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Abstract

The COVID pandemic triggered high inflation alongside large relative price movements. I document that
this comovement is not unique to the COVID episode, and follows a systematic pattern: the relative price of
industries with flexible prices and inelastic factor supply rises with the aggregate output gap, and, controlling for
the output gap, aggregate inflation rises with the relative price of those same industries. I show that both facts
arise naturally in a multi-sector New Keynesian model where industries have heterogeneous price adjustment
frequencies and factor supply elasticities. Through the model, I compute the share of consumer price inflation due
to aggregate demand misalignment versus relative price adjustments, and construct price indices which forecast
inflation at different horizons. Applying this framework to US data, relative price adjustments account for 49%

of inflation fluctuations between 2000 and 2019, but only for 31% over the COVID period (2020-2023).

1 Introduction

The aftermath of the COVID-19 pandemic saw the highest inflation rates in forty years. Supply chains and labor
markets faced unprecedented disruptions, with markedly different consequences across industries. Disruptions in
industry-specific demand and supply caused large relative price adjustments, and there was widespread belief that
these relative price movements might be a driver of aggregate inflation. For example, as demand for manufacturing
increased relative to services, the adjustment process might have led to temporarily higher inflation. Governments
concurrently implemented unprecedented stimulus packages, while central banks maintained low interest rates,

further increasing the inflationary pressure. How much of the surge in aggregate inflation can be attributed to

*University of Chicago, Booth School of Business (email: elisarubbo@uchicago.edu). This paper benefited from conversations
with David Bagaee, Gadi Barlevy, Larry Christiano, Marco Del Negro, Mishel Ghassibe, Veronica Guerrieri, Erik Hurst, Sebnem
Kalemli-Ozcan, Anil Kashyap, Guido Lorenzoni, Dmitry Mukhin, Ekaterina Peneva, Giorgio Primiceri, Harald Uhlig, Ivan Werning, and
seminar participants at the University of Chicago, the New York Fed, the European Central Bank, the Barcelona GSE, and the NBER
Impulse and Propagation meetings. Gabriele Romano and Maria Cristina Niero provided outstanding research assistance.
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aggregate expansionary policies versus industry-specific disruptions? Distinguishing these two components is essential

to understanding what policy should do, and to forecasting what inflation will do.!

Section 2 begins by noting that comovement between relative prices and aggregate inflation is not new to the COVID
episode (Ball and Mankiw, 1995; Reis and Watson, 2010), and it follows a specific pattern. Classifying industries by
their price adjustment frequency and their reliance on inelastically supplied inputs (such as structures and heavy
equipment), I find a two-way correlation. On the one hand, the relative price of industries with flexible prices and
inelastic supply is positively correlated with measures of aggregate demand. On the other hand, controlling for
aggregate demand, aggregate inflation is positively correlated with the relative price of these same industries. The

pattern holds during both expansions and contractions.

These correlations highlight that relative prices and aggregate inflation are intertwined. Shocks that trigger relative
price adjustments may affect aggregate inflation, even if there is no excess demand. Likewise, relative prices may be
endogenous to aggregate demand.? This makes it challenging to identify the effect of sectoral shocks on aggregate
inflation, and using historical correlations could be misleading. Isolating the contribution of industry-specific shocks

requires measuring them directly, or relying on structural assumptions.

I take a structural approach, noting that the empirical patterns documented in section 2 arise naturally in the context
of disaggregated New Keynesian models. In section 3 I introduce a multi-sector economy with input-output linkages,
industry-specific price rigidities, and multiple imperfectly substitutable primary factors with heterogeneous supply
elasticities. As in Rubbo (2023), the model predicts that industries with more flexible prices are more sensitive to
aggregate demand, and at the same time have a larger incidence on aggregate inflation. I show that the same is true

of industries which rely on inelastically supplied factors.?

The key intuition is that industries not only face idiosyncratic shocks, but also respond to shocks with different
elasticities, depending on their ability to adjust prices or scale up supply. Industries with more flexible prices or less
scalable supply raise prices by more in response to both aggregate demand and their own cost shocks. As a result,
whenever industries face different nominal rigidities or supply elasticities, the aggregate output gap affects relative

prices, and conversely relative price adjustments affect aggregate inflation.

Building on this premise, in section 4 I propose a method to tease apart the components of inflation driven by
aggregate demand misalignment versus relative price adjustments. These two drivers have natural model counterparts,

given by the aggregate output gap and changes in the natural relative prices. I show how to infer them from

1This paper is intended as a positive study of inflation drivers. My framework does not capture prominent policy considerations, such
as the costs of firm-worker separations and labor market scarring. Therefore I refrain from normative statements. Rubbo (2023) provides
normative results in a similar environment.

2Lorenzoni and Werning (2023) and Guerrieri et al. (2023) make a similar argument.

3Earlier multi-sector models capture only the first mechanism, letting price-adjustment frequencies differ across industries within an
input-output network (Pasten et al., 2020; La’0 and Tahbaz-Salehi, 2022; Rubbo, 2023). The second mechanism — heterogeneity in
the ability to scale up supply — has been left aside so far. I argue it is equally important, from both a conceptual and a quantitative
standpoint. Modeling it requires multiple, imperfectly substitutable primary factors, so that industries face different supply elasticities
even under constant returns to scale. Earlier models, by contrast, assume a single unsegmented labor market, so that all industries face
the same supply elasticity. Among other limitations, this precludes the modeling of supply bottlenecks.



observed sectoral inflation rates, by inverting the model. Changes in the output gap and natural relative prices arise
from the interaction of several underlying shocks, which my method cannot identify separately. The output gap
is the difference between realized output and the natural level of output that would prevail in an economy with
flexible prices. Output gaps are jointly determined by aggregate shocks (productivity, markups, discount rates) and
monetary-fiscal policies. Natural relative prices are driven by idiosyncratic productivity and markup shocks, and

relative preference shifts across goods.*

I express inflation at each point in time as a discounted sum of current, past, and expected future output gaps and
natural relative price changes. Discounting of past and future shocks is governed by a multidimensional discount
factor, which captures persistent and anticipatory effects. Operationally, the dynamic path of output gaps and
natural relative prices can be identified simply by tracking appropriately-weighted inflation indices. Likewise, I
show that model-consistent inflation expectations at every horizon can also be computed by tracking appropriately

weighted combinations of industry-level inflation rates.

My method is akin to a factor decomposition, in that it defines a set of inflation drivers and computes the loadings
of industry-level inflation rates on those drivers. The difference from conventional decompositions consists in
deriving the loadings from a structural model, rather than imposing model-free identification restrictions. For
example, principal component analysis (PCA) restricts an industry’s loading on one factor to be uncorrelated with
its loadings on other factors. Through the lens of my model, reading estimated principal components as aggregate
and industry-specific drivers requires precisely this orthogonality — which, as the model establishes, only holds if all

industries have identical network-adjusted nominal rigidities and factor supply elasticities.

My identification results also speak to a recent literature, which models the connection between industry-specific
shocks and aggregate inflation as arising from non-linearities in production or pricing (Baqaee and Farhi, 2022;
Comin et al., 2023; Bai et al., 2024). Non-linearities are one way of generating heterogeneous supply and/or pricing
elasticities, and it is this heterogeneity that links relative prices with aggregate inflation. In non-linear models
heterogeneity emerges ex-post, as shocks move industries toward flatter or steeper portions of their supply curves,
whereas in linear settings it must be present ex-ante. Ex-ante and ex-post heterogeneity are not observationally
equivalent. With ex-ante heterogeneity the aggregate output gap has a first-order effect on relative prices, while with
ex-post heterogeneity it does not, and it only affects relative prices in combination with industry-specific shocks.
Therefore, given the same observed inflation rates, a model in which heterogeneity arises only ex-post attributes a

larger share of aggregate inflation to industry-specific shocks.

Section 5 applies my decomposition to inflation in the US over 2000-2024. I measure the average share of aggregate

inflation changes explained by each of the two drivers. I find that relative price adjustments are an important driver

4In any multi-industry model, the natural relative prices respond mechanically to industry-level productivity and markups. Capturing
the effect of relative preference shifts — a prevalent feature of the COVID pandemic — further requires multiple imperfectly substitutable
primary factors. When demand shifts toward one industry, factor market segmentation prevents it from drawing resources away from
other industries, so it must raise its relative price. With a single primary factor all industries draw on the same pool of resources,
therefore changes in demand composition have no effect on relative prices.



between 2000 and 2019, explaining 49% of inflation fluctuations. Aggregate demand misalignment instead was the
primary driver during the COVID episode, explaining 32% of the disinflation between 2020Q1-2020Q4 and 69% of
the surge over 2021Q2-2023Q1. Inflation returned above the 2% target in 2021Q1, when relative price adjustments

raised inflation 0.7 percentage points above target, while the output gap was still subtracting 0.3 percentage points.

I next turn to quantifying the interconnections between relative prices and aggregate inflation. I first compute a
time series of sectoral relative price shocks, and find that the natural prices of oil, manufacturing, and construction
increased significantly during the COVID pandemic, while the natural price of leisure and hospitality services
increased moderately. Feeding estimated relative price shocks into the model reveals that the oil industry had the
largest impact on aggregate inflation. I then estimate the component of relative price changes driven by the aggregate
output gap, for a selected subset of industries (oil, utilities, food, vehicle dealers). This component is non-negligible

for food and utilities, confirming that one cannot attribute relative price changes entirely to industry-specific shocks.

Counterfactual exercises show that both dimensions of industry heterogeneity — differences in how quickly cost
shocks feed through into prices and differences in the ability to scale up supply — matter for the joint behavior of
relative prices and aggregate inflation. Finally, I compute model-based inflation expectations and forecast revisions
over time. I find that inflationary surprises continued to hit the economy until early 2023, driven by relative price

shocks through early 2021 and by aggregate demand thereafter.

1.1 Related Literature

A long-standing empirical literature (Ball and Mankiw, 1995; Reis and Watson, 2010) established that episodes of
high aggregate inflation are typically associated with large relative price changes.” The COVID pandemic sparked
renewed interest in the relationship between industry-specific shocks, relative price changes, and aggregate inflation.
A large body of work sought to decompose aggregate inflation into its underlying drivers, through the lens of
three main frameworks: VAR-based empirical analysis, linearized New Keynesian models, and non-linear models of
supply-side disruptions.® This paper sheds light on the economic mechanisms embedded in linearized, multi-sector
New Keynesian models. It establishes that heterogeneous price adjustment frequencies or factor supply elasticities
are necessary to rationalize the comovement between relative prices and aggregate inflation, and it shows how to
identify their common drivers. While much of the literature focuses on the COVID episode, my analysis extends to

the past twenty-five years, revealing that the importance of different inflation drivers varied substantially over time.

Several authors identified demand-, supply- and expectation-driven inflation components based on VAR or regression

analysis (Beaudry et al., 2024; Giannone and Primiceri, 2024).” Empirical models (Ball et al., 2022; Dao et al., 2024;

5Ball and Mankiw (1995) first documented that movements in aggregate inflation are associated with large price changes in a small
number of industries, which they attributed to non-linearities in price adjustment due to menu costs. Reis and Watson (2010) found that
a significant share of the variance of aggregate inflation is explained by principal components associated with relative price shocks.

SPflueger (2023) takes a different approach, arguing that bond-stock betas are informative of beliefs about shock processes and the
monetary policy rule.

"Beaudry et al. (2024) argue that inflation movements are almost entirely explained by inflation expectations. Giannone and Primiceri



Shapiro, 2020, 2022; Blanchard and Bernanke, 2023) typically treat relative price changes — such as increases in
headline inflation relative to core, or food, car, and energy prices relative to the CPI — as exogenous.® I emphasize
that relative price movements not only depend on the industries’ own shocks, but also on aggregate demand and
spillovers through input-output linkages. This leads me to attribute a smaller share of aggregate inflation to

industry-specific shocks than reduced-form studies, as relative prices are partly driven by aggregate demand.

A second branch of the literature studies the connection between relative prices and aggregate inflation through the
lens of linear, multi-sector New Keynesian frameworks.” My paper bridges small-scale analytical models (Lorenzoni
and Werning, 2023; Guerrieri et al., 2023; Gagliardone and Gertler, 2023) and large-scale quantitative models
(Ruge-Murcia and Wolman, 2022), by providing analytical results that apply to multi-sector models of any size.!? T
derive novel analytical results, including a sequence space representation of inflation in terms of past, current, and

expected shocks to output gaps and natural relative prices,'! and a set of price indices which allow us to identify

inflation drivers and track model-consistent inflation expectations.

A third line of research considers various forms of non-linearity, such as downward rigid wages and a binding ZLB
constraint (Guerrieri et al., 2022; Baqaee and Farhi, 2022; di Giovanni et al., 2022)'? or non-linear Phillips curves
(Ferrante et al., 2023; Comin et al., 2023; Harding et al., 2023; Benigno and Eggertsson, 2023; Bai et al., 2024;
Dao et al., 2023).13 T argue that the interconnection between relative prices and aggregate inflation arises from

heterogeneity, of which non-linearities are one source. Non-linearities create heterogeneity only ex-post — after shocks

(2024) estimate a VAR on aggregate GDP and aggregate CPI for the US and the Euro area, and identify demand and supply shocks
imposing restrictions on the comovement of prices and quantities. In line with my results, they find that demand shocks were the
dominant inflation driver throughout the pandemic.

8Blanchard and Bernanke (2023) propose a SVAR with exogenous shocks to the price of energy, food, and cars, finding that these
shocks explain a large share of aggregate inflation in the aftermath of the COVID pandemic. Relatedly, Ball et al. (2022) document that
changes in headline inflation had a significant pass-through into core inflation. Shapiro (2020, 2022) instead estimates industry-level
demand and supply shocks based on the comovement between prices and quantities, and finds that industry-level shocks were a significant
driver of aggregate inflation.

9Lorenzoni and Werning (2023) and Guerrieri et al. (2023) study the implications of decreasing returns to scale or heterogeneous
nominal rigidity across industries for the dynamics of real wages and other relative prices, highlighting that these are endogenous
to aggregate demand. Gagliardone and Gertler (2023) estimate the degree of complementarity between labor and oil in production,
finding that the two are strong complements, and concluding that oil shocks generated a large inflation-output tradeoff in the aftermath
of the COVID pandemic. Ruge-Murcia and Wolman (2022) instead estimate a medium-scale DSGE model, and perform a variance
decomposition of industry-level inflation. They find that industry-specific shocks explain a sizable fraction of aggregate inflation, both
before and during the COVID pandemic. Olivi et al. (2023) show that, with non-homothetic preferences, an increase in the price of
necessities worsens the inflation-output tradeoff.

L0My framework is similar to Rubbo (2023), extended to allow for multiple primary factors of production.

M Afrouzi and Bhattarai (2023); Afrouzi et al. (2024) provide a different analytical characterization of the impulse responses of sectoral
inflation to monetary and productivity shocks.

121n the early stages of the pandemic, Guerrieri et al. (2022) studied the interaction between supply and demand shortfalls in the
presence of a binding ZLB constraint, downward rigid wages, and hand-to-mouth households. Baqgaee and Farhi (2022) also considered
an economy subject to downward rigid wages and a ZLB constraint, showing how demand and supply shortages contributed to a large
decline in output and a relatively smaller decline in inflation. di Giovanni et al. (2022) applied the methodology in Baqgaee and Farhi
(2022) to provide a cross-country inflation decomposition, also covering the aftermath of the pandemic.

L3Ferrante et al. (2023) document a large increase in the relative price of — and expenditure share on — manufacturing during the
pandemic. They rationalize it through a multi-industry DSGE model with convex costs of increasing employment at the industry level.
Comin et al. (2023) rationalize these same facts through a two-sector model with occasionally binding supply constraints. Bai et al.
(2024) construct a direct measure of port congestion, and study the implications for output and inflation through a model with transport
costs and search frictions between producers and retailers. Common to all these papers are convex supply curves, which imply that
monetary policy faces a lower cost of reducing inflation when the economy is overheated. Harding et al. (2023) instead introduce a
non-linear Phillips curve through variable demand elasticities. They find the opposite implication that reducing inflation is more costly
when the economy is overheated and demand elasticities are lower.

Benigno and Eggertsson (2023) argue that historical evidence points at strong non-linearities in the Phillips curve. They model
non-linearities as resulting from search and matching friction and downward wage rigidity. Through the lens of this framework, they
attribute the rise in inflation during the COVID pandemic to a labor shortage.



hit — and ignoring ex-ante heterogeneity creates an upward bias in the share of aggregate inflation attributed to

industry-specific shocks.

2 Relative Prices and Aggregate Inflation: Stylized Facts

It is a known fact (Ball and Mankiw, 1995; Reis and Watson, 2010) that high aggregate inflation tends to be
associated with large relative price movements — a phenomenon that was particularly prominent during the COVID
pandemic. This section documents that the comovement between relative prices and aggregate inflation follows

specific patterns, and suggests that these patterns point at the presence of common drivers.

