Downward Price
Rigidities and
Inflationary Relative
Demand Shocks

Dennis Bonam and Bart Hobijn

April 12,2024
WP 2024-11
https://doi.org/10.21033/wp-2024-11

FEDERAL RESERVE BANK of CHICAGO

*Working papers are not edited, and all opinions are the
responsibility of the author(s). The views expressed do not
necessarily reflect the views of the Federal Reserve Bank
of Chicago or the Federal Reserve System.



Downward Price Rigidities and

Inflationary Relative Demand Shocks

Dennis Bonam Bart Hobijn

De Nederlandsche Bank FRB Chicago*

Draft: April 12, 2024

Abstract

We show that a negative relative demand shock in a sector with downwardly rigid prices,
like the service sector, can generate substantial inflation. Such a shock induces an equi-
librium decline in the relative price of services. If price adjustment costs are non-existent
or symmetric, then this takes place through a simultaneous decline in services prices and
increase in goods prices, resulting in, on net, little inflation. If prices in the services sec-
tor are downwardly rigid, however, this takes place mostly through an increase in goods
prices, resulting in inflation. To illustrate the relevance of this mechanism in practice we
provide evidence on the downward rigidity of person-to-person service prices during the
Covid pandemic of 2020-2021. We then introduce downward price rigidities in a multisec-
tor New-Keynesian model and show how they can result in inflationary relative demand

shocks.
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1 Introduction

We show that the presence of Downward Price Rigidities (DPR) can amplify the inflationary
effects of relative demand shocks. Especially if those shocks imply a decline in demand in
the sector in which prices are downwardly rigid. Because prices in the services sector are
more downwardly rigid than in the goods producing sector, this means that downturns that are
associated with a disproportionate decline in the demand for services result in more inflationary
pressures than those in which the relative demand for goods declines.

This insight echoes the, more informal, arguments made by Means (1935) and Schultze
(1959). Their description of the type of inflationary pressures that we explore in this paper is
sometimes referred to as “Demand-Shift Inflation.”Ball and Mankiw (1994, 1995) make a similar
point to us in a simple theoretical model but neither stress the difference in the asymmetry of
goods and services price adjustments nor its general equilibrium effect on relative prices that we
focus on.! We are the first to highlight it in the context of disaggregated micro-data evidence
on inflation, analyze it in a multi-sector New Keynesian DSGE model, and discuss its potential
relevance for understanding the inflationary pressures following the Covid pandemic in 2020.

DPR are much less frequently studied than the downward rigidity of nominal wages. Many
studies have pointed to a “missing mass left of zero” in 12-month wage changes as indicative
of the reluctance of employers to lower wages.? Recent studies, most notably for the Euro
area (Gautier et al., 2024), have shown that such a missing mass left of zero is also present for
price changes of services. This is suggestive of producers of services being hesitant to reduce
prices. This hesitance is also reflected in the anecdotal evidence provided by Bewley (2023) in
his interview study of reasons for why producers change prices. He especially emphasizes the
importance of DPR in restaurants.

We supplement the evidence from these studies with evidence from the U.K. We show
that, just like in the Euro area, service price changes in the U.K. show a, be it small, missing
mass below zero from 2017-2019. Then, during the pandemic (2020-2021), prices of person-to-
person services in the U.K. did not decline substantially, even though demand for these services
plummeted. This further supports that service prices are downwardly rigid.

The main reason that relative demand shocks are inflationary in the presence of DPR is the
following. Consider a shock, like the one during the Covid pandemic, that shifts demand from

services to goods. Such a shock induces an equilibrium decline in the relative price of services.

1Gagnon (2024) briefly discusses the potential importance of DPR for understanding the inflationary pres-
sures after the Covid pandemic in his discussion of Guerrieri et al. (2023).

2 Among these are Akerlof et al. (1996), Card and Hyslop (1996), Lebow et al. (2003), Dickens et al. (2007),
and Grigsby et al. (2021).
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If price adjustment costs are non-existent or symmetric, then this adjustment takes place by a
simultaneous decline in services prices and increase in goods prices, resulting in, on net, little
or no inflation. If prices in the services sector are downwardly rigid, however, this adjustment
takes place mostly through an increase in goods prices, resulting in inflation.?

We introduce a two-sector New Keynesian model, similar to Cantelmo and Melina (2023),
to show how this mechanism works theoretically. Our baseline model is deliberately stylized
to isolate the response of the economy to relative demand shocks and to compare the case
of symmetric price adjustment costs with that of DPR. For price adjustment costs. we use
the functional form from Kim and Ruge-Murcia (2009), because it nests both symmetric and
asymmetric adjustment costs and the asymmetry is captured by one specific parameter. The
importance of asymmetry in the price adjustment cost function means that we need to solve
the non-linear version of the model.* We use the model to make four main points.

The first is that DPR can induce inflationary pressures in response to relative demand shocks
and the extent of these pressures depends on the size of the shock. We show that when price
adjustment costs are symmetric, as in the commonly-used specifications of Calvo (1983) and
Rotemberg (1982), relative demand shocks generate little or no inflationary pressures. Instead,
under DPR relative demand shocks result in inflation when they induce a shift in demand away
from the good or service with downwardly rigid prices. The inflationary impact of such a shock
is more than proportionate in the size of the shock.

The second is that such relative demand shocks look like negative supply shocks in the
context of the empirical Phillips curve. They result in a negative correlation between inflation
and output and in a negatively sloped empirical Phillips curve in output-inflation space, rather
than a positively sloped Phillips curve that results from aggregate demand shocks.

The third is that “inflation greases the wheels of the product market.” This insight mimics
Tobin (1972)’s about Downward Nominal Wage Rigidities (DNWR). He argued that, because
what matters for the alignment of labor and product markets is the relative price of labor
compared to output, i.e. the real wage, if nominal wages cannot adjust downward then the
allocation of labor would improve as a result of elevated inflation. This is often summarized as
“inflation greasing the wheels of the labor market”.

The main intuition of this argument translates to DPR. In the case of multiple product

markets, the relative price of one good versus another matters for the allocation of resources.’

3This mechanism is solely demand-driven and does not depend on the structure of the production function
or costs of the reallocation of productive resources.

4The model is solved using Dynare (Adjemian et al., 2022).

®See, for example, the models in Aoki (2001), Nakamura and Steinsson (2008), Eusepi et al. (2011), and
Ruge-Murcia and Wolman (2022).
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If a relative demand shock reduces demand in a sector where prices are downwardly rigid
then higher inflation would make this downward rigidity less binding as well as speed up the
adjustment of the prices of the goods whose demand has increased due to the shock. In this
sense “inflation greases the wheels of the product markets” in case of DPR.

We show that this implies that the impact of monetary policy choices is very different in
the case of relative demand shocks with DPR than when economic fluctuations are driven by
aggregate demand or cost-push shocks.

The final point from our theoretical analysis is that the presence of DPR amplifies other
mechanisms that generate inflationary pressures in response to relative demand shocks. To
show this, we consider several extensions of our baseline model that capture these mechanisms,
like real rigidities, convex (labor) adjustment and reallocation costs, and Downward Nominal
Wage Rigidities (DNWR).°

In our model, relative demand shocks are the sole source of fluctuations. This allows us to
clearly illustrate the potential relevance of DPR for inflationary pressures. We do not, however,
argue that DPR are the only mechanism at play. But, there is one important difference between
DPR and the other mechanisms considered. DPR help us understand why a recession associated
with a large decline in the demand for services results in higher inflation than one associated with
a decline in the relative demand for goods. The other mechanisms pointed to in the literature
do not provide an explicit explanation for this asymmetry. This is potentially relevant for
understanding the change in the slope of the empirical Phillips curve after the 2020 pandemic
that occurred in a large set of countries.”

As for the other mechanisms, evidence on DNWR suggests that differences in the extent
to which wages are downwardly rigid across industries are small. So, it is hard to explain
why DNWR imply that services-centered recessions are more inflationary than others. If any-
thing, wages are more rigid in goods-producing industries. Several studies have emphasized the
importance of the cost of the reallocation of resources for the inflationary pressures resulting
from relative demand shocks (e.g. Ferrante et al., 2023). But, the reallocation of resources is
at play during all economic downturns and thus puts upward pressures on inflation in all of
them.® In fact, the Covid pandemic was neither an outlier in terms of the reallocation of labor

(David, 2021), except for leisure and hospitality, nor in terms of skill mismatch (Barlevy et al.,

6See Ferrante et al. (2023), Guerrieri et al. (2021), and Boehm and Pandalai-Nayar (2022) for analyses of
those mechanisms.

"See Hobijn et al. (2023) for evidence on the steepening of Phillips curves across countries.

8For an early discussion see Lilien (1982). The reallocation of resources during recessions has been central
to the discussion of cleansing and sullying effects (Caballero and Hammour, 1994; Barlevy, 2002), the reason
for jobless recoveries (Groshen and Potter, 2003; Jaimovich and Siu, 2020), as well as the mismatch of skills and
jobs (Sahin et al., 2014).
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2024). Thus, though the costly reallocation of resources might have contributed to inflation
from 2020-2023, it, alone, cannot explain why inflation after the Covid pandemic was much
higher than after, say, the Great Recession. One indicator of reallocation that spiked in the
aftermath of the Covid pandemic was the ratio of job openings to the number of unemployed
persons (V/U ratio). It has been pointed to in several studies as contributing significantly to
inflation.” However, as Blanchard and Bernanke (2023) show, even after including the V/U
ratio in statistical models of inflation, the bulk of the run-up in inflation after 2020 remains
unexplained.

