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1. Introduction

The COVID-19 pandemic has led to a large, abrupt, and unprecedented increase in the demand for goods relative to ser-
vices in the United States, interrupting a secular decline in the share of spending on goods. A popular narrative is that this
sudden reallocation of demand has strained supply chains, leading to bottlenecks and labor shortages in a number of key
sectors, thus contributing to a buildup of inflationary forces. Figure 1 illustrates the recent behavior of consumption, infla-
tion, and employment in the U.S. economy. The share of consumption expenditures on goods rose from 31 percent in the last
quarter of 2019 to more than 35 percent by the middle of 2021, and has remained high thereafter.! Personal Consumption
Expenditures inflation reached almost six percent by the end of 2021, primarily driven by a surge in goods inflation, while
services inflation has been more muted. Finally, employment collapsed and rebounded, remaining significantly below the
pre-pandemic trend by the end of the sample, driven by a decline in labor market participation. Figure 2 shows that these
aggregate movements mask even larger movements in more disaggregated data, illustrating how the COVID-19 pandemic
has been accompanied by an unprecedented increase in the dispersion of output, prices, and employment across industries.

In this paper, we develop a multi-sector New Keynesian model of the U.S. economy to quantify the aggregate and cross-
sectional implications of this reallocation of demand. The model features input-output linkages between sectors, hetero-
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Fig. 1. Consumption, Inflation and Employment in the Goods and Services Sectors. The COVID-19 pandemic led to an unprecedented increase in the demand
for goods relative to services in the United States (top panels). Personal Consumption Expenditures inflation has risen, more for goods than for services
(bottom left panel). Employment has initially declined before recovering, more in the goods than in the service sector (bottom right panel). In the top left
panel, the monthly goods share is expressed as the share in total PCE of nominal goods consumption.

geneity in sectoral price rigidity, and costs of reallocating inputs across sectors.” In particular, we assume that firms face
convex hiring costs when increasing their labor input; as our model does not include capital, these hiring costs capture a
variety of frictions affecting a firm’s ability to expand its productive capacity. Based on the aggregate and cross-sectional
developments outlined in Figs. 1 and 2, we allow for three shocks: a preference shock that alters the relative demand for
goods and services; sectoral productivity shocks; and an aggregate labor supply shock. Using aggregate and cross-sectional
data, we then estimate the parameters governing hiring costs and production function elasticities as well as the size of the
aggregate labor supply shock. The estimated model allows us to quantify the role that each shock has played in driving
aggregate and cross-sectional developments in the aftermath of the COVID-19 pandemic.

We study the implications of each of the three shocks individually and then examine how well the model fits the data
when all the shocks occur at once. We find that the demand reallocation shock is able to explain a large portion—3.5 per-
centage points—of the increase in U.S. inflation post-pandemic.? In the model, inflation occurs in response to a reallocation
shock for two main reasons. First, because of the hiring costs, firms in goods-producing sectors can increase their labor
input only gradually. While these firms could adjust production by using more intermediate inputs, these are only imperfect
substitutes for labor, causing a slow adjustment in quantities and a large rise in prices. Furthermore, since goods produced
by one sector are also used as intermediate inputs by others, the inflationary pressures propagate across sectors through the
production network. In contrast, service-producing sectors reduce production swiftly, with only modest declines in prices.
Second, the inflationary effects of the shift in demand are amplified by the heterogeneity in price rigidity that exists across
sectors. A key feature of the data is that industries that produce goods have more flexible prices than those that produce
services. We find that allowing for heterogeneity in price rigidity across sectors increases the inflationary effects of the
preference shock by around 25 percent.

At the industry level, we show that our demand reallocation shock is able to explain a good proportion of the cross-
sectional evolution of prices and quantities since the onset of the pandemic. Not only does the shock explain why goods
prices have risen more than services prices, but it also accounts for the observed heterogeneity within goods-producing
and within services-producing industries, despite the fact that it affects final demand for goods and services uniformly.
Both input-output linkages and sectoral heterogeneity in price stickiness contribute to this result. In the model as in the
data, sectors producing goods which are directly consumed by households or selling inputs which are heavily used in the
production of these goods experience a larger increase in inflation. Furthermore, sectors with more flexible prices exhibit
larger price changes, all else equal.

