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Abstract

We use granular Swedish micro data to study how capacity constraints at the firm level affect
the pass-through of monetary policy to prices. An expansionary monetary policy shock, iden-
tified using high-frequency interest rate changes around Riksbank policy announcements,
leads to an overall increase in producer prices. However, this average response masks dif-
ferences between capacity constrained and unconstrained firms. Specifically, we find that
constrained firms raise their prices more in response to the shock, but only when many of
their closest competitors are also constrained. A multi-industry New Keynesian model with
heterogeneous firms and strategic complementarities in price setting reconciles these empiri-
cal findings. The model’s inflation dynamics crucially depends on the distribution of capacity
constrained firms across industries, and delivers a steepened Phillips curve during the recent
high inflation period.
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1 Introduction

The recent high inflation period has highlighted the need for a better understanding of firms’
price setting behavior and inflation dynamics. An aspect that could influence pricing decisions,
and was particularly emphasized during the recent inflation surge, is capacity constraints, i.e.
restrictions on firms’ ability to expand production in the short term. Figure 1 plots the average
share of capacity constrained firms together with the aggregate PPI inflation rate in the Swedish
domestic industrial sector between 202002 and 2023Q4. As can be seen, the spike in inflation is
closely accompanied by a corresponding spike in the share of constrained firms, suggesting that

there might be a tight link between the two.

Figure 1: Capacity constraints during the inflation surge
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This figure plots for the Swedish domestic industrial sector during the period 2020Q2 — 2023Q4: (i) the sales-
weighted share of capacity constrained firms (blue solid line), and (ii) the aggregate year-on-year PPI inflation rate
(red dashed line). Capacity constraints are defined as in the rest of our empirical analysis, see section 2.3 for details.

Although there is a large theoretical literature studying the role of capacity for, e.g., busi-
ness cycle fluctuations, monetary policy transmission, and inflation dynamics (see, e.g., Chris-
tiano, Eichenbaum and Evans, 2005; Alvarez-Lois, 2006; Boehm and Pandalai-Nayar, 2022; and
Comin, Johnson and Jones, 2024), empirical evidence on how it affects price setting decisions
at the firm level is relatively scarce. In this paper, we aim to fill this gap by leveraging on the mi-
cro data underlying the official Swedish producer price index and industrial capacity utilization

index to compile a unique data set that tracks both the prices and capacity constraints of a rep-



resentative sample of Swedish industrial firms. We combine this data with exogenous changes
in the policy rate of the Swedish Riksbank, identified by applying a standard high-frequency
approach similar to those used in the recent literature on monetary non-neutrality (see, e.g.,
Gertler and Karadi, 2015; Hanson and Stein, 2015; and Nakamura and Steinsson, 2018). This
allows us to estimate the pass-through of monetary policy to Swedish producer prices, and in
particular, how it varies with firm level capacity constraints.

Our empirical results show that an expansionary monetary policy shock leads to a significant
and hump-shaped increase in producer prices on average. An exogenous fall in the interest
rate by 25 basis points induces a rise in prices of around 1.2 percent over a two-year horizon.
However, the average response masks important differences between capacity constrained and
unconstrained firms. Whereas constrained firms adjust prices strongly and almost immediately
following the shock, the price responses of unconstrained firms remain statistically insignificant
throughout the forecast horizon. These findings confirm the evidence on convex supply curves
documented by Boehm and Pandalai-Nayar (2022), and suggest that the ability of the central
bank to influence inflation via changes in the policy rate crucially depends on the average share
of capacity constrained firms in the economy:.

Next, we explore how capacity constraints among firms’ closest competitors affect their price
responses to the monetary policy shock. These could matter for price setting decisions because if
the closest competitors are not capacity constrained, and hence raise their prices less following
the monetary policy shock, firms may be reluctant to adjust prices in order to not loose out too
much in competitiveness. Specifically, for each firm in our sample, we construct a measure rep-
resenting the sales-weighted share of constrained firms among its competitors, defined as those
firms operating within the same narrow industry code. When separating between firms with
a high and low share of constrained firms within their industry, we find that the former group
displays considerably larger differences in price responses across constrained and unconstrained
firms. Specifically, this difference is slightly less than two percentage points when the share of
constrained firms within the industry is above 60 percent, while it is statistically insignificant
when the share is below 60 percent. Hence, not only the average share of constrained firms in
the economy, but potentially also the distribution of constrained firms across industries, matter
for the transmission of monetary policy.

To rationalize our empirical findings, we develop a multi-industry New Keynesian model
featuring heterogeneous firms and capacity constraints. Relative to previous studies that in-

corporate capacity constraints into macroeconomic frameworks (see, e.g., Alvarez-Lois, 2006;



Boehm and Pandalai-Nayar, 2022; Comin, Johnson and Jones, 2024), we add one critical model
ingredient. In particular, we assume that intermediate inputs are aggregated according to a Kim-
ball (1995) aggregator, which allows for non-constant demand elasticities and thereby strategic
complementarities in price setting. This setup preserves the tractability of the standard New
Keynesian model, featuring monopolistic competition and CES aggregation, while implicitly cap-
turing strategic interactions between firms operating under imperfect competition.! We show
that the interplay between capacity constraints and strategic complementarities in our model
elevates the price responses of constrained firms in industries with a high share of constrained
firms, in line with our empirical results. When eliminating the role of strategic complementari-
ties and resorting to the typical CES aggregator, industry composition influences the differential
price responses between constrained and unconstrained firms only to a limited extent.

Finally, we derive the model implications of the interaction between capacity constraints and
strategic complementarities for the slope of the aggregate Phillips curve. In our model, both in-
creasing the average share of constrained firms in the economy, and increasing the dispersion of
constrained firms across industries while holding the average share fixed, significantly steepens
the Phillips curve. During the recent inflation surge, both the average share and the within in-
dustry composition of constrained firms changed noticeably, and we show that this elevated the
slope by roughly 80 percent. Hence, our model is able to reconcile the sudden shift from a low-
to high inflation environment recently experienced in many developing countries. In contrast,
the model without strategic complementarities generates considerably smaller variations in the
Phillips curve when varying these capacity measures.

The remainder of this paper is structured as follows. Section 2 describes our data, and
provides details concerning variable definitions and empirical specifications. Section 3 presents
our empirical results. Section 4 describes our model, while section 5 presents model impulse

responses and simulation results. Finally, section 6 concludes.

2 Data and Empirical Framework

2.1 Data and sample composition

The analysis is based on two main datasets and several auxiliary datasets. The first main dataset

is the micro data underlying the official Swedish producer-price index (PPI), produced by Statis-

!Wang and Werning (2022) shows that an appropriately calibrated Kimball (1995) aggregator serves as a good
approximation to oligopolistic competition in the context of monetary policy transmission.



tics Sweden, the official Swedish statistics agency. The PPI dataset is of monthly frequency and
consists of the prices of all products that enter into the Swedish producer price index, which
is a representative sample of domestically produced as well as imported products. Statistics
Sweden collects the PPI data by means of a survey that sampled firms are legally required to
respond to. The sampling unit is “product offering,” which corresponds to a unique firm-product
combination.? The probability that a product offering is selected for inclusion in the survey is
proportional to its production value (a new sample is drawn once per year).® For each prod-
uct offering, we observe the average actual transaction price during the month, the industry
to which the product belongs according to the Swedish Standard for Product Classification by
Industry (SPIN), and the product offering’s weight in the aggregate producer-price index. We
restrict the sample to domestically produced industrial products, i.e., products that are produced
and sold in Sweden and belong to SPIN sections B (mining) or C (manufacturing). The cleaned
PPI dataset spans the period January 2001-March 2024 and constitutes an unbalanced panel
with 488,215 observations across 3,356 firms and 10,059 product offerings.

The second main dataset, also from Statistics Sweden, comprises the micro data underly-
ing the aggregate Swedish industrial capacity-utilization series. Statistics Sweden collects these
data through a quarterly survey (Industrins kapacitetsutnyttjande), which covers firms in the
mining and manufacturing sectors. The dataset comprises two key variables. The first is a firm’s
capacity utilization, defined as the ratio between the firm’s actual production level and full pro-
duction capacity.* The capacity-utilization levels reported by firms cannot be lower than zero
percent, but they may exceed 100 percent. The reason is that firms are instructed to consider
working hours that “may be deemed normal” when assessing their production capacity; firms
that produce unusually high levels of output by means of overtime labor should therefore re-
port capacity-utilization levels above 100 percent. The second key variable is the reason why
firms operate below full capacity, constructed based on a survey question that asks firms re-
porting capacity-utilization levels below 100 percent to select one or several of the following
pre-specified reasons: lack of high-skilled workers, lack of other workers, lack of intermediate

inputs, insufficient demand, production disturbances, and other reasons. The survey samples

2Note that a product refers to a specific item for sale, not a product category: for example, iPhone 17 and iPhone
17 Pro both belong to the eight-digit Combined Nomenclature code 85171300 ("Smartphones”), but are two distinct
products. A product offering is a specific product sold by a specific firm: firm A’s sale of iPhone 17 Pro is, for example,
a different product offering than firm B’s sale of iPhone 17 Pro.