The main point of our analysis is relevant beyond understanding the inflationary pressures
during and after the Covid pandemic. It emphasizes the different nature of relative demand
shocks and Demand-Shift Inflation in terms of the output-inflation trade-off that a central bank
faces when prices are downwardly rigid compared to aggregate demand shocks.'® If downward
price rigidities are binding, then the distortion to relative prices in product markets and the
impact this has on the allocation of real resources is a margin along which the transmission of
monetary policy occurs. Thus, what is important for the assessment of these trade-offs is the

real-time quantification of the mixture of shocks that are driving economic fluctuations.

2 Evidence of Downward Price Rigidities

Our argument hinges on the importance of DPR, especially in services, for the dynamics of
relative prices and aggregate inflation. Since DPR are not commonly analyzed in studies of
price stickiness, we review evidence from several of such studies for a large number of countries,
that cover data before 2020, in the context of the downward rigidity of service prices. We
supplement the evidence from these studies with an analysis of DPR in U.K. service prices.
We focus on the U.K. because British data, for both individual price quotes that are used for
the construction of the Consumer Price Index (CPI) as well as for quarterly time series on
the prices and quantities for consumer spending on detailed expenditure categories from the
national accounts, are publicly available. These data allow us to uncover additional evidence
of DPR during and after the Covid pandemic (2020-2021), when the demand for many person-

to-person services plummeted.

9See, for example, Ball et al. (2022) for an estimate of the Phillips curve that includes the V/U ratio and
Benigno and Eggertsson (2023) for a theoretical analysis.

10The case of aggregate demand shocks with symmetric price adjustment costs has been studied extensively,
e.g. Aoki (2001) and Eusepi et al. (2011). It yields that the central bank should put more weight on the prices
of the most sticky goods and services when making its policy decision.
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2.1 Before Covid pandemic

Analyses that point out the potential relevance of DPR for aggregate inflation go back to
the Great Depression (Means, 1935) and the increases in inflation in the U.S. in the 1950’s
(Schultze, 1959) and 1960’s (Gollop, 1969). Schultze (1959), especially, emphasizes the upward
pressures on prices when some prices cannot adjust downward. The mechanism he emphasized,
which is closely related to our main point in this paper, is often referred to as “Demand-Shift
Inflation.”!!

These studies relied on sectoral price indices for specific goods and services, rather than
on price-quote data for individual goods and services. In some form or another, all of them
emphasized that fluctuations in relative prices across sectors are elevated in times of higher

12 0Of course, in case of Demand-Shift Inflation these relative-price movements are

inflation.
distorted and smaller, and aggregate inflation higher, than what would have occurred under
flexible prices.

In terms of micro-level data underlying price and wage aggregates, downward nominal rigidi-
ties have mostly been studied in the context of wages. Studies of DNWR focus on the distribu-
tion of 12-month changes in nominal wages. An extensive literature has documented a “missing
mass below zero”, both in the U.S. as well as in many other countries.'® This missing mass
is largely absorbed by a spike at zero wage changes that tends to be higher during economic
downturns than expansions and during times with low inflation and low productivity growth.*

Downward price rigidities have been studied much less.'> Micro data on price quotes suggest
that service prices change much less frequently than those of goods and that price declines for
services are much less common than for goods.'® Gautier et al. (2024) is one of the few studies
which show that micro data on price changes of services, for the Euro area for 2010-2019, exhibit

a missing mass below zero, just like, but smaller than, those on nominal wage changes. This is

also the case in the U.K..

HThough Gollop (1969) refers to it as “Structural Inflation” and emphasizes the need for movements in
relative prices and factor inputs beyond those induced by relative demand shocks. Peltzman (2000) discusses
how producer and consumer prices go up like rockets and come down like feathers. This is mostly analyzed in
response to clear changes in input prices. DPR emphasize this is also the case in response to demand shocks.

12See footnote 1 in Fischer (1981) for a list of studies that document this correlation.

13 Among the many studies that document this are Akerlof et al. (1996), Card and Hyslop (1996), Lebow
et al. (2003), Dickens et al. (2007), and Grigsby et al. (2021).

14Gee Daly and Hobijn (2014) and Jo (2021).

150ne notable study is Yates (1998), who reviews evidence related to both downward wage and price rigidities
and concludes that “while the evidence is not conclusive enough to rule out these rigidities entirely, empirical
results are not supportive.”

16See Nakamura and Steinsson (2008) for the U.S., for example.
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We illustrate this in Figure 1, using data on individual CPI price quotes in Britain.'” It
shows the 2017-2019 distribution of medium-run percent price changes, between January and
December of the reference years, for all services as well as for person-to-person services. More
than 40 percent of service prices do not change between January and December.!® Among the
prices that change, there is a small missing mass left of zero. Just like in the euro area, this
missing mass is much less profound, however, than in most empirical studies of DNWR.

But it is not the only evidence. Interview studies of price-setting behavior have often em-
phasized the reluctance of producers, especially those of services, to lower prices. Most recently,
Bewley (2023) discusses the reasons for this reluctance among his interviewees.'” Among the
reasons for why his respondents tend to shy away from lowering prices are several particularly
relevant for services: (i) kinked demand curve, (i7) heterogeneneity in the price elasticity of
demand across customers, and (4ii) fixed contracts and a quasi-fixed demand.

Kinked demand curves have been studied in economics since Hall and Hitch (1939). Anecdo-
tal evidence from the services sector suggest they are relevant because of customer relationships
and incomplete information. Customers at other restaurants are unlikely to visit a new restau-
rant because it has lowered its prices since they do not check the menus of other restaurants
frequently. However, existing customers are more likely to look for other restaurants when
prices increase. Heterogeneity of the price sensitivity of demand across customers can be a
source of DPR that might reduce a firm’s incentive to lower prices if the price elasticity of
marginal customers in times of low demand is much lower than in other times. Finally, in case
of fixed contracts, like many in health care and personal services, with agreed-upon prices and
a given frequency of usage for services a reduction in prices by a provider has very limited
impact on demand. Therefore making providers unlikely to lower prices, even in downturns.
In addition to these reasons for DPR from interview studies, Gilchrist et al. (2017) show that
firms that face financial constraints tend to raise prices even as demand and marginal costs
decline.

Thus, empirical and interview studies of price-setting behavior from before the Covid pan-
demic found some, but limited, evidence of the lack of downward adjustment of services prices.
This could be for two reasons. Either prices of services are not downwardly rigid or economic

conditions were such that these rigidities were not very binding and had little impact on price-

1"We describe the details of this data in section A.1 in the appendix.

8This is much higher than implied by evidence on monthly price changes and reflects a marked non-
Markovian property of price changes in the micro data.

19See Bewley (2023) for a discussion of other interview studies. The most notable other one is Blinder et al.
(1998). They do not find that DPR are important for price setting behavior. But their survey is deliberately
designed to avoid questions about strategic price setting, which covers many of the reasons for DPR, to avoid
non-response because respondents do not want to be on record admitting non-competitive pricing.
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setting behavior and aggregate inflation dynamics. In the next subsection we use data from the

pandemic to argue it is most likely the latter.

2.2 Covid pandemic

The steep decline in demand for person-to-person services during the Covid pandemic in 2020
and 2021 provides a quasi-experiment-like environment in which we can consider the response
of the prices of such services to this shock. Here we show that the relative price of these services
barely went down, and in some cases even increased, even though demand for them declined
by more than half. This provides much stronger evidence that DPR are important for services
prices than the pre-Covid evidence we reviewed above.

To make this point, we supplement evidence from the Euro Area and the United States on
individual price quotes with evidence from the U.K. to show that price declines for such services
were very rare and that the relative price of these services barely moved, even in the face of
the drop in demand. This suggests that DPR were important for the evolution of the prices of
person-to-person services during that period.

There are no studies of price setting since and after the Covid pandemic that specifically
focus on DPR. But several studies provide evidence that is suggestive that downward rigidities
for service prices might have been at play. Montag and Vallenas (2023) analyze the frequency,
size, and direction of price changes underlying the U.S. CPI before, during, and after the
pandemic. Henkel et al. (2023) do so for Germany, Italy, Latvia, and Slovenia. All these
studies find increases in the frequency and size of price decreases during the second and third
quarters of 2020. However, these increases are relatively small given the reduction in demand
and put only limited downward pressures on aggregate prices. Henkel et al. (2023) provide
disaggregated results for services and show that Germany was the only country out of the four
in their sample with notably more frequent and larger price cuts of services mid 2020 than other
consumption categories. But “services” covers a very broad spectrum of consumer demand.

The spread of the coronavirus specifically reduced the demand for “person-to-person” ser-
vices, such as elective medical procedures, public transportation, theater and sporting events,
restaurants, haircuts and personal care, and prostitution, that are likely to result in the trans-
mission of the virus. Price and quantity indices as well as data on individual price quotes for
these consumption categories in the U.K. allow us to document facts that specifically focus on

DPR during and after the pandemic.?°

29The availability of price and quantity data for consumer spending on “prostitution” might seem strange for
a reader in the U.S., where prostitution is illegal except for a few counties in the state of Nevada. However,
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The U.K. went into lockdown on March 23, 2020. The lockdown was lifted in phases starting
at the beginning of June 2020. Two other lockdowns followed, in November 2020 and January
and February 2021. Under lockdown or not, throughout 2020 and 2021 many measures aimed
at limiting the spread of the coronavirus were in effect throughout the U.K.?! For example,
from March 2020 through September 2021, employers that were affected by the coronavirus
pandemic could participate in the Coronavirus Job Retention Scheme, which covered 80 percent
of furloughed employees wages. Several programs were aimed at stimulating demand for person-
to-person services. For example, during August 2020 the “Eat Out to Help Out” program
provided a 50 percent subsidy for orders of food and non-alcoholic drinks up to £10.