2 We model the industry structure after the U.S. input-output tables provided by the BEA as in Baqaee and Farhi (2022). We calibrate the heterogeneity
in price rigidity as in Pasten et al. (2020). We estimate the cost of reallocating inputs using the strategy discussed in Section 3.
3 As shown in Fig. 1, inflation rose by 4.2 percentage points between 2019:Q4 and 2021:Q4.
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Fig. 2. Output, Prices and Employment across 66 Private Industries. Each line denotes the evolution since 2010 of the 66 private industries for which
BEA publishes quarterly data on gross output, prices, and intermediate inputs. Individual industries and averages (weighted by industry gross output) are
indexed to 100 in the 2010-2019 period. Employment data at the 3-digit NAICS code level are aggregated at the BEA industry level using the concordance
described in https://www.uspto.gov/sites/default/files/documents/oce-ip-economy-supplement.pdf. Variables at the industry level are detrended by calcu-
lating for each industry a log-linear time trend from 2005:Q1 through 2019:Q4. Gray lines denote sectors (“other” sectors) for which no output is directly
consumed.

We then examine the two supply shocks. The sectoral productivity shocks are motivated by the increase in the disper-
sion of sector-level variables shown in Fig. 2. Additionally, some sectors, such as the metals or oil industries, have experi-
enced both significant declines in production and increases in prices, which cannot be explained by demand reallocation
alone. To account for this, we measure the evolution of total factor productivity at the industry level between 2019:Q4 and
2021:Q4, and feed the estimated shocks into our multi-sector model. We find that sectoral productivity shocks dramati-
cally improve the model’s cross-sectional fit, but dampen aggregate inflation, as aggregate productivity rose above trend
over this period. The final shock we consider is a reduction in aggregate labor supply, motivated by the prolonged de-
cline in employment shown in Fig. 1. We estimate the magnitude of this shock and find that it explains approximately
two-thirds of the post-pandemic decline in employment. However, its effect on inflation is relatively limited: on its own, it
would only increase inflation by around 1.5 percentage points, which is less than half the impact of the demand reallocation
shock.

When we consider the effect of all three shocks simultaneously, the estimated model can explain the majority of the rise
in U.S. inflation between the end of 2019 and the end of 2021, largely driven by the demand reallocation shock.* The model
also explains a large proportion of the cross-sectional dynamics of prices and quantities: both the demand reallocation
shock and the sectoral productivity shocks are important for this finding. The labor supply shock is important for explaining

4 Due to the non-linearities inherent in the model, the total effect of the three shocks is not equal to the sum of the individual effects.
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the persistent decline in aggregate employment, but plays a smaller role in explaining aggregate inflation and no role in
accounting for the model’s cross-sectional fit.

We extend our model by conducting a variety of experiments pertaining to the properties of the demand reallocation
shock. We find that an unexpected reversal of the reallocation shock would be inflationary, driven by rising services prices,
as services sectors struggle to increase capacity. We also consider a scenario in which households and firms are repeatedly
surprised about how persistent the reallocation shock is. In such a scenario, inflationary pressures are more muted, as
services-producing sectors reduce output by less, and prices by more, than in our baseline assumption in which the high
persistence of the shock is known immediately. We then apply our model to two episodes not directly targeted by our
estimation exercise. We show that demand reallocation during the Great Recession—away from goods and towards services—
may have raised inflation by around 1.5 percentage points. Finally, we show that the model can rationalize the persistence
of inflation during 2022 when we allow for productivity developments that occurred in the first half of 2022, which were
negative in many sectors, particularly those producing goods.

In Section 2 we describe the model, which we calibrate and estimate in Section 3. Section 4 studies the cross-sectional
and aggregate effects of the demand reallocation shock and the two supply shocks: sectoral productivity shocks and an
aggregate labor supply shock. In Section 5 we study various extensions of the model, while Section 6 discusses sensitivity
analysis.