3There are two exceptions: product offerings above a certain cutoff in terms of production value are sampled with
certainty, while product offerings of firms with less than 10 million SEK in total annual sales are never sampled.

*Full production capacity is defined as the maximum level of production that the firm can achieve with its current
machinery and staff under currently prevailing production methods (disregarding seasonal factors like vacations).
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all business units in the mining and manufacturing sectors (NACE sections B and C) with at
least 50 employees, where a business unit is defined as a firm-industry combination—i.e., it
corresponds to the production units within a firm that operate in the same industry segment.”
We thus have multiple observations per firm and period when firms operate in several industry
segments, though fewer than 20 percent of the firms in the data have more than one business
unit. The cleaned capacity-utilization data spans the period 1998Q1-2024Q1 and consists of
110,839 observations across 3,546 firms and 4,445 firm-industry combinations.

We merge the two main datasets by firm, industry, and month. The firm part of the merge
is done by means of the unique identifier (organisationsnummer) that belongs to every Swedish
firm. Industries are linked by matching the industry classification of the products in the PPI data
(SPIN codes) to the corresponding industry codes in the capacity utilization data (NACE codes).
We conduct the industry part of the merge at the three-digit level, which gives us a total of 93
distinct industries in the sample. When it comes to the time dimension of the merge, finally, we
face the issue that the PPI data is monthly while the capacity-utilization data is quarterly; we
deal with this by assuming that the capacity variables do not vary within quarters and assign
the same values to all months within each firm-industry-quarter. The resulting matched PPI-
capacity utilization dataset is an unbalanced panel of monthly frequency that comprises 245,665
observations across 1,636 firms, and 4,574 product offerings.

The fact that quite a few observations from each dataset are lost in the merge raises the
question of whether the merged sample is representative of the full samples in terms of price
changes and capacity utilization. To check whether it is, we compare the aggregate producer-
price inflation rate and the average level of capacity utilization for two different samples: all
observations in the respective datasets and the observations that are part of the merged sample.
The two series, shown in Figure 2, are very similar in both cases, which demonstrates that the
observations lost in the merge are not a concern for the representativity of the merged sample.

We complement the two main datasets with auxiliary data from three sources. The first is
Serrano, an annual firm-level panel that comprises the universe of incorporated firms in Swe-
den. Serrano is constructed based on data from multiple sources, most importantly the Swedish
Companies Registrations Office, to which all Swedish corporations are required to submit an-
nual financial accounting statements in accordance with EU standards. The dataset contains

detailed accounting data as well as “demographic” firm data—such as industry codes, location,

>Business units with fewer than 50 employees were occasionally included in the capacity-utilization survey prior
to 2009, but since then the threshold applies strictly. To ensure that our sample is consistently defined over time, we
drop business units with fewer than 50 employees that appear in the data in years prior to 2009.



Figure 2: Representativity of the merged PPI-capacity sample
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The producer-price inflation rate is the weighted average of the individual price changes in the micro data, where
the weights are the same as those used in the construction of the official producer-price index. The average capacity
utilization is the unweighted arithmetic average of the individual capacity-utilization rates in the micro data. The
year labels mark the month of January of the respective years.

and age—and spans the period 1998-2022. The second source is Industrins varuproduktion
(IVP; “The Production of Commodities and Industrial Services”), an annual survey conducted
by Statistics Sweden that covers all manufacturing plants with at least 20 employees plus a
sample of smaller plants. The data comprise transaction prices and quantities of goods sold at
the product-plant level. Third, we collect macroeconomic data from various publicly available
sources. The data from Serrano and IVP go into the construction of some of the main explana-
tory variables, while the Serrano data and the macro data are used to construct control variables,

as we explain in detail below.

2.2 Econometric models

The empirical analysis consists of three main steps. First, we estimate the average response of

producer prices to monetary policy shocks using the following local-projections model:
. o — ol h h o h
lnpz,j,k,t—‘rh - lnpz,],k’,t—l - a@j + 6 . MPt + T;Z) . Xz,j,k‘,t + 5i7j7k7t7 (1)

where Inp; ;1 is the log of the price charged by firm ¢ in month ¢ for product j belonging to

three-digit NACE industry k&, M P, is the monetary policy shock in month ¢, aZ ; 1s a firm-product
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(i.e., product offering) fixed effect, and X, ; .+ a vector collecting additional control variables.®
The coefficients of interest are the /), which capture the average change in producer prices
over an h-month horizon following a 100 basis points contractionary monetary policy shock.
Standard errors are clustered by firm and period, respectively, to account for serial correlation
in the errors within firms, as well as for the fact that the monetary policy shock does not vary
across observations within time periods.

Second, we assess how capacity constraints affect the pass-through of monetary policy shocks
to producer prices. We do so by interacting the monetary policy shock in equation (1) with an

indicator variable for capacity-constrained firms, which yields the following estimating equation:

i jgern —Mpijpe—1 =al;+ 8" MPy - Cjpys @
+ ’Yh - MP; + o Cz‘,k,t—3 + 1/1h . Xz’,j,k,t + 81}-L7j7k7t

where C; 1, ;3 is an indicator variable equal to one if firm ¢ operating in industry k is capacity
constrained in month ¢ — 3 and zero otherwise.” The effect of a 100 basis points monetary policy
shock on product prices over an h-month horizon is given by 4" for unconstrained firms and
~" + B" for constrained firms. As before, standard errors are double-clustered by firm and time.
We also estimate a version of equation (2) that includes time fixed effects (0?). The benefit of
doing so is that the time fixed effects absorb any time-varying shocks common to all firms, which
allows us to more credibly identify the causal effects of monetary policy shocks. The drawback,
on the other hand, is that the time fixed effects also absorb the monetary policy shock itself,
so that the model only identifies the difference between the price responses of constrained and
unconstrained firms (3")—not the level response for each group.® We therefore view the models
with and without time fixed effects as complementary.

The key identifying assumption underlying specification (2) is that there are no unobservable
firm characteristics that (i) are correlated with the capacity-constraint indicator and (ii) affect
the sensitivity of product prices to monetary policy shocks. The second part of the assumption
is crucial: firm characteristics that affect prices and are correlated with capacity constraints, but

do not affect the sensitivity of prices to monetary policy shocks, are not a concern for the validity

®The set of controls comprises twelve lags each of the dependent variable and the main explanatory variable, as
well as twelve lags each of the aggregate producer-price index, an index for new orders in industrial firms ("Industrins
orderingdng”), the Bloomberg commodity-price index (all in logs), and the KIX index (a SEK exchange-rate index).
We also include calendar month dummies to absorb seasonal patterns in price changes.

7As the capacity-utilization data is quarterly, we need to lag the constraint indicator by at least three months to
ensure that we always interact the monetary policy shock with a non-contemporaneous value of the indicator.

8The time fixed effects also make most of the controls in the vector X,j,: redundant: the only controls that remain
in the specification with time fixed effects are the twelve lags of the dependent variable.



of the estimates. We therefore conduct extensive robustness checks in which we augment the
empirical model with interactions between the monetary policy shock and various firm charac-
teristics that according to the previous literature may affect the sensitivity of product prices to
monetary policy shocks, such as financial constraints.

Finally, we test whether the role of an individual firm’s capacity constraints in the price
response to monetary policy shocks depends on the constraints of the firm’s competitors. To
this end, we compute the weighted average share of constrained firms in firm ’s industry & in
period ¢ (C; x+) and then estimate specification (2) separately for firms that operate in industries
with high and low shares of constrained firms. More specifically, we classify firm i as operating
in a highly constrained industry in period ¢ if the share of constrained firms in its industry &
was higher than 60 percent in the previous quarter (C; ;3 > 0.6), which is approximately the
75th percentile in our sample. The difference between the 3" estimates that we obtain from
the two subsamples thus capture how the difference in the price response to monetary policy
shocks between constrained and unconstrained firms varies with the capacity constraints of their
competitors.

As an alternative way of assessing how firm-level capacity constraints interact with industry-
level capacity constraints in determining the price sensitivity to monetary policy shocks, we

estimate the following triple-differenced specification:

i jrn —0pijpe1=af;+ 0} + " MP; - Cipy3-1[Cigs—3 > 0.6]
7h P
+B" - MP,-Cipp 3+ B - MP,-1[Cips—3 > 0.6] (3)

7h P
+ 5. Ci,k,t—?; +46 - 1[Ci,k,t—3 > 06] + I/Jh : Xi,j,k,t + E?,j,k',tv

where 1[C; ;—3 > 0.6] is the indicator for industries with high shares of capacity-constrained
firms, defined as above. The benefit of this triple-differenced specification—compared to esti-
mating equation (2) separately for industries with high and low shares of constrained firms—is
that it allows us to compare the price sensitivity to monetary policy shocks across all possible

combinations of firm and industry constraints.