The top panel of Figure 2 shows the impact of the pandemic on the quantities of person-to-
person services purchased by British consumers. It plots the relative demand for these services
compared to overall consumption normalized to their level the quarter before the pandemic
broke out.?? It shows the steep drops in the purchases of these services during the shutdowns.
But even between and after the shutdowns demand for most of these services was 20 percent
lower than before the pandemic. Demand for transportation services was still down substantially
at the end of 2023, reflecting the shift to working-from-home.

The bottom panel of Figure 2 shows the relative prices of these service categories. In spite
of the dramatic decline in the consumption of them, their relative prices went up. In fact, most
of them increased even more than that of overall services. These spending-category specific
indices suggest that, in spite of the negative demand shock for person-to-person services, their
prices did not decline during the first one and a half years after the start of the pandemic. In
fact, they increased more than overall consumer prices.?

Data on individual price quotes for person-to-person services in the U.K. provide more
evidence that is consistent with DPR being relevant for price setting after the start of the
pandemic. To see this, consider Figure 3. It plots the histograms of January-December price
changes for the same type of person-to-persons services at the same outlet for both 2020 (top
panel) and 2021 (bottom panel). Especially in 2021 there is a clear missing mass of price cuts

that, similar to the evidence on DNWR, is indicative of downward rigidities being binding.

prostitution services are legal in many countries and, to capture the economic activity associated with these
services in those countries, have their own COICOP category (13.9.0.1) in the UN System of National Accounts.

2nstitute for Government (2022) provides a brief overview of many of these measures. Some of them have
remained in effect after 2021.

22Figure B.3 in the appendix plots demand relative to the pre-pandemic trend.

23The broad categories for which relative prices declined were non- and semi-durable goods (Panel (b) of
Figure B.1). This pattern is not unique to the U.K. Figure B.4 shows the equivalent of Figure 2 for the United
States.
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3 Two-Sector Model with Downward Price Rigidities

To illustrate the importance of DPR for the inflationary impact of relative demand shocks we
introduce these shocks in a two-sector New Keynesian model. The core of our model is very
similar to that in Cantelmo and Melina (2023).2* The model has two main elements. The first is
that households derive utility from the consumption of two types of goods, which we, in the spirit
of the data that we have shown before, label goods and services. The main difference between
goods and services is that the price setting of the latter is subject to downward rigidities, which
we introduce using a Linex adjustment cost function (Kim and Ruge-Murcia, 2009). The sole
shock that we consider is a relative demand shock that shifts preferences from one of the two
types of consumption goods to the other.

Because our main point emphasizes that DPR amplify the inflationary impact of relative
demand shocks on top of other mechanisms that have been proposed, we add several aspects
to our model that capture such mechanisms. Guerrieri et al. (2021) point out that DNWR can
generate price pressures in response to the type of relative demand shock we consider and, to
capture that in our model, we introduce such rigidities using household wage-setting decisions
based on Erceg et al. (2000) in combination with a Linex wage-adjustment cost function. An-
other reason relative demand shocks can be inflationary is that the reallocation of factors of
production across sectors is costly Ferrante et al. (2023) or that sectors have convex supply
curves Boehm and Pandalai-Nayar (2022). Similar to Cantelmo and Melina (2023), we model
such real rigidities in a very reduced-form way through the imperfect substitutability of the
labor supply across sectors. Finally, we allow for pent-up demand (Beraja and Wolf, 2021), to

consider its impact on the persistence of the mechanism we highlight.

3.1 Core of the model

Firms: There are two sectors in the economy, a goods and a service sector, which we denote
by j € {G, S}. Each sector consists of a unit measure of firms that each produce a particular

variety w and sell it at price Pit. Demand for variety w in sector j is given by the CES demand

Yj _ Pit . Yj h Yj _ ! Yj % d e
wt = pi t, where ¥, = ; ( w,t) w ) (1)
t

function

240ur approach of illustrating the main mechanism we have in mind using a simple two-sector model is not
unlike that taken by Guerrieri et al. (2021).
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€ > 0 is the elasticity of substitution between varieties within sector 7, and Ytj is overall demand
for products from sector j.

Because we consider the importance of relative demand shocks we keep our assumptions
about production functions as simple as possible. We abstract from productivity shocks and
assume a linear production technology in labor.?> Firms use a composite of differentiated labor

supplied by the continuum of households, indexed by i, to produce output, in that

. . . . 14n %
Y3 = N, where N, = { / (N7, " di] " (2)

Household ¢ supplies its labor to sector j at the nominal wage I/szt Demand for labor from

household ¢ by the producer of variety w in sector j is given by

A wi\ "
Ni],w,t = (W;t) NZ;,t: (3)
w,t

where Wit is the CES unit cost of Nuj.;,t'

What differentiates the services, S, and goods, GG, sectors is the type of nominal rigidities

that the producers of varieties are subject to when they decide on their prices. In both sectors
the price adjustment costs are given by the Linex adjustment cost function (Kim and Ruge-
Murcia, 2009), which is expressed in terms of units of output and of the form

Pl

o , , A . .
Iy (ij,t) = l; {exp [—gjwfj’t} + Gl — 1} , where 7/ , = wit=l

i 4
<J ST @

Here v; > 0 is a scaling parameter that determines the degree of price stickiness, and ;
determines the degree of asymmetry of the price adjustment cost. When ¢; > 0, it is more
costly to adjust prices downward than upward (and vice versa when ¢; < 0). When ¢; — 0,
price adjustment costs are symmetric.25

It is in the asymmetry of the price adjustment cost function that the services (S) and goods
(@) sectors differ. In particular, our main focus is on the case where prices in the service sector
are downwardly rigid due to asymmetric adjustment cost while those in the goods sector are

not, i.e. ¢¢ > 0 and ¢z — 0. The specification where both adjustment costs are symmetric, i.e.

25We abstract from trends in relative prices in this paper. Such trends do not affect the qualitative results
of our analysis but complicate the model exposition because they imply a balanced growth path in relative
prices and expenditure shares, requiring an approximation around these trends as in Ruge-Murcia and Wolman
(2022).

26See Figure B.5 for an illustration of the Linex function for different parameters.
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¢s — 0 and ¢¢ — 0, is our main comparison case because symmetric price adjustment costs are
what is commonly assumed in most models with nominal rigidities.?”

The producer of each variety maximizes the expected present discounted value of profits,
which equal the market value of output minus the price adjustment and labor costs, taking as

given the initial price level Pit_l.

Households: The economy consists of a unit measure of households, indexed by i € [0, 1], that
each have similar preferences but supply differentiated labor. We assume this differentiated
labor to allow for households to have market power in the labor market such that each of them
can set their own wages subject to a wage adjustment cost, as in Erceg et al. (2000). The
households derive utility from the service flows of consumption of services and goods, which
we denote by S; and G, respectively. Utility derived from these service flows is given by the

following CES aggregate:
1 1 0-17p1
Cio= (1 =a)? 8,7 +aiG,7 | (5)

This specification is uncommon in two respects. First of all, the utility parameter «; is time
varying around a mean «. Deviations of «; from this mean are the relative demand shocks
that are the sole source of fluctuations we consider. If oy > a then demand shifts away from
services towards goods, i.e. the type of shock that happened during the Covid pandemic, and
vice versa.

Secondly, to allow for pent-up demand, S; and G, are service flows in that they depend
not only the current level of consumption of services and goods but also on past levels. In

particular, following Beraja and Wolf (2021), we assume that

Sit=(1—=10;) 811+ Cfta (6)
Gip=(1-6;)Giy1+C5, (7)

where §; € [0, 1] captures how quickly the importance of past consumption for current utility
depreciates. Our baseline is the case in which only current consumption matters for current
utility and there is no pent-up demand effect, i.e. g = d¢ = 1. The prices of the consumption

goods, C¥ and CF, are given by P and PF respectively.

Households derive disutility from working from a combined labor supply composite, Ny, that

2TBoth the adjustment-cost specifications from Rotemberg (1982) and Calvo (1983) fall into this category.
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is a CES aggregate of the time worked in the service, N, and goods, N, producing sectors:

A

N = [(6) F (V8 + (1= F (v T ®

where y° represents the preference for labor supply in sector S. The parameter A > 0 controls
the intratemporal elasticity of substitution of labor across sectors.

When A — oo, sectoral labor services are perfect substitutes. When A — 0, labor becomes
virtually non-substitutable across sectors. Following Cantelmo and Melina (2023), we use this
degree of substitutability of labor across sectors in terms of the labor supply to capture the
costs of reallocating labor across sectors in response to a shock.

Because the labor each household supplies to the producers of varieties of goods and ser-
vices is slightly differentiated from that supplied by other households, households have market
power in the labor market and can set their own wages, subject to the following labor demand
functions:

. viwi T
NJ, = / <_t> NI dw, where j € {G, 5} . (9)
0 Wu]),t
As in Erceg et al. (2000), we assume that households are expected to supply all the labor
demanded at the wages they set.

Several papers have argued that downward nominal wage rigidities bend the Phillips curve
(Daly and Hobijn, 2014) and can be the source of upward pressures on prices in the case of
relative demand shocks (Guerrieri et al., 2021). With that in mind, we allow for wage rigidities
in that it is costly for households to change the nominal wages they charge for their labor
services in the two sectors. Just like for prices, we assume that the wage-adjustment cost

function, as a fraction of output, is of the Linex form. In particular,

. w Wi 15%4
iy = Rk 5 {exp [—g}” (J—” — 1) + <’ (J—” - 1) — 1} . (10)
() Wi Wi

Following Kim and Ruge-Murcia (2009), we assume that this adjustment cost is expressed in

terms of units of goods and services, depending on j.