I consider 66 private industries, as in the BEA input-output tables, and document that some industries are more
cyclical than others. Their relative price is positively correlated with the aggregate output gap, and — conditional on
the output gap — aggregate inflation is positively correlated with their relative price. Two characteristics of cyclical
industries stand out: they adjust prices more frequently (as measured by Pasten et al., 2020), and a large share of

their value added is accounted for by short-run fixed assets, such as structures and heavy equipment.

Figure 1 begins by showing that price adjustment probabilities and value added composition vary greatly across
industries. Price adjustment probabilities range from 0.03 to nearly 1, and value-added shares of structures and
heavy equipment vary from 0 to 0.79. The two are positively correlated but not collinear. Oil and farms are flexible
and have high non-scalable shares, housing and equipment rental have high non-scalable shares but sticky prices,

wholesale trade has flexible prices but low non-scalable shares.
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Figure 1 Price adjustment probabilities (horizontal axis) are from Pasten et al. (2020). Non-scalable share of value
added (vertical axis) is defined as the share of value added paid to structures and heavy equipment. Non-labor
shares of value added are from the BEA Use tables. Capital costs by industry and asset type are the product of
BEA detailed capital stocks and asset-level rental rates from Vom Lehn and Winberry (2022). Each dot is one of 66
private BEA industries; marker size increases with the industry’s sales share (quartile bins).



Prices in flexible and non-scalable industries are more sensitive to aggregate demand. Figure 2 shows
that, when the output gap rises, inflation rises by more in industries with flexible prices and large non-scalable
shares of value added. Both characteristics predict this sensitivity: one standard deviation of price flexibility raises
an industry’s inflation response to a 1% output gap change by 0.13%, conditional on value added shares. Likewise,
one standard deviation of the non-scalable share raises the inflation response by 0.16% conditional on price flexibility.
Together, the two characteristics account for 34% of cross-industry variation in inflation cyclicality. Price flexibility,
as measured here, largely identifies commodity producers. Excluding crude oil extraction, petroleum refining and
farms reduces the price-flexibility loading to 0.04 (0.04). The non-scalable loading instead is largely unaffected by
removing these industries, remaining at 0.12 (standard error 0.04). Appendix D reports the full set of exclusions

and their effect on each fact. Figure 3 further illustrates this comovement pattern, over the years 2000-2024. The
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Figure 2 Industry inflation sensitivity to aggregate demand. Slopes are estimated industry by industry by regressing
year-on-year industry inflation (measured from the BLS PPI and CPI datasets) on the CBO output gap, smoothed
with a trailing 4-quarter moving average, over 2000Q1-2024Q1. The output gap is real GDP less CBO potential
GDP, as a percent of potential. Each panel is an added-variable plot: slopes and the characteristic on the horizontal
axis are residualized on the other characteristic, and both characteristics are expressed as z-scores over the 66
private industries. All regressions are weighted by industry value added. The pandemic quarters 2020Q1-2022Q4
are excluded from the estimation sample.

relative price of industries with flexible prices and large non-scalable shares rises and falls with the output gap.

Supply constraints dominate demand cyclicality in non-scalable industries. A potential concern is that
industries with large non-scalable shares produce durable goods. Therefore higher price cyclicality in these industries
might be due to higher demand cyclicality, rather than to steeper supply curves. Figure 4 shows that these industries
increase prices by more and quantities by less as the output gap rises. Price flexibility instead strongly predicts
price changes, but only weakly predicts quantity changes. This finding establishes that higher price cyclicality in

non-scalable industries is not merely a consequence of more cyclical demand.
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Figure 3 Relative price cyclicality, 2000-2024. Spreads are year-on-year inflation differences between value-added-
weighted industry baskets. Industries are split at the median to construct the flex-price and sticky price baskets,
and at the top tercile to construct the high- and low-non-scalable-share baskets. Correlation with the output gap
(quarterly CBO series, not smoothed) is 0.49 and 0.55 respectively.
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Figure 4 Response of industry-level prices and quantities to the aggregate output gap interacted with price flexibility
and with the non-scalable share, estimated jointly. Panel of 23 mining, utility and manufacturing industries covered
by the Federal Reserve G.17 industrial production release, 2000Q1-2024Q1, with industry and time fixed effects,
weighted by industry value added. Prices are year-on-year industry inflation; quantities are year-on-year growth
in industrial production. Price flexibility and non-scalable share enter as z-scores. The output gap is the trailing
4-quarter moving average; its level is absorbed by the time fixed effects. Whiskers are 95% confidence intervals;
standard errors clustered by industry. The pandemic quarters 2020Q1-2022Q4 are excluded from the estimation
sample.

Aggregate inflation is more sensitive to flexible and non-scalable industries. Figure 5 shows that, holding
aggregate conditions fixed, aggregate inflation is systematically higher when the relative price of industries with
high price adjustment frequency and high non-scalable share is rising. The figure scatters aggregate year-on-year
inflation against the relative price of these industries, both residualized on a set of aggregate controls: the 4-quarter
moving average of CBO output gaps, the unemployment rate, capacity utilization, log vacancies per unemployed,

and one-year-ahead expected inflation from the Michigan survey and from the Cleveland Fed, each entered with 4



quarterly lags. I define the basket of flexible, high non-scalable industries to include the top value-added-weighted

tercile sorted on the two characteristics, weighted by the estimated loadings from figure 2 (0.13 x price flexibility +

0.16 x non-scalable share).*
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Figure 5 Aggregate inflation against the relative price of flexible, non-scalable industries, both residualized on
the full set of aggregate controls; one dot per quarter, 2001Q4-2024Q1 (N = 78). The controls are the trailing
4-quarter moving average of the CBO output gap, the unemployment rate, capacity utilization and log vacancies per
unemployed, each with 4 quarterly lags. Aggregate inflation is year-on-year inflation across 66 private industries,
aggregated with value-added weights. The basket of flexible, non-scalable industries is defined in the text. The
fitted slope is the regression coefficient on the relative price, and equals 0.30 (Newey—West standard error 0.03, 8
lags). The sample starts in 2001Q4 because the JOLTS vacancy series begins in 2000M12. The pandemic quarters
2020Q1-2022Q4 are excluded from the estimation sample.

COVID deflation and inflation were driven by the same industries. Figure 6 shows that industries with
flexible prices and large non-scalable shares faced the largest deflation in 2020, and the largest inflation in 2021-22.
The symmetry of this pattern points at persistent heterogeneity in supply slopes across industries, as opposed to

asymmetrically binding constraints or non-linear supply curves.

Taking stock. Figures 1-6 report suggestive correlations, which point at a two-way causality: relative prices may
respond to aggregate demand, and industry-specific shocks may affect the aggregate inflation-output tradeoff. The
rest of the paper builds a structural framework where industries differ in their price flexibility and non-scalable
shares, and uses it to identify the components of relative prices and aggregate inflation driven by industry-specific

shocks versus aggregate demand.

14 Conditional on the controls, inflation of cyclical industries has correlation -0.09 with inflation in the remaining industries and -0.54
with wage inflation. This confirms that figure 5 is not picking up a common aggregate factor that moves all prices together. Moreover,
the price of non-cyclical industries enters the dependent variable with a negative sign, which biases against finding a positive slope. In
the other direction, the basket’s own industries enter both variables, so measurement error would inflate the slope. Appendix figure 16
addresses this concern, re-estimating the regression on disjoint groups of industries and showing that the relationship remains.



Inflation (2021Q3-2022Q2)

= Deflation (2020Q2—-Q4) =
B B
=t T T T T T T = Refm
g ) 5
£ i - F B
oust Utilities arr [
0 ) 40 Y 0il
= o =
> o0 Air transport > |
g ol Y £ 2
o oil g
8 e 8
ch Refi 4; 0
E —40 L | | | | | E | | \ | | |
S 0 0.2 0.4 0.6 0.8 1 S 0 0.2 0.4 0.6 0.8 1
>9 Price adjustment probability ><3 Price adjustment probability
= =
B 2
=t T = T Refnmg]
o
- % o Farifeysings - L oil
0 [ ] 40 o i
E oo o9 E °
= @@ _Air transport =
% —20 [~ . 'GC'J) 20 .' A.trglsport
v Oil a Utilities
=) [ =]
9 9 [ ) [ ] .. a %using
é Refining E 0 ' °
g —40L ! ! ! ! k= ! | ! ! !
S 0 0.2 0.4 0.6 0.8 S 0 0.2 0.4 0.6 0.8
>C->< Non-scalable share of value added >9 Non-scalable share of value added

Figure 6 Industry year-on-year inflation in deviation from a 2% trend, averaged within each window, against price
adjustment probabilities (top row) and non-scalable shares of value added (bottom row). Each dot is one of the 66
private industries. Fitted lines are value-added-weighted regressions on one characteristic at a time, in raw units.
Unlike the rest of the section, this figure uses the full sample, including 2020Q1-2022Q4.

3 Model Environment

This section introduces the model environment, consisting of a New Keynesian framework with multiple industries

and multiple primary factors of production.

Industries have constant returns to scale, and use different combinations of intermediate inputs and primary factors.
Primary factors consist of differentiated labor occupations and non-labor assets, such as land, equipment, structures,
intellectual property, etc. All producers and workers face Calvo-style nominal rigidities in price and wage setting.
A representative household owns all industries and factors, and makes consumption-saving choices according to
a standard Euler equation. The central bank sets monetary policy according to a conventional Taylor rule. The

government chooses the total spending and its allocation across industries.

I allow for several shocks, to account for a comprehensive set of inflation drivers. Industries are subject to productivity
shocks and shocks to their desired markups. The household is subject to three types of preference shocks: to the

discount factor, to the relative preference for different consumption goods, and to the disutility of labor supply in
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different occupations.

In order to account for the facts presented in section 2, I allow for industries to have different price adjustment
probabilities and for primary factors to have different supply elasticities. The scalability of an industry’s production
is determined by the average supply elasticity of the factors it uses. In the quantitative section, factor supply
elasticities are set to match relative price responses to identified monetary shocks across industries. Industries which
rely more heavily on heavy equipment and structures have the largest price responses, suggesting that these factors

are the least elastically supplied, followed by intellectual property, labor, and light equipment.

Section 3.1 introduces the model primitives, while section 3.2 presents the log-linearized equilibrium.

3.1 Primitives

Primary factors. There is a set F = L UK of primary factors in the economy, consisting of differentiated labor
occupations (indexed by f € £) and non-labor assets — such as land, equipment, structures, and intellectual property
products (indexed by f € K). Factor markets are segmented, meaning that labor occupations are imperfectly
substitutable from the perspective of households and firms, and non-labor assets cannot be repurposed or transformed

into labor. Employment of all factors f is denoted Ly, while factor prices are denoted W.

I represent the supply of non-labor factors through a stylized utilization model, described in detail in appendix
A.1. My stylized setting abstracts from capital accumulation, while allowing me to parsimoniously account for
heterogeneous supply elasticities and heterogeneous value added composition across industries. The model is designed

so that non-labor factors have isoelastic supply curves, with inverse supply elasticities denoted ¢, f € K.

Industries. There is a set N of good-producing industries, indexed by 7,j. Within each industry there is a
continuum of firms producing differentiated varieties, indexed by n. Customers buy CES bundles of these varieties,

with time-varying elasticity of substitution €;;. Industry output and prices are

€it 1
cit—1 €t —1 1 T—est
P €it I —€it
Y;t - Y%nt dn ’ Plt - Pi’rLt dn

All firms n in industry ¢ have the same constant returns to scale production function, taking as inputs intermediate

goods and primary factors:

Yint = AuGi({Lignt} per  { Xijne )1y

where L;fpn; is the quantity of primary factor f hired by firm n in industry ¢ at time ¢, Xy, is the quantity of

intermediate input j used by the firm, and A;; is a Hicks-neutral productivity shifter.

All producers minimize costs given input prices. With constant returns to scale, firms within industry ¢ use inputs
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in the same proportions and have equal marginal costs

MC; = {X,-?}l,i{nLif} J;Wsz’f +J§PjX¢j s.t. 4G, ({Lif}fef : {Xij}jeN) =1 (1)

Producers face Calvo-style price rigidities. In each period ¢, only a fraction d; of firms in industry ¢ can update their

price. Adjusting firms maximize expected discounted profits:

pr— Gt B [SDFyys (1 - 01)" Yint1s(Pprt) (1 = Titrs) MCiy o
ot €t — 1 E; Zs [SDFt+s (1 - 51‘)5 }/int+s(P;lt)]

(2)

where P},

* ¢+ 1s the price chosen by adjusting firms, SDF ¢ is the stochastic discount factor, 7;:4s represents subsidies,

* —€it
and demand functions are Yi,i1s(P,) = Yirys ( }f ’ti‘) . Non-adjusting firms keep prices fixed and absorb cost

changes in their markups.

To model wage rigidity I add a set of fictitious industries, consisting of occupation-specific labor unions. Unions
hire labor occupations and sell their services to good-producing industries. They are owned by the representative
household, and face Calvo-style nominal rigidities like all other industries. Wage reset probabilities can differ across
occupations. The presence of labor unions creates a wedge between the wage paid to workers and the price paid
by firms to the labor unions. The difference is rebated lump-sum to the household through the unions’ profits,
so that in practice the unit price of labor equals the price paid to unions. Non-labor factors are likewise sold on

factor-specific marketplaces, also facing nominal rigidities.

Following a standard practice in the literature, I assume that the government provides industry-specific subsidies to

eliminate wedges between prices and marginal costs in steady state.

Assumption 3.1. Prices equal pre-subsidy marginal costs in steady state.

Household. A representative household maximizes the present discounted value of utility flows

00 1— PL rl+er
Solf oy (L)

= |17 e \m I+er
The household derives utility from consumption, and faces an additively separable disutility of supplying differentiated
labor occupations. The parameter - governs intertemporal substitution and wealth effects in labor supply, while the

parameter ¢y, is the inverse Frisch elasticity of labor supply. The shocks eft are occupation-specific labor supply

shifters.

The consumption aggregator Crt = Cpt (Cpit, ..., chne) is homothetic over all goods produced in the economy.

Consumption preferences are time-indexed to account for changes in the relative preference for different goods over
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time, modeled as time-varying expenditure shares at constant prices.

The household freely trades a risk-free asset, in zero net supply, paying nominal interest rate i; on bonds purchased

at date t and redeemed at date ¢ + 1. The per-period budget constraint is

PfChy < Z WeeLge + Z T _ff WeeL g + Z I + (1+41) B: — Bivr — Tha, (3)
fec fex - T¢I iEN
where 1;‘_’; ~ is the share of income from non-labor factors rebated to the household,'® II;; are profit rebates,

B — (14 44—1) By is the change in asset holdings, and Tht are taxes levied on the household.
Utility maximization yields the consumption-leisure tradeoff
YL
Ly Wiy
G|l | =5 (4)
€%t Py

for each labor occupation f. Wage rigidities create a wedge between desired wages Wy, in (4) and the price paid by

firms to the labor unions. The difference is rebated lump-sum to the household through the unions’ profits.

Optimal consumption-saving choices follow a standard Euler equation:

Chit1

Cht

N

p(L+i) oo 5)
hot+1

Final users and ownership shares. This economy has three types of final users: the household, utilization

producers of non-labor factors, and the government. I denote the set of final users by Z = {h} UU U {G}, indexed

by z, with real consumption C; and price indices P.;. I use the same notation for all of them, to emphasize that

they are all final users.

Ownership shares in industries and primary factors are denoted ézi, i€ N, and 2. t, [ € F. The household owns
all industries and all labor occupations, so that =,; = 1 for i € A" and =, ¢ =1for f € L. Income from non-labor

. . 1. . . . . .& o 1 &. o ©f
factors is split between utilization costs and rebates to the household, with shares =,y = ;= Tor and ZEpp = - T 38
explained in appendix A.1. The government owns no assets, so that Z¢i = Za ¢ = 0. I denote lump-sum transfers

across final users relative to nominal GDP by T.;. I assume T,; = 0 for utilization producers. The government is a

. 5 . . . P,GC,,G ThtJrBH»l*(l‘Fit—l)Bt
net receiver of transfers, and the economy’s resource constraint implies T = Aph = The = GDP .

Policy. The central bank sets the nominal interest rate i; following a Taylor rule. The government provides
industry-level cost subsidies financed through lump-sum profit taxes. It also purchases a time-varying bundle of

goods, with total spending G}, allocated across industries with shares Q¢;.

15This follows from my stylized utilization model. See appendix A.1.
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Equilibrium. The equilibrium definition adapts Bagaee and Farhi (2020) to account for endogenous markups

with pricing frictions. This definition nests the standard flexible-price equilibrium when §; = 1 in all industries.

