
5th-95th Percentiles

(c) Consumer Goods Inflation
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(d) Inflation for Imported Goods Inputs11d
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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 the 5% to 95% percentile for
smoothed values (the interval is imperceptibly small prior to 2020).
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Capacity Multipliers

Figure 12: Smoothed Values for Multipliers on Domestic and Foreign Constraints

(a) Multiplier on Domestic Constraint (µt )
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(b) Multiplier on Foreign Constraint (µ∗t )
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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 the 5% to 95% percentile for smoothed values.

4.4.2 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 economic after
2020.

To describe this exercise more precisely, the mechanics of each iteration are as follows. We
first draw model parameters from the estimated posterior distributions, including the durations for
binding constraints. Given these parameters, we apply the Kalman-filter to the data and construct
smoothed model outcomes and shocks. Note that we construct smoothed shocks here assuming
that constraints are potentially binding, in line with posterior duration estimates. Using these
smoothed shocks, we then simulate the path of the economy under the counterfactual assumption
that constraints are slack throughout, such that the solution conforms to the unconstrained equilib-
rium dynamics of the model. We repeat this procedure for one thousand posterior draws, and we
plot statistics (means and percentiles) across these simulations in Figures 13 and 14.

Figure 13 presents results for consumer price inflation. The figures present raw data on annual-
ized values of (de-meaned) quarterly inflation, along with data from counterfactual simulations in
which we allow for measurement error in these observables.40 In Figure 13a, we see that realized
inflation for consumer goods is substantially higher than counterfactual inflation with slack capac-

40In the procedure described above, we draw the variance of the measurement error from the posterior, and then filter
the data given this draw. We then add a draw from the measurement error to the smoothed counterfactual endogenous
variables to get counterfactual values for the observables that are comparable to data. An alternative approach to
presenting the results would be to compare smoothed observables to model counterfactuals without measurement
error; naturally, this alternative leads to similar conclusions.
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Counterfactual: Slack Capacity Constraints
Aggregate Consumer Price Inflation
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Note: Simulated values include measurement error, for comparability to data.



Counterfactual: Slack Capacity Constraints

Figure 13: 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 the 5% to 95%
percentile for smoothed values.

ity constraints during 2021 and into 2022, with the absolute gap peaking near six percentage points
in early 2021. Put differently, given the shocks we infer from data, binding constraints account for
about half of the acceleration in goods price inflation from 2020:Q2 through 2021:Q2.

Under the hood, these inflation outcomes are tied to the impact of binding constraints in holding
back production of domestic goods and foreign goods inputs. In Figure 14a, we plot the path for
smoothed domestic goods output along with counterfactual output. As is evident, in the absence of
constraints, goods output would have risen significantly in 2021 relative to its pre-pandemic level,
as a result of the other shocks (principally, demand shocks) that hit the economy. The fact that out-
put did not rise in reality speaks directly to the role of constraints. Output of foreign goods inputs
is similarly constrained in Figure 14b. Correspondingly, smoothed inflation for both domestically-
produced goods and foreign-produced inputs is substantially higher than counterfactual inflation
in Figures 14c and 14d.

Interestingly, binding constraints also play an important role in driving price inflation for ser-
vices in Figure 13b. While services price inflation initially accelerates due to the underlying
shocks, it is between one and two percentage points higher in 2021 as a result of binding con-
straints. In the background, this reflects both the fact services use goods as inputs, so there is a
direct inflation spillover from binding constraints in the goods sector via input-output linkages.
Further, binding constraints serve to tighten the labor market as well, as the price increases they
generate trigger substitution from goods inputs toward labor in production.

Adding up these results in Figure 13c, 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 third of the acceleration in headline goods price inflation from 2020:Q2
through 2021:Q2. Note further that the effect of constraints is substantially diminished late in
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Counterfactual: Slack Capacity Constraints

(a) Goods Output
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Historical Decomposition Consumer Price Inflation
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Set excess capacity to 5% for domestic goods, 10% for imported inputs.
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.



Historical Decomposition Consumer Price Inflation
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Repeat the same exercise, now combining capacity and non-capacity shocks.
Negative capacity amplify the impact of monetary policy shocks in 2021-2022.



Labor Supply Shocks and Constraints

Add three new features to enrich labor market:

1. Wage rigidity → Phillips Curve for wages.

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

3. Labor supply constraints: Lt ≤ L̄t → shift the wage Phillips Curve.

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
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Binding labor constraint helps explain lack of deflation in 2020.



Counterfactuals
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Policy & Capacity Shocks



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.



Production and Imports

(a) Real Gross Output
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Import Prices
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Contrast with Capacity (Capital) Utilization

Recall Greenwood, Hercowitz and Huffman (1988):

Yt = Zt(UtKt)
αL1−α

t

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



Shocks to Demand vs. Capacity
Positive Demand Shock vs. Negative Domestic Constraint Shock
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Demand and capacity shocks have similar effects on inflation,
but they have opposite effects on output.
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Counterfactual: Policy & Capacity Shocks
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