In terms of these consumption and labor-supply aggregates, household ¢ maximizes

l—0 1+g0

- k Ozltfk Nzl,;:—%;c
EtZﬁ U i,t+k> 2t+k EtZﬁ - ) (11>

with # € (0,1) the discount factor, ¢ > 0 the inverse intertemporal elasticity of substitution,

Draft: April 12, 2024 Page 13



Downward Price Rigidities and Inflationary Relative Demand Shocks Bonam and Hobijn

and ¢ > 0 the inverse Frisch elasticity. It has access to one-period nominal bonds, B;;, that
pay a risk-free gross nominal interest rate equal to R; and earns profits (2; from its ownership
of the firms in goods and service sectors.

Household ¢ makes its consumption, savings, labor supply, and wage-setting choices to

maximize its utility subject to the budget constraint

Biy = RiiBya+Q— Y (PICI,—(1-T)WiN,), (12)
Je{5.G}

the labor demand functions, (9), and the wage adjustment cost functions, (10). It takes as
given the initial levels of the stocks of consumption services flows, i.e. S;;—1 and G;;_1, its
initial level of asset holdings, B;;_1, as well as the initial level of their nominal wages, Wft_l

and WS_,.

1

Equilibrium and measurement: We consider the symmetric equilibrium in which all house-
holds, 7, and producers of varieties in the same market, w, make the same decisions, including
on their prices, Ptj, and wages, Wtj, for j € {G,S}. In that case the aggregate levels of gross

output and labor inputs by sector j can be expressed as

w

Y} =Y], =N} =N}, =N/, where j € {G,5}. (13)
But, because of the price- and wage-adjustment costs, not all output produced in each sector
is consumed. Consumption of j equals

t

. . o W . .
! =Y/ -1}y -1} (?j) Ny = Cj,, where j € {G,S}. (14)

Nominal Gross Domestic Product (GDP), PY;, in this economy is the market value of sales to

final demand. It equals consumption expenditures on goods and service, i.e.
PY, = PECC + P°C?. (15)

Because of the time-varying preferences, i.e. a4, and the fact that we allow for pent-up demand,
i.e. 0 € [0, 1], there is no specific well-defined theoretical price associated with the consumption
composite (5). Instead, what we assume is that the statistical agency in this economy publishes
macroeconomic aggregates as fixed-weighted Laspeyres indices, with the weights determined

by the steady-state consumption shares of goods and services. This yields a price index for
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P, and associated gross and net inflation rates, i.e. II; = Pil = (1+m), as well as an

associated quantity index for Y;. We call these fixed-weighted CPI and fixed-weighted GDP

respectively. These are the main aggregate equilibrium variables that we track when we analyze

the equilibrium dynamics of the model.?®

Central bank: Finally, the central bank pursues price stability by setting the risk-free one-

period nominal interest rate according to a Taylor rule of the form:

1 (1-pr) 1

R, = (E) (Rt—l)pR (1 + 7Tt)¢7r( —PR) ’ (16)

where pr € [0,1] is the interest rate smoothing parameter and ¢, > 1 is the Taylor-rule
parameter for the monetary policy response to inflation. This rule reflects that, throughout,

we assume a zero percent inflation target and that the natural real rate of interest is equal to

ﬁ—1'29

3.2 Choice of parameter values

We use our model to illustrate the main mechanism behind Demand-Shift Inflation in a stylized
general equilibrium framework, not for a detailed empirical quantification of the mechanism in
the data. This means that we calibrate the model parameters and provide some expositional
numerical comparative statics results to highlight the margins that are important.

With this in mind, our choice of parameters is not meant to match empirical moments.
Instead, we start off with a set of “stripped” baseline values and then turn model features on
and off to analyze their impact on the inflationary effect of relative demand shocks. These
baseline parameter values are listed in Table 1. We chose these values because they have the

following properties and implications.

Symmetric adjustment costs to prices: We set g5 and ¢g close to zero such that price adjustment
costs are symmetric in our baseline case, as they are in the specifications based on Calvo (1983)

and Rotemberg (1982) that are most commonly used in macroeconomic models with price

28We also calculate an aggregate wage index in a similar manner.

29There is an extensive number of studies that discuss the optimal level of the inflation rate in the presence
of downward nominal rigidities, especially of wages. See, for example, Akerlof et al. (1996). In this model,
positive steady-state inflation implies incurring price and wage adjustment costs through (4) and (10). The
potential benefit, which depends a lot on the structure and variance of the different shocks in the model, would
be that inflation could accommodate a faster adjustment of the relative prices and real wages in this economy.
We discuss this, for the transitional dynamics, in the context of our model in Subsection 4.3. We abstract from
longer-run steady-state considerations along this line, since it requires making detailed assumptions about the
mixture of shocks that drive fluctuations in the economy.
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stickiness. As we discussed above, our main alternative to this is the case in which price
adjustment costs in the services sector are asymmetric, such that ¢g¢ > 0. Steady-state markups

are 20 percent, as determined by the elasticity of substitution between varieties, i.e. ¢ = 6.

Flexzible wages:  The baseline is that households can costlessly adjust their wages, i.e. 7}" =
0. They only have very limited market power in the labor market, because the elasticity of
substitution between labor provided by the households to each sector is very high, i.e. n = 21
(as in Cantelmo and Melina (2023)). This elasticity implies that households charge a 5 percent
markup on their wage relative to a competitive equilibrium in which their marginal rate of

substitution equals the marginal revenue product of labor.

No pent-up demand: In the baseline, the service flows of goods and services that the household
derives utility from only depend on the current levels of consumption, i.e. J; = 1. In our
baseline, the household has Cobb-Douglas preferences over these service flows, i.e. § = 1, and

goods and services have equal steady-state expenditure shares, i.e. a =1/2.

Real rigidities: We assume that the elasticity of substitution between the labor supply across
sectors, i.e. A, is one. This means that, in our baseline, the shares of labor income earned
from services and goods are constant and that there is only limited substitutability between
the households’ labor supplied to the two different sectors. That is, our baseline does include
a degree of real rigidities. We think this is a useful benchmark because it captures that sector-
specific skills make it hard for households to shift their labor supply across broad occupational
categories or, in the stylized context of our model, sectors. We provide results for different

degrees of these rigidities in the results section below.

Throughout, we use common values for the preference parameters in that we consider the case
of log utility and set both the intertemporal elasticity of substitution and Frisch elasticity of

labor supply to equal one.

4 Inflationary Relative Demand Shocks

We use our model to illustrate the inflationary impact of relative demand shocks. The shock
that we consider is a shift in demand from services to goods. In particular, we look at the

response of the model economy to

(o —0.5) = 0.9 x (ay_1 — 0.5), where a; = 0.58. (17)
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At the baseline level of the elasticity of demand between goods and services (which is one, see
Table 1), this implies that the consumption expenditure share on services drops from 50% to
42% and then recovers back to 50%.

We first show that, in the baseline case in which price rigidities are symmetric, as is assumed
in most analyses of New Keynesian models, such a relative demand shock is not very inflationary.
But when prices in the services sector are downwardly rigid, then this type of shock results in

substantial positive inflation.

4.1 DPR and Demand-Shift Inflation

The impulse responses in Figure 4 illustrate this point. For brevity, we limit ourselves to
presenting the responses of the variables that are most relevant for the point we make. In this
case these are inflation, 7, output, Y;, and inflation in the services and goods sectors, 77 and
7¢. Each of the panels in the figure shows four impulse responses, varying in the degree of
asymmetry of the price adjustment cost function in the service sector. From symmetry, ¢g = 0,
to very high asymmetry, ¢¢ = 1000, making it exorbitantly expensive to lower service prices.

The blue lines in the panels depict the response of the economy in case of symmetric price
adjustment costs. In that case the relative demand shock results in almost offsetting price
declines and price increases in services and goods respectively (panels (c¢) and (d)). The net
result is only a very small response of overall inflation to the shock (panel (a)).

This increase in inflation is accompanied by a small decline in measured GDP. This decline
can be attributed to two main effects. The first is the loss of output due to the adjustment costs
incurred to accommodate the relative price change. The price rigidities also cause a deviation of
relative prices from the flexible price outcome and this nominal distortion affects the allocation
of real resources, i.e. labor, across the two sectors. The second is that the fixed-weighted
quantity index for GDP puts a disproportionate weight on the decline in output in the service
sector, resulting in a drag on measured GDP.

As can be seen from the line for ¢¢ = 1000 in panel (a) of the figure, contrary to the
case of symmetric price adjustment costs, the relative demand shock that we consider has a
substantial inflationary effect when price declines in the service sector are costly. In that case,
service prices barely decline in response to the shock (panel (c¢)) and goods price inflation is
elevated compared to the symmetric benchmark. The result is a 2.5 percentage point spike in
annualized inflation.

Under DPR the shock does not only have an outsized impact on inflation, it also results

in a much larger decline in GDP than under symmetric price adjustment. This is because the
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DPR slow down the equilibrium adjustment of the relative price of services compared to goods,
resulting in larger nominal distortions that translate into bigger allocative effects on the use of
production factors across the two sectors. In addition, the Taylor rule that the central bank
follows, (16), implies a contractionary policy response to the elevated level of inflation, further
contributing to a slowdown on the real side of the economy.

Thus, under DPR a relative demand shock can have a substantial inflationary impact.
Important to note is that this result occurs in our model in the absence of wage rigidities or
productivity shocks and, even though our labor supply specification allows for a degree of real
rigidities, these rigidities do not result in inflation in response to a relative demand shock in
the absence of DPR. It is solely the asymmetry of the price adjustment costs in the service that
generates the price pressures after a relative demand shock away from services in our model.