Definition 3.1. Given price adjustment probabilities §; and policies, general equilibrium consists of firm markups
Mne, sectoral prices Py, factor wages Wy, factor supplies L, sectoral outputs Yj;, intermediate quantities X,
and final demands Cj,; such that: (i) a fraction ¢; of firms in sector ¢ charge profit-maximizing prices (2); (ii) firms
who cannot adjust prices absorb cost changes into their markups; (iii) the household maximizes utility subject to

budget constraints; (iv) producers minimize costs and charge the relevant markups; (v) all markets clear.

3.2 Log-Linearized Equilibrium

For the rest of the analysis, I log-linearize the model around an efficient initial equilibrium (see assumption 3.1).
Variables without a time subscript denote the initial equilibrium, while lower-case letters denote log-deviations
from this equilibrium. Definitions 3.2 — 3.4 introduce expenditure and income shares, elasticities of substitution
in production and in consumption, and changes in aggregate GDP and aggregate GDP deflator. Definitions 3.5
and 3.6 introduce the natural equilibrium and define gaps relative to this equilibrium. Lemma 3.1 summarizes the

log-linearized equilibrium conditions.

Remark 3.1. For convenience, I extend the set N of producers to include labor unions, factor marketplaces, and
retailers. There is a distinct retailer for each final user (household consumption, government spending, and utilization
of non-labor factors), selling a bundle of goods from all industries to the respective final user. Ownership shares in
unions and marketplaces equal those of the corresponding factors, and retailers are owned by the corresponding
final users. This simplifies notation, ensuring that each primary factor is only purchased by its respective union or

marketplace, and each final user only purchases from its respective retailer.

Definition 3.2. Expenditure and sales shares. For all industries i, 7 € A/ denote

_ PX

O = direct expenditure share of 4 on j (6)
PY;
v=(1-0)" total expenditure shares (Leontief inverse) (7)
- PY; .
U, = GDP sale share of i. (8)

Remark 3.2. Factor income shares coincide with the sales shares of labor unions and factor marketplaces. Likewise,
the income shares of final users coincide with the sales shares of the respective retailers. With some abuse of notation,

I use ¥ 1, [ € F to denote factor income shares and U,,z € Z to denote final use shares. The set of final users Z
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includes the household, the government, and utilization of non-labor factors. All shares are expressed relative to

nominal GDP, equal to total final expenditure GDP =) P.C,.

z€EZ

Definition 3.3. Substitution elasticities. Let subscripts denote derivatives of the cost function (1) with respect to
input prices. The Allen—Uzawa elasticity of substitution between any two goods or factors j and k in the production

of good ¢ is defined as
; MC; MC; ji, .
= k.
"= O, MCyy 07

Likewise, denoting the unit cost function associated with Cp; by PhC (Py, ..., Py), the elasticity of substitution between

goods ¢ and j in consumption is
o PForPP/opPoP;

9= (oPLJoR,) (9PF [oP;)’

i .

Assumption 3.2. For each producer i € N, define 0}; = — D ket %O;k Vi and M* = (Mi)jk = QijQik9§k. M?
ij

must be negative semidefinite.

Assumption 3.2 is equivalent to concavity of the cost function. Given expenditure shares €2;;, assumption 3.2 is
necessary and sufficient for the existence of a well-behaved technology G; locally rationalizing the elasticities 0; e I

G, is CES with elasticity parameter §°, then 0%, = ¢° for all pairs.

Definition 3.4. Aggregates. Changes in aggregate real GDP and the aggregate GDP deflator are defined as

Te = Z U, ey = Z U ply + Z Uias real GDP (9)
zEZ feEF iEN

P = Z U pat GDP deflator. (10)
zEZ

Definition 3.5. Natural equilibrium. The natural equilibrium is defined as the equilibrium which would prevail
in an economy with flexible prices, subject to the same shocks and policies as the actual economy. Log-changes in

the natural value of any variable = are denoted z™¢t.

Definition 3.6. Gaps. For any variable z, the gap with respect to the natural equilibrium is defined as z; = z; — 2%,
Lemma 3.1. Following equation (4), denote shifts in the supply of each factor f at constant real wages by eﬁ. Let
vr denote wealth effects in the supply of factor f, equal to v for labor occupations f € L and to zero for non-labor
factors f € K. Also let cf{— denote the relevant consumption index and pft denote the relevant price deflator for factor
f, coinciding with household consumption c, and the households’ price index phct for labor occupations, and with

utilization and its unit cost for non-labor factors (see appendiz A.1). Further define expenditure-scaled ownership
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shares Z,; = (ém — Tz) :—EI Denote the pass-through of marginal costs into prices & = 5;(_1;;78:?;) € (0,1).

Following (2), denote exogenous cost-push shocks to industry i by e, = —&-%. Also denote changes in the
expenditure share of producer i on good j at constant prices by e?jt, satisfying Zjex\/ Qijefjt = 0. Finally, assume
that the Taylor rule targets the output gap with weight ¢, and an inflation index 7% with weight ¢.. Denote

discount factor shocks and monetary policy shocks by € and €'.

The log-linearized equilibrium is defined by the following equations:

Wfr = YfCht + Pf (ﬁft - GJJc:t) -l-p'ft factor supply (11a)
mei = Z Qiipje + Licpwee — ai marginal costs (11b)
JEN
Tit = 51 (mcit - pi,t—l) + (1 - 51) PET; 41 + fft pricing (HC)
Yit = Z Qijxije + Lz plye + ay industry output (11d)
JEN
_ i d , i
Tijt — (yit - ait) = Z Qik ij (pkt — pit) + €t mput composition (11e)
keN
U, .
Yjt = Z =— Qx50 + Lj—sca market clearing (11f)
2.,
iEN
C — — det .
Dz T Cat = Z Eaplye + Z i | pit — Z Qiipje | — T budget constraints (11g)
feF iEN JEN #
1
Eicht+1 = cht + 5 [(i41 + log p) — Emg’tﬂ} +ef Euler equation (11h)
i1 = Egr "™ + byl + nml T+ ei_H Taylor rule (11i)

Before moving to the analytical results, example 3.1 introduces a simplified two-industry setting. The example

illustrates why adding inelastically supplied factors alongside labor is necessary to represent bottlenecks in production.

Example 3.1. Modeling bottlenecks in production. Consider an economy with two industries, services (5)
and manufacturing (M), indexed by ¢ € {S, M}. Services use only labor, while manufacturing uses only capital.
Price adjustment probabilities are dp; > dg. The representative household and the capital utilization producer both

have initial expenditure shares Qg = Q) = % and substitution elasticity # between the two goods.

To keep the closed-form expressions cleaner, in the example and the examples that build on it I abstract from wealth

effects in labor supply (setting v = 0 in the consumption-leisure condition (4)). All results still hold when v > 0.

In this simplified setting, each industry uses a single production factor. With some abuse of notation, I index factors
by the industry which employs them. The workers’ wage is denoted wg;, while the rental rate of capital is denoted

wyse. Employment of labor is denoted fg, and employment of capital is denoted £, with inverse supply elasticities
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wrp > ws. Throughout this example, I use the notation z = %(x M + xg) for the average of any variable z and

2B = % (xpr — xg) for relative values. Following definition 3.4, log-changes in real GDP are y = % (bs + r) + a.
Using the notation of lemma 3.1, and holding desired markups constant (ef, = 0), the natural output is

! |:C_L + o [(1—0)a + e —ebF] (12)
|:1_(<PR)2 0 :| 1+9@
¥ ) Trop

In equation (12), the natural level of output is lower when consumer preferences shift toward manufacturing (e%f > 0)
or when manufacturing supply declines (af* < 0 or ¢/ < 0) and manufacturing and services are complementary
(0 < 1). Intuitively, all these shocks raise the demand for capital relative to labor, and the supply of capital is harder

to ramp up (¢ > 0). Therefore shifting demand toward capital reduces the overall production potential.

This result suggests a natural definition of bottlenecks in production: a bottleneck is a shock that increases the
relative demand for inelastically supplied factors. Equation (12) shows that bottlenecks reduce the potential output
of the economy, for given aggregate productivity. As we will see in section 4, these same shocks also cause a worse
inflation-output tradeoff. Factor market segmentation is essential for this mechanism to arise. If both industries
used primary factors in the same proportions, preferences or productivity shocks would have no effect on relative

factor demand. Therefore we would have o' = 0, and production bottlenecks would never arise.

4 Inflation Drivers: Definition and Identification

This section presents analytical results. Section 4.1 starts by deriving industry-level Phillips curves, and illustrating
how industry-level characteristics shape their responsiveness to the output gap and their incidence on aggregate
inflation. Section 4.2 then discusses identification. It starts by deriving a Phillips Jacobian, which relates inflation at
every point in time with current, past and expected future shocks to the output gap and natural relative prices.
Building on this characterization I show how to identify the inflation components driven by aggregate output gap
and natural relative prices. I conclude by deriving a new set of indicators, consisting in appropriately weighted price

indices which track identified inflation drivers and inflation forecast at different horizons.

4.1 Relative Prices and Aggregate Inflation

Proposition 4.1 recasts the equilibrium system (11a)—(11i) in gaps relative to the natural equilibrium, and rearranges

it to obtain a conventional three-equation representation of price and output dynamics.

Proposition 4.1. The dynamic evolution of industry-level inflation, aggregate output gap, and nominal interest rate
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18 characterized by the following system of difference equations:

it — PET; 441 = Kilr — Zj Vij (ﬁj,t—1 — ﬂ?t“t + pEﬂj7t+1) Phillips curves

Etgi41 — 0: = % litr1 — (Berpfh + Eenf?))] IS equation (13)

iorr — Berf® = 6,5 + danl B 4 €l Taylor rule

where k and V are derived in lemmas 4.1-4.2 below, and the nominal rate deflator w'° is defined in appendiz A.4. It

holds that Zj Vi; = 0 Vi, meaning that only relative natural prices matter for inflation dynamics.

Proof. The Taylor rule is given by (11i). Combining the supply equations (11a)—(11le) with the budget constraints
(11g) yields the industry-level Phillips curves, while combining equations (11d)-(11g) with the Euler equation (11h)

yields the aggregate IS curve. See appendix A.4 for full derivations. O

Proposition 4.1 shows that inflation dynamics are driven by two sufficient statistics: the aggregate output gap ¢, and
natural relative prices 7™%*. In turn, these are determined by the interaction of several primitive shocks. Monetary
policy shocks €’ affect the output gap through the dynamic system (13), but they do not affect the natural output
or the natural relative prices. All other shocks (TFP, factor supply, markups, subsidies, preferences, and government
spending) affect both the output gap § — by changing the natural output — and industry-level natural prices m2*!

For instance, an expansionary TFP shock in one industry decreases that industry’s natural relative price, while

raising the economy’s natural output.

The response of sectoral inflation rates to the aggregate output gap is governed by industry-specific slopes k;, while
the response to natural relative prices is governed by the cost-push elasticities V;;. Lemmas 4.1 and 4.2 connect
slopes and cost-push elasticities with industry-level characteristics. Definitions 4.1-4.4 first introduce notation. For
convenience, I stack variables into vectors and elasticities into matrices. Boldface denotes vectors, and indexing by
N, F and Z denotes subsets of their entries. As a convention, a colon in place of an index selects an entire block:
for example, ¥z. denotes the rows corresponding to final users, while ¥.r denotes the columns corresponding to

labor unions and factor marketplaces.

Definition 4.1. Price pass-through. Following definition 3.2, denote the input-output matrix by Q = (Q”)” N
Also collect price flexibility parameters §; into the diagonal matrix A. The pass-through of sector j’s price into
sector ¢’s price, directly and through intermediate inputs, is defined as P;; = [A oo (QA)k} " In matrix form,
P=A(-QA)" J

Definition 4.2. Supply elasticities. Collect wealth effects in factor supply into the matrix I' = (FfZ)fef‘ sezs

I'y. = Ylfer,.=n, and collect inverse supply elasticities for labor and non-labor factors into the matrix ® =
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((I)ff’)f FreFs with entries ®yp = @plp—p + > > T's.E. 4. The first term is the inverse Frisch elasticity, while the

second term captures wealth effects in labor supply through changes in factor income.

Definition 4.3. Demand elasticities. Let the matrix

dlog(Ls/L)

0= (efi)fe]-',iEN’ O = W Y

encode the response of factor f’s relative employment to a change in the relative price of good i. Appendix A.3
derives © from steady-state expenditure shares and substitution elasticities. The partial derivatives in © account for
substitution by final users and producers at every stage of the production network, and for feedback effects between

factor income and factor demand (which arise if factor ownership and factor contents in consumption are correlated).

Definition 4.4. Final use shares and factor price deflators. The expenditure shares of final users are encoded

in the rows of the input-output matrix €2 corresponding to final use retailers, denoted 2z.. The industries’ weights in

the GDP deflator are then given by the row vector Q= \ilgﬂ =.. The matrix Q7 = (Qﬁ) N instead encodes
fEF.ic

16 The aggregate factor price deflator is given by Q7 = @;Q}- , which

the industries’ shares in factor price deflators.

in general is different from the GDP deflator Qz.'7

Lemma 4.1. Industry-level Phillips curve slopes k = (K;);cr are given by

k= (I-Pr(QF —30)) Pro1,

where 1 denotes a column vector with all entries equal to 1.'® Denoting the average slope k = Qzk, the weighted
average pass-through of factor prices into good prices Pr = QFP;;l, and the weighted average supply elasticity
o= lil]T_JI)l, the response of relative prices to the aggregate output gap is given by
_ _ - P rl
k- RL=Pr (I -10z) (I~ Pr (07 —00)) " |2 (Prl 4
1-Pr \ Pr

U (P1-B1) + (7;; - @;) (01— @1)] . (15)

16Because labor supply responds to household consumption, factor price deflators combine consumption prices with changes in the

household’s income:
Fo_ 1z Oy Oz )\ _ e —
QF = [( Oue I o ) 1"] Qz. +TENT .

See appendix A.1 for a formal treatment.

17Factor price deflators depend on factor income shares, while the GDP deflator depends on consumption shares. The income share of
non-labor factors is larger than their consumption share, because part of their income is rebated to the household. The household in turn
pays part of its income to the government, reducing consumption relative to factor income.

18The matrix I — P.7 (Q]: — <I>@) is invertible for all parameter values outside a measure-zero set, namely the set on which

P.r (I — Q}—P:]-‘)71 PO has an eigenvalue equal to —1; see appendix A.4. The same qualification applies to lemma 4.2 and to
every expression below that uses this inverse.
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The first bracketed term captures heterogeneous factor price pass-through; the second term captures heterogeneous
supply elasticities; the third term captures the interaction between the two. Changing the output gap has no effect
on relative prices if ®1 < 1 (increasing employment raises desired real wages equally for all primary factors) and

P.x1 x 1 (increasing nominal wages equally across all primary factors raises prices equally across all industries).

Proof. See Appendix B. O

Lemma 4.2. The cost-push elasticity V = (Vij)ije/\/ is given by

V= (I-Pr (@ -—®0)) " (PU ' —Ps (0" —00)).

The response of the aggregate GDP deflator to changes in natural relative prices is

_Pr_
1-Pr

szﬂ_nat =

_r ~F
VP oFg ) g-tpnat (¥ Pr 7 ) (9F - 00) (1 — V) x! (16)
73]: Pr

+ (970 - 307) O (1= V) 7| + (22 - Q7 ) vanet

Changes in the natural relative prices do not affect the aggregate GDP deflator if all good and factor prices have
the same pass-through into the aggregate factor price deflator (Q}-P = 75]:(2;\11 and Q}-P]—- = 75}-@;), all primary
factors have the same supply elasticity (\ilz_-cb = i)lil;), and the aggregate factor price deflator coincides with the
GDP deflator (Q}- =Qz).

Proof. See Appendix B. O

Lemmas 4.1 and 4.2 answer two key questions: When does the aggregate output gap affect relative prices? And
when do changes in natural relative prices affect aggregate inflation? In equation (15) the output gap affects realized
relative prices — even though the natural relative prices remain unchanged — whenever industries have different slopes
(k ¢ 1). In equation (16) changes in natural relative prices affect aggregate inflation — even though the output gap
does not move — whenever QzV # 0. In both cases, the connection between aggregate and cross-sectional variables

hinges on heterogeneity in factor supply elasticities and nominal rigidities.

In equation (15), industries with overall higher factor price pass-through (3 ;¢ Pif > Pz) or with overall more
inelastic factor supply (3 rer Vis (1) ;> ®) are more sensitive to the aggregate output gap. Differences in
factor price pass-through and factor supply elasticities reinforce each other when they are positively correlated

P. -
(2 - vr) (21— 31) > 0).
In equation (16), aggregate inflation under zero output gap depends on the distribution of relative price shocks.