1.1. Related literature

The model in our paper builds on the rapidly growing literature studying the role of production networks in propagating
the effects of monetary policy, such as La’0 and Tahbaz-Salehi (2022), Pasten et al. (2020), Ozdagli and Weber (2017) and
Ghassibe (2021). In particular, Pasten et al. (2020) show that sectoral heterogeneity in price stickiness significantly amplifies
the real effects of monetary policy.” We show how heterogeneity in price rigidity amplifies the inflationary effects of a
reallocation of demand from services to goods due to the fact that services-producing sectors have stickier prices than
goods-producing sectors on average.® In addition, we use the COVID-19 period to estimate production function elasticities
in a multi-sector model featuring input-output linkages, and find values broadly similar to those in Atalay (2017) despite
markedly different estimation strategies.

Our model also relates to the literature documenting and estimating asymmetric labor adjustment costs at the firm level.
[lut et al. (2018) provide empirical evidence on the response of firms and industries to idiosyncratic shocks and find that
the response of employment to positive shocks is only around 50-70 percent as large as that to negative shocks of the same
size. The estimated hiring costs in our model provide asymmetric employment responses that are within this range.

In using a model of production networks to understand developments since the COVID-19 pandemic, our paper also
builds on Baqaee and Farhi (2022). While their quantitative application studies the initial lockdown phase of the pandemic,
our focus is on post-lockdown dynamics, particularly on the surge in inflation that occurred in 2021. Another key difference
is that they study a two-period model with no factor adjustment across sectors. In comparison, we estimate the factor
adjustment costs in an infinite-horizon economy. Using this framework, we are able to study how expectations about the
persistence of shocks affect labor reallocation and inflation.

Recent papers have considered the implications of a demand reallocation shock such as the one that is central to our
analysis. Guerrieri et al. (2021) and Fornaro and Romei (2022) study the optimal response of monetary policy to a demand
reallocation shock in sticky-wage models with two periods and two sectors. Our focus is on quantifying the contribution
of the demand reallocation shock to inflation, and on contrasting the reallocation shock with other competing shocks. In
related, contemporaneous work, Anzoategui et al. (2022) show how the effects of a demand reallocation shock depend on
potentially binding capacity constraints, both domestic and foreign, and di Giovanni et al. (2022) use a two-period model
to quantify the contributions of different shocks to the run-up in inflation in the post-lockdown period. In their two-period
model with no labor adjustment across sectors, demand reallocation shocks only cause inflation in the presence of down-
ward nominal wage rigidity. In contrast, we study an infinite-horizon model without wage rigidity where demand real-
location shocks are inflationary due to costs of reallocating labor across sectors, which we estimate using aggregate and
cross-sectional data. Like di Giovanni et al. (2022), we also find that sectoral supply shocks explain little of the increase in
U.S. inflation. However, while they attribute the rise in inflation to an aggregate demand shock, we find that the reallocation
of demand from services to goods is the key driver of inflation dynamics.’

5 Pasten et al. (2021), Smets et al. (2019) and Ruge-Mucia and Wolman (2022) also study the effects of sectoral shocks in multi-sector New Keynesian
models in the presence of heterogeneity in price stickiness.

6 Galesi and Rachedi (2019) show that the long-run shift from goods to services has important implications for the transmission of monetary policy.

7 Our model abstracts from any aggregate demand effect associated with fiscal or transfer policies. However, it is possible that the fiscal stimulus
measures enacted during the COVID-19 pandemic may have affected the demand for goods relative to services. For example, the peak month—March
2021—for the goods share of PCE expenditures during the pandemic period coincides with the timing of the largest Economic Impact Payments. de Soyres
et al. (2022) provide empirical evidence for this channel.
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2. Model

This section describes a multi-sector New Keynesian model featuring sticky prices and input-output linkages. Time is
discrete and infinite. The economy consists of K sectors. The model contains two frictions: costs to adjusting prices and costs
to reallocating labor across sectors. In order to incorporate these frictions, we assume that in each sector i = {1, ..., K} there
are three types of firms: a representative competitive producer, monopolistically competitive firms, and labor agencies. In
each sector, the representative competitive producer aggregates the output of a continuum of monopolistically competitive
firms. These firms use labor and intermediate inputs to produce their differentiated products, and set prices subject to
quadratic adjustment costs. Sector-specific labor is supplied to these firms by agencies that hire labor from a representative
household and face convex hiring costs.

Below we describe the problem faced by each type of firm before turning to the problem of the representative household.
We then set out the central bank’s monetary policy rule and the model’s market clearing conditions.