Because the mechanism we point out relies on the asymmetry of the price adjustment cost
function, it is inherently non-linear in the size of the relative demand shock that hits the
economy. We illustrate this in Figure 5 in which we plot the response of the model economy to
a 2.5, 5.0, 7.5, and 10.0 percentage point decline in the expenditure share of services. The figure
shows that the magnitude of the impact of the largest shock on inflation is about 7 times larger

than the smallest, even though the largest shock is only four times the size of the smallest.

4.2 DPR and the slope of the empirical Phillips curve

Even though all fluctuations in the economy in Figures 4 and 5 are due to changes in preferences,
those who analyze output and inflation in Phillips-curve space (e.g. Samuelson and Solow,
1960) would interpret it as a stagflationary “supply shock”. This is because it results in a
contemporaneous decline in output and increase in inflation. To illustrate this, we plot the
inflation and output responses from Figures 4 and 5 in this space in Figure 6. The empirical
Phillips curve traced out by the equilibrium dynamics is negatively, rather than positively,
sloped, even though all the dynamics are demand induced.

Our observation that downward rigidities or asymmetries can shift or bend the Phillips
curve is not new. For example, Ball and Mankiw (1994, 1995) consider models in which steady-
state inflation with symmetric menu costs and asymmetric cost shocks can possibly generate
inflation and look like supply shocks. Daly and Hobijn (2014) show how DNWR can bend the
Phillips curve in a one-sector economy in response to a negative demand shock. Guerrieri et al.
(2021) make a similar point in the context of a two-sector model. Our model illustrates how
the insights from those papers are applicable to the case of relative demand shocks with DPR

and, thus, why this might be particularly relevant in periods during which demand shifts away
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from services, like the Covid pandemic.

4.3 Inflation greases the wheels of the product market

For our results, so far, we assumed that the central bank implements its goal of price stability
by following the inertial Taylor rule with a zero inflation target, i.e. (16). But, an extensive
number of papers have argued that, in case of DNWR, inflation might actually be benefitial in
that it “greases the wheels of the labor market.” This argument goes back at least to Tobin
(1972), who argued that, because what matters for the alignment of labor and product markets
is the relative price of labor compared to output, i.e the real wage, if nominal wages cannot
adjust downward then the allocation of labor would improve as a result of elevated inflation.

The main intuition of this argument translates to DPR. In the case of multiple product
markets, the relative price of one good versus another matters for the allocation of resources.*’
If a relative demand shock reduces demand in a sector where prices are downwardly rigid
then higher inflation would make this downward rigidity less binding as well as speed up the
adjustment of the prices of the goods whose demand has increased due to the shock. In this
sense “inflation greases the wheels of the product markets” in case of DPR.

If DNWR have significant allocative consequences, then there exists a long-run trade off
between the average level of inflation and the steady-state level of unemployment and output.
This is known as a long-run Phillips curve and it has been studied in, arguably, highly stylized
models (e.g. Akerlof et al., 1996; Benigno and Ricci, 2011; Daly and Hobijn, 2014). But there
is no broad consensus about how binding DNWR are (Elsby and Solon, 2019) and the optimal
level of inflation with DNWR depends on the distribution of shocks that hit the economy and
many other considerations. In fact, several studies that tried to fully account for these shocks
and considerations have found that DNWR play no, or only a limited role, in the practical
considerations about the optimal inflation target (e.g. Coibion et al., 2012). With this in mind
and the observation that, before the Covid pandemic, the evidence pointed to DPR being less
binding than DNWR (e.g. Yates, 1998), we ignore the implications of DPR for the optimal
inflation target in our analysis.

Instead, we consider the argument in Schmitt-Grohé and Uribe (2013) who make the point
that, at a given credible inflation target and when DNWR are binding and prevent real wages
from declining, it might be beneficial for a central bank to temporarily allow for higher inflation.

This insight also applies for DPR. If DPR slow down adjustments in relative prices in product

30See, for example, the models in Aoki (2001), Nakamura and Steinsson (2008), Eusepi et al. (2011), and
Ruge-Murcia and Wolman (2022).
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markets, then temporarily higher inflation might act as a “lubricant” and be beneficial for the
allocation of real resources along the transition path in the economy.

We illustrate this in Figure 7. It shows the response of the economy to the relative demand
shock under two policy responses. The first, shown as the blue line, is the one in which the
central bank implements the Taylor rule as specified in equation (16). The second is one in which
the central bank realizes the nature of the shock and delays its response to the spike in inflation
by four quarters. As the figure shows, the delayed monetary policy response (panel(c)) allows
for a 2 percentage point higher run up in annualized inflation (panel (a)) that accommodates
an accelerated adjustment of the relative price of goods (panel (d)) which results in a much
more favorable real impact of the shock, captured by an increase in the fixed-weighted GDP
index (panel (b)).

This type of “patience” in the monetary policy response is not unlike the one advocated by
Guerrieri et al. (2023) in response to the relative price shock in Europe induced by the spike
in energy prices after the start of the war in Ukraine in February 2022. What is important to
realize, however, is that this simulation assumes that the central bank realizes that it is dealing
with an inflationary relative demand shock and that the simulation does not take into account

the potential impact of letting inflation rise substantially on the credibility of the central bank.3!

4.4 DPR amplify other inflationary relative demand pressures

Besides DPR, there are of course other features in the economy that affect the adjustment of
relative prices across sectors following a relative demand shock, and which may render such
shocks inflationary. For example, Guerrieri et al. (2021) point out how DNWR can generate
non-linear Phillips curves at the sectoral level, which in turn may give rise to inflation once
demand shifts away from one sector to another. Ferrante et al. (2023) show in a multi-sector
model that labor reallocation costs can cause inflationary pressures following relative demand
shocks as these hamper the expansion of supply in those sectors that face an increase in demand
relative to other sectors. Beraja and Wolf (2021) argue that pent-up demand can speed up
the recovery from demand-driven recessions, and show that this is more likely the case when
recessions are caused by a decline in demand for durable goods than for services.

In this section, we move away from our baseline model and consider DNWR, costly real-
location of labor across sectors and pent-up demand separately, and how they interact with

DPR. Our main point is that if we add DPR on top of these other mechanism then this tends

3'We derived the model under the assumption that the central bank maintains its credibility on its inflation
target.
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to increase their inflationary impact.

4.4.1 Downward Nominal Wage Rigidities (DNWR)

Related to DNWR, we use our model to illustrate two main things. First of all, DNWR can
cause inflationary pressures in response to relative demand shocks. This result is not new. For
example, Guerrieri et al. (2021) have made this as well. Secondly, the addition DPR on top of
DNWR renders their impact more inflationary as well as more contractionary.

This is illustrated in Figure 8. It compares the impulse responses of our model economy
for four cases. The first, plotted as the blue solid line, is the baseline case from Figure 4.
The second, the yellow dashed line, is the baseline case with DPR added, also replicated from
Figure 4. The third and fourth cases correspond to these two cases with DNWR added.

We add DNWR by recalibrating the parameters of the wage adjustment cost function faced
by the household, ((10)). In particular, we set ;’, which controls the degree of wage rigidity,
to 50 (baseline of 0 implies flexible wages), and ¢}’, which governs the degree of asymmetry in
the wage adjustment cost, to 1,000.%?

The green dotted line shows the model response in the case in which wages are downwardly
rigid but prices are not. It reveals that the main result from Guerrieri et al. (2021) also holds
in our model. Under DNWR relative demand shocks can be inflationary because they hamper
the downward adjustment of factor costs in the sector with declines in demand. In particular
they impede the downward adjustment of real wages (panel (c¢)). This means that marginal
costs in the service sector decline much less than without the rigidities and that puts upward
pressures on services prices.

Introducing DPR on top of DNWR amplifies these inflationary pressures, albeit only slightly.>?
With services prices not adjusting sufficiently downwards, the response to the relative demand

shock of aggregate inflation is more persistent than in the case of symmetric price adjustments.

4.4.2 Real rigidities

Another reason why inflationary pressures might emerge after relative demand shocks is because
real rigidities prevent the reallocation of factors of production needed to accommodate the shift

in demand. For example, Ferrante et al. (2023) argue that labor reallocation costs raise marginal

32Note that we allow the degree of DNWR to be the same across sectors. Having wages be downwardly rigid
in only one of the two sectors does not qualitatively alter the results.

33The difference between the cases with DNWR alone and with both DPR and DNWR are small because we
assume that the labor cost share is one. Which is, of course, much lower than in the data (e.g Valentinyi and
Herrendorf, 2008).
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costs of production after a relative demand shock and thus result in upward pressures on prices.

In our model, real rigidities are captured in a similar way as in Cantelmo and Melina (2023),
i.e. through the limited substitutability of hours supplied by households across the sectors in
the economy. This substitutability is captured by the intratemporal labor supply elasticity, A.
In our baseline case we included some degree of real rigidities in the sense that A was not infinite
but, instead, equal to one. To show the impact real rigidities have on the build-up inflationary
pressures after relative demand shocks, we compare that case with one in which labor is less
substitutable, i.e. A = 0.5. The results are plotted in Figure 9. The first two lines plotted are
the same two from Figure 4 that we plotted for DNWR above.

The last two lines are those associated with a higher degree of real rigidities. Even with more
real rigidities, without DPR the response of aggregate inflation is muted, as firms in the service
sector respond by aggressively lowering their prices, thereby offsetting the rise in goods prices.
Thus, in our model, impediments to the sectoral reallocation of factor inputs by themselves do
not generate inflationary pressures after relative demand shocks. However, once we add DPR to
the higher degree of real rigidities both the inflationary and real impact of the relative demand
shock ends up being substantially larger than with a lower degree of real rigidities. So, it is the
interaction of real rigidities with DPR that is essential for the price pressures to occur after a

shift in demand.