Inflation increases when three groups of industries face a worse cost shock: industries with a higher cost pass-through
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into the aggregate factor price deflator ((pr) > Pr (QF\II) ), industries with inelastic factor supply ((®1), > P),

%

or industries with a higher weight in the GDP deflator relative to the aggregate factor price deflator (Q2z,; > Q7).

Example 4.1 illustrates relative prices and aggregate inflation in a simplified two-industry economy.

Example 4.1. Supply bottlenecks and inflation. Consider the two-sector economy introduced in example
3.1, where the manufacturing industry has more flexible prices and less elastic factor supply. Example 3.1 showed
that any shock resulting in higher demand for manufacturing inputs reduces the economy’s potential output. This
example shows that the same shocks increase aggregate inflation, even when output is at potential. Moreover,

inflation in the manufacturing industry is more sensitive to the aggregate output gap.

Using the same aggregate and relative notation as in example 3.1, and following equation (13) and lemmas 4.1-4.2,

we can write aggregate and relative inflation rates as

 — pETy 1 = Ry + ol <7TtR’Mt — Py — PEﬂﬁu) (17)

- _ R. -
= pEnfly = n 0 (x5 — Bl ) as)

Consider first a special case where industries face the same nominal rigidity (657 = dg = §) but capital supply is less

elastic than labor supply (¢ar > ¢s). Then the relative slope is x% = 1%’;@,

indicating that raising the output gap
increases the relative price of manufacturing. This occurs because manufacturing production is harder to ramp up,
resulting in a larger price response. The effect is stronger when manufacturing and services are less substitutable

(lower 6), because final users cannot shift expenditures away from manufacturing.

Bottleneck-like shocks, which increase the natural relative price of manufacturing, raise aggregate inflation by

,UR,R.R,nat _ 066

— nat)
1+600¢

Cov (o, under zero output gap. The mechanism is as follows. An increase in the natural
relative price of manufacturing means that the relative demand for capital increases. Due to nominal rigidities, the
relative price of manufacturing does not fully adjust to its natural value. Therefore, even if aggregate output is at
potential, demand remains inefficiently skewed toward capital. The distortion vanishes only when goods are perfect
complements (§ — 0), and relative price distortions have no effect on relative demand. Since capital has a steeper

supply curve, inefficiently high demand raises manufacturing prices by more than it reduces the price of services.

Overall, this raises aggregate inflation.

Notably, an increase in the natural price of manufacturing (7%7% > 0) reduces real wages, causing a real wage gap

_ 0(1=9)ps ,n_R,nat

17065 . In practice, declining real wages are often attributed to rising markups. In our example, however,

shocks that raise the relative price of capital reduce real wages even though desired markups remain constant. This
suggests that, if changes in capital costs are not accurately measured, relative demand or productivity shocks might

be erroneously interpreted as markup shocks.™

9Measuring capital costs is notoriously challenging (Karabarbounis and Neiman, 2014). For example, the shadow value of land and
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Our reasoning so far implies that, when supply elasticities are heterogeneous, relative prices and aggregate inflation
become intertwined. Increasing the output gap raises aggregate inflation and the relative price of manufacturing at
the same time. Likewise, an increase in the natural relative price of manufacturing raises both aggregate inflation

and the actual relative price of manufacturing, controlling for the output gap.

A similar situation arises when capital and labor have the same supply elasticity, but manufacturing prices are

more flexible than service prices. Again, increasing the output gap raises the relative price of manufacturing by

R _ sE . . . . . . .
= oo E 6_ o 55) 13- Increasing the natural relative price of manufacturing raises aggregate inflation by
1-6 25
1 05 _ Piid
vfiglinat — — 10200 3 Coy (6, 7"") at constant output gap. In this case, however, the inflation-output tradeoff

1+

T4+¢65 5(1-5)
arises from a different mechanism. While closing the output gap stabilizes average marginal costs, it does not

stabilize industry-level costs, which increase in industries with higher 7% and fall elsewhere. Industries with flexible

prices, like manufacturing, pass through cost changes more rapidly, therefore they dominate aggregate inflation.2°

As example 4.1 highlights, the conditions of Lemmas 4.1 and 4.2 are closely related. On the one hand, industries
with a steeper Phillips curve have more cyclical prices. On the other hand, negative shocks to industries with
steeper Phillips curves tend to cause a worse inflation-output tradeoff. Aggregate and cross-sectional dynamics are
disjoint only in the knife-edge case where all factors have identical supply elasticities and all industries have identical
network-adjusted price pass-through P. This makes it particularly challenging to tease inflation drivers apart. We

turn to this problem in section 4.2.

4.2 Shock Identification and Forecast Revisions

This section shows how to identify the aggregate output gap and natural relative prices, by inverting the system (13).
To build to this result, proposition 4.2 guarantees that the model is invertible for every parameter configuration
outside a measure-zero subset of the parameter space: the vector 7 of industry-level inflation rates can be written as
a linear combination of the Phillips curve slope k and the cost-push elasticities V. These directions are not collinear,

and V has full rank on the space of relative prices.

Proposition 4.2. For all parameter values outside a measure-zero subset of the parameter space, the slope k
and the cost-push elasticity V span the entire space RN of industry-level inflation rates. Therefore the vector 7 of

industry-level inflation rates can be decomposed into its projections along the slope k and the cost-push space V:

= kP + (I — RCIT)C) T (19)

firm-specific assets are strongly affected by changes in preferences and productivity, yet difficult to measure accurately.
20T make a similar argument in Rubbo (2023).
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The projection along the slope is given by the inflation index mP€ = Cgcﬂ', with industry-level weights

¢ho o T (I-A)A™ (20)
Q:- 0
— |Covg . (é,é) + Covg (Z,I)l U(I-A)A™?
Qz
such that ¢V = 0T I impose the normalization {Hok = 1.
Proof. See appendix B for derivations and definitions of covariance operators, flf, ® and O. O

The first term in equation (20) coincides with the divine coincidence index in (Rubbo, 2023), which considers an
economy with labor as the only primary factor of production. This term weighs industries according to sales shares,
discounting those with more flexible prices. The remaining terms are new to economies with multiple primary factors.
The first covariance discounts industries that rely on inelastic factors, either directly or through intermediate inputs.
The second covariance discounts industries whose share in the GDP deflator (Qz ;) is smaller than their incidence

on the aggregate factor price deflator (Qf ).

Proposition 4.2 guarantees that the loadings of sectoral inflation on current output gap and natural relative prices
are never collinear. In the system (13), however, current inflation also depends on past and future shocks through
inflation expectations and lagged price gaps. To clarify this issue, proposition 4.3 decomposes current inflation into
two terms. The first depends on past, current, and expected future output gaps. The second depends on past,

current, and expected natural relative price shocks.

Proposition 4.3. Inflation decomposition. Denote by A € RN*N the stable solution of the Riccati equation
A YT —pAN T =N =T -V)""V.

It holds that A1 =1 and CECA = Cgc. If past shocks were unexpected at the time when they occurred, while current

and future shocks were unexpected before the current period t, industry level inflation rates 7y are given by

= (pPA) AL =V) " KBy — (1= A)Y A (T = V)" Ky
s=0

s=1

+ (I =A) D (pA) Empel +y " Al (21)
s=0 s=1

Appendix B provides a general expression, where current inflation at time t depends on belief updates at all prior
dates t — 7 about output gaps and natural relative prices at dates t + s, with s > —7. Section 5 uses the more general

expression to implement a quantitative inflation decomposition.
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Proof. See appendix B. O

Proposition 4.3 derives an inflation decomposition grounded in theory. The first term captures aggregate demand
misalignment, as measured by past, current, and future output gaps. The second component captures relative
price adjustments, as measured by natural relative price changes. Proposition 4.3, however, does not tell us how to
measure the two inflation components in practice. Lemma 4.3 makes a first step, showing that the present discounted

value of output gaps can be directly identified from an appropriately-weighted inflation index.

DC

Lemma 4.3. Present value of output gaps. The inflation index 7 s equal to the present discounted value of

current and expected future output gaps:

TP = P Eifiesr- (22)
7=0
Proof. The result follows immediately from proposition 4.3. O

While the inflation index 7P only depends on the present value of output gaps, equation (21) reveals that other
price indices (including the CPI) depend on the full time profile of natural relative prices and output gaps. Remark

4.1 discusses implications for the inflation decomposition in proposition 4.3.

Remark 4.1. Robustness of the inflation decomposition. The two inflation components in proposition 4.3
depend on the Phillips curve slope &, the cost-push elasticity V, and the identified output gaps and natural price
changes. Given that the decomposition adds up to actual inflation, knowing one of the two components is sufficient.
Lemma 4.3 shows how to identify the present value of output gaps, which is informative of the first component.
Notably, identified present values only depend on ¢y, which in turn is determined by supply-side parameters only
(nominal rigidities, input-output linkages, supply and substitution elasticities). The monetary policy rule and the
stochastic processes governing shocks only matter for identifying the time profile of output gaps. Consistent with
this observation, the quantitative decomposition of section 5 is very sensitive to supply-side parameters, but not so

sensitive to the policy rule and shock persistence.
Example 4.2 illustrates how persistent and anticipatory effects of output gaps translate into relative price changes.

Example 4.2. Phillips curves in sequence space. Equations (23) and (24) apply proposition 4.3 to our running

two-industry example, assuming that past changes in output gaps and natural relative prices were unexpected at the
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time when they occurred, and all current and future shocks were unexpected before the current period .

T0C = pEifiess (23)
s=0
_ V1 _ oo
(1-r¢he)me=| "7 {Z p [ =o)L= NN = (1= 0= A ]
Ty ) L=
— (=) N DE G+ o= (1= pA (1= N) (L= D)) 7] } ; (24)
s=1
where
(e )
2 p(1—70) p(1—70) p

D

In equation (23), the inflation index 7”¢ only depends on the present discounted value of future output gaps. The

index (I - KCEC) 7 in (24) instead depends on current and expected relative price shocks 7%, , as well as on
persistent and anticipated relative price distortions induced by past and future output gaps. This makes it impossible

to use the indices 7°¢ and (I — ncgc) 7 directly for identification. I turn to this issue next.

Lemma 4.3 alone does not allow us to infer the expected time profile of output gaps. Likewise, lemma 4.3 and
equation (21) by themselves are not sufficient to identify changes in natural relative prices. To separately identify the
time paths of aggregate output gaps and natural relative prices we need additional information about the stochastic
processes governing these variables. For intuition, start by assuming that the output gap and natural relative prices

follow AR1 processes

ge =11+ (25)
ﬂ_%nat — nnatﬂ,?iui + g?at’

where ¢/ and ¢7'?* are iid innovations. This assumption holds under a modified Taylor rule which targets the inflation

index 7P¢: i, = byUr + bamPC + Ewt]fl + €i. Lemma 4.4 shows that, under these assumptions, the inflation indices

7P and (I — KCEC) ¢ can be used directly to identify the innovations ¢/ and ¢pet.

Lemma 4.4. Identification under output gap targeting. Denote inflation surprises by 7y = 7wy — Ey_q7r;.
When output gaps and natural relative prices follow the ARI process (25), and apart from a measure-zero subset of

the parameter space where I — A + 1Qz is singular, innovations to the output gap and natural relative prices can be
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identified using the following aggregate and relative price indices:

¢ =(1—pnp¥)aP¢ (26)

G =(I-A+ 15_12)_1 (I — pn™™A) [(I — K,CIT)C) T+ [I — (1= pn") (I — pp?A)" A (T — V)fl} m%?c} )

The aggregate price index 7P¢ identifies output gaps, while the relative price index (I — RC%C> 7 identifies
innovations to the natural relative prices. The identified value of ¢"** depends on 7”¢ to control for the endogenous

response of relative prices to current and future output gaps.
While useful for intuition, the policy rule in lemma 4.4 is counterfactual. The quantitative section 5 relies on a more

general approach, derived in proposition 4.4, which holds under a generic Taylor rule.

Proposition 4.4. Identification under a generic Taylor rule. Assume that € and ®" follow autoregressive

processes:

i _ .D_ D
€1 =1 €+

nat __ ,_ nat__nat nat
Tyl =1 T TS

Under the Blanchard and Kahn (1980) determinacy conditions, there exist a transition matriz H and a jump matriz

G such that
3 Di—1 Dy Di—1 0
Yt ) )
= G 6% ) 6;+1 = H 672 + Cgl (27)
Tt
et it it siit

Let Gr. € RNXWNHD denote the rows of G corresponding to inflation and the columns corresponding to € and w™*t.
~ Z _
Denoting Q@ = ( 0 Qz ), shocks to aggregate demand and natural relative prices can be identified using the

aggregate and relative price indices introduced above:

-1
D T ~DC
St CpeGare U

gnat (1 — ncgc) G +10° (I - RCEC) L

Proof. See appendix B O

The impulse-response representation in (27) can also be used to construct inflation forecasts, by combining estimated

shocks with the dynamic system (13). Lemma 4.5 derives inflation indices that forecast aggregate inflation.
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Lemma 4.5. Forecast revisions. Denoting by H.. the columns of H corresponding to €' and "%, the following

inflation indices provide forecast updates for aggregate inflation:

-1
T ~DC
CpcGre Uy

EiTers — Bi17pys = QzGr HY .z
(1 KChe) Gre + 192 (1= r¢he)
Notably, no single inflation index can be used to forecast aggregate inflation at every horizon. The powers H® in (29)
indicate that the inflation indices used for different time horizons s combine industry-level inflation surprises with
different relative weights. This happens for two reasons. First, industries with flexible prices and/or inelastic factor
supply respond quickly to shocks and in a less persistent way, while industries with stickier prices and/or elastic
factor supply respond more slowly and persistently. Second, fundamental shocks themselves may have different

persistence across industries. Inflation is shorter-lived when it originates in industries that face less persistent shocks.
Example 4.3. Shock identification and forecast revisions. In the two-industry example the relative price
index is one-dimensional, so it is convenient to write it in scalar form as (I - mcgc) my = vm), with v = (vy, 7’1)2)T

Applying lemma 4.4 to our running two-industry example, we can construct inflation indices which identify innovations

to the output gap and natural relative prices:

& =1 —p)ac
nat v (1 — P)"?nat) ~AX KAR _ 1-— p’r]y ~DC
= l—p—Ax—"r" .
& 1-X 7T”L@(l—@) T oy )

Combining this result with the sequence-space representation (23)-(24) allows us to express the time-¢ forecast

revision for aggregate inflation at time t + s as a combination of the inflation indices 7”¢ and 7 :
Eiftors — Beafiers = (R+CPORT) ()" 7PC +CX (') &7, (30)
where we defined

~ ()
J— na /,’]7"at
CY =™ 1A (L= ™) —

s (2
oDC — _ ¥ R Sl N PR A N jLA(l—A)(l—/my)1 (n)
s ) 1— pAnpy nY ) oR 1— pAny nv — A

DCwhich forecasts future output gaps. Future

The first term in (30) depends on the aggregate inflation index 7
output gaps affect aggregate inflation directly through the slope &, and indirectly through their dynamic effects

on relative prices. The response of relative prices to future output gaps is captured by CP¢, scaled by the relative
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slope k. The first term in CP¢ purges 7X of the relative price movements that current and expected output gaps
themselves induce. The second term accumulates the distortions past output gaps leave behind between ¢ and ¢ + s.
The second term in (30) instead captures the contribution of industry-specific shocks, forecasted by the relative
price index mX.

If the two industries face identical nominal rigidities and supply elasticities, it holds that k¥ = CX = 0. Forecast

revisions for aggregate inflation only depend on the divine coincidence index 7€, which becomes proportional to 7.

4.3 Broader Implications for Identification

Factor decomposition. The identification strategy proposed in this paper is akin to a factor decomposition,
in that it projects industry-level inflation rates along specific directions, corresponding to aggregate and industry-
specific drivers. Compared to standard model-free decompositions, such as principal component analysis (PCA),
my identification method relies on knowing the primitive parameters of the economy, and it is sensitive to mis-
specification of these parameters. The two approaches differ in where identification comes from: rather than relying
on a structural model, PCA imposes an orthogonality restriction, whereby an industry’s loading on one factor does
not predict its loadings on the other factors. Through the lens of the model, this restriction identifies aggregate and
industry-specific drivers precisely when k is orthogonal to V. This is a knife-edge case, which arises only if industries

have identical network-adjusted nominal rigidities and factor supply elasticities.

As we saw in lemmas 4.1-4.2 and example 4.1, when industries have different nominal rigidities or supply elasticities
their loadings on aggregate and relative shocks become correlated. A structural reading of estimated principal

components therefore requires industries to be identical along both dimensions in the data.

Figure 7 illustrates the problem in our running two-industry example. The panels simulate inflation responses
to output gaps and natural relative prices, and estimate principal components. The top two panels represent an
economy where k); = kg and vy; = vg, while the bottom panels represent an economy with x; > kg and vy > vg.
Shocks are drawn from the same distribution in both economies. The variance of natural relative prices is larger in

the right two panels, while the variance of output gaps is larger in the left panels.