2.3 Variable construction and descriptive statistics

The key variables in the analysis are defined as follows. First, we define firm i operating in
industry k as being capacity constrained in month ¢ (C; ; = 1) if either of two conditions are

fulfilled: (i) the firm reports a capacity-utilization level of 100 percent or higher, or (ii) the
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firm operates below 100 percent and states at least one of the following reasons for doing so:
lack of high-skilled workers, lack of other workers, or lack of intermediate inputs. Our capacity-
constraint indicator thus captures whether a firm would be able to increase output in response to
higher demand (without the use of overtime labor). The second condition is important, because
a firm that operates below full capacity because of, say, insufficient access to intermediate inputs
cannot increase output in response to higher demand. One can therefore not determine whether
a firm is constrained in its ability to increase output simply by looking at its capacity-utilization
level, as previously pointed out by Balleer and Noeller (2023).

Second, we compute the sales-weighted average share of constrained firms in each firm i’s

industry k using the following leave-one-out definition:

— . ZEek#i Yot - Crg

Cikt= 4
' ZZ@%j;&i Ykt

where y 1 ; is the sales of firm ¢ that originate from industry k in period ¢, and Cy ; is the indi-
cator for whether firm / is capacity constrained in period ¢.? Ci 1.+ thus measures the weighted
average share of constrained firms in industry k, after excluding firm ¢. This leave-one-out
construction ensures that the measure of the capacity constraints of firm i’s competitors is not
affected by firm i’s own capacity constraints.

Finally, we use the monetary policy shock series from Amberg, Jansson, Klein and Picco
(2022), extended up until December 2024. This shock series is constructed by instrumenting
the Riksbank’s main policy rate with a monetary surprise series obtained from a high-frequency
identification strategy similar to those used in the recent literature on monetary non-neutrality
(see, e.g., Gertler and Karadi, 2015; Hanson and Stein, 2015; and Nakamura and Steinsson,
2018). More specifically, the monetary surprises are defined as changes in the yield of one-
month Swedish Treasury bills on days when the Riksbank announces monetary policy decisions,
adjusted for central-bank information effects by means of Jarocinski and Karadi’s (2020) poor-
man’s sign restriction. We plot the shock series—that is, the instrumented change in the Riks-
bank policy rate in month t—in Figure 3. We refer the reader to Amberg, Jansson, Klein and
Picco (2022) for further details on the construction of the monetary policy shock series.

We report descriptive statistics for the price and capacity variables in Table 1. The average

“We observe sales at the firm-industry-period level in the IVP data, which gives us an exact measure of y, x ;. We
therefore measure gy, using IVP data whenever possible. In case a firm operates in multiple industries but does
not appear in IVP, we obtain its total sales from Serrano and allocate it equally across industries. Note that both the
IVP data and the Serrano data are annual and that the weights used to compute C; i, ; therefore are constant across
the quarters within a year. For the lagged measure C; ; ;3 used in the empirical analysis, we make sure that the
weights are always computed from last year’s sales.



Figure 3: The monetary policy shock series
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This figure plots the monetary policy shock series at monthly frequency. The year labels mark the month of January
of the respective years. The series is constructed following the approach in Amberg, Jansson, Klein and Picco (2022).
See the main text for further details.

capacity utilization in the sample is 88 percent, while 40 percent of firms are capacity con-
strained at any given point in time. The unweighted share of capacity-constrained firms (40
percent) is essentially the same as the weighted share (41 percent), when using the total sales

attributed to each firm-industry combination as weights.

Table 1: Descriptive Statistics

Mean Pct. 25 Median  Pct. 75 SD N
PPI Price Changes .002 0 0 .0024 .035 171665
Capacity Utilization .88 .8 .93 1 .15 171665
Capacity Constraint 4 0 0 1 .49 171665

3 Empirical Results

This section presents the results of the empirical analysis. We scale all reported estimates so that

they correspond to the effects of a 25 basis point expansionary monetary policy shock.
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Figure 4: The average response of product prices to monetary policy shocks
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This figure shows the effect of a 25 basis points expansionary monetary policy shock on product prices, as estimated
using equation (1). The shaded area is a 90 percent confidence interval, computed on the basis of standard errors
double-clustered by firm and time.

3.1 The average price response to monetary policy shocks

Figure 4 shows the average response of producer prices to an expansionary monetary policy
shock over a two-year horizon, as estimated using the model specified in equation (1). The
point estimates (solid blue line) show that producer prices increase significantly following ex-
pansionary monetary policy shocks, but only with a substantial lag: more specifically, prices
do not react within the first two quarters after an expansionary shock, but thereafter increase
steadily until the peak of the effect is reached around six quarters after the shock; prices then
remain stable at the new, higher level over the remainder of the estimation horizon. The point
estimates are for the most part statistically significant from the fourth quarter and onward. The
sluggish response of prices to monetary policy shocks evident in Figure 4 is consistent with price
stickiness, a cornerstone of New Keynesian macroeconomic models.

The inflationary effect of expansionary monetary policy shocks that we document is qual-
itatively in line with papers that study the effects of monetary policy shocks on prices using
high-frequency identification strategies and data from the U.S. (e.g., Gertler and Karadi, 2015;
Jarocinski and Karadi, 2020; Bauer and Swanson, 2023). In terms of magnitude, our effect
estimates imply that a 25 basis points reduction in the policy rate increases producer prices by

around 1.2 percent over a two-year horizon. This is a fairly large estimate compared to many
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previous studies, but two things are important two keep in mind in this regard. First, most pa-
pers in the previous literature estimate the effects of monetary shocks on consumer prices or the
GDP deflator, which are substantially less volatile than producer prices and therefore likely to be
less responsive to monetary policy shocks. Second, our effect magnitudes fall within the range of
the producer-price estimates found in the previous literature: Holm, Paul and Tischbirek (2021)
and Coglianese, Olsson and Patterson (2023), for example, find similarly large effects of mone-
tary policy shocks on producer prices as we do, using Romer and Romer’s (2004) identification
approach and data from Norway and Sweden, respectively.

We conduct two robustness checks to verify that the micro-level responses of producer prices
to monetary policy shocks do not differ meaningfully from the corresponding macro-level re-
sponses. First, we re-estimate equation (2) using weighted least squares, where the weights
are the same as those used in the construction of the official (aggregate) producer-price index.

Second, we estimate the following time-series equivalent of equation (2):1°
Iy, —lnpy = a+ " MP+ 9" Xy +ef, (5)

where p; is the aggregate producer-price index for domestically produced goods in SPIN sectors
B and C. The respective estimations yield impulse responses, reported in Figure Al in Appendix

A, that are very similar to the unweighted micro-level response in Figure 4.

3.2 The role of capacity constraints in the price response to monetary shocks

We now turn to the role of capacity constraints in the transmission of monetary policy shocks
to prices. Panel (a) of Figure 5 shows the response of producer prices to an expansionary
monetary policy shock among capacity-constrained firms (solid blue line) and unconstrained
firms (dashed red line), respectively, as estimated using equation (2) without time fixed effects.
The responses show that capacity constraints significantly affect how monetary policy shocks are
transmitted to producer prices. Two differences are especially noteworthy. The first concerns the
speed with which monetary shocks transmit to prices: constrained firms start to increase prices
immediately after policy-rate cuts and then keep increasing them for around five quarters; the
prices of unconstrained firms, on the other hand, only start to increase in the third quarter after a
rate cut. The second difference is the magnitude and statistical significance of the responses: the

price response for constrained firms is statistically significant at virtually all estimation horizons,

1911 this specification we use Newey West standard errors with lag h + 1.
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Figure 5: The role of capacity constraints in the response of product prices to monetary shocks
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Panel (a) shows the effect of a 25 basis points expansionary monetary policy shock on product prices among capacity-
constrained firms (solid blue line) and unconstrained firms (dashed red line), respectively, as estimated using equa-
tion (2) without time fixed effects. Panel (b) shows the corresponding relative response of constrained versus uncon-
strained firms, as captured by the 3" estimates obtained from the estimation of equation (2) with time fixed effects.
The shaded areas are a 90 percent confidence interval, computed on the basis of standard errors double-clustered by
firm and time.

whereas the response for unconstrained firms is insignificant at all horizons. Moreover, the point
estimate is substantially larger for constrained firms at all estimation horizons. Both the speed
and the magnitude of the effect of policy-rate changes on product prices thus depends crucially
on the extent to which firms face binding capacity constraints.

Panel (b) of Figure 5 reports the corresponding relative price response of capacity-
constrained firms and unconstrained firms. The relative responses are estimated using equation
(2) with time fixed effects, which means that time-varying shocks common to all firms are
controlled for. The difference in the price response in panel (b) is similar to the difference
between the level responses in panel (a): prices start to diverge significantly immediately after
the monetary shock and then continue to diverge for around five quarters. The peak of the price
difference is almost one percentage point, an economically important difference given that the
maximum unconditional response of prices is 1.2 percent. From the fifth quarter onward, the
prices of unconstrained firms catch up slightly with those of the constrained firms, but the point
estimate for the difference remains over half a percentage point throughout the rest of the

estimation horizon.