4.4.3 Pent-up demand

Finally, we allow for pent-up demand towards both goods and services by lowering the rate
at which the utility gain from past consumption depreciates, o, from its baseline value of 1
to 0.5.>* As shown by Figure 10, in the absence of DPR, the response of aggregate inflation
to the relative demand shock is virtually zero, due to the offsetting responses of services and
goods prices. With pent-up demand, the initial decline in services consumption implies that the
household is temporarily left with a lower stock of services, which the household aims to undo in
subsequent periods. Conversely, the initial rise in goods consumption leaves the household with
an abundance of goods that the household aims to run down. As a consequence, service prices
recover more strongly upwards, whereas the downward adjustment of goods prices, following
their initial jump, becomes more pronounced.

When introducing DPR on top of the pent-up demand mechanism, inflationary pressures

arise at the aggregate level for the same reasons as discussed before. Compared to our baseline

34This § applies to both goods and services. One might find this unusual for services, but one can think of
pent-up demand in services as the utility depending on the number of visits to the dentist in the past year, the
number of meals consumed in restaurants over the past month, etc..
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results, however, we find that inflation returns to steady state more abruptly as pent-up demand

causes the initial change in relative demand to revert more quickly.

5 Conclusion

Relative demand shocks alone, even in the absence of convex supply curves, factor reallocation
costs, or downward wage rigidities, can cause upward pressures on prices when they result
in a decline in demand for goods or services whose prices exhibit Downward Price Rigidities
(DPR). This is because such shocks require an equilibrium adjustment of relative prices that
disproportionately occurs through price increases of goods and services whose demand increases.
This mechanism is reminiscent of “Demand-Shift Inflation.”

We argued that this mechanism might be particularly relevant to understand the inflationary
pressures during and after the Covid pandemic. The outbreak of Covid in 2020 caused an
unprecedented shift in demand away from person-to-person services. In spite of this drop in
demand, the prices of these services barely declined. Instead, goods prices, especially those of
durables, went up and inflation emerged.

The inclusion of DPR in a stylized two-sector New Keynesian model provides four main
insights. The first is that the inflationary pressures that build up as a result of a relative
demand shock with DPR are highly non-linear in the size of the shock. The second is that
such inflationary relative demand shocks look like “supply shocks” when interpreted through
the lens of a simple Phillips curve framework, because they result in a simultaneous increase
in inflation and decline in measured output. The third is that the real-side impact of the
inflationary relative demand shock is alleviated by the central bank temporarily allowing for
more inflation. This is because inflation lubricates the adjustment of relative prices that is
slowed down by the nominal rigidities along the equilibrium path. Finally, “Demand-Shift
Inflation” is not a competing explanation of why price pressures can build up after relative
demand shocks. Instead, it complements other theories in that it amplifies the inflationary
impact of other channels proposed.

Our stylized model is useful because it allows us to isolate the impact of large relative de-
mand shocks. Such shocks are not very common. The Covid pandemic was a highly unusual
economic downturn. This is important, because it means that one has to be careful to gen-
eralize our conclusions, especially about monetary policy, to other business cycles as well as
to default policy rules. What our results point out is that it is essential for policymakers to
have an accurate real-time assessment of the sources of fluctuations they aim to stabilize and

to understand the different implications of these sources for the output-inflation trade off that
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they face.

References

Adjemian, Stéphane, Bastani, Houtan, Juillard, Michel, Karamé, Fréderic, Mihoubi, Ferhat,
Mutschler, Willi, Pfeifer, Johannes, Ratto, Marco, Rion, Normann, and Villemot, Sébastien.

2022 (Jan.). Dynare: Reference Manual Version 5. Dynare Working Papers 72. CEPREMAP.

Akerlof, George A., Dickens, William T., and Perry, George L. 1996. The Macroeconomics of
Low Inflation. Brookings Papers on Economic Activity, 1996(1), 1-76.

Aoki, Kosuke. 2001. Optimal monetary policy responses to relative-price changes. Journal of

Monetary Economics, 48(1), 55-80.

Ball, Laurence, and Mankiw, N. Gregory. 1994. Asymmetric Price Adjustment and Economic
Fluctuations. Economic Journal, 104(423), 247-61.

Ball, Laurence, and Mankiw, N. Gregory. 1995. Relative-Price Changes as Aggregate Supply
Shocks. The Quarterly Journal of Economics, 110(1), 161-193.

Ball, Laurence, Leigh, Daniel, and Mishra, Prachi. 2022 (Oct.). Understanding U.S. Infla-
tion During the COVID Era. NBER Working Papers 30613. National Bureau of Economic

Research, Inc.

Barlevy, Gadi. 2002. The Sullying Effect of Recessions. The Review of Economic Studies, 69(1),
65-96.

Barlevy, Gadi, Faberman, R. Jason, Hobijn, Bart, and Sahin, Aysegul. 2024. The Shifting

Reasons for Beveridge-Curve Shifts. Journal of Economic Perspectives, forthcoming.

Benigno, Pierpaolo, and Eggertsson, Gauti B. 2023 (April). It’s Baaack: The Surge in Inflation
in the 2020s and the Return of the Non-Linear Phillips Curve. Working Paper 31197. National

Bureau of Economic Research.

Benigno, Pierpaolo, and Ricci, Luca Antonio. 2011. The Inflation-Output Trade-Off with Down-
ward Wage Rigidities. American Economic Review, 101(4), 1436-66.

Beraja, Martin, and Wolf, Christian K. 2021. Demand composition and the strength of recov-
eries. Tech. rept. National Bureau of Economic Research, Working Paper 29304.

Draft: April 12, 2024 Page 24



Downward Price Rigidities and Inflationary Relative Demand Shocks Bonam and Hobijn

Bewley, Truman F. 2023 (Dec.). An Interview Study of Pricing. Cowles Foundation Discussion

Papers 2374. Cowles Foundation for Research in Economics, Yale University.

Blanchard, Olivier J, and Bernanke, Ben S. 2023 (June). What Caused the US Pandemic-Era
Inflation? Working Paper 31417. National Bureau of Economic Research.

Blinder, A., Canetti, E.R.D., Lebow, D.E., and Rudd, J.B. 1998. Asking About Prices: A New
Approach to Understanding Price Stickiness. Russell Sage Foundation.

Boehm, Christoph E., and Pandalai-Nayar, Nitya. 2022. Convex Supply Curves. American
Economic Review, 112(12), 3941-69.

Caballero, Ricardo J., and Hammour, Mohamad L. 1994. The Cleansing Effect of Recessions.
The American Economic Review, 84(5), 1350-1368.

Calvo, Guillermo A. 1983. Staggered prices in a utility-maximizing framework. Journal of

Monetary Economics, 12(3), 383-398.

Cantelmo, Alessandro, and Melina, Giovanni. 2023. Sectoral labor mobility and optimal mon-

etary policy. Macroeconomic Dynamics, 27(1), 1-26.

Card, David, and Hyslop, Dean. 1996 (Apr.). Does Inflation andquot;Grease the Wheels of
the Labor Marketandquot;? NBER Working Papers 5538. National Bureau of Economic

Research, Inc.

Coibion, Olivier, Gorodnichenko, Yuriy, and Wieland, Johannes. 2012. The Optimal Inflation
Rate in New Keynesian Models: Should Central Banks Raise Their Inflation Targets in Light
of the Zero Lower Bound? The Review of Economic Studies, 79(4), 1371-1406.

Daly, Mary C., and Hobijn, Bart. 2014. Downward Nominal Wage Rigidities Bend the Phillips
Curve. Journal of Money, Credit and Banking, 46(S2), 51-93.

David, Joel M. 2021. Has Covid-19 been a “reallocation recession”’ Chicago Fed Letter, March,
1-8.

Dickens, William T., Goette, Lorenz, Groshen, Erica L., Holden, Steinar, Messina, Julian,
Schweitzer, Mark E., Turunen, Jarkko, and Ward, Melanie E. 2007. How Wages Change:
Micro Evidence from the International Wage Flexibility Project. Journal of Economic Per-

spectives, 21(2), 195-214.

Draft: April 12, 2024 Page 25



Downward Price Rigidities and Inflationary Relative Demand Shocks Bonam and Hobijn

Dixon, Huw David, and Tian, Kun. 2017. What We can Learn About the Behaviour of Firms
from the Average Monthly Frequency of Price-Changes: An Application to the UK CPI Data.
Ozford Bulletin of Economics and Statistics, T9(6), 907-932.

Elsby, Michael W. L., and Solon, Gary. 2019. How Prevalent Is Downward Rigidity in Nominal
Wages? International Evidence from Payroll Records and Pay Slips. Journal of Economic
Perspectives, 33(3), 185-201.

Erceg, Christopher J., Henderson, Dale W., and Levin, Andrew T. 2000. Optimal monetary
policy with staggered wage and price contracts. Journal of Monetary Economics, 46(2),
281-313.

Eusepi, Stefano, Hobijn, Bart, and Tambalotti, Andrea. 2011. CONDI: A Cost-of-Nominal-

Distortions Index. American Economic Journal: Macroeconomics, 3(3), 53-91.

Ferrante, Francesco, Graves, Sebastian, and lacoviello, Matteo. 2023. The inflationary effects

of sectoral reallocation. Journal of Monetary Economics, 140(S), 64-81.

Fischer, Stanley. 1981. Relative Shocks, Relative Price Variability, and Inflation. Brookings
Papers on Economic Activity, 1981(2), 381-441.

Gagnon, Joseph E. 2024. Discussion of The Art and Science of Patience: Relative Prices and
Inflation.

Gautier, Erwan, Conflitti, Cristina, Faber, Riemer P., Fabo, Brian, Fadejeva, Ludmila, Jou-
vanceau, Valentin, Menz, Jan-Oliver, Messner, Teresa, Petroulas, Pavlos, Roldan-Blanco,
Pau, Rumler, Fabio, and Se. 2024. New Facts on Consumer Price Rigidity in the Euro Area.

forthcoming, —.