2.1. Representative competitive producer

In each sector i, a representative competitive producer aggregates the output of a continuum of monopolistically com-
petitive firms (indexed by s):

1 &
yg‘z[fo Y;’(s)‘ﬁds] , (1)

where € is the elasticity of substitution across varieties within a sector. The solution to the competitive producer’s problem
implies the following demand curve for differentiated products in each sector:

Yi(s) = (Pf)> Y. )
t

2.2. Monopolistically competitive firms

In each sector, a continuum of firms supply differentiated products to the representative competitive producer subject to
price adjustment costs. These differentiated products are produced according to the following production function:

€y
& -1

Vi) = Al )5 + (1 -aps @en )T 3)

where €y denotes the elasticity of substitution between labor and intermediate inputs. In order to study sectoral productivity
shocks, we allow productivity in each sector, Aj, to vary over time. L} (s) denotes labor hired by firm s in sector i at time t.
Intermediate inputs, M;(s), are a CES bundle of the outputs of the K sectors of the economy:

) K 1 ) - em-1
M; (S) = Z F,FT (IV[SI(S))W > (4)
j=1
where € is the elasticity of substitution among the different inputs in each sectors intermediate inputs bundle. The econ-
omy’s input-output matrix is encoded in the parameters I'; ; (where Z§{=1 I'; j = 1), which determine the importance of the
output of sector j as an input of production in sector i. The problem of a monopolistically competitive firm can be split into
two stages: a cost minimization problem and a price-setting problem.

2.2.1. Cost minimization
Given the CES aggregator in Eq. (4), the cost minimization problem implies the following price index for intermediate
inputs:

. K . ﬁ
P = | ST () em . (5)
=1

Given this price index for intermediate inputs, P["/”i, and a price of labor in sector i, P[L'i, the marginal cost of production in
sector i is:

MG = (B~ 4 (1 - ) (1) =) 7. (6)

A
¢
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2.2.2. Price setting
Given the marginal cost just derived, firms set prices subject to non-pecuniary, quadratic adjustment costs. The recursive
form of their problem is:

V(P () = max (P;’@)) i—g(l’{(s) — MC)
] t

ORI
ki [ P(s) Y . .
_2<1’J1<s>‘1 R + B MoV (BOD] ”)

where «; is the sector-specific price adjustment cost, and M, is the stochastic discount factor of the representative house-
hold. The solution to the price setting problem is the following sector-level New Keynesian Phillips curve:

MCi ) ) (1, Hz . Y!
1-€e+e Pit — ki (I, = DIT; +’<z‘Et(Mt+1Ht:1(H;+1 -1 ;1 =0, (8)
t +1 t

. i
where I} = P,i denote the gross inflation rate at the sector level and I1; = Ptp—f] denotes the aggregate inflation rate.
t-1 -

2.2.3. Labor agencies

In each sector, labor is supplied to the monopolistically competitive firms by a representative labor agency that hires
labor from the representative household. We assume that these agencies face convex hiring costs denoted in units of labor,
the size of which is key to our results and which we estimate in Section 3.8 In contrast, agencies are able to freely decrease
employment in each sector. The recursive form of the labor agency’s problem is

. P W cf Li 2 o
Vi) = max I‘)—[L{ - ?:L; T+l 5 Tt -1 +E[ MoV, (D], (9)
t t—1

where c is the hiring cost and 1; is a function indicating positive hiring. The solution to this problem is the following

i
>y

dynamic equation for sectoral labor demand:

. . 2 . .
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This equation shows how current or future expected hiring costs introduce a wedge between the aggregate wage and the
price of labor in each sector. Such a wedge generates flow dividends that are distributed to the household.’

2.3. Households

A representative household consumes a bundle of goods and of services:

1-o
G\ (_q \"™"
G = (a)t) T . (11)

We allow the preference parameter for goods, wy, to vary over time. The solution to the household’s cost minimization
problem implies:

PECE = w PG, (12)

P = (B (P!~ (13)

Equation (12) implies that w; equals the expenditure share on goods. Figure 1 shows that w; rose from 0.31 before the
pandemic to above 0.35 in early 2021. Thus this is the size of the shift in w; that we will study in Section 4.1.