Robustness checks. The key identifying assumption underpinning our interpretation of the
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Figure 6: Capacity constraints and the price response to monetary shocks: Robustness checks
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This figure shows the scaled estimates of 3" obtained from estimations of (i) the baseline version of equation (2) with
time fixed effects (solid blue lines); and (ii) the same model augmented with controls for various firm characteristics
(dashed red lines). The firm characteristics enter the estimations both in levels and as interactions with the monetary
policy shock. Leverage is measured as the ratio of debt to total assets; cash holdings as the ratio of cash and short-
term investments to total assets; inventories as the ratio of the stock of raw materials and finished goods to annual
sales; and market share as the share of domestic sales within three-digit industries. The shaded areas are a 90 percent
confidence interval, computed on the basis of standard errors double-clustered by firm and time.

results in Figure 5 is that there are no unobserved firm characteristics that (i) are correlated with
capacity constraints and (ii) affect the sensitivity of prices to monetary shocks. To corroborate
this assumption, we estimate equation (2) augmented with various firm characteristics that
the previous literature suggests may affect the sensitivity of prices to monetary policy shocks.
The characteristics we consider are leverage (D’Acunto, Liu, Pflueger and Weber, 2018), cash
holdings (Gilchrist, Schoenle, Sim and Zakrajsek, 2017), inventories (Kim, 2021; Rodrigues and
Willems, 2025), and market power (Baqaee, Farhi and Sangani, 2024), the latter proxied by

market shares at the three-digit industry level. We measure each characteristic as of the last
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period before the monetary shock and include both its level and its interaction with the shock.
The relative price responses resulting from the estimations with additional controls, reported

in Figure 6, are very similar to the baseline relative response in panel (b) of Figure 5. This

demonstrates that our baseline results are not due to omitted variable bias stemming from

differences in financial constraints, inventory holdings, or market power.

Price responses by bins of the capacity-utilization distribution. We have so far grouped
together all firms that operate below full capacity and thereby implicitly assumed that what
matters for the transmission of monetary policy to prices is binding capacity constraints, rather
than the level of capacity utilization as such. To assess whether this is the case—that is, whether
there is a kink in the relative price response at the capacity constraint—we split the uncon-
strained firms into three bins depending on their capacity utilization levels: the first bin com-
prises firms with capacity utilization levels between zero and 70 percent, the second bin firms
between 70 and 85 percent, and the third bin firms above 85 but below 100 percent (as before,
firms operating below 100 percent because of insufficient access to labor or intermediate inputs
are classified as capacity constrained). We then estimate equation (2) augmented with indica-
tors for the three bins of unconstrained firms and their respective interactions with the monetary
policy shock. We thereby obtain the relative price responses to monetary policy shocks of firms
in the four bins, which enables us to determine whether differences in capacity utilization below
the constraint matter for the price-sensitivity to monetary policy shocks.!!

The results of this exercise are reported in Table 2. We show the relative price responses
for three different estimation horizons: h = 6, h = 12, and h = 18. The bin containing the
firms with the lowest utilization levels (0-70 percent) is the omitted base group; the coefficient
estimates are thus the relative price responses for the firms in the respective bins compared
to firms in the 0-70 bin. The estimates show that there are no significant differences in the
price response to monetary policy shocks across firms in the first three bins—it is only when the
capacity constraint becomes binding that the price response increases significantly. This pattern
holds for all estimation horizons we consider. The relationship between capacity utilization
and the sensitivity of firms’ prices to monetary policy shocks is thus non-linear, in line with the

evidence on convex supply curves documented by Boehm and Pandalai-Nayar (2022).

1To be clear, the four bins are the three with unconstrained firms and the bin with capacity-constrained firms.
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Table 2: Relative price responses across the capacity-utilization distribution

Estimation horizon (months)

h=6 h =12 h =18
MP;-1[70 > CU, j4—3 < 85] 0.003 0.004 0.003
(0.011) (0.011) (0.009)
MP;-1[85 > CU; j—3 < 100] 0.004 0.005 0.005
(0.004) (0.006) (0.006)
MP;-1(Cj -3 =1] 0.011%** 0.012** 0.009*
(0.004) (0.005) (0.005)
Number of observations 141,013 141,013 141,013
Number of firms 1,174 1,174 1,174
R? 0.181 0.279 0.365

This table reports estimation results for a version of equation (2) that separates firms into four groups: capacity-
constrained firms (C; -3, defined as in section 2.3) and unconstrained firms whose capacity-utilization levels
(CU; k,+—3) fall in the intervals [0,70), [70,85), and [85,100), respectively. The omitted base category is uncon-
strained firms with capacity-utilization levels between zero and 70 percent. Standard errors are double-clustered by
firm and time in all regressions. All estimations include time fixed effects. *, **, and *** denote statistical signifi-
cance at the ten, five, and one percent levels, respectively.

3.3 The role of competitors’ capacity constraints

Our final empirical exercise is to test whether the role of a firm’s capacity constraints in the price
response to monetary policy shocks depends on the constraints of its competitors. To begin with,
panel (a) of Figure 7 plots the relative price responses of constrained and unconstrained firms
that we obtain when estimating equation (2) separately for firms operating in industries with
high and low shares of constrained firms, respectively. The difference in the price response
between constrained and unconstrained firms is close to zero and statistically insignificant in
industries with low shares of constrained firms (dashed red line), but positive and statistically
significant in industries with high shares of constrained firms (solid blue line). Hence, firms’
capacity constraints only matter for the sensitivity of their prices to monetary policy shocks
when they operate in industries with many constrained firms. The magnitude of the relative
price response in highly constrained industries is substantial: the largest difference in the price

responses is nearly two percentage points, which is very large compared to the maximum un-
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Figure 7: The role of competitors’ capacity constraints
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Panel (a) plots the relative price responses of constrained and unconstrained firms that we obtain when estimating
equation (2) separately for firms operating in industries with high and low shares of constrained firms, respectively.
Panel (b) plots the price responses to monetary policy shocks of constrained firms in unconstrained industries (dotted
green line), unconstrained firms in constrained industries (dashed red line), and constrained firms in constrained
industries (solid blue line), all relative to the response of unconstrained firms in unconstrained industries. The
relative responses correspond to the following coefficient estimates obtained from equation (3): 8" (constrained

firm), Bh (constrained industry), and 8" + Eh +¢" (constrained firm and industry). The shaded areas are 90 percent
confidence intervals, computed on the basis of standard errors double-clustered by firm and time.

conditional price response of 1.2 percent

Panel (b) of Figure 7 reports the relative price responses across four groups of firms, obtained
from the estimation of the triple-differenced specification in equation (3). The four groups are:
unconstrained firms in unconstrained industries, constrained firms in unconstrained industries,
unconstrained firms in constrained industries, and constrained firms in constrained industries.
The first of these is the omitted base group; hence, the responses plotted in the figure are the
price responses to monetary policy shocks in the respective groups relative to the response in
the base group. The results show that neither constrained firms in unconstrained industries
(dotted green line) nor unconstrained firms in constrained industries (dashed red line) differ
significantly from unconstrained firms in unconstrained industries in terms of price sensitivity
to monetary policy shocks. The prices of products sold by constrained firms in constrained
industries, on the other hand, respond significantly more to monetary shocks than those of
other firms, with a peak difference in the price response of nearly three percentage points.

Taken together, the results reported in Figure 7 demonstrate that firms’ capacity constraints
do shape how their prices respond to monetary policy shocks, but only when they operate in

industries where many other firms are also constrained. Firm- and industry-level capacity con-
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straints thus interact to determine how sensitive product prices are to monetary policy shocks.

4 Model

To rationalize our empirical findings, we present a model that incorporates capacity constraints
into a multi-industry New Keynesian framework with sticky prices and wages. Capacity con-
straints are modeled as restrictions on the amount of output firms are able to produce, and are
potentially varying across firms. In contrast to the previous macroeconomic literature studying
capacity constraints (see, e.g., Alvarez-Lois, 2006; Boehm and Pandalai-Nayar, 2022; Comin,
Johnson and Jones, 2024), we assume that intermediate inputs are aggregated according to a
Kimball (1995) aggregator. This allows for non-constant demand elasticities, and hence gives
rise to strategic complementarities in firms’ price setting decisions. As will be shown, this feature
of the model will be crucial for matching our empirical results. The following sections describe

the main features of the model, while section B1 in the appendix provides all model details.

4.1 Households and wage setting

Households choose consumption and savings, supply labor, and set nominal wages in staggered
Calvo (1983) contracts following Erceg, Henderson and Levin (2000). Specifically, households
supply differentiated labor services which are combined into a composite service by a competi-
tive labor union. Each period, only a fraction 1 — v of randomly selected households are allowed
to renegotiate their nominal wages. Households have preferences which are additively separa-
ble in labor supply and consumption, with the latter defined by an aggregate over the industry

consumption goods {cst }seo,1)

J/
1 n-t n—1
= /cst" ds
0

Expenditure minimization gives the industry demand curves cs; = (pst)” " ¢t, where ps; := pst/pe

denotes the price of industry s relative to the aggregate price index p; which is pinned down by

= (f 1<pst>1—"ds) .