Gilchrist, Simon, Schoenle, Raphael, Sim, Jae, and Zakrajsek, Egon. 2017. Inflation Dynamics
during the Financial Crisis. American Economic Review, 107(3), 785-823.

Gollop, Frank. 1969. Structural Inflation 1964 — 1966. The American Economist, 13(2), 31-39.

Grigsby, John, Hurst, Erik, and Yildirmaz, Ahu. 2021. Aggregate Nominal Wage Adjustments:
New Evidence from Administrative Payroll Data. American Economic Review, 111(2), 428—
471.

Groshen, Erica L., and Potter, Simon M. 2003. Has structural change contributed to a jobless

recovery? Current Issues in Economics and Finance, 9(Aug).

Draft: April 12, 2024 Page 26



Downward Price Rigidities and Inflationary Relative Demand Shocks Bonam and Hobijn

Guerrieri, Veronica, Lorenzoni, Guido, Straub, Ludwig, and Werning, Ivan. 2021. Monetary
Policy in Times of Structural Reallocation. 2021. Proceedings of the Jackson Hole Sympo-
sium, 2021.

Guerrieri, Veronica, Marcussen, Michala, Reichlin, Lucrezia, and Tenreyro, Sylvana. 2023. The

Art and Science of Patience: Relative prices and inflation. Geneva 26 report. CEPR.

Hall, R. L., and Hitch, C. J. 1939. Price Theory and Business Behaviour. Oxford Economic
Papers, 0s-2(1), 12-45.

Henkel, Lukas, Wieland, Elisabeth, Blazejowska, Aneta, Conflitti, Cristina, Fabo, Brian, Fade-
jeva, Ludmila, Jonckheere, Jana, Karadi, Peter, Macias, Pawet, Menz, Jan-Oliver, and Seiler,
Pascal and. 2023 (July). Price setting during the coronavirus (COVID-19) pandemic. Occa-

sional Paper Series 324. European Central Bank.

Hobijn, Bart, Nechio, Fernanda, and Shapiro, Adam Hale. 2021. Using Brexit to identify the

nature of price rigidities. Journal of International Economics, 130(C).

Hobijn, Bart, Miles, Russell, Royal, James, and Zhang, Jing. 2023. The Recent Steepening of
Phillips Curves. Chicago Fed Letter, 0(January).

Institute for Government. 2022. Timeline of UK government coronavirus lockdowns and re-

strictions.

Jaimovich, Nir, and Siu, Henry E. 2020. Job Polarization and Jobless Recoveries. The Review
of Economics and Statistics, 102(1), 129-147.

Jo, Yoon J. 2021 (Dec.). Establishing downward nominal wage rigidity through cyclical changes
in the wage distribution. Working Papers 20211216-001. Texas AandM University, Depart-

ment of Economics.

Kim, Jinill, and Ruge-Murcia, Francisco J. 2009. How much inflation is necessary to grease the
wheels? Journal of Monetary Economics, 56(3), 365-377.

Kryvtsov, Oleksiy, and Vincent, Nicolas. 2014. On the Importance of Sales for Aggregate Price
Flexibility. Bank of Canada Working Paper 2014-45. Ottawa.

Lebow, David E, Saks, Raven E, and Wilson, Beth Anne. 2003. Downward Nominal Wage

Rigidity: Evidence from the Employment Cost Index. Advances in Macroeconomics, 3(1).

Draft: April 12, 2024 Page 27



Downward Price Rigidities and Inflationary Relative Demand Shocks Bonam and Hobijn

Lilien, David M. 1982. Sectoral Shifts and Cyclical Unemployment. Journal of Political Econ-
omy, 90(4), 777-793.

Means, Gardiner C. 1935 (January). Industrial Prices and Their Relative Inflexibility. Letter.
U. S. Senate, 74th Congress.

Montag, Hugh, and Vallenas, Daniel Villar. 2023 (Aug.). Price-Setting During the Covid Era.
FEDS Notes 2023-08-29. Board of Governors of the Federal Reserve System (U.S.).

Nakamura, Emi, and Steinsson, Jon. 2008. Five Facts about Prices: A Reevaluation of Menu
Cost Models. The Quarterly Journal of Economics, 123(4), 1415-1464.

Peltzman, Sam. 2000. Prices Rise Faster than They Fall. Journal of Political Economy, 108(3),
466-502.

Rotemberg, Julio J. 1982. Monopolistic Price Adjustment and Aggregate Output. The Review
of Economic Studies, 49(4), 517-531.

Ruge-Murcia, Francisco J., and Wolman, Alexander L. 2022 (May). Relative Price Shocks and
Inflation. Working Paper 22-07. Federal Reserve Bank of Richmond.

Samuelson, Paul A., and Solow, Robert M. 1960. Analytical Aspects of Anti-Inflation Policy.
The American Economic Review, 50(2), 177-194.

Schmitt-Grohé, Stephanie, and Uribe, Martin. 2013. Downward Nominal Wage Rigidity and
the Case for Temporary Inflation in the Eurozone. Journal of Economic Perspectives, 27(3),

193-212.

Schultze, Charles L. 1959 (September). Recent Inflation in the United States. Tech. rept. Joint

Economic Committee, 86th Congress.
Tobin, James. 1972. Inflation and Unemployment. American Economic Review, 62(1), 1-18.

Valentinyi, Akos, and Herrendorf, Berthold. 2008. Measuring factor income shares at the
sectoral level. Review of Economic Dynamics, 11(4), 820-835.

Yates, Anthony. 1998 (Aug.). Downward nominal rigidity and monetary policy. Bank of England
working papers 82. Bank of England.

Sahin, Aysegiil, Song, Joseph, Topa, Giorgio, and Violante, Giovanni L. 2014. Mismatch Un-
employment. American Economic Review, 104(11), 3529-64.

Draft: April 12, 2024 Page 28



Downward Price Rigidities and Inflationary Relative Demand Shocks Bonam and Hobijn

Figures and tables

0.3 A

fraction

0.2 A

0.0 T f .
-20 -10 0 10 20
Percent change in prices, from Jan-Dec

(a) Services

fraction

-20 -10 0 10 20
Percent change in prices, from Jan-Dec

(b) Person-to-person services

Figure 1: Price changes for total and person-to-person services before pandemic (2017-2019)

Source: Office for National Statistics (U.K.) (ONS) and authors’ calculations. 11-month price changes from
January through December for 2017-2019. Person-to-person services are ‘Out-patient health services’, ‘Trans-
port services’, ‘Recreational and cultural services’, ‘Restaurants and hotels’, ‘Hairdressing salons and personal

grooming’, and ‘Prostitution’.
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Figure 2: Relative quantities and prices for total and person-to-person services, 2017-2023

Source: ONS Consumer Trends (National Accounts) and authors’ calculations. Quantites relative to total
consumer spending. Relative prices compared price of total consumer spending. Index (2019Q4=100). Person-
to-person services are ‘Out-patient health services’, ‘Transport services’, ‘Recreational and cultural services’,

‘Restaurants and hotels’, ‘Hairdressing salons and personal grooming’, and ‘Prostitution’.
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Figure 3: Price changes for person-to-person services during pandemic (2020 and 2021)

Source: ONS and authors’ calculations. 1l-month price changes from January through December for 2017-
2019. Person-to-person services are ‘Out-patient health services’, ‘Transport services’, ‘Recreational and cultural

services’, ‘Restaurants and hotels’, ‘Hairdressing salons and personal grooming’, and ‘Prostitution’.
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Table 1: Baseline parameter values

Parameter Description Value
Q@ Steady-state share of good GG in consumption basket 0.5
x° Steady-state share of hours worked in sector S 1/2
I6; Discount factor 0.9925
€ Elasticity of substitution between good varieties 6
A Elasticity of substitution of labor across sectors 1
o Inverse of intertemporal elasticity of substitution 1
% Inverse of Frisch elasticity of labor supply 1
Vj Degree of price stickiness in sector j 100
Sj Degree of price adjustment cost asymmetry in sector j 0
PR Interest rate smoothing parameter 0.8
O Monetary policy response to inflation 1.5
Pa Persistence of relative demand shock 0.9
~v Degree of wage stickiness in sector j 0
¥ Degree of wage adjustment cost asymmetry in sector j 500
n Elasticity of substitution of labor varieties within sector j 21
0 Elasticity of substitution between final goods 1
) Depreciation rate of good j 1

Note: Time period t is a quarter.
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Figure 6: Inflationary relative demand shocks in Output-Inflation space (Phillips curve)

Note:  Time period is a quarter. Shock is (ay — 0.5) = 0.9 (a¢—1 — 0.5), where oy = 0.58 in panel (a) and

a; € {0.525,0.550, 0.575,0.600} in panel (b)
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A Mathematical and data details

A.1 ONS CPI Price Quotes and Consumer Trends data

We use two types of data from the Office for National Statistics (U.K.) (ONS). The first is from
the national accounts and consists of quarterly price and quantity indices for detailed personal
consumption expenditure categories. These data are published as a bulletin on Consumer
Trends. The underlying source data are mainly from the are the Living Costs and Food Survey
(LCF) and the Retail Sales Index (RSI) that are used to construct quarterly GDP statistics for
the United Kingdom.

The second source is data on shop-region-item-level price quotes underlying the British
CPI, published as consumer price inflation item indices and price quotes by the ONS. Other
studies that use these data Kryvtsov and Vincent (2014) and Dixon and Tian (2017) and
Hobijn et al. (2021). The data are monthly price quotes for specific items in specific shops in
a specific region. In principle, one can construct month-to-month changes in these prices. But
the matching between price quotes across months is not unique because shops with multiple
outlets in the same region can have multiple price quotes and matching them perfectly across
months is not possible.