8 QOur formulation echoes the literature studying convex hiring costs in models of the labor market, such as Merz and Yashiv (2007) and Gertler and
Trigari (2009).

9 A common way of introducing frictions to labor mobility assumes that the disutility of labor supply depends both on the aggregate quantity of labor
supplied and its composition across sectors, as in Horvath (2000) and Bouakez et al. (2020). Such a formulation does not lend itself to studying questions
such as how the reallocation of labor depends on the expected persistence of shocks.
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Goods consumption and services consumption are both bundles of the consumption of output from each of the K sectors:

K /7~ \¥%
¢-T1(%) - o

X y[_S
Q:H<%>. (15)

where YK . »8=1 and YK, y5 = 1. Again, the solution to the cost-minimization problem implies:
i=1 Y] i=1Y;

K

pE =TTy, (16)
i=1
K .

P =[P (17)
i=1

Turning to the household’s dynamic problem, the household has preferences over total consumption, C;, and hours
worked, N;:

S (G N
Ut:tg(;ﬂ (l—)/ _Xt.l_i_w). (18)

To incorporate a labor supply shock, we allow the disutility of labor supply, x:, to vary over time around a steady-state
value x. The representative household maximizes utility subject to the nominal budget constraint:

PG + Bey1 = WeNe + (1 +ir1)B; + divy, (19)

where div; denotes profits from monopolistically competitive firms and labor agencies and B; are nominal bondholdings
(paying interest rate i;_1). The solution of the household’s problem gives the following first-order conditions:

1+i
1=E (Mt+1 o f>, (20)
t+1
W,
- = XtlNg
lopas: NY (21)
2

-y
where the stochastic discount factor is M;, = ﬁ(%l)

2.4. Monetary policy and market clearing

Monetary policy follows a Taylor rule which responds only to aggregate inflation:
1
B

The model’s market clearing conditions are as follows. First, the markets for sectoral output clear when:

log(1+i;) = log — + ¢ log IT;. (22)

K
Y/ =G+ )Y M, Vi (23)
j=1

Second, the aggregate labor market clearing condition is:

K cf L 2
L 1+1L‘>L§12(L1‘t _1) =N,. (24)
i=1 t—1

Finally, the bond market clears when:

Bii1 = 0. (25)
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3. Taking the model to the data

In order to bring the model to the data, we posit that the U.S. economy has been hit by three distinct shocks during
the COVID-19 pandemic. First, a demand reallocation shock—an increase in w;. Second, an aggregate labor supply shock—an
increase in x;. And finally, sectoral productivity shocks—changes in A{ across industries. We will show the inclusion of these
three shocks allows the model to account for movements in both aggregate and cross-sectional variables in the 2019:Q4-
2021:Q4 period. It should be noted that by focusing on the overall changes from the end of 2019 through the end of 2021
we are abstracting from the sharp movements in macroeconomic variables that took place in 2020:Q2, in the most acute
phase of the pandemic and the associated lockdown measures.

We assume that these shocks occur simultaneously, and that, following the shocks, the driving terms revert back to their
steady-state values following AR(1) processes:

W11 = (1= P0)@ + Powy, (26)
Xev1 = (1= 0 X + Py Xt (27)
Al = (1- pa) + paAl. (28)

We proceed by externally calibrating a number of the model’s parameters, along with the size of the demand reallocation
shock and the sectoral productivity shocks. We then estimate: (i) the production function elasticities, (ii) the hiring cost
parameter, and (iii) the magnitude of the aggregate labor supply shock. Given the non-linearities inherent in the model—in
particular the large sectoral movements induced by idiosyncratic productivity shocks and the asymmetries caused by the
labor hiring cost—we estimate these parameters and show impulse response functions for versions of the model that we
solve using nonlinear methods.'°

3.1. Calibrated parameters and shocks

We study a 66 sector version of the model. The model's input-output matrix, I'; j, and the shares of intermediates in
production, ¢;, are calibrated using the BEA’s input-output tables. We use the BEA’s bridge between PCE categories and
NAICS industries to calibrate the sectoral consumption shares yl.g and 7. We label sectors as services-producing if more
of their output is directly consumed as services than as goods. This classification leaves us with 32 services-producing
sectors, 28 goods-producing sectors, and 6 sectors that produce neither goods nor services, as none of their output is directly
consumed.'!