The top two panels show that PCA correctly recovers the directions of k and V in the symmetric model, regardless
of the shock distribution. The bottom two panels instead show that PCA never recovers both k and V correctly in
the asymmetric model. This happens because PCA imposes an orthogonal decomposition. PCA approximates well

the slope kK when variation is mostly driven by relative price shocks, and vice versa.

Non-linear models. The COVID episode prompted many researchers to model the connection between relative

prices and aggregate inflation, often relying on non-linearities in production or pricing.2! Non-linearities are a source

21See for example Comin et al. (2023); Ferrante et al. (2023); Alessandria et al. (2023); Bai et al. (2024).
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Figure 7 Estimated principal components (blue lines) versus structural aggregate and relative slopes (red lines). Top
panels correspond to a two-industry economy where both industries face the same price adjustment frequency and
factor supply elasticity. Bottom panels correspond to an economy where one industry uses inelastically supplied
factors more intensively. The left panels illustrate the principal components recovered when variation is predominantly
driven by the output gap, while the right panels illustrate the principal components recovered when variation is
predominantly driven by natural relative price adjustments.

of heterogeneity in supply and pricing elasticities, and it is this heterogeneity — rather than non-linearity per se —
that links industry-specific shocks to aggregate inflation. Non-linear models typically assume that Phillips curve
slopes k and cost-push elasticities V are homogeneous ex-ante, but they become heterogeneous in response to shocks,
as industries move toward steeper or flatter portions of their supply curves. My linear framework assumes that they

are heterogeneous ex-ante, but invariant to shocks. The two models are not observationally equivalent.

With ex-ante heterogeneous slopes the aggregate output gap moves relative prices at first order, whereas with ex-post
heterogeneity alone it does so only at second order, and only in combination with industry-specific shocks. Given
the same observed inflation rates, therefore, a model in which heterogeneity arises only ex-post attributes a larger

share of aggregate inflation to industry-specific shocks than one in which heterogeneity is present ex-ante.
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I illustrate these points by comparing a linear and a non-linear version of our running two-industry example. In the
linear setting industries are heterogeneous ex-ante (prior to any perturbation). In the non-linear setting I assume
that industries have identical nominal rigidities and supply elasticities ex-ante, but factor supply becomes less elastic
as employment increases. For simplicity, I also assume that variation is entirely driven by productivity and output

gaps. Appendix C.1 provides derivations under a larger set of shocks. A second-order approximation yields

~ nat j 1 7 ~
Wy =@y tff—f—i@zé?-i—pc-

nat

with ¢} = + Lpzf?at. With full discounting (p = 0), aggregate and relative inflation become

I T SR R 1-6 (1-6 1-§ 8 ot
=13 y+2<p2y +0@21+95¢”’” <1+80+ 5 1+95<pnat>Va7“(7T ) (31)
R:6(1+9¢nat)ﬂR,nat+ 6902 1_9_1_ 9(1_5) ~7TR,nat

1+ @5pnat 1+ 66pnat \14+¢ 14 0dpnat '

Equation (31) highlights similarities and differences with the linear model in example 4.1. In the first line, aggregate
inflation depends on the variance of industry-specific price gaps, whereas the linear model features a covariance
between price gaps and supply elasticities. Both capture the same economic mechanism, but they differ in how
heterogeneity arises. In the non-linear model, relative supply elasticities are endogenous: the industry whose natural
relative price increases gets pushed toward a steeper portion of its supply curve, thus facing more inelastic supply.
Therefore the covariance between natural relative prices and supply elasticities is necessarily negative, yielding a bad

cost-push shock, as captured by the variance term in (31).

The second line shows that, absent ex-ante heterogeneity, the output gap has only a second-order effect on relative
prices. Moreover, this effect only arises in combination with industry-specific shocks (774t £ 0). With ex-ante
identical supply elasticities the output gap does not affect relative prices, unless other shocks push industries toward
different portions of their supply curves. By contrast, with ex-ante heterogeneity the output gap moves relative

prices at first order, even absent industry-specific shocks.

These differences carry over to identification. A feature of ex-post heterogeneity is that the industry receiving a
positive relative price shock is always the one pushed onto a steeper portion of its supply curve, so any relative price
movement signals a worse inflation-output tradeoff. Ex-ante heterogeneity imposes no such restriction — whether the
tradeoff worsens depends on which industry’s relative price is rising. The two specifications therefore diverge most

for shocks that improve the tradeoff, which the ex-post channel cannot represent.

The aggregate and relative inflation indices derived in proposition 4.2 can still provide useful intuition. Denote the
industry weights in these two indices by é pc and é’ - In non-linear models the sectoral weights are not constant

over time, and they depend on the unknowns that these indices are meant to identify. This gives rise to a fixed-point
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problem:

- 2T -
9t = Cpe (th?%(tn) Ly’
T ,
wt = &y (G i)
Unlike its linear counterpart, this fixed-point problem has multiple solutions. Table 1 selects the solution closest to

the linear one, and compares the inflation decompositions implied by various linear and non-linear models.

Throughout the table, I consider an increase in aggregate inflation. The first and second columns consider an increase
in the relative price of manufacturing, while the third and fourth columns consider an increase in the relative price
of services. The first and third columns report the component of aggregate inflation attributed to the aggregate
output gap, while the second and fourth columns report the component attributed to industry-specific shocks. Each
row corresponds to a different model. The first model is linear, with identical Phillips curve slopes in the two sectors.

The second is linear with heterogeneous slopes. The third is non-linear with identical initial slopes.

ghmnat — 3 7 =4 ghmnat — 3 7 =4
Model Aggregate Industry-specific Aggregate Industry-specific
Linear, homogeneous slopes 4.00 0.00 4.00 0.00
Linear, heterogeneous slopes 3.42 0.58 5.03 -1.03
Non-linear, homogeneous slopes 1.89 2.11 1.89 2.11

Table 1 Inflation decomposition implied by alternative models, two-industry example. Each row reports the
components of observed aggregate inflation 7 = 4 attributed to the aggregate output gap and to industry-specific
shocks, given observed inflation, when natural relative prices change by 7”9 = 4+3. The two components add up
to 7 by construction.

In the linear and non-linear models with equal slopes, the decomposition of aggregate inflation does not depend on
the sign of relative price changes. The linear model entirely attributes aggregate inflation to aggregate demand. The

non-linear model attributes part of it to an adverse cost-push shock, signalled by relative price changes.

In the model with heterogeneous slopes, instead, the inflation decomposition depends on the sign of relative price
changes. If the price of manufacturing increases, this model attributes part of aggregate inflation to an adverse
cost-push shock, and part of the relative price change to the aggregate output gap. If the relative price of services
increases, instead, this implies a good cost-push shock. Therefore industry-specific shocks had an offsetting effect on

aggregate inflation, thus the model infers an aggregate component exceeding observed inflation.

In this example, then, the specification with only ex-post heterogeneity attributes more of aggregate inflation to
industry-specific shocks than the specification with ex-ante heterogeneity, and the gap is largest when industry-specific
shocks improve the inflation-output tradeoff. Comparing linear and non-linear models on US data would require

calibrating the second-order terms s industry by industry, which is outside of the scope of this paper.
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5 Inflation Drivers in the US, 2000 - 2024

This section provides a quantitative decomposition of inflation in the US, between 2000 and 2024. Section 5.1
describes the model calibration. Section 5.2 starts by presenting the headline inflation decomposition. It then turns
to quantifying the interconnections between relative prices and aggregate inflation. On the one hand, it computes
the impact of relative price shocks to various industries on aggregate inflation during the COVID pandemic. On the
other hand, it quantifies the component of relative prices driven by the aggregate output gap. Finally, it computes

model-based inflation forecasts between 2020 and 2023.

5.1 Data

The calibration features 53 primary factors (22 labor occupations, classified according to the Standard Occupation
Classification by the BLS, and 31 semi-fixed assets corresponding to equipment, structures, and intellectual property
in the NIPA tables), and 66 private industries, classified according to the input-output tables provided by the Bureau
of Economic Analysis (BEA).?2 Table 2 lists data sources and parameter values. A model period is one quarter, and
parameters in table 2 are quarterly values.??

Time series of prices and wages. 1 obtain time series for the Consumer Price Index (CPI) and the CBO output
gap from the St Louis Fed database (FRED). Industry-level price series are from the BLS PPI and CPI datasets,
and time series for occupation-level wages are from the Current Population Survey (CPS). All series are quarterly,

and inflation rates are reported year-on-year in annual percentage points.

Supply elasticities of non-labor factors. Supply elasticities of non-labor factors are calibrated by matching
empirical impulse-responses of industry-level prices to identified monetary shocks. I estimate local projections of

industry-level inflation using the specification

T(i,t+h) = Bo + Bingsls + Z Bin(gsly x SI x 100) + 0(L) (i ) + vi + uginy
fex
where ~y; is an industry fixed effect, gs/Tt is a time series of identified monetary policy shocks, and Sl-f are demeaned
value added shares of the four non-labor factor categories in industry 4 (structures, heavy equipment, intellectual

property, and light equipment). I estimate inverse supply elasticities ¢ for the four non-labor factors by running

22The 5 government industries (federal general government, split into defense and non-defense, federal government enterprises, and
state-and-local general government and government enterprises) are excluded from every result reported at the industry level, because no
producer price series exists for these industries. They are kept in the input-output network, since other industries buy from them.
23The quantitative model adds interest-rate smoothing, as in Smets and Wouters (2007):

i1 — Berp®t = p; (it — Be—1rp®t) + (1 — pi) [¢y?§t + <757r7rtTR] + €.
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Discount factor (quarterly) p=0.99

Intertemporal elasticity of substitution y=1
Inverse Frisch elasticity (labor) w1 = 1.83 (Smets and Wouters, 2007)
Inverse supply elasticity (structures) pg =5.70
Inverse supply elasticity (heavy equipment) wgp = 9.26
Inverse supply elasticity (intellectual property) prp = 2.68
Inverse supply elasticity (light equipment) pre =0
Substitution between labor types 9};7h € [0.10,0.79], mean 0.40 Vk,h € L,i € {1,...,N}
Substitution between non-labor factors Oi,h =0.50Vk,heK,ie{l,..,N}
Substitution between labor and non-labor factors 9,’;),1 =010ke,heLie{l,..,N}
Substitution between factors and intermediates 9}& =0.10 he F,i,j€{l,..,N}
Substitution between intermediates H;n = 0.70 across, 3.00 within 2-digit sectors, i,j,n € {1,..., N}
Substitution between final goods Gﬁj = 1.00 across, 3.00 within 2-digit sectors, h € H,i,j € {1,...,N}
Persistence of monetary shocks nP =0.15
Persistence of shocks to 7% n"et =0.10
Taylor-rule response to aggregate inflation ¢ = 1.60, with 777 = GDP deflator
Taylor-rule response to the output gap ¢y = 0.33
Taylor-rule interest-rate smoothing p; = 0.80
Industries’ probabilities of price adjustment Pasten et al. (2020)
Industries’ expenditure on occupations Census data (ACS)
Industries’ expenditure on intermediate inputs BEA input-output accounts
Expenditure shares of final consumers BEA input-output accounts
Expenditure shares of utilization producers Vom Lehn and Winberry (2022)
Ownership shares of firms and non-labor factors Census data (ACS)

Table 2 Model calibration

the same regression in the model, and choosing these elasticities to match the peak local-projection coeflicients B,

holding all other parameters fixed. Appendix D details the procedure and reports the model fit.

5.2 Identification and Forecast Revisions

Calibrated sectoral slopes and CPI incidences. Figure 8 plots calibrated industry-level slopes x; against CPI
incidences (Q ZV)Z., coloring industries according to their price adjustment probabilities and non-scalable shares of
value added. Both slopes and incidences are increasing in these two characteristics. Heterogeneous industry-level
slopes imply that relative prices meaningfully respond to the aggregate output gap, while non-zero CPI incidences
imply that aggregate inflation meaningfully responds to natural relative price changes. Disentangling these two

inflation drivers thus becomes non-trivial. Slopes and incidences are positively correlated, although not perfectly,

consistent with the invertibility result of proposition 4.2. The next paragraphs identify the drivers of relative prices
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and aggregate inflation through the structural model.
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Figure 8 Correlation between model-implied industry-level Phillips curve slopes and incidences of relative price
shocks on the aggregate CPI. Marker color varies by value-added-weighted tercile of the two characteristics. The
dashed line marks zero CPI incidence (which differs from the value-added weighted mean).

Decomposition of aggregate inflation Following proposition 4.2, I isolate the components of aggregate inflation
driven by aggregate demand misalignment and natural relative price adjustments.?* The black line in figure 9 plots
deviations of the CPI from its 2% average. The blue and orange bars decompose changes in the CPI into aggregate
demand misalignment — as measured by shocks to the Taylor rule €' — and natural relative price changes.?> Figure 9
reveals that both inflation drivers are important, and their relative importance varies over time. Industry-specific
shocks accounted for 49% of consumer price inflation between 2000 and 2019. Aggregate demand instead was the
main inflation driver during the COVID episode, accounting for 68% of the disinflation between 2020Q1-2020Q4
(light shaded window in figure 9) and for 69% of the inflation surge over 2021Q2-2023Q1 (dark shaded window).
All percentages are shares of average absolute changes.? Inflation returned above the 2% target in 2021Q1, when
relative price adjustments raised it 0.7 percentage points above target, while the output gap was still subtracting 0.3

percentage points.

24The model inversion is numerically stable, with condition number of 1.1 x 103. Perturbing every sectoral inflation series by relative
noise of size 1078 moves the recovered output gap by a relative 1.0 x 108 and the recovered natural prices by 3.0 x 10~8.

25The decomposition is implemented as follows. I initialize sectoral price gaps P_; at zero at the start of the sample. In each subsequent
quarter I construct conditional inflation forecasts using the state transition matrix H of proposition 4.4; the difference between the
observed sectoral inflation rates and model-implied forecasts gives the sectoral inflation surprises 7r:. These surprises are then mapped
into exogenous shocks ¢P and ¢"%* using equation (28), and fed recursively into the belief-updating expression (46) of appendix B to
obtain each quarter’s inflation contributions. Notably, the orange bars include endogenous output-gap responses to relative price shocks
through the Taylor rule. The two bars in figure 9 sum to the black line.

The inflation series are year-on-year. The model inversion is a linear function of the inflation path, therefore the components plotted
in figure 9 are four-quarter moving sums of the components that would be obtained from quarter-on-quarter data.

26Writing aggregate inflation as m; = w§“? + n19%, the share attributed to component k over a given window is |7*|/ (|7T9ap| + |7r"at|>7

where a bar denotes the average over that window.
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Figure 9 decomposes inflation in terms of exogenous shocks. Following proposition 4.3, figure 18 in appendix D

provides an alternative decomposition in terms of output gaps and natural relative prices.

Decomposition of CPI inflation
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Figure 9 Decomposition of year-on-year CPI inflation, baseline calibration, 2000Q1-2024Q1, in percent. Blue bars
correspond to the inflation component driven by aggregate demand shocks €, orange bars correspond to the inflation
component driven by natural relative price shocks. Each component results from the sum of past and current shocks.
The shaded bands are the windows over which the decomposition shares reported in the text are computed: the
light band is 2020Q1-2020Q4, when both components were negative, and the dark band is 2021Q2-2023Q1, when
both were positive.

Industry-specific shocks and aggregate inflation. The left panel of figure 10 plots estimated shocks to the
natural relative prices. The contribution of these shocks to aggregate inflation depends on each industry’s incidence
on the aggregate CPI (£2z)), and it is shown in the right panel. Each set of bars corresponds to a different quarter,
and bars of different colors represent selected broad industries. The oil sector faced the largest inflationary shocks,

and contributed the most to aggregate inflation.

Output gaps and relative prices. Following lemma 4.1, figure 11 quantifies the contribution of output gaps
to relative price changes for selected industries. The black lines plot industry-level relative prices. The blue bars
represent the contribution of aggregate output gaps, while the orange bars represent the contribution of own

industry-specific shocks. While not large, the output gap component is non-negligible for some industries, such as
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Figure 10 Left panel: shocks to the natural relative price of ten broad industry groups, shown for five selected
quarters. Right panel: contribution of natural relative price shocks to aggregate CPI inflation by industry group,

each quarter from 2020Q1. Within a group G, the left panel is the Domar-weighted average ;. %ﬂ%‘” and
JjeEG T

the right panel is the incidence-weighted sum ), (Q ZV)i 7l where U, is the Domar weight of industry i and
(Q ZV)Z. its incidence on the aggregate CPI. Government industries are excluded from both panels.

Utilities and Food and Beverage. This means that a regression of aggregate inflation on utility price changes would

partly attribute to energy shocks what is in fact a consequence of output gaps.