Optimal household behavior is characterized by the Euler equation, a transversality condition,

and the reset wage w; chosen whenever the household is allowed to renegotiate its wage.
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4.2 Final goods firms

In each industry, a competitive aggregating firm uses a unit continuum of varieties / as inputs to

produce the industry composite good y,; according to the Kimball (1995) aggregator

1
/ T (o) dl = 1
0

where §;5; := y15¢/yst denotes the demand of variety [ relative to the total industry output. We

use the commonly adopted functional form from Dotsey and King (2005), which is given by'2

0

- 1—
— (1= &) -5 — 1| +1

T (glst) -

In the above expression, § > 0 denotes the average demand elasticity, whereas £ > 0 governs the

“superelasticity” of demand, i.e. how the demand elasticity varies with relative demand ;.

4.3 Intermediate goods firms

Intermediate goods are produced using labor h;,; according to y;; = hys, Subject to a capacity
constraint. Following Comin, Johnson and Jones (2024), we assume that this capacity constraint
takes the form of an exogenously imposed upper bound on production ¢;; such that v, < qpst.
This means that capacity constitutes a “hard” constraint, i.e. firms can never raise production
above their available capacity.!* We are fundamentally interested in studying the pass-through
from monetary policy to prices taking capacity constraints as given, rather than providing a
microfoundation for how capacity evolves endogenously, and this choice is a tractable way of
capturing that some firms are constrained and others are not. Firms make their price setting
decisions with knowledge of whether their capacity constraint binds, and are assumed to always

satisfy demand.'> Nominal price changes are subject to the Rotemberg (1982) adjustment cost

Y, -
Clst = ?p (7Tlst - 1)2pstyst

12 Another commonly adopted functional form is the one proposed by Klenow and Willis (2016), which is equivalent
to our chosen aggregator up to a first-order approximation.

3In the same way as in Li, Lian, Ma and Martell (2025), we slightly rewrite the Dotsey and King (2005) specifica-
tion to facilitate parameter interpretation.

14In constrast, a “soft” constraint could be circumvented by e.g. incurring higher costs.

15 Alternatively, we could assume that firms ration their output, meaning that constrained firms set prices such that
the quantity demanded is strictly larger than the quantity produced. Although difficult to test directly in the data, the
broader implication of rationing would be smaller price differences between constrained and unconstrained firms.
Since our empirical results reveal significant differences, we view rationing as unlikely to be widespread.
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where ~,, governs the degree of price stickiness, and ;s := pis¢/pist—1 denotes the inflation rate
of variety [ in industry s. Note that the model features a Calvo (1983) friction for wage setting,
but a Rotemberg (1982) friction for price setting. The latter choice is to ensure that firms are
always able to satisfy demand, which enables aggregation across individual firm decisions. Firms
maximize profits subject to demand, the capacity constraint, and the price adjustment cost. The
necessary first-order conditions of the optimization problem yield the price setting equation

. _(mepst + Ais
Pist = Mlst(y)(l;tlt)
° (6)

Yst+1 ﬁst—i—l st
- (7rlst - 1)

Yist ﬁst Yist

Tp
+ ¢ | M1 (Tist41 — 1) Tisi1
Clst(y) 1 + ( st+ ) st+

where p;s := pist/pst denotes the price of variety [ relative to its sectoral price index. As can
be seen from equation (6), firms’ optimal price setting decisions can be decomposed into three
separate parts. The first part comprises the product between a term featuring the demand
elasticity, ps¢(7) := (st(9)/((st(g) — 1), and the real marginal cost mc;; = wy, where w; denotes
the real aggregate wage rate. In the absence of capacity constraints and nominal rigidities, this
would be the only part present and (7)) would represent the firm’s markup. Importantly, due

to the Kimball (1995) aggregator, note that demand elasticities are varying and given by

_ 0lngps ( 1- glst)
s =—————=0|14+ec—
Cl t(y) alnplst Yist

When ¢ > 0, the elasticity is decreasing, and the markup is increasing, in the relative demand
Uist- This conversely implies that the markup is decreasing in the firm’s relative price, hence cap-
turing strategic complementarities in price setting. When ¢ = 0, however, the demand elasticity
reduces to the constant (;s;(7) = 0. The second part of equation (6) comprises \;s;, which is the
Lagrange multiplier on the capacity constraint in the firm’s maximization problem. Note that
capacity constrained firms will have will have A\;;; > 0, which directly translates into a higher
markup. The intuition behind this observation is that constrained firms need to raise their prices
(and, hence, markups) to accommodate demand, since they are not able to adjust production.
In contrast, unconstrained firms will have \;;; = 0. The interaction between \;;; and the non-
constant u; () present in this part of the price setting equation for constrained firms will be
crucial for generating model predictions that match our empirical results. Finally, the third part
of the equation arises from the nominal rigidities (and, thus, vanishes if -, = 0), and involves
a forward-looking component including the stochastic discount factor m ;1, which is pinned

down by optimal household behavior.
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4.4 Monetary authority

The central bank sets the nominal interest rate according to the Taylor rule

Ry = (1 R (L R) (> ) exp (My) — 1

where the exogenous shock component M; evolves according to an AR(1) process with mean
zero, persistence pp, and volatility og. Furthermore, R = 1/8 — 1 denotes the steady state
level of the nominal interest rate. Section B2 in the appendix presents results when additionally

including the output gap in the above Taylor rule.

4.5 Firm heterogeneity and aggregation

In order to keep the model tractable, we focus on the case with a finite number S of indus-
tries, and a finite number N, of distinct firm types within each industry, denoted by k, which
potentially differ in their capacity levels g;. Since this is the only source of heterogeneity in
the model, firm choices will be symmetric within each (k, s) combination. We denote the mass
of firms of type k in industry s by Q4,, and the mass of each industry by w,, with )", Qs =1
and ), w, = 1. Furthermore, we assume that capacity is fixed over time and determined by the

parameter qis; = Eks-

4.6 Calibration

We calibrate the model to quarterly frequency. The baseline parameter values are presented
in table 3. Throughout, we assume two industries (S = 2), and two firm types within each
industry (Vg = 2, Vs) with varying levels of capacity &5 < &5 such that type 1 is constrained
and type 2 is unconstrained in steady state. Capacity levels are furthermore assumed to be
equal across industries, i.e. s = &k, Vs, for a given k. We calibrate & to target an aggregate
(sales-weighted) markup equal to 1.6 in steady state, which is in line with empirical markup es-
timates (see, e.g., De Loecker, Eeckhout and Unger, 2020; Dopper, MacKay, Miller and Stiebale,
2025). We choose an average demand elasticity equal to § = 6, which is a standard value
for New Keynesian models. Then we set ¢ to obtain an average steady state markup elasticity
equal to —0.99, which corresponds to the mean empirical estimate in Beck and Lein (2020).
In our model, the markup elasticity is defined by 01n s (9)/0Inpisy = —6¢/(6 — 1), thus we
get ¢ = 0.825. Note that this value is considerably lower than what is typically used in the

macroeconomic literature, which means that our calibration assigns a weaker role to strategic
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Table 3: Baseline calibration

Parameter Description Value

B Time discount 0.99

X Inverse of Frisch elasticity 0.2

0 Elasticity of sub., varieties 6

€ Governs superelasticity 0.825

Tp Price adjustment cost 9.9

v Wage adjustment probability 0.75
w Elasticity of sub., labor services 21

ORr Monetary policy inertia 0.7

O Taylor rule inflation coefficient 1.5

PR Persistence of monetary policy shock 0.5

OR Volatility of monetary policy shock 0.009

) Utility weight on labor disutility 1

&1 Capacity firm type 1 0.297

& Capacity firm type 2 10

o CRRA parameter 1

7 Elasticity of sub., industries 0.5

Q1 Share of constrained firms 0.79

Q12 Share of constrained firms 0.27

w1 Industry mass 0.25

Ny Firm types 2

S Number of industries 2

complementarities.'® The across- and within-industry shares w; and Q;, are calibrated based
on the distribution of constrained firms observed in our data. In particular, as in the empirical
analysis, we separate between an industry with a high and a low share of constrained firms. The
mass of the former industry, wy, is set to match the (sales-weighted) share of industries with
more than 60 percent constrained firms in our data, i.e. the same cutoff value as used in the
empirical analysis. This yields w; = 0.25. Moreover, the average shares of constrained firms

within high and low share industries in our data equal 79 percent and 27 percent, respectively,

1For instance, Smets and Wouters (2007) calibrate this parameter to ¢ = 10, while Harding, Lindé and Trabandt

(2022) obtain a posterior mode value of ¢ = 16.37 in an estimated DSGE model.
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and hence we set 217 = 0.79 and Q2 = 0.27. Following Comin, Johnson and Jones (2024),
we choose an elasticity of substitution across industries equal to n = 0.5, which implies that the
industry composite goods are complements. In section B2 in the appendix, we present results
when instead assuming 1 > 1 (substitutes) and n = 1 (Cobb-Douglas), respectively. The price
adjustment cost v, is set to be first-order equivalent to a Calvo (1983) setup with an average
price duration of two quarters, which roughly corresponds to the value reported for producer
prices by Nakamura and Steinsson (2008).!7 In line with empirical evidence, we set v such that
wages are more sticky than prices. Specifically, we follow Erceg, Henderson and Levin (2000)
and choose v = 0.75, which implies an average wage duration of four quarters; moreover, we
set the elasticity of substitution across labor services to 6,, = 21 following Comin, Johnson and
Jones (2024). The volatility of the monetary policy shock oy is scaled to generate a cumula-
tive aggregate peak increase in prices which is close to our empirical estimates. The remaining
parameters governing household preferences and the Taylor rule are chosen to typical values
used in the New Keynesian literature. We solve the model using Dynare’s OccBin routine which

implements the piecewise linear solution method proposed by Guerrieri and Iacoviello (2015).