We calibrate price adjustment costs at the sectoral level using data from Pasten et al. (2020).'2 We convert the frequency
of price adjustment at the sector level from their paper to the value of the Rotemberg cost parameter, «;, that implies the
same slope of the New Keynesian Phillips curve. A key feature of the price adjustment data is that the prices of industries
that produce goods are more flexible than those of industries that produce services.

The top portion of Table 1 details the other externally calibrated parameters. The Frisch inverse labor supply elasticity
parameter 1 is set at 1, and the inverse of the intertemporal elasticity of substitution parameter y is set at 2. We assume
a discount factor B of 0.995 and a response coefficient of interest rates to inflation ¢ = 1.5, consistent with the Taylor
principle. The steady-state goods expenditure share & is set at 0.31 in line with its value in 2019, and the elasticity of
substitution € across varieties is 10.

Given the assumption on household preferences, the expenditure share on goods in the model is simply equal to w;.
We calibrate the size of the demand reallocation shock (Aw = 0.045) to match the peak increase in the goods expenditure
share between 2019:Q4 and 2021:Q4. We calibrate the size of the sectoral productivity shocks to match changes in sectoral
TFP over the same period, the measurement of which we describe in the supplementary materials. We set p, = 0.975, to
mimic the slow decline in the goods expenditure share following its spike in 2020. We set the persistence of productivity
and labor supply shocks to 0.95.

3.2. Estimated parameters and shocks

We estimate the hiring cost c, the elasticity of substitution between intermediate inputs €, and the elasticity of substi-
tution between labor and intermediate inputs €y. We also estimate the size of the labor supply shock A x. We group these
parameters in the vector # and estimate them by minimizing the distance between various cross-sectional and aggregate
moments from data, and their model counterparts.

10 We solve the model using the perfect foresight solver in Dynare (version 4.5.6). Such approach has the advantage of capturing the full nonlinear
dynamics of the model, albeit at the expense of abstracting from uncertainty. See Adjemian et al. (2022).

11 Few sectors produce both goods and services: only 12 of the 66 sectors have both yig >0and y7 > 0.

12 The use of the PPI data to construct their estimates of the frequency of price adjustment at the sector level is discussed in more detail in Gorodnichenko
and Weber (2016).
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Table 1
Parameter Values.

Calibrated Parameters Symbol Value/Range Target/Source

Inverse Elasticity of Substitution y 2 Standard

Labor Supply Disutility X 1 Normalization

Inverse Labor Supply Elasticity v 1 Standard

Taylor Rule Coefficient on Inflation [ 1.5 Standard

Discount Factor B 0.995 Standard

Elasticity Across Varieties 3 10 Standard

Goods Expenditure Share [0) 0.31 BEA

Intermediate Input Share (Range) o 0.11 to 0.83 BEA

Price Adjustment Cost (Range) Ki 0.05 to 99.9 Pasten et al. (2020)
Reallocation Shock Persistence P 0.975 Goods Expenditure Share
Labor Supply Shock Persistence Px 0.95 Standard

Sectoral TFP Shock Persistence LA 0.95 Standard

Size of Reallocation Shock Aw 0.045 A Goods Expenditure Share
Sectoral TFP Shocks (Range) AAl -0.29 to 0.25 Measured Sectoral TFP
Estimated Parameters Symbol  Value (s.e.) Target/Source

Hiring Cost c 19.1 (12.6) Estimated

Elasticity Across Intermediates 31 0.13 (0.24) Estimated

Elasticity Between Intermediates & Labor ey 0.82 (0.08) Estimated

Labor Supply Shock Size Ax 0.09 (0.04) Estimated

The top panel shows parameters that we calibrate externally. The bottom panel shows parameters that
we estimate as described in Section 3.2. For the intermediate input share, price adjustment cost, and sec-
toral TFP shocks we report the range across industries. Industries with lowest and highest values of «; are
“Housing” and “Funds, Trusts, and Other Financial Vehicles,” respectively. Industries with lowest and highest
values of «; are “Oil and Gas Extraction” and “Legal Services,” respectively.