But there is a way to consider price changes for the same item in the same shop and region.
For each price quote the data also provides the percent increase in the price since January of the
year. Because we are not specifically interested in month-to-month changes in prices but in the
medium adjustment of prices after the outbreak of the pandemic, we use this measure of price
change. In particular, for all the items with price quotes in December we consider the percent
change in their price since January of that year. This is what is plotted in the histograms of

price changes.

A.2 Detailed derivation of model equations

The model is that of a closed economy populated by an infinite number of households and firms,
and a central bank that conducts monetary policy. The production side of the economy consists
of two sectors that produce either services or goods, which are consumed by the household.
Households supply differentiated labor to both sectors and set their wage at a markup over the
marginal rate of substitution. Producers of differentiated services and goods set their price at a
markup over marginal costs. Households and firms incur a cost when adjusting their wages and

prices, respectively. Wage and price cuts may be more costly than wage and price increases.
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The central bank influences aggregate demand by setting the nominal interest rate.

A.2.1 Households

In each period, ¢, an infinitely-lived household, indexed by i € [0, 1], chooses how much services,
Sit, and goods, G, to consume, how many hours to work, N;;, and how many one-period

nominal bonds to hold, B;;, in order to maximize its expected lifetime utility, which is given

by:

O'k Nl-&-gok
o (k- ), s)
with 5 € (0,1) the discount factor, o > 0 the relative risk aversion coefficient and ¢ > 0 the

inverse Frisch elasticity.

Total consumption, C;,, is a CES aggregator of services and goods:

Il
S
[u—
|
=)
N
S
N

Ciy ; +a§Géf]09, (19)
with 6 > 1 the elasticity of substitution between services and goods, and where a; € [0, 1]
measures the consumption share of goods, which may be time varying. S;; and G;; evolve
according to:

Sit=(1—109g) Sit—1+ Clt, Git=(1—=6¢)Gi—1 + Cfm (20)

with 0; € [0,1] the rate at which the utility gain arising from past consumption depreciates,
and where CZ] , denotes the service flow of good j = {S,G}. The price indices of goods and
services are denoted by PE and P?, respectively.

The household supplies differentiated labor to the services sector, th, and goods sector,

NZGt, with the optimal demand for labor variety i supplied to sector j given by

. wi\"
N=|=5] M, (21)
Wi

where th denotes the nominal wage in sector 7, th total labor supply in sector j, and n > 0

the elasticity of substitution across labor varieties within each sector. The household is able to
set its Wage in each sector, VVZt, at a markup over the marginal rate of substitution, and incurs

a cost, I'}; ” , whenever it adjusts its wage. This wage adjustment cost is given by the following
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Linex function:

V5 Wj VVijt
th’j:4{exp [—gw< —1> —|—gw< o 1| =15, (22)
7 (§}”)2 ’ VVth 1 ’ I/Vij,t—l

where 77" > 0 is a scaling parameter that determines the degree of wage rigidity, and ¢}’

determines the degree of (a)symmetry of the wage adjustment cost. Total hours worked by

household i is given by:

A

No = [(6) H )T + (1= v T (23)

where x° represents the preference for labor supply in sector S and A > 0 the intratemporal
elasticity of substitution of labor across sectors.

The household’s period budget constraint, deflated by P, is given by:

Q
PP’

B’i w, ] I/I/’L Bl
Si,t_(l — 55) Si,t—1+Qt (Gi,t — (1 — 5@) Gi’t_l)—i_PSi — Z (1 — FMZ]) PSt th—l—Rt 1 F)tS 1 +—=
S AEEYe)

(24)
where R; denotes the risk-free gross nominal return on bonds and §2; profits received from
the firms which the households own. Perfect risk sharing ensures that consumption levels are
the same across households. We can therefore ignore the ¢ subscript. The household aims to
maximize (18), subject to (19)-(24), taking as given aggregate prices, P, aggregate wages, W7,
the gross nominal interest rate, R, the depreciation rate, ¢;, initial bond holdings, B;_;, and
initial nominal wages, W/ _,.

The first-order conditions with respect to the consumption of services and goods are given

by:

Ay = Ctg_o (1- Oét)% S, " 4 BE [Apga (1 —6g)], (25)

MNQr = CF Tl Gy + BE [Ny Qe (1 - 66)] (26)

where A, is the Lagrange multiplier on (24), and @)y is the sectoral relative price, defined as
Qi = —<. (27)

Let w] = W/ /P? denote the real wage in sector j and I/ = W/ /W/ | the gross nominal

wage growth in sector j. The first-order condition with respect to the nominal wage is then

Draft: April 12, 2024 Page 42



Downward Price Rigidities and Inflationary Relative Demand Shocks Bonam and Hobijn

given by
N Uniy w,j W] w,j ANt —wj %Uﬁ;l th+1
— 1 _ - v H 7]6 J o 1 _ 1—‘ 5J + E H 5J (,_.) 5J _ _ , 28
( n) wi A, t t ( n) I} BE; TN, LT wi th (28)
where

Finally, the first-order condition with respect to nominal bond holdings is given by:

PS
A, = BE, [AHlP—;Rt} . (31)
t+1

We obtain the consumer price index, CPI, by rewriting the expenditure constraint, P,C; =

P3S; + PY Gy, using the marginal utilities with respect to S; and G:

PEPT =W [PPUGY (1= ay) + PEUG ] (32)

0

with U, = [(1 — ) Ué;e + oztU(l;jte] =1 In the main text, we focus on the fixed-weighted CPI:
P =, [PPUgt (1 - a) + PEUGS] (33)

with U, = [(1 — ) UL, + aUS ] 1

A.2.2 Firms

In each sector j = {5, G}, a monopolistically competitive firm, indexed by w € [0, 1], faces the

following optimal demand for its output, Yg’t:

. P\
Vi =(—=) v/, (34)
P;

where € > 0 governs the elasticity of substitution between varieties within sector j, Pi,t denotes

the price set by firm w and Y;j is aggregate sectoral output. The firm uses one type of input,
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labor, N

wts O produce its output:

Y], = NI, (35)

J

w.t» Whenever it

It is able to set its price at a markup over marginal costs, and incurs a cost, I'

adjusts its price. This price adjustment cost is given by the following Linex function:

j i Pit Pit
Ffut:—]{exp[—gj< = —1) —i—gj( = — 1 —1,, (36)
g Bl Flia

where «; > 0 a scaling parameter that determines the degree of price rigidity, and ¢; determines

the degree of (a)symmetry of the price adjustment cost.

The firm aims to maximize the expected discounted sum of current and future profits:

> A
Et Z ﬁk jt\-i—k
k=0

t

J J
(1 B Fj ) Pw7t+k j _ Wt+k Nj
w,t+k Pj w,t+k Pj w,it+k |
t+k t+k

subject to (34)-(36), and taking as given aggregate prices, P/, aggregate wages, W/, and initial
prices, Pit_l. Let I/ = P//P/ | denote the gross inflation rate in sector j. The first-order

conditions with respect to Pg,t for each sector j are then given by

Aoy Vo
(1—e€s5)+esw? = TPOY 4 (1 —eg)TY — BE, {T:Hfﬂ@tﬂl%l , (37)

G G

w GAG el At+1 G a Y, 1Qt+1
(1—eq) + eGatt = I7OF + (1 —eq)If — BE, [A_tnt“@t“% 0, } , (39)
where
CH Eﬁ{l—exp [—¢; (II7 = 1)} (39)
]

A.2.3 Monetary policy

Monetary policy is conducted by the central bank and characterized by the following Taylor-

R R oR ﬁCPI ér(1—pr)
t t—1
P (7)) o

where pg € [0, 1] measures the degree of interest rate smoothing by the central bank, ¢, > 1

type rule:

the monetary policy response to inflation, and where ﬁfpl denotes the gross growth rate of the
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fixed-weighted CPI:

A.2.4 Market clearing

Goods market clearing in each sector j = {S, G} implies the following:

while total output is given by

—CPI
ﬁcm P,
t = —CPI"
Pt—l

Vi =Gl 4 T 4 TN,

Y, = Y;S + QtY;G-

(41)

(42)

(43)

We refer to real fixed-weighted Gross Domestic Product, GDPF;, as total spending on final

services and goods, after controlling for wage and price adjustment costs and using the steady-

state expenditure share of goods and services as weights:
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B Additional results

B.1 Additional empirical evidence
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(a) Relative quantities
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Figure B.1: Relative quantities and prices for major consumption categories, 2017-2023

Source: ONS Consumer Trends (National Accounts) and authors’ calculations. Quantites relative to total

consumer spending. Relative prices compared price of total consumer spending. Index (2019Q4=100)
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Figure B.2: 4-quarter inflation rate by major categories.

Source: ONS Consumer Trends (National Accounts) and authors’ calculations.
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Figure B.3: Percentage deviations of real consumption by categories from pre-Covid trend.

Source: ONS Consumer Trends (National Account

s) and authors’ calculations. Percent deviations from esti-

mated pre-Covid log trend, estimated over 2014-2019
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(b) Relative prices

4: Relative quantities and prices for total and person-to-person services in U.S.

Source: Bureau of Economic Analysis and authors’ calculations. Quantites relative to total consumer spending.

Relative prices compared price of total consumer spending. Index (Jan-2020=100). Person-to-person services are

‘Out-patient health services’, ‘Public transportation services’, ‘Recreational and cultural services’, ‘Restaurants

and hotels’, and ‘Hairdressing salons and personal grooming’.
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B.2 Additional results from model
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Figure B.5: Linex cost function for different parameter values.

Source: Authors’ calculations based on Linex cost function specification from Kim and Ruge-Murcia (2009)
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