5 Model Results

5.1 Baseline impulse responses

Figure 8 displays the model impulse responses to an expansionary monetary policy shock with
our baseline calibration. The solid blue and dashed red lines refer to the industry-level responses
of industries with a high and low share of capacity constrained firms, respectively, while the
dotted green lines refer to aggregate responses. As can be seen in the two upper panels of the
figure, the industry with a high share of constrained firms displays a weaker output response
and a considerably stronger inflation response than the industry with a low share. The reason
for this is straightforward — constrained firms need to raise prices more since they are unable
to accommodate the higher demand by increasing output. This can further be seen in the lower
left panel of the figure, which shows that the cumulative price change of the industry with more
constrained firms remains elevated up to two years after the shock hits.

Next, the lower right panel displays the absolute difference in the cumulative price change

between constrained and unconstrained firms in each of the industries, i.e. the model equivalent

7In particular, we set v, such that the slopes of the log-linearized New Keynesian Phillips curve in a version of our
model with homogeneous (unconstrained) firms are equal with Rotemberg (1982) and Calvo (1983) pricing. This is
achieved when v, = (0 — 1)c¢/(1 — ¢)(1 — Bc), where ¢ = 1/2 refers to the Calvo parameter, and gives -, = 9.9.
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Figure 8: Baseline model impulse responses
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This figure shows the effect of an expansionary monetary policy shock on output and prices in our baseline model.
The x-axes of the plots represent quarters since the monetary policy shock hit. Solid blue and dashed red lines refer
to industry-level responses, while the dotted green lines refer to aggregate responses.

of the left panel of figure 7. In the industry with a high share of constrained firms, the difference
is large and persistent, while in the industry with a low share it is close to zero throughout
the forecast horizon, in line with the empirical results in section 3.3. Note that the magnitudes
of the model responses align closely with their empirical counterparts. In the industry with a
high share, the initial difference equals almost 2 percentage points, while in the industry with
a low share it is 0.5 percentage points. For comparison, figure 9 displays the equivalent model
responses when removing strategic complementarities by setting ¢ = 0. With this calibration, the
industry composition of constrained firms matters considerably less for the difference in price
responses between constrained and unconstrained firms; now both industries display clearly
positive and highly similar differences, respectively equal to 1.33 and 0.94 percentage points.
Hence, accounting for strategic complementarities is crucial to match our empirical findings.
To better understand this result, consider the interaction term between (i:(7)/(Crst(9) — 1)

and M\ in the price setting equation (6). When the share of constrained firms within an industry
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Figure 9: Model impulse responses without strategic complementarities
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This figure shows the effect of an expansionary monetary policy shock on output and prices in our baseline model
adjusted to not feature strategic complementarities in price setting (¢ = 0). The x-axes of the plots represent quarters
since the monetary policy shock hit. Solid blue and dashed red lines refer to industry-level responses, while the dotted
green lines refer to aggregate responses.

Q1 increases, their relative demand 7, ,; mechanically increases, which in turn implies that their
demand elasticity (;5(y) decreases. Consequently, any given change in \; 4, for instance induced
by the monetary policy shock, will translate into a larger price change. This means that the
importance of capacity constraints for price setting directly depends on the industry composition
of constrained firms through strategic complementarities. In other words, our model features
an interaction between capacity constraints and strategic complementarities which generates
larger price differences between constrained and unconstrained firms in industries with a higher
share of constrained firms. To provide some intuition behind this mechanism, one can think of
constrained firms in industries with a low share of such firms as being reluctant to raise prices
following the shock because this will hurt their competitiveness. When the constrained firms
are in majority, however, they know that most of the firms in the industry will raise prices and
hence are less concerned about what the unconstrained firms are doing. Eliminating the role

of strategic complementarities of course makes this interaction inoperative, implying that the
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industry composition will matter considerably less for the difference in price responses between

constrained and unconstrained firms.

5.2 Implications for the aggregate Phillips curve

In the following section, we explore the implications of capacity constraints and strategic com-
plementarities in price setting for the slope of the aggregate Phillips curve in our model. To
begin with, figure 10 plots the implied slopes of the Phillips curve when varying the mass of
industries with a high share of constrained firms, w;, along a linearly spaced grid between 10
percent and 90 percent, while holding 2,; and Q- fixed at their baseline values. This implies
varying the overall share of constrained firms in the economy between 32 and 75 percent, but
keeping the within industry composition fixed. For each point on the grid, we feed a sequence
of 10,000 monetary policy shocks into the model, derive output gap and inflation responses,
and compute the implied linear slope via a standard OLS fit. The blue line represents our base-
line model, i.e. the one that includes strategic complementarities in price setting, while the red
line represents the model excluding it. In both cases, the slope of the Phillips curve increases
linearly in the share of constrained firms in the economy. This is because increasing w; simply
shifts weight towards the industry with a stronger price response. Importantly, the increase in
slope is notably larger in the model that includes strategic complementarities, which is due to
the mechanism that makes constrained firms in industries with a high share of constrained firms
react stronger to monetary policy shocks, as discussed in the previous section.

An important implication of our previous results, however, is that not only the average share
of capacity constrained firms, but also the distribution of constrained firms across industries,
could matter for the transmission of monetary policy to prices. In what follows, we explore this
in detail by computing model implied slopes of the aggregate Phillips curve when adjusting this
distribution. This is done by varying the distance between the share of constrained firms in both
industries, €11 and Q19, such that the average share of constrained firms C' = w1 Q1+ (1—w1)Qo
remains fixed at its baseline level. For each combination of ©;; and ;2, we feed a sequence
of 10,000 monetary policy shocks into the model and compute the implied (linear) slope in the
same way as before. The results from this exercise are shown in figure 11, both when including
and excluding strategic complementarities in price setting. In the leftmost part of the figure, the
shares of constrained firms are equal at C' = 40 percent across both industries, while moving to
the right corresponds to an increasing difference between 21, and ;5. Note that all slopes are

plotted relative to the slope implied by the equal distribution.
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Figure 10: Share of constrained firms and the Phillips curve
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This figure shows the implied (linear) slope of the Phillips curve when varying the mass of industries with a high
share of constrained firms, w1, in our model. The blue and red lines respectively refer to the slopes in the models
with and without strategic complementarities in price setting. The slope is computed as a linear (OLS) fit of output
and inflation responses to a sequence of 10,000 monetary policy shocks.

In the model with strategic complementarities (blue line), the distribution of constrained
firms across industries significantly affects the slope of the Phillips curve. In particular, raising
the spread of the share of constrained firms from 0 to 0.7 implies more than doubling the slope.
The reason is that when most of the constrained firms are concentrated in one industry, the in-
teraction between capacity constraints and strategic complementarities implies an accelerating
price response of constrained firms in this industry, which sharply increases the slope. In con-
trast, the model without strategic complementarities (red line) features a much less prominent
role for the distribution of constrained firms across industries. Specifically, when going from 0 to
0.7 in spread between the industries, the slope increases by less than 10 percent. In sum, these
results suggest that the pass-through of monetary policy to prices depends on how capacity con-
straints are distributed across industries, even when holding the average share of constrained

firms in the economy fixed.
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Figure 11: Distribution of constrained firms and the Phillips curve
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This figure shows the relative slope of the Phillips curve when varying the share of constrained firms in both industries
11 and Q12 such that the average share of constrained firms in the economy C = w1 Q11 + (1 — w1 )Q12 remains fixed
at its baseline level. The slopes are plotted relative to its value in the calibration with an equal share of constrained
firms across both industries. The blue and red lines respectively refer to the models with and without strategic
complementarities in price setting. The slope is computed as a linear (OLS) fit of output and inflation responses to a
sequence of 10,000 monetary policy shocks.

5.3 The recent inflation surge

During the recent high inflation period, both the average share and the within industry compo-
sition of constrained firms changed.