Our cross-sectional moments are based on industry output, inflation, and employment developments. For each of the 66
sectors, we calculate the percent change in gross output between 2019:Q4 and 2021:Q4 relative to a sector-specific trend.!3
We repeat the same procedure for price indexes and employment and stack these cross-sectional changes in three vectors:
Var Pa. la-

We also target two aggregate moments, both shown in Fig. 1. Between 2019:Q4 and 2021:Q4, goods inflation rose by 6
percentage points, whereas services inflation rose by 1 percentage point. We target the differential rise in the two inflation
rates and set Anc‘f - Anj = 5%. Second, we target the change in total employment. Employment declined 4 percent relative
to trend between 2019:Q4 and 2021:Q4, so that AL; = —4%. The estimated parameters solve the following problem:

0 = arg moin [w(O)]/W[w 0)]. (29)
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In the equation above, a(yg), for instance, denotes the cross-sectional standard deviation of the percent change in output for

goods-producing sectors between 2019:Q4 and 2021:Q4, and o (y%,(f)) denotes the model counterpart. By the same token,
,o(yd, Ym (0)) denotes the correlation between industry changes in output and the corresponding model objects, which we
calculate one year after the shocks occur. We construct measures of dispersion separately for goods-producing and services-
producing sectors as there is significant heterogeneity in the data: goods prices are much more dispersed than services

13 We calculate the trend over the 2005-2019 period, as 2005 is the first year for which BEA produces quarterly GDP-by-industry data.
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prices, whereas the opposite is true for labor. This is informative for our estimation procedure. Finally, W is a weighting
matrix: we use the identity matrix, implying that all moments have equal weight.!

Before turning to the parameter estimates, we discuss the relationship between these moments and the parameters
that we estimate. There is clearly a direct link between the size of the labor supply shock and the decline in aggregate
employment. The size of the hiring cost is closely related to difference in goods and services price inflation. As we will show
in the next section, with no hiring costs there would be no change in relative prices in response to a demand reallocation
shock. On the other hand, if hiring is costly, goods production will increase more slowly, and the relative price of goods will
rise. Finally, the production function elasticities are important in determining how each of the shocks that hit the model
propagate through the production network. The parameters €y and €); also affect how stringent hiring costs are, since a
high elasticity of substitution would imply that firms can avoid labor costs by using intermediate inputs. Hence, ¢, €); and
€y jointly affect the sectoral dynamics of output, prices and labor, and the cross-sectional moments from the data help us
discipline these parameters.

The estimated parameters are reported in the bottom portion of Table 1. The production function elasticities are in line
with the values estimated using very different approaches (e.g. Atalay, 2017). As will be discussed in Section 4.3, we find
an important role for the aggregate labor supply shock in accounting for the aggregate decline in employment. The hiring
costs that we estimate are relatively modest: for example, these imply that the labor agency would need to pay hiring
costs of around 0.2% of its payroll in order to increase employment by 1% in a given quarter. In practice these costs are
small in aggregate: when we subject the model to all shocks, the total hiring costs paid are equal to 0.15% of output in the
period when the shocks occur, 0.08% of output in the next quarter, and quickly converge to zero thereafter. We discuss the
robustness of the estimation strategy in Section 6.

4. Results

With the estimated parameters in hand, we now consider the role of each shock individually, before simulating the
model with all three shocks turned on.

4.1. The COVID-19 demand reallocation shock

First, we turn off the aggregate labor supply shock (Ax = 0) and the sectoral TFP shocks (AA{ = 0Vi), and we consider
our main experiment, which looks at the effect of an increase in demand for goods relative to services. In order to highlight
important features of the model, we contrast the effect of this shock in the baseline model with that which would occur:
(i) if there were no labor adjustment costs, and (ii) if price stickiness were homogeneous across sectors.

Figure 3 undertakes the first comparison and plots the response of key variables to the demand reallocation shock. The
reallocation of demand leads to a large increase in goods consumption and a corresponding decline in services consumption.
The dotted lines show that, absent hiring costs, these changes would offset each other leaving aggregate prices, consumption
and employment unchanged. Once we introduce hiring costs, the increase in employment in goods-producing industries
is much slower, constraining goods supply and resulting in a smaller increase in goods consumption compared with the
frictionless model. As a consequence of the costs of increasing production, goods prices jump, resulting in year-over-year
goods inflation peaking around 6 percent after one year.