Role of heterogeneity. The interconnection between relative and aggregate variables crucially depends on
heterogeneity in price pass-through P (through input-output linkages and price adjustment frequencies) and factor
supply elasticities ® across industries. Figure 12 evaluates the importance of these two dimensions of heterogeneity

for aggregate and relative prices.

The left panel represents the component of aggregate inflation attributed to the output-gap in the baseline calibration,
against two counterfactuals. The first counterfactual (teal line) eliminates input-output linkages and assumes all
industries have the same price reset probability.2” The second counterfactual (orange line) assumes all industries use
factors in the same proportions, thereby facing the same supply elasticity. The right panel instead feeds output gaps
and natural relative prices estimated using the baseline model into the counterfactual models. The two panels show

that both dimensions of heterogeneity matter, and heterogeneous price pass-through is more important quantitatively.

27With input-output linkages, even uniform price adjustment frequencies would still generate heterogeneous price pass-through.
Bundling input-output linkages and price adjustment probabilities into a single counterfactual allows me to make the price pass-through
P uniform across industries.
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Figure 11 Decomposition of industry-level inflation. The black lines represent industry-level prices relative to
aggregate CPI. The blue bars correspond to the component of industry-level relative inflation driven by aggregate
output gaps. The orange bars correspond to the component driven by own natural relative price shocks.

Inflation surprises. Following lemma 4.5, figure 13 decomposes the evolution of model-implied inflation expecta-
tions over time. Each group of bars corresponds to a different quarter. The blue and orange bars represent forecast
updates implied by innovations in aggregate demand and natural relative prices, while the dark gray bars correspond
to expectations based on past shocks. The black line plots the actual CPI. As the figure shows, inflation surprises

were mainly driven by relative price shocks until early 2021, and by aggregate demand from then onward.

Figure 14 plots sectoral weights in the inflation indices which provide model-consistent expectations of aggregate
inflation, in levels and relative to CPI weights. Industries with flexible prices and high non-scalable share, such as
utilities and primary manufacturing, get discounted throughout. Industries with stickier prices and more elastic
supply, such as services and secondary manufacturing, are assigned a higher weight than in the CPI. Secondary
manufacturing also has higher weight when predicting inflation further out in the future. This is because secondary

manufacturing is fairly upstream, therefore changes in its costs take longer to propagate into final prices.
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Figure 12 Left panel: component of CPI inflation attributed to aggregate output gaps under the baseline model and
two counterfactuals, against actual CPI inflation. Right panel: relative price responses to the output gap and relative
price shocks estimated through the baseline model, under each counterfactual. Responses are plotted as deviations

from the baseline, one point per private industry and quarter from 2020Q1-2024Q1. Government industries are
excluded.
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Figure 13 Decomposition of inflation surprises. Each group of bars corresponds to a forecast date ¢, over horizons
s=0,...,4 quarters. Each bar splits realized CPI inflation at ¢ + s into the components attributable to news that

arrived before t, to aggregate demand and natural relative price innovations at time ¢, and to innovations arriving
after t.

6 Conclusion

This paper identifies the components of inflation driven by relative price adjustments versus aggregate demand
misalignment. It first establishes that — whenever industries have heterogeneous network-adjusted supply or pricing

elasticities — aggregate shocks affect relative prices and industry-specific shocks affect aggregate inflation.

This two-way causality makes it difficult to isolate aggregate and industry-specific inflation drivers. I do so through
the lens of a disaggregated New Keynesian framework, constructing appropriately-weighted aggregate and relative
price indices which serve as sufficient statistics for shock identification and forecast revision. The industries’ weights

in these indices depend on their supply and pricing elasticities, as well as on their size.
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Figure 14 Sectoral weights in the inflation indices that track model-based expectations of aggregate inflation (vertical
axis) against forecast horizon (horizontal axis). Each bar is the sum of weights over the industries in one of six broad
groups, plus wages. Weights are normalized to sum to one at every horizon. The left panel plots raw weights, the
right panel plots deviations from CPI shares.

I quantify the drivers of US inflation between 2000 and 2024, finding that they vary over time. Aggregate demand
only accounted for 51% of consumer price inflation in the two decades before the COVID pandemic (2000-2019),
against 68% of the disinflation between 2020Q1-2020Q4 and 69% of the inflation rebound between 2021Q2-2023Q1.
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Appendix to What Drives Inflation?

A From the Log-Linearized Equilibrium to the Dynamic System

This appendix starts by detailing the utilization model for non-labor factors (section A.1). It then takes as its
starting point the log-linearized equilibrium conditions of lemma 3.1, and derives the three-equation system (13).
As an intermediate step, lemma A.1 derives a larger system of five equations — three supply-side equations (factor
supply, pricing, and relative factor demand) and two aggregate demand equations (IS curve and Taylor rule) — which

better illustrates the role of various primitive parameters.

A.1 Non-Labor Factors

Each non-labor factor f € IC — land, equipment, structures, intellectual property — is produced by combining a fixed

endowment K; with variable utilization Uy. The supply of factor f at time ¢ is
Lft = Uft f(f.

The utilization component Uy fully depreciates each period, while the endowment component K ¢ does not depreciate.
This model abstracts from capital accumulation, while retaining heterogeneous supply elasticities and heterogeneous

value added composition across industries.

The production function for utilization is
-
©
Up = +epefic] ™

where E¢; is a shock to the efficiency of utilization, and the utilization bundle C'y uses goods with constant returns

to scale, Cyy = Cri(cf1,...,¢rn). The utilization producer solves

1
51188( Wfo — PfUCf s.t. Lf = Uftkf, Uf = [(1 + (pf) 5}pthf res
o~ f
The first order condition yields a supply curve with constant elasticity %f:
W _
v _ YW I ops
Ui’ = P—}yé'f Ky. (32)

Equation (32) is the exact counterpart of the workers’ consumption-leisure tradeoff (4). Log-linearizing it gives

Wt = @f (ﬁjt - Eﬁ) + Quf,:pta f € ’Cv
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with ejft = log £+, while log-linearizing (4) gives
_ F
Wee = Qf (fftfeft)+QH,;pt+’)/CHt, fecL.

The supply curves of labor and non-labor factors take the same form, differing only in the price deflator, which
coincides with the household’s consumption price for labor occupations, and with the utilization price index for

non-labor factors, and in the wealth effect vcg¢, which is present for labor occupations only.

Payments WLy to factor f are split between utilization costs and rebates to the household. Profit maximization by

utilization producers implies that a constant share ﬁ of revenues covers utilization costs; the remainder, a share

L
I+¢f?

enters the household’s budget constraint (3) as a rebate.

A.2 Notation

Vector-matrix notation. The derivations below collect variables pertaining to each group of agents — primary
factors, industries, final users — into vectors, whose components correspond to individual agents. Consistent with
this notation, the model elasticities are collected into matrices whose entries describe responses of the row variable

to changes in the column variable.?®

As a convention, a colon in place of an index selects an entire block of a matrix. For example, Qz. and ¥ z. denote
the rows corresponding to final users, and Q.7, ¥.z, P.r denote the columns corresponding to labor unions and
factor marketplaces. Table 3 lists the model variables. Table 4 lists the matrices collecting income and expenditure

shares, reproducing definition 3.2.

Variable Definition

Aggregate output gap Y = Yp — g{mt

Household consumption chy = log %i’{ L

Employment of primary factors £, = 1y, ... 0py)" where Uy = log LL’}’C‘
Factor prices wy = (wry, .., wpt)T where wy; = log VJ//fot
Industry-level prices Dy = (D1t s pNt)T where p;; = log %
Industry-level price gaps P, = p; — prt

Industry-level inflation T = (T1gy ey 7TNt)T where T = pit — Pit—1
Natural price changes mpaet = ppat _ pnat

Nominal interest rate )

Table 3 Model variables

28When the row and column agents are the same, diagonal entries can be interpreted as own effects while off-diagonal entries describe
spillovers across agents.
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Parameter Notation Definition

Expenditure shares Q e RVIXIV] Q;; = I;f);”

Leontief inverse v Uv=(I-Q)!

Domar weights ¥ ¢ RWVI U, = (I;D};

Final use shares ¥ € RIZI U, = %C;}ff (final-use block of W)
Primary factors’ income shares U c RV Uy = ZY,VB]LDﬁ (factors block of W)

Table 4 Income and expenditure shares

Covariance operator. Given a vector z € RV, z > 0, and two matrices X € R*N Y € RVXP the covariance

operator Cov, (X,Y) € R&*F is

CO?)Z X7Y = ;X:iYVi:_ 7ZX’L 723/1 .
S ;ijﬂ' (221@‘ )(223'2? )
A.3 Equilibrium in vector-matrix notation

Lemma A.1 re-writes the equilibrium in vector-matrix notation, setting the stage for the following derivations.

Lemma A.l. Equilibrium in vector form. The log-linearized equilibrium conditions (11a)—(11i) are equivalent

to the system

w; =0 + QO p, + €Y, efj’z—diag(gaf)fe}.etf (33a)
p, = P.rw; — Pay+ (I —PY ) (py_y + pEymipr) + €7, & =1-A0) "€ (33b)
£, = 1j; — Op, + €} (33c)
1 . y
EicH 11 = che + 5 [(ig41 +log p*) — Qp . Bemwia] + €f (33d)
Z.t+1 = ]Et’f'?fi + ¢ygt + ¢7T7rt7—‘R + €i+1 (336)

where ®, QF and P are as defined in steps 1 and 2 of the proof below, and © is defined in (36). Table 5 at the end
of this appendiz collects all definitions.

Proof. 1 derive each equation in turn.

Factor supply. Stacking the consumption-leisure tradeoff with optimal asset utilization implies the factor supply
equation (11a):
1z O Of

w, = diag (py) (Et - ef) + Qz.p, +Tezy,
Ouc Iu Oy
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where I' is as in definition 4.2. The budget constraints (11g) give cz; = Z. 7€+ (E;N\IF1 — ta) p;, using U1 = 1-Q
and Q. = 0 for the factor rows of the extended A/ (remark 3.1). Combining with the factor supply equation yields

(33a), with ® and Q7 as in definitions 4.2 and 4.4. Two properties follow: ®1 = (p; + ’yf)fe}-7 and Q71 =1.

Pricing. Substituting the marginal cost equation of lemma 3.1 into the pricing equation (11lc), and using m;; =

Dit — Pit—1, gives

pit = 0 Z Qiipje + Licpwpy — ag | + (1 - 51') (Piyi—1 + PEimi141) + €by.
JEN

Following remark 3.1, labor unions and factor marketplaces are themselves elements of A/, with Q. = 0 and marginal

cost equal to wy. Stacking and collecting terms in p;,
(I - AQ)p, = AllFw, — a;] + (I = A) (py_y + pEemris) + €.

The matrix I — AS is invertible by the Perron—Frobenius theorem, because A} is non-negative with row sums

strictly less than one. Pre-multiplying by its inverse and using P = (I — AQ)_l A=A(I- QA)_l yields

Py = Prw; — Pa, + (I = AQ) " (I = A) (py_q + pEemisr) + (I — AQ) ' el

Finally, note the identity
I—PU =T (I-AQ) 'AI-Q) =T —-AQ) ' [I-AQ) —A+AQ =T —-AQ) " (I -A),

which delivers (33b). The coefficient I —PW¥~! measures the weight that industry i’s current price places on inherited

prices and expected future inflation, cumulated through the production network.

Relative factor demand. To derive equation (33c) I aggregate the input composition equation (11le), the industry
output equation (11d) and market clearing (11f) into a single relation between relative factor employment and
relative prices. I also make extensive use of the accounting relation Wz = UL }-\il =z, which states that factor income

shares are the factor content of final expenditure. Totally differentiating gives
d\i’]: =d (\I’g}—) \i’Z + \Ifg}-d\ilg.

The first term captures substitution at every node of the network; the second captures the reallocation of income

across final users with different consumption baskets.
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For the first term, denote by p the vector of log-changes in industry-level markups and use ¥ = (I — Q)f1 to obtain
d(V5r) Wz = VT s, © — Vidiag (¥) p,
where the substitution term is

LA |gup ¥ = Z Ui (1 - 05,.) (.7);. (0 — i)

N
— W5 (1 - QZ17) diag (%) ¥ ~ Covg,, (V55 02.) = X (V.r,D)| p,

and where for any two matrices X,Y we define the bilinear form

N
1 .
(Y (X V)] =5 D 07,9560 (Xin — Xon) (Yii — Yoi) -

J,k,n=1

Solving for markups as a function of prices and wages, u = ¥~'p — [rw, gives
d (\Ilg}-) Uz =—[¥rQz+ Covg (\Ilg}-,QZ;) + X (U.r,1)] p+ diag (Tr) w.
By definition, d¥ 5 = diag (\il]:) (w+ £ — 1y) — ¥ £Qzp. Equating the two expressions, the wage terms cancel and

diag (¥ ) (€ — 17) = — [Covg, (VL 7,Qz) + X (V.r, 1) p+ VL 2d¥ 2. (34)

It remains to solve for d® z. This step uses the matrix of ownership shares = € RIZ*W introduced in lemma 3.1,

which tracks factor income and profit rebates to final users. The household pays net transfers Ty and receives all

Pr
Ity

industry profits and all labor income, plus a share of non-labor factor income (see appendix A.1). This implies

v,

Ehi=(1-Trw) T,

v
Z'G./\/‘U[:, EH’f:( —TH>f fE’C (35)

1—|—<pf \IJH7

1
1+<pf

Utilization producers receive a share of non-labor factor income and own nothing else, so =, y» = I;—; and

Bupi =0 forie N.

Since income shares sum to one, it holds that \Ilg}-d\ilz =Covg, (\Ilg}-, dlog \ilz),and accounting implies

dlog Wz =Z(€—1y) + [EV ' - 1Qz] p.
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Substituting into (34) and solving for £ — 1y yields (33c), with

-1

© = (diag (¥7) — Covg, (VEr,Z5)) D (36)

D=X(V.z 1)+ Covg, (VErQz —Z0 1),

The shifter € collects the network-aggregated preference and government spending shocks,

1 —
El]ict = @7 \I/i Z Qih\phf eght'
fien  hen

Aggregate demand. The Euler equation (11h) and the Taylor rule (11i) simply restate (33d)—(33e).

The budget constraints (11g) do not appear separately in (33a)—(33e), because they have been substituted out into

® and Q7 in the factor supply step, and into © in the relative factor demand step. O

A.4 The Dynamic System

This section moves from lemma A.1 to derive the dynamic system (13) of proposition 4.1. Along the way it defines

the industry-level slopes &, the cost-push elasticities V, and the nominal rate deflator 7.

Proof of proposition 4.1 I derive the Phillips curve block and the IS equation in turn.

Industry-level Phillips curves. Recast (33a)—(33c) in gaps relative to the natural equilibrium (definition 3.5). Because
the natural equilibrium faces the same shocks and policies as the actual economy, the shifters €”, €, a and €” drop

out of the gap representation. Combining (33a) and (33b),
(I—PFr)p, =Pr®ly+ (I —PU ") (B_y — w1 + pEymips) .
Substituting the demand equation (33c) in gaps, 0, = 1§, — Op,,
(I-Pr (2 —20))p, = Prolie + (I - PY ") (P — 71 + pEimmisq) .
The coefficient matrix factors as
I-Pr (07 —00) = (I - Pr07) (I+Pr (I-07PF) " 20)

and is invertible for all parameter combinations except a measure-zero set on which P.r (I — Q7P ]-')71 ®O has an
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eigenvalue equal to —1.2° Outside that set, inverting and using 7y = p, — p,_; + 71 delivers the Phillips curve

block of (13),

nat

T — pEtﬂt+1 = K,gt — V (i)tfl — 7Tt + PEtﬂ't+1) y

with

k= (I-Pr (0 —30))  Pro1

V=(I-Pr (@ -®0))  (PU ' —Ps(QF - 00)).

This proves the expressions for k and V in lemmas 4.1 and 4.2; the decompositions (15) and (16) are derived in

appendix B.

To see that V1 = 0, note that P¥~!'1 =P (I — Q)1 and (27 — ®0) 1 = Q713 A uniform increase in all natural

prices therefore has no effect on inflation dynamics. In other words, only natural relative prices matter.

Aggregate IS equation. The Euler equation (33d) is expressed in terms of household consumption. To write it in

terms of the aggregate output gap, take the household row of the budget constraints (11g) in gaps,

Ct = EH]:Zt + (EH’;\IJ_l - QH,:)ﬁta

and combine it with (33d) to obtain

_ 1 . o
EnrEili1 =Eprl + 5 [ie1 +1og p* — [(1 =) Qu: + V2w, V| Eymryga ] + €.

Substituting the demand equation 4 = 1y; — Op, then yields

Etgir1 — 0: =

=~

which is the IS block of (13) with 7% = BTﬂ'.