During the recent high inflation period, the average share of constrained in the Swedish
industrial sector increased. An even more salient feature of this period, however, was that the
share of industries with a high share of constrained firms (according to the cutoff used in the
empirical analysis) rose dramatically. This is shown in the left panel of figure 12. While the
share of constrained firms increased from 30 percent to 55 percent between 2020Q)2 and the
peak of inflation in Sweden (end of 2021/beginning of 2022), the share of highly constrained
industries increased from 15 percent to 45 percent, i.e. a threefold increase. In what follows,

we explore the effect of this shift on the slope of the Phillips curve.
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Figure 12: Capacity constraints and the Phillips curve during the inflation surge
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The left panel of this figure shows for the Swedish domestic industrial sector (SPIN sections B and C) during the high
inflation period 2020Q2 — 2023Q4: (i) the aggregate year-on-year PPI inflation rate (blue solid line), (ii) the (sales-
weighted) share of capacity constrained firms (red dashed line), and (iii) the (sales-weighted) share of industries
with a high share of constrained firms (cutoff 60% as in the empirical analysis, green dotted line). The right panel
of this figure shows the relative slope of the implied Phillips curve when varying the share of industries with a high
share of constrained firms, wy, in our model, according to the observed share during the high inflation period. The
slopes are plotted relative to the value in the first period 2020Q2. The blue and red dots respectively refer to the
models with and without strategic complementarities in price setting. The slope is computed as a linear (OLS) fit of
output and inflation responses to a sequence of 10,000 monetary policy shocks.

For each quarter between 2020Q)2 and 2023Q4, we set wi, the mass of the industry with
a high share of constrained firms in our model, according to the value observed in our micro
data (green dotted line of figure 12), and compute the implied slope as before. The results are
presented in the right panel of figure 12. With our baseline calibration that includes strategic
complementarities, the slope of the Phillips curve increases by 50 percent at its peak relative
to the value prior to the inflation surge. This happens because weight is shifted towards the
industry whose prices respond stronger to the monetary policy shock, which yields an elevated
aggregate inflation response. When strategic complementarities are removed, the difference in
price responses between constrained and unconstrained firms is smaller, which also means that
inflation responses across the two industries are more similar, implying a considerably smaller
increase (around 15 percent) in the slope of the Phillips curve. Thus, in line with the model pre-
sented in Comin, Johnson and Jones (2024), capacity constraints in combination with positive
demand shocks can generate an acceleration of inflation in our model. Relative to their analysis,

however, we show that jointly accounting for capacity constraints and strategic complementar-
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ities further elevates this acceleration, which could help explain the rapid shift from a low- to

high inflation environment observed during the recent episode.

6 Conclusion

Our analysis suggests that capacity constraints constitute an important driver of price setting
behavior and inflation dynamics. Using granular data on prices and capacity constraints for a
representative sample of firms within the Swedish industrial sector, we find that not only firms’
own constraints, but also the constraints of their closest competitors, determine their price re-
sponses to an exogenous monetary policy shock. A multi-industry New Keynesian model with
heterogeneous firms, capacity constraints, and strategic complementarities in price setting via
a Kimball (1995) aggregator can reconcile these empirical findings. Importantly, when instead
considering the standard CES aggregator, the role of competitors’ capacity constraints is con-
siderably reduced. This points towards strategic complementarities as an important aspect of
firms’ pricing decisions, in line with recent empirical evidence (Albagli et al., 2025). We show
that the model implied slope of the aggregate Phillips curve varies both with the average share
of constrained firms in the economy, and with the distribution of constrained firms across indus-
tries holding the average share fixed. Calibrating the model to match the observed average level
and distribution of constraints observed in Sweden during the recent high inflation episode, we
find that the Phillips curve steepened by roughly 50 percent over this period. Thus, our results
suggest that the distribution of capacity constrained firms across industries is a relevant metric
for monetary policymakers to pay attention to.

Consequently, it could be relevant for policymakers to pay attention to such measures in

conjunction with e.g. the average level of capacity utilization in the economy:.
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Appendix A. Additional Tables and Figures

This appendix provides the additional tables and figures referred to in the main text of the paper.
Figure Al reports estimates of the average response of product prices to monetary policy shocks

from weighted regressions and time-series regressions.

Figure Al: Comparing the micro-level and macro-level producer price responses
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This figure shows the effect of a 25 basis points expansionary monetary policy shock on product prices. Panel (a)
plots the estimates we obtain when weighing the observations in (2) with the official PPI weights. Panel (b) plots
estimates from the time-series equivalent of (2)—that is, Inp;p, — Inpi—1 = a + g MP, + wh - X, + e, where
p¢ is the aggregate producer-price index for domestically produced goods in SPIN sectors B and C. The shaded areas
are 90 percent confidence intervals, computed on the basis of standard errors double-clustered by firm and time.



Appendix B. Model Appendix

B1 Full model description

This section lays out all details concerning the model presented in section 4. The model features
multiple industries, heterogeneous firms, capacity constraints, strategic complementarities in
price setting via a Kimball (1995) aggregator, and nominal rigidities in the form of both sticky
prices and wages, and comprises a household sector, a labor union, final and intermediate goods

sectors, and a monetary authority.

B1.1 Labor unions

The wage setting procedure follows Erceg, Henderson and Levin (2000). There is a unit contin-
uum of identical and monopolistically competitive households j who each supply a differentiated
labor service h;; at the nominal wage rate Wj;. A competitive labor union combines the labor

services into the composite labor service h; according to the CES aggregator

1 op-—1 %
hy = ( / hif dj>
0

where 6, denotes the elasticity of substitution across labor services. Note that this setup implic-

itly assumes that labor is perfectly mobile across industries. The labor union rents the composite
labor service to firms at the aggregate nominal wage rate W;. Thus, it solves the following profit

maximization problem

1 0p-1 % 1
max W; </ hjtgw dj> — / thhjtdj
hijt 0 0

The first order condition gives the demand function for the labor service of household j

hir = (“’Jt) he (B1)

Wt

where wj; :== Wj;/p; and w; := W, /p, denote real wage rates, and p; the aggregate price index
to be defined later. Using the zero profit condition of the labor union, i.e. w;h; = fol wjthjidy,

we obtain the aggregate wage index

1 . S
wy = </ w;; wdj) (B2)
0
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B1.2 Households

The household problem is split up into three separate parts. First, households set their nominal
wages W, in staggered Calvo (1983) contracts, in line with Erceg, Henderson and Levin (2000).
Specifically, in every period, a constant fraction 1 — v of randomly selected households is allowed
to renegotiate their wages. Consequently, in a given period ¢ in which a household is allowed to

do so, the Lagrangian of the associated maximization problem is given by

‘ b 1+x
i <(ul:fs pil) ht+5>
L=E) (vP) |- o

s=0

—0
Wi
it Pt
+ Ay sPrwi ( ) hiys
Wt+-s Pt+s

which combines the household preferences over labor supply (the complete utility function is
specified below) with the labor demand equation (B1), while A" denotes the Lagrange multi-

plier. Solving for the optimal reset wage, denoted by w;}, from the first order condition gives

ew Hl,t

#\1+0,x
W - v 7Lt
(1) 0w — 1 Hay

t (B3)

with the auxiliary variables H; ; and H»; being pinned down by the recursions

O
Hyy = dw, (H—X)h%-i-x + UﬁEt(Wt+1)0w(1+X)HI,t+1

—o,. 0 Ow—1
Hyp = c; 7w hy + 0BE(mp41)"" " " Ha 41

where ¢; “ denotes the marginal utility of consumption (derived below) and m; := p;/p;—1 the
aggregate inflation rate. Since the households who are allowed to renegotiate their wages are

randomly chosen, we can moreover rewrite the expression for the aggregate wage index (B2) as
I—Gw — —VYw w 1_911)
wi ™" = (1= 0) (W) - o(m) ey (B4)

Second, there is a unit continuum of industries s with associated industry composite goods

cst, which households have preferences over according to

1 n—1 #
ct = /cst" ds
0

In other words, households need to decide how to allocate their total consumption expenditure

across the different industry composite goods. Expenditure minimization yields the solution, i.e.
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the industry demand curves

cst = (Pst) ' Ct (B5)

where pg := pst/p: denotes the relative price of industry s’s composite good. Hence, we obtain

the following expression for the aggregate price index

1 =
1= (/ (ﬁst)l_nd3> (B6)
0

Third, households solve a standard consumption-savings problem. Specifically, they choose
total consumption ¢; and holdings of one-period nominal bonds (whose real value is denoted by

a;) to maximize expected discounted lifetime utility®!