In contrast, employment in services-producing sectors falls immediately, as such firms face no costs in reducing their
workforce.’® The asymmetry caused by hiring costs is key in understanding the inflationary effects of this shock: in services-
producing sectors, the decline in demand translates largely into a fall in quantities rather than prices. In contrast, in goods-
producing sectors the increase in demand pushes up prices due to the costs firms face in increasing their capacity. While
services inflation initially declines, it then also rises, peaking around 3 percent after 5 quarters. Taken together, the dynamics
of sectoral inflation result in aggregate inflation peaking at 3.5 percent after one year, which represents a sizeable portion
of the increase in aggregate inflation shown in Fig. 1. The demand reallocation shock can also explain a roughly 1.5 percent
decline in both aggregate consumption and employment in the baseline model.

In Fig. 4 we repeat the experiment but assuming that all sectors have the same price stickiness (equal to the sector-
weighted average stickiness in our baseline calibration). As goods prices tend to be more flexible than services prices, this
assumption raises price stickiness in goods-producing sectors and lowers it in services-producing sectors, on average. Higher
price stickiness in the goods sectors results in a lower path for goods inflation, causing a peak aggregate inflation 0.8 per-
centage points lower than in our baseline. Hence, heterogeneous price stickiness is an important element to explain the
inflationary effects of the demand reallocation shock.

Despite the simplicity of the demand reallocation shock, the model contains rich predictions on the dynamics of sectoral
prices and quantities. Figure 5 shows that this relative demand shock is able to explain a good fraction of the dispersion in
industry-level inflation rates and output growth. The positive correlation between inflation in the model and the data holds
not only across all sectors but also within the sets of goods-producing or services-producing sectors. Both the input-output

14 We calculate each of the standard deviations weighting by sectoral gross output.
15 Despite the absence of costs to cutting employment, labor in service sectors declines less than in the frictionless model as firms internalize the prospect
of future hiring costs.
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Fig. 3. Aggregate Effects of the Demand Reallocation Shock. This figure plots the impulse response of key variables to the demand reallocation shock that
increases the value of the preference parameter for goods (w) in period 1. Each period is one quarter. Solid lines denote the baseline model. Dotted lines
denote the response of aggregates if there were no hiring costs. For clarity, we only plot sectoral variables in the baseline model. Gray lines denote sectors
(“other” sectors) for which no output is directly consumed.

structure in the model and heterogeneity in price rigidity across sectors are important for this result, as we show in the
more detail in the supplementary material. For example, despite the negative shock to final demand for services, prices and
quantities rise in a number of services sectors, such as the warehousing sector, which are heavily used as intermediates for
goods production.

4.2. Sectoral productivity shocks

There are a number of sectors for which price and quantity dynamics are harder to reconcile solely with the dynamics
following an aggregate reallocation shock. One striking example is the “Motor Vehicle Parts and Dealer” sector, which has
experienced a 40% decline in quantities and a 50% rise in prices between 2019:Q4 and 2021:Q4. Such evidence is suggestive
of the importance of pandemic-related supply distributions in some sectors.!6

To understand the importance of such disruptions, we now consider in isolation the role of sectoral productivity shocks.
By linking industry data on employment from the BLS with data on output and intermediate inputs from the BEA, we
measure the evolution of total factor productivity at the industry level between 2019:Q4 and 2021:Q4 and feed the estimated
sectoral component of the productivity series into the model. Details of our measurement of sectoral TFP are provided in
the supplementary material, where we show that sectoral TFP shocks can explain a significant fraction of the cross-sectional
evolution of both prices and quantities. However, their effect on aggregate inflation is actually slightly negative. This occurs
as sectoral TFP growth was above trend, on average, between 2019:Q4 and 2021:Q4."7

4.3. Labor supply shock

While the demand reallocation and sectoral productivity shocks explain a significant fraction of both sectoral and ag-
gregate price and quantity dynamics, together they explain less than half of the decline in employment experienced in the
United States. This is the motivation for introducing a negative shock to labor supply in our estimation exercise. As in a stan-
dard New Keynesian model, such a shock lowers employment and consumption, while putting upward pressure on wages

16 Qur closed-economy model abstracts from disruptions to global supply chains, although such