A.5 Elasticity Matrices (Summary)

For convenience, table 5 collects the elasticity matrices constructed above.

. na T T — —
|:Zt+1 — (Etrwi —+ ﬁ Etﬁt+1):| —+ Etp, /3 = (]. — ’}/) QH’: =+ Y (‘:H,;\I/ 1

29The matrix I — Q7 P, is always invertible by the Perron-Frobenius theorem, because the elements of Q7 P.x lie in (0,1) and its

row sums are always less than 1.

30We used the property ©1 = 0: a uniform increase in all prices leaves relative factor demand unchanged.
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Parameter Notation Definition

Wealth effects I € RIFIxIZ] Iy, =lter .—n

Ownership shares = € RIZIxIV] =, = (ém — Tz> \%

Factor supply elasticities P ¢ RIFIXI7I ® = diag (gof)fef- +T=.~

Factor price deflators 0F e RIFIXIVI 0 = {( (O}:ﬁ G)IZM 85 ) — 1—} Qz +TEANT!
GDP deflator weights Qz € RIxWVI Qz = \ilgﬂz:

Aggregate factor price deflator Q7 e RIXIWVI QO =9 707

Nominal rate deflator ls = ,BTTK' BT =01—-9)Qu.+7v (EH7;\I/_1 - EHFG))
Marginal cost pass-through A = diag(d1,...,0n) b0 = 6;(_1;5?78:23) €(0,1)

Price pass-through P € RWIXIVI P=AI-QA)"'=(I-AQ)'A

Demand elasticity 0 c RIFIxIVI see (36)

Table 5 Elasticity definitions

B Section 4 Proofs

Proof of lemmas 4.1 and 4.2

The expressions for k and V were derived in appendix A.4. It remains to derive the decompositions (15) and (16).

Relative slopes. The derivation rests on two identities. The rows of 2 sum to one (step 1 of the proof of lemma
A.1), and ©1 = 0 (a uniform increase in all prices leaves relative factor demand unchanged). Hence (27 — ®0)1 =1,

so that
(I-Pr(QF —30))1=1-Prl = (I-Ps (27 —30)) ' Prl=(I-Pr (@ -20)) '1-1. (40)
Split ®1 = &1 + ((I>1 — @1) and apply (40):

O(I-Pr (2 —30)) Prl+ (I—-Pr (27 —30)) Py (01— 1)

& ((1-Pr (97— 00)) " 1-1) + (I- P (27— @0)) " Pr (21 - 51). (41)

Next, split P.71 = Prl + (79:}-1 — ﬁfl). Then (40) gives

(I-Pr (2 —90))1=(1-Pr)1— (Prl—Prl),
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so that

([-Pr(2”—00)) '1-1= "7 14 1 (1-p, (07 —20)) " (Pr1—Pr1).
1-—Pr 1-—Pr

Substituting into (41) yields the decomposition

. i)ﬁ]-' — . F . —1 (i) P]—'l _ & & _ &
K= 5, 1+ Pr (I - P.r (2 — ©0)) [1 —5> (Pf 1) + V.7 (®1— 1) + (Pf \I/;f) (@1 @1)} :
N——

=Ko

(42)

The scalar kg is the slope of the homogeneous benchmark in which all factors share the supply elasticity ® and all

industries the pass-through Pz. Demeaning with (I - 1Q Z) yields equation (15).

Aggregate incidence of cost-push shocks. Pre-multiplying (39) by €2z and applying 2z = o + (Q z— QF)

isolates the last term of (16). For the remainder, use the equality
(I-Pr (2 —30)) ' =I+P.s (07 —00) (I-Pr (27 —30)) "
to obtain

Q7 vrret = Q7 [PU! - s (QF - ©0) (1 - V)] m
= Q7 (P = Pro) ulnmt - Q7 (Pr — Pr1¥7) (27 - 00) (1 V) 7"
+ PVl 4 Py (R0 - BET) O (1 - V) 7
= f;f (pr - Q%) g lgnat _ (Qf_Pf - \1:§> (QF —20) (I-V)

Proof of proposition 4.2

Start from (37),

™ — K — pEmp = =V (X + pEm4a) Xt =Pi1— T

The matrices P and ¥ are always invertible,3' while

- (vr-197) (07 - 20)

31This follows from the Perron—Frobenius theorem: € and QA are non-negative with row sums less than 1, so their eigenvalues are less
than 1 in absolute value and I — 2, I — QA are invertible.
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is invertible outside a measure-zero subset of the parameter space. On that set, pre-multiply both sides by
_ -1
1= (vr —197) (@7 - 20)]|  [¥P! — . (07 - 20)]
to obtain

1= (vr-197) (0 - 20)] WP - W (9F — 860)] [mi — ki — pEme]

__ [1 — 195 (9F - @@)} (x; + pEm1s1) .

The right hand side is zero if pre-multiplied by \il; (Q}— — @@). Hence

§i = Che [me — pEmeia],

T7 (07 - 00) |1 (Wr—197) (07 - @@)}71 [WP~! — 0.5 (O — $0)]

T _
CDC = -T T —1
oL (0F — 30) {1 - (\IJ:; - 1\1:f) (QF — @@)} U, 701
up to a measure-zero parameter set on which the denominator vanishes. By construction CIT)CV = 07 and the
normalization Cgcn =1 holds. Since CgCV = 0" and Cgclﬁi 2 0, the slope k does not lie in the column space of V;

together they span RY, which gives the decomposition (19).

The expansion (20) follows by substituting P = A (I — QA) ™", so that UP~1 = ¥ (I —QA)A~L =¥ (I - A)A~1 +

U (I —Q), and collecting the covariance terms. The auxiliary matrices are

~F

07 =0 [1y - (vr - 12%) (@7 - 00)]

6=0 Iy - (v.r-18%) (07 - 20)] -

) (\iﬁ(b) .
o=~ 11 c F.
f 7, f
O
Proof of proposition 4.3
Write (37) as the first-order system
1 —1 ~ 1 -1 nat
Tt41 _ A T B » (I - V) Ky + E (I - V) VTrt 7 (43)
Dy Di—1 L
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with

With N industries there are IV forward-looking eigencombinations of (7\', i)_l), corresponding to eigenvalues greater

than one in absolute value, and N backward-looking ones. They satisfy

(I W) i =A<I W) o, (44)

o

where the loading on current inflation is normalized to the identity without loss of generality. Substituting (44) into

(43), the eigen-matrices A solve the quadratic equation
AT =1 +p)A+pA] =T -V) 'Y, (45)

which is the equation stated in the proposition, since I — (1 + p) A + pA? = (I — pA) (I — A). Equation (45) has a
unique backward-looking solution (Ap, Wg) with all eigenvalues weakly inside the unit circle, and Ap = %Agl is

part of the unique forward-looking solution. The loadings are
Wp=1-(pAg) ", Wgp=1-Ag.

V1 = 0 implies A1 =1, and ¢HoA = €5 from ¢hHoV = 07, Tterating (43) forward and decomposing any vector in

the (7\'7 D 1) space along the two eigen-blocks yields

™ WB —1
. = (Wi — Wr) <I WF>_
P -1

Wrp

» (W —Wp)™ < I Wpg > ;

P

Imposing the initial condition p_; = p*; and the boundary condition lim;_,+, s = 0 pins down
o0

=" (oAw)" [An (1= V) sy + (1= Ap) m2®] = (1= Ap) by
s=0
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Iterating from this initial value gives the general expression, in which current inflation depends on belief updates at

all prior dates:

m = (I — pA%) 1{22[1 pAp) + pAgp (I — AB)(pAg)T] (pAp)*

=0 7=0

X |:AB (I - V)_l RgtJrs\'r + (I - AB) W?ﬁzh}

(A5 (pA3) ™" [An (1= V)™ Riiespy + (1 = Ap) et ]

[M]8
M2

+ (I —Ap)

A5 [ =V R — (1= phm)mpel ] (46)

V)
Il
3
Il
w

where x; |, denotes the belief update about x4, s formed at time ¢ — 7. If all past shocks were surprises at the time
they occurred, and current and future shocks were unexpected before ¢, all belief updates collapse onto a single date

and (46) reduces to (21) in the main text. O

Proof of lemma 4.3

Pre-multiply (21) by CzT)c' Since CszcA = Cgc and C%C (I —A) =07, every term in 7™ drops out, as does the

entire backward-looking sum. What remains is

oo oo
Cbemi =Y p*CheA (I V) KEfirs = Y p e,
s=0 —

using ¢HoV = 07 and the normalization ¢S5k = 1. This is (22). Relative price indices are

(1 wChe) me= 3" 5 (1~ ) MBemst — [V — A1) (1 - )" kB
s=0
+(I—A) ZAé [ nat _ (1)~ ngt,s} .

This makes explicit that the relative price indices depend on the full path of natural relative prices intertwined with

relative price movements induced by output gaps. [J

Proof of lemma 4.4

Under the AR1 processes (25), E¢Jirs = (1Y)’ §; and Eywldl = (nm9t)” wpet. Substituting into (22) gives 7P¢ =
+ t+s t

1?%7 and taking innovations yields ¢/ = (1 — pn¥) #P¢.
For the relative block, substitute the AR1 processes into the expression for (I — RCTDC) 7 above and take innovations.

The geometric sums evaluate to (I — pr]”atAf1 on the natural price terms and (I — pnyA)_1 on the output gap
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terms. Since (I — ncgc) has rank N — 1, the level of ¢”* is pinned down by the normalization Qz¢"* = 0,
which is without loss of generality because V1 = 0. Adding 1Qz to I — A makes the system invertible outside a

measure-zero subset of the parameter space and delivers (26). OJ

Proof of proposition 4.4

Substituting the Taylor rule into the IS equation reduces (13) to two equations:

T — pIEwt+1 = I‘Lgt -V (i)t—l - W?at + pEwH_l) (47)

. N AT .
Eiyry1 — (1 + dny) Yt = % (éf’rﬂf?R -8 ]Et7"t+1> + €41

Inflation and the aggregate output gap are jump variables, while price gaps and shocks are state variables. Under the
Blanchard and Kahn (1980) determinacy conditions there is a unique stable solution admitting the impulse-response

representation (27), with G mapping states into jumps and H governing the transition of the state vector.

Equation (28) then follows directly from (27). Pre-multiplying the jump block by ¢5 and by I — k(b gives

#Pc CT Gr §D
t _ pcbns t . (48)

(I - chc) U (I - K’CEC) Gre syt
Here G € RV*(VHD is the restriction of Gy, to the (¢!, 7") columns, defined after (27). The matrix in (48) is
(N +1) x (N +1), but singular. Adding IQZ leaves the left-hand side unchanged, since 2z¢"* = 0, and repairs

the rank. The result is invertible for all parameter values outside a measure-zero subset of the parameter space,

which yields (28). O

Proof of lemma 4.5

Tterating the transition equation in (27) forward s periods and pre-multiplying the jump block by the GDP deflator

weights Qz gives E¢fpys — Ero17ips = QzGr HE (G,P7§?at)T. Substituting the identified innovations from (28)
delivers (29). The horizon dependence enters through H®, which is why no single fixed-weight inflation index

forecasts aggregate inflation at every horizon. [J

C Two-Industry Example: Derivations

This appendix collects the derivations behind the two-industry examples of sections 3 and 4. Throughout I use the
notation of example 3.1: industries i € {S, M}, services using only labor and manufacturing only capital, factors

indexed by the industry that employs them, z = 1 (zp; + z5) and 27 = 1 (2 — 25).
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Equilibrium of the Two-Industry Economy. Specialize lemma A.1 to this economy. Also use the fact that

household and the utilization producer have identical expenditure shares, equal to

deflators equal p. The equilibrium conditions are

wi = i (bie — €;) + P

2

1

Dit = b (Wit — aqr) + (1 - Sz) (Pi—1 + PEim;441) + €,

Ot — Use = — (anse — ase) — 0 (pare — pse) + (€57 — €4y)

so that both factor price

together with the Euler equation and Taylor rule. Equation (51) combines the input composition equation with

market clearing: since each industry’s entire output goes to final use and each industry uses a single factor,

yit = iz + ajt, and relative final demand responds to relative prices with elasticity 6.

Natural Output. The natural equilibrium sets dy; = dg = 1. Assuming constant desired markups (ef,

equation (50) becomes p; = w; — a;. Substituting (49),
Dit = ¥i (git - 6{;) + Dt — Qit.

Averaging, the p terms cancel and
o)+ o (i~ ) =a
Differencing across industries,
_ F.R - _
pf=¢ (=) + o™ (6 — &) - aft

Substituting (51) into (53) and solving for p¥,

~(+@)af + o (7 =) + R (B - )
1+ 0p ’

i =

Substituting back, the relative term becomes

ER _ SR _
LA 14 0¢
Inserting this into (52) and solving for ¢ — €,
;o oF PR\ 0p " R, FR__dR
(et—ét)@ 1—(@) 1+0¢ :&t+1+8@ (1—9)at +€t’ —€t7 .

Since y" = (" 4G = (" — €”) + € + a, this is exactly equation (12).
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Slopes and Cost-Push Elasticities. Recasting (49)—(51) in gaps and following the steps of appendix A.4
produces the industry-level Phillips curves

at —nat)

Tt — PET 41 = KaGie + v [(73% — 70") — (Bi—1 — Pe—1) — PE (Mig1 — Teg1)] (54)

whose average and difference are the aggregate and relative Phillips curves (17)—(18). Here v; = 2V);; is the response
of industry 4’s inflation to its own natural relative price. Set Sv = 0g = 6 and oy > ps. Combining the gap

versions of (49), (50) and (51) and differencing across industries,

R _ 5<PR

146055
Raising the output gap raises the relative price of manufacturing: manufacturing production is harder to scale up, so
a given increase in demand produces a larger price response and a smaller quantity response. The effect is stronger

the lower is 6, because final users cannot shift expenditure away from the inelastically supplied good.

Averaging instead of differencing gives the incidence of natural relative prices on aggregate inflation,

0o
R_Rnat __ nat
v, —71_‘_95@0011(90,77 ).

Nominal rigidities prevent relative prices from adjusting fully, so relative demand for manufacturing — and hence for
inelastically supplied capital — stays inefficiently high even when aggregate output is at potential. Because capital
has the steeper supply curve, the resulting misallocation raises the price of manufacturing by more than it lowers
the price of services, and aggregate inflation rises. The effect disappears as § — 0, when relative price distortions no

longer move relative demand.

The same algebra delivers the real wage response quoted in example 4.1. Labor is the factor employed by

services, so the real wage is wg — p. At zero output gap, (s = —¢® and the labor supply curve in gaps gives
Wy —p = @5@3 = —@5!73. Solving for the employment gap, /% = —9pF = 'Z(J:%é) wfnat 5o that

~ ~ 9(175)905 R,nat — R

wSt*Pt**Tmﬁ ) Ps =Y =¥,

and real wages fall in response to an increase in the relative natural price of manufacturing.

Now set o = ps = ¢ and dpr > ds. The same steps give

5 ot 1— 005 _ g
R _ —0 R_Rmnat _ 1+p06 o nat
" +0<pi -ogs)y U7 T g e Ve Cov (6™

14900 5(1-5)
Here the mechanism differs, and operates even when labor and capital are perfectly substitutable. Closing the output
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gap stabilizes average marginal costs but not industry-level costs, which rise where 7™ is high and fall elsewhere.

Industries with flexible prices pass cost changes through faster, so they dominate aggregate inflation.

Inflation Decomposition and Index Weights In this economy the cost-push elasticity has rank one,

where vy and vg are defined with opposite signs because the price of M rises and the price of S falls with et

Solving the two-dimensional system 7; = kmP¢ + v} for the two projections gives, in terms of industry-level rates,

DO _ VSTMt + VMTSt X RSTaMt — KMTSt
t - - t - T
vsknM + VUMKS VSKM T VMKS

Industries with a higher cost-push elasticity are downweighted in 7°¢

, and industries with a steeper slope are
downweighted in 7X. Since industries with flexible prices or inelastic factor supply have both a higher x and a higher

v, they carry a lower weight in both indices.

Specializing to the two cases considered above — uniform nominal rigidities with ¢ > ¢g, and uniform supply

elasticities with d); > §g — the relative weight in the divine coincidence index is

R
DC _ +DC _ _ 0o
M S 14 9@
under uniform nominal rigidities, and
_ (pgg _ 61&1 7—65
DO _ DO _ T TkeBd 3 s
CM - C-S - SD@S Var(s) (6M 65)

1+

1+¢05 5(1-9)

under uniform supply elasticities. In the first case the index discounts the capital-intensive industry, because an
increase in its relative price signals inefficiently high demand for inelastic capital and hence a worse inflation-output

tradeoff. In the second it discounts the flexible-price industry, whose prices are more sensitive to cost changes.