00 oo hltJrX
U(eg, hjy) =E ty -t —
N
subject to the budget constraint ¢; + a;+1m4+1 = wjchj + (1 + Ry—1)ay + II; (expressed in real
terms), where R; denotes the nominal interest rate and II; real firm profits which are distributed
back lump-sum to households. Optimal household consumption and savings decisions are char-

acterized by the first order conditions

1+ R
1= Et [ . 1tmt7t+1:|
oo (B7)
M1 = -k

Ct
together with a standard transversality condition. The first of the above equations is the Euler
equation, while the second represents the stochastic discount factor.
B1.3 Final goods firms

In each industry, a competitive aggregating firm uses a unit continuum of varieties / as inputs to

produce the industry composite good y.; according to the Kimball (1995) aggregator

1
/ T (i) dl = 1 (B8)
0

Blwe deliberately drop the j subscript from consumption and bond holdings. Markets are assumed to be complete,
and preferences are separable in consumption and labor supply, and consequently all households will make the same
consumption and savings choices.
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where ;5: 1= y15t/yst denotes the demand of variety [ relative to the total industry output. The
profit maximization problem of the final goods firm is given by maxy,, 1 — fol Distisedl, subject
to the aggregator (B8), where p;s; := pis¢/pst denotes the relative price of variety [ with respect
to the industry price index. The necessary first order condition is p;s = vst X' (91s¢), Where vg
denotes the Lagrange multiplier on the constraint. We specifically use the commonly adopted

aggregator from Dotsey and King (2005) which is given by

6

1
m (L= &)t + 8)1 - —1| +1

T (glst) =

where 6§ > 0 denotes the average demand elasticity, and ¢ > 0 governs the superelasticity of
demand, i.e. how the demand elasticity varies with relative demand ;. With this functional

form, the demand curves become

~ —0(1—¢) 1
ist = [(p l“) — e] (B9)
Vst 1—c¢

Substituting into the aggregator and solving for p, v then gives

1
1 1=0(i=9)
1-6(1—
PstVst = |:/ Prst ( E)dl:|
0

Using the zero profit condition of the final goods producer, given by psys: = fol Distyisedl, as well

as the demand curves, we can solve for the sectoral price index

1
pst:/ plstglstdl
0

1
1 b og—e) | OO € !
- 1—¢ |:/0 Pt dl - 1—¢ /() plstdl

B1.4 Intermediate goods firms

(B10)

Intermediate goods firms in each industry use labor h;; to produce according to the technology

Yist = Nist (B11)

Production is subject to the capacity constraint

Yist S qist (B 1 2)



where ¢;; denotes the firm’s total production capacity. Capacity is potentially varying across
firms, but is fixed across industries and over time for simplicity. In other words, it is pinned down
by the exogenous parameter ¢;; = §. All nominal price changes are subject to the Rotemberg

(1982) adjustment cost

2 ~ 2

9 b ~ Y b -

Cist = e <St - 1> DstYst = 2 <~ el Tst — 1) DstYst
2 DPist—1 2 Dist—1

where w4 := pst/pst—1 denotes the inflation rate of industry s. The Lagrangian of the interme-

diate goods firm’s profit maximization problem can now be written as

o0
L =Eg Z mo,t{ﬁlstﬁstylst — wihyse — Crat

t=0
<<ﬁzst> 0 ) 1 ]
Yst — € — Yist
Vst 1—c¢

+ >\lst [QZst - ylst]

+ Rist [hlst - ylst] }

+ Wist

where mg; denotes the stochastic discount factor. The first order conditions (p;st, yist,Must) yield

MCcCst = Kist = Wt

_ . (megst + Nist) Vp [ Yst+1 Pst+1 Tlst

Dist = Mist(Y = + o E¢ [myg1 (Mise41 — 1) Tse41 — — (mst — 1) =
o St( ) Dst Clst(y) -1 - ( o ) . Yist  Pst ( *t ) Yist
(B13)

with 75 1= Prste/Dist—17se denoting the inflation rate of variety [ in industry s, and 4 (9) pinned
down by the demand elasticity ;4 () according to pys () := Cst(7)/(Cst(§) — 1). The first equa-
tion specifies the firm’s real marginal cost as given by k;, while the second equation stipulates

the optimal price setting behavior. The demand elasticity is defined by

- dln glst

Clst (y) = alnﬁlst

_ 8glst ﬁlst
6ﬁlst yl~st
—0(1—e)—1 6(1—¢) ﬁlst
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B1.5 Monetary authority
The central bank sets the nominal interest rate according to the Taylor rule

Ri= (14 Ry)*" ((1 +E)(7rt)¢w)1_¢R exp (M) — 1 (B14)

where the exogenous shock component M, evolves according to an AR(1) process with mean
zero, persistence pg, and volatility or. Furthermore, R = 1/ — 1 denotes the steady state level

of the nominal interest rate.

B1.6 Aggregation and equilibrium

The market clearing conditions for the labor market, asset market, and the goods market in each

industry s, are respectively given by

1
=Y [
s 0

at+1 =10

1 1
DstCst = / ﬁlstﬁstylstdl - / Cisedl Vs
0 0

We now restrict our attention to a setup with a finite number of industries .S, and a finite number
N of distinct firm types within each industry, denoted by k, which potentially differ in their level
of ;. Since this is the only source of heterogeneity, all firm choices will be symmetric within each
(k, s) combination. Consequently, we can use equation (B10) to obtain the following expressions

for the sectoral inflation rates

1 1 1-0(1—¢) R €
et = o dl — / 1sedl
o Dst—1 1-¢ zk: /legks Pist 1—e zk: 1€Gks Pt ]

1

1
—€

1—¢

o
[Z ka(ﬁkst—1ﬂkst)l_e(l_€)] -
p

Z kaﬁkst—lﬂ-kst

k i

where G, denotes the set of firms of type k in industry s and Qs := [, cg,, dl its mass, with

Yo Qs = 1, and mpg = Prst/Prst—17st and g = Pg/Dst—17; respectively denote firm- and

industry-specific inflation rates. Equivalently, we can rewrite the expression for the aggregate
o

inflation rate from equation (B6) as m; = (Zle ws(ﬁst,mst)l_") """ where w, denotes the

mass of industry s, with Zle ws = 1. Moreover, from equation (B8) we obtain the the sectoral
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Kimball (1995) aggregator

1= 20 <6(1_i)_1 (1= i +2) 70 — 1] 4 1)

We introduce an auxiliary definition for gross aggregate output, y;, given by y; = > wsPst¥st-

Finally, the market clearing conditions reduce to

ht = Z Z kahkst
sk

ﬁstcst = Z kaﬁkstﬁstykst - Z kackst Vs
k k

The full equilibrium is characterized by the endogenous variables yis;, Yst, Yt> Pst> Pst> Thsts Tsts
Tty Vst, Riosts s Wi, W MChsts Aksts Csts Ct> Qe41, Me i1, and Ry, and equations (B3), (B4), (B5),
(B7), (B9), (B11), (B12), (B13), (B14), the four market clearing conditions, the equations for
aggregate inflation, sectoral inflation, and the Kimball (1995) aggregator as specified above,
and the definitions for 74, 7s, and y;. In sum, this constitutes a system of 9 + > (N6 + 5)
equations and 9+ " (N6 + 5) endogenous variables. In the special case of n = 1, note that the

consumption aggregator reduces to the Cobb-Douglas expression
G = H it
S
Consequently, the aggregate inflation rate can be written as

Ty = H(ﬁstflﬂ'st)ws

S

B1.7 Solution method

We solve the model by applying the piecewise linear solution method proposed by Guerrieri and
Tacoviello (2015). Specifically, this method takes a piecewise linear approximation of the model
with respect to occasionally binding constraints, which in our model are the capacity constraints,
and a linear approximation with respect to any other nonlinearities. In practice, we implement
the method via Dynare’s OccBin routine. This routine only allows for two occasionally binding
constraints and, hence, we assume that constrained firms always remain constrained. Since
we only consider an expansionary monetary policy shock in the baseline analysis, which makes

the capacity constraint more binding for all firms, this will not affect the results. We have also
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verified that the simulation exercises executed to compute the implied slope of the Phillips curve
are not affected by this choice. The model is solved with Dynare version 5.5 and Matlab version

R2024A.

B2 Robustness

This section presents robustness checks for the model. Figure B1 displays the difference in price
responses between constrained and unconstrained firms in industries with a high and low share
of constrained firms, respectively, (i.e., the equivalent of the lower right panel of figure 8), when
assuming that the industry composite goods are substitutes (n = 1.5) or Cobb-Douglas (n = 1),
instead of complements ( = 0.5) as in the baseline calibration. The left column shows impulse
responses when allowing for strategic complementarities in price setting (¢ > 0), while the right
column shuts down this feature of the model (¢ = 0). Next, figure B2 presents the same results
when extending the Taylor rule (B14) to include also the output gap. Specifically, the nominal

interest rate is now set according to

Py 1=¢r
R, =01+ Rtfl)q&R ((1 +R) (Yt> (7rt)¢”> exp (My) — 1

where Y; = ¢; and Y denote aggregate output and its steady state level, respectively, and ¢y =
0.125 is the Taylor rule coefficient on the output gap. As can be seen in figures B1 and B2 below,
when adjusting either the substitutability between the industry composite goods or the Taylor

rule the results remain very close to those of our baseline model.
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Figure B1: Robustness: industry elasticity n
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