With full discounting (p = 0) and pf* ; = 0, the Phillips curves (17)-(18) collapse to 7P¢ = §; and ) = ﬂf’"at, so

that in this special case 7°¢ directly identifies the output gap and 7X the natural relative price change.

Sequence-Space Representation Proposition C.1. Phillips curves in sequence space. Assume that past

changes in output gaps and natural relative prices were unexpected at the time when they occurred, and that all
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current and future shocks are announced at time t. Then

0= pEifiess (55)
s=0
_ 7{1\4_ 0o
orX=| "0V {Z p* [(1=o) (L= NN ptt, — (1= 0 — X)) 6B5,,]
—= vi s=0
o(1—70)
(L= D X G+ Do — (1= pA (1= X)) (1 — o) 7] } ; (56)
s=1

where

Proof. Since V has rank one, the matrix quadratic (45) of proposition 4.3 reduces to the scalar equation A=* (1 — pX) (1 — \)

137 on the relative price direction, whose stable root is A above, while A acts as the identity on the aggregate

direction (A1 =1). Equation (55) is then the two-industry case of lemma 4.3, and (56) is the two-industry case of

the relative price block derived in the proof of that lemma, with A replaced by A on the relative direction. O

Equation (55) shows that 7P¢ depends only on the present discounted value of current and future output gaps.
Equation (56) shows that 7X depends on current and expected natural relative price changes, and also on the

persistent and anticipated relative price distortions induced by past and future output gaps. This is example 4.2.

Identification and Forecasting Proposition C.2. Identification. Assume the Taylor rule targets 7°€ rather
than consumer prices, iy = Qyys + (bﬂﬂtDC + E7i 11 + €54, so that the output gap and natural relative prices follow the

ART1 processes (25). Denoting unexpected components by 7ty = my — By_17¢, innovations are identified by

& =1 —pn)ac

nat v (1 P>\77"at) ~AX xh _ 1-— p’f]y ~DC
- -5 AP .
o s K Trer N

_|_

Proof. Substitute E¢girts = (1Y) g and By = (7"*)° 7% into (55) and (56), evaluate the geometric sums,
and take innovations. The first line follows from 7% = ¢,/ (1 — pn¥). The second inverts the resulting expression
for #X, whose #°C term purges the relative price index of the response of relative prices to current and expected

output gaps. O
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Lemma C.1. Forecasting in the two-industry economy. Under the same assumptions, the time-t forecast

revision for aggregate inflation at t + s is
]Etﬁ't—&-s — ]Et—lﬁ-t—&-s = (R + CSDCKR) (ﬁy)g ﬁtDC + C? (nnat)s 7%;(, (57)

with

ch”R) <1@A1my> {1 <n)6} A=At ()

1(1—7 1— pAny ny ol 1— piny v — A

At s = 0 both terms in braces vanish, so CP¢ = 0 and Cf = v, as the accounting identity 7, = knP + vfinx)
requires. If the two industries face identical nominal rigidities and supply elasticities then k' = CX =0, and forecast

DC

revisions depend only on w=~%, which becomes proportional to 7.

Proof. From 7 = knP¢ + vrX, averaging gives 7 = rrP¢ 4+ vfinX, so

— — = DC DC R
Etﬂ-t—‘,—s — ]Et—lﬂ-t—',—s =K (Etﬂ-t—i-s — Et—l’”t.},—s) + v (Eth&,—s — Et_lﬂ'zg'_s) .

. ~ R : _ : _ [ A - Rynat
By (55) the first revision equals & (%) 7,7, Using nf* = — (1 — A) pfly + fr, with f = 37, (pA)’ [%yt+j + (1 =Ny
and pf = \pE | + f, — mi"™ iterating from a zero initial gap, and collecting coefficients gives CX and CPC. Under
symmetry v® = 0, hence CX = 0. 0

C.1 Non-Linear Two-Industry Model

Consider the environment of example 3.1, but relax the assumption that the disutility of labor supply and the
utilization cost of non-labor assets are isoelastic. Industries are identical ex ante (they have the same nominal
rigidities and supply elasticities) but factor supply becomes less elastic as employment rises. Let the primitive
schedule be wy = ¢ (Ef - ef) + %cpg (ﬁf — e}’-‘)2 + p%, with g > 0 the super-elasticity of factor supply, and write

by = E}“’t +7 ¢. Factor supply curves in gaps become
~ 0 nat F\ g 1 72 ~C nat j 1 72 ~C
Wy = oly + o (0} —Gf)£f+§<ﬂ2ff+p =y £f+§902€f+p ) (58)

where ap?at =@+ g2 (ﬁ}“‘t — ef ) is the local inverse supply elasticity at the natural allocation. Also denote the

R,nat [nat,R _ EF’R).

relative inverse supply elasticity at the natural allocation by ¢ = o (
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Averaging and differencing (58) across the two factors, and using (= 7, gives

’ZZ)R _ (ﬁnath + SDR,natg + QDQﬂZR (59)
- - 1 N2
0= (ﬁnatg + @R’natéR + 5@2 |:g2 + (gR) :| _’_ﬁC (60)
Price gaps satisfy p; = dw; — (1 — 0) 7/**, while relative factor demand is (R = —gpR. Differencing the pricing

equation across industries and substituting (59) then gives
P14 050™ + 05p23] = ™" — (1 — §) mfnat, (61)
Averaging the pricing equation and substituting (60) instead yields

= _ J —nat~ R,nat jR 1 ~2 R 2
w—l_é{tp y+ep 14 +§<p2y+(€) . (62)

Substituting (% yields

ﬁR _ (;QOR,natg o (1 . 5) 7.l,R,nat (63)
1+ 05pmt + 0557

ﬂ'R — ﬂ.R,nU.t +p~R

) PO S Ronat ~ 1 RN 2
= _ —na - ) ,nat ~R - 02 R
T=1"% U+ 5920 = 007D 4 5026 (57)

R,nat

Let’s now solve for ¢ and ¢ as a function of shocks. Natural quantities only appear in second order terms,

so a first-order solution is sufficient. Since industries are identical ex ante, (52)—(53) give

et _ E]: — g gnat,R _ EF,R _ (9 — 1) a” + ehf— PR ﬂ_R,nat _ (1 + SO) a’t + @ (Ed’R — E}—’R) . (64)
0’ 1+6p ’ 1+ 6¢
Hence
—nat __ E R,nat __ (9 B 1) aR + ed’R B e]:’R R,nat __ ﬂ R R,nat
2 *<P+<P2¢, ® = 2 150, ® == (a"+m ).
Further substituting pf* and ¢ into (63) gives
5 (14 opnat 1) 1 0(1—46 )
7'('R _ ( + % t)ﬂ_R,nat + 9027 - ( + ( _ )t) ~7rR,nat + 9027 - G,Rﬂ
1+ 65pna 14+ 605pmt \ ¢ 14 605pme o (1 + 05pnat)
1) .1 f(1—-90) (1 0(1—-96 nat 2 0(1—90 na
= @naty+*<p2y2+<p2 ( _ ) + ( _) (ﬂ_R, t) + ©20 ( _ ) B pBmat |
1-9§ 2 1+ 600pmet \ v = 2(14 65gmat) o (1 + 0dpnat)

Imposing €XF = 7R = ( gives (31).
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D Additional Quantitative Results

D.1 Stylized facts robustness

Excluding commodities. This paragraph revisits the stylized facts of section 2 excluding energy and food
industries from the sample. Excluded industries are crude oil and gas extraction, petroleum and coal products, and
farms, covering 4% of private value added. The cyclical basket’s two largest members by value added, Banking and

Chemicals, are not excluded. Controls, sample period, weighting and basket construction are otherwise unaffected.

Figure 15 shows that the inflation sensitivity of flex-priced industries to the output gap is driven by food and energy
sectors. The regression coefficient in figure 2 drops from 0.13 (0.05) to 0.04 (0.04). The inflation sensitivity of

non-scalable industries to the output gap instead survives the exclusion, going from 0.16 (0.05) to 0.12 (0.04).

The correlations of the two inflation spreads with the output gap are unaffected by the exclusion of food and energy,
remaining at 0.49 and 0.57. The correlation between the relative price of the cyclical basket and aggregate inflation
is also robust. Re-selecting the cyclical basket on the restricted sample, the slope of figure 5 becomes 0.25 (0.05)

against 0.30 (0.03) in the baseline specification.
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Figure 15 Fact 2 loadings re-estimated with energy and food industries removed from the private sample: crude oil
and gas extraction, petroleum and coal products, and farms, together 4% of private value added. Both characteristics
are re-standardized on the restricted sample. Points are value-added-weighted regression coefficients from the
specification of figure 2; whiskers are 95% confidence intervals.

Measurement error. Figure 16 confirms that the positive slope estimated in figure 5 is not driven by common
measurement error in the price of cyclical industries and aggregate inflation. In figure 5, the cyclical basket enters
both the relative price on the horizontal axis, and aggregate inflation on the vertical axis. If the measured price of
cyclical industries contains error, that error mechanically produces a positive slope. Figure 16 re-runs the regression

on random splits of the industry sample in which no industry enters both sides, so no measurement error is shared
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between them. The relative price on the horizontal axis uses one half of the cyclical basket and one half of the
residual non-cyclical basket; aggregate inflation on the vertical axis uses the other half of each. The mean slope

across random splits is 0.20.

The slope is different from figure 5, and it should not be interpreted as a revised estimate. The dependent variable is
built from a subset of industries, making the slope smaller for two reasons. First, the value-added weight of the
industries that had to be removed from the dependent variable to make the two sides disjoint no longer contributes

to the slope. Second, a relative price built on half the industries is a noisier regressor, creating attenuation bias.
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Figure 16 Figure 5 re-estimated on disjoint groups of industries: no industry’s price enters both the relative price
and aggregate inflation. Controls, sample and construction are those of figure 5. The 28 cyclical industries and the
38 remaining industries are split in half separately, 2000 times; the relative price uses one half of each and aggregate
inflation the other. The panel plots the draw whose slope is closest to the mean; the annotated slope is the mean
across all draws, whose 5th-95th percentile range is [0.02,0.40]. The level is not comparable to figure 5; see the text.

D.2 Quantitative model.

Supply elasticity of non-labor factors. I choose the four non-labor inverse supply elasticities (¢s, vu g, PrP, PLE)
so that the model reproduces peak local-projection coefficients across horizons (selecting the largest in absolute
value). I hold other parameters fixed at their baseline values from table 2, and add a Taylor-rule interest-rate

smoothing p; = 0.80 as in Smets and Wouters (2007).

Empirical moments come from local projections on a monthly panel of 62 private industries, from 1981-12 to 2019-
06.32 The dependent variable is year-on-year PPI inflation by industry. The monetary shock is the fed-funds-futures
surprise, used as an instrument for the one-year rate GS1. The first stage projects GS1 on the instrument and its 12
lags; the fitted value is the surprise in policy-rate units. For each horizon A = 0, ..., 20 months, I run one pooled

regression of inflation at ¢ + h on a constant, the fitted shock, the four interactions of the fitted shock with the

32Government industries are excluded, and four out of 66 private industries have no PPI series over this window.
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category shares, 12 lags of the instrument, 12 lags of industry inflation, and industry fixed effects. The table reports
the four interaction coefficients, which measure the differential response per percentage point of non-labor value
added shares. Non-labor value added shares are built from the model’s calibration. Standard errors are clustered on
industry, with the usual finite-sample degrees-of-freedom adjustment. All coefficients are scaled by the mean fitted
shock and converted from annual to quarterly units. Monthly paths are averaged within quarter. Quarterly standard

errors are the within-quarter average of the monthly ones, which treats adjacent horizons as perfectly correlated.

I run the same regression in the model, conditional on a monetary shock, for different values of . I then choose ¢
for the four non-labor categories to match empirical coefficients, obtaining four distinct moments. Each moment
is weighted by the empirical standard error at the data’s peak quarter. Standard errors on @ are computed using
the delta method, Var(m(p)) = G (G'Q71G)7'G’ with G = dm/dp and Q the diagonal variance matrix of the
empirical moments, evaluated over the elasticities not at a bound. Light equipment is at the lower bound, therefore

its standard error is not defined.

Table 6 reports the resulting estimates. Estimated inverse supply elasticities ¢ ¢ need not be ordered like the
regression coefficients 3¢, because the model maps supply elasticities into price responses through value-added
composition and network position as well. Running the same regression in the model as in the data shows that
heavy equipment is the least elastically supplied factor, followed by structures. Intellectual property is somewhat
less elastic than labor, while light equipment is the most elastically supplied. Given that empirical impulse-responses

are imprecisely estimated, the matched ¢ values should be read as indicative.

Table 6 Inverse supply elasticities by factor category: estimates and moment fit.

Data Model Estimate
Factor category B (s.e.) Br s (s.e.)
Heavy equipment —0.0342 (0.0195) —0.0320 9.26 (32.31)
Structures —0.0128 (0.0132) —0.0138 5.70 (20.90)
Intellectual property —0.0246 (0.0178) —0.0259 2.68 (6. 94)
Light equipment +0.0584 (0.0351) +0.0200 0.00

Given that inverse supply elasticities for non-labor factors are imprecisely estimated, figure 17 repeats the inflation
decomposition setting all factor supply elasticities equal to labor. The figure suggests that the inflation decomposition
is robust to mismeasurement of these elasticities. Efficient relative price adjustments account for 49% of inflation
fluctuations before 2020, like in the baseline, while aggregate demand accounts for 72% of the 2021Q2-2023Q1 surge,

against 69% in the baseline.

63



Decomposition of CPI inflation
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Figure 17 Decomposition of year-on-year CPI inflation, all factor supply elasticities set to the labor value, 2000Q1-
2024Q1, in percent. Blue bars correspond to the inflation component driven by aggregate demand shocks €, orange
bars correspond to the inflation component driven by natural relative price shocks. Each component results from the
sum of past and current shocks. The shaded bands are the windows over which the decomposition shares reported
in the text are computed: the light band is 2020Q1-2020Q4, when both components were negative, and the dark
band is 2021Q2-2023Q1, when both were positive.

Inflation decomposition in terms of output gap and natural relative prices. Following proposition 4.3,
figure 18 presents an alternative decomposition of aggregate inflation in terms of output gaps and natural relative
prices. Compared to figure 9, figure 18 attributes a larger share of inflation to relative price adjustments, equal to
58% before 2020, 66% of the 2020Q1-2020Q4 disinflation, and 53% of the 2021Q2-2023Q1 surge. This difference
arises because relative price shocks affect the aggregate output gap, by moving aggregate inflation and therefore
triggering a monetary response through the Taylor rule. Over the sample period, the endogenous gap response had
an offsetting effect on the exogenous shocks € to the Taylor rule. As a result, the overall output gap contribution is

smaller than the contribution of exogenous demand shocks €.
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Decomposition of CPI inflation
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Figure 18 Decomposition of year-on-year CPI inflation, baseline calibration, 2000Q1-2024Q1, in percent. Following
proposition 4.3 and equation (46), inflation is split into components driven by current, past, and future output gaps
(blue bars) and natural relative prices (orange bars). Bars are stacked and sum to observed CPI inflation (black line).

Estimated Output Gap Against CBO Measure Figure 19 compares the aggregate output gap implied by the
estimated model (solid line) with the CBO’s official measure (real GDP less CBO potential GDP, dashed line), over
2000Q1-2024Q1. Both are expressed in percentage changes. The two measures diverge from 2020 onward. This
is because the model-based gap is estimated from price and wage changes. Wages and prices of sticky or scalable
industries did not fall significantly in 2020Q2, while both prices and wages increased significantly from 2022 onward.
This explains a muted behavior of the model-based gap in 2020, and a much larger estimate in 2022-2024 compared

to official measures.
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Figure 19 Aggregate output gap implied by the model against the CBO output gap, 2000Q1-2024Q1. The model
gap ¥ is recovered by inverting the industry inflation panel and is never targeted in the calibration.

Shock persistence and substitution elasticities. Figures 20, 21, and 22 illustrate the inflation decomposition
under alternative assumptions about shock persistence and substitution elasticities. None of these variables

significantly affects the aggregate inflation decomposition.

. . . Output
Mon persistence = 0.15 (baseline) Mon persistence = 0.3 B Output gap
B Natural prices

== CPI inflation

41 4+
21 20
0 0
921 -2
TEEEEEEE
Mon persistence = 0.5 Mon persistence = 0.1
4+ 4+
2 2
0 0
_9 | _9l

Jan-20 |-
Jul-20 -
Jan-21 |-
Jul-21 -
Jan-22 |-
Jul-22 [
Jan-23 |-
Jul-23 [
Jan-24 |-

Figure 20 Inflation decomposition under different persistence of aggregate demand shocks.
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Figure 21 Inflation decomposition under different persistence of relative price shocks.
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Figure 22 Comparison between inflation decompositions. Each counterfactual panel sets the relevant substitution

elasticity = 3, instead of the baseline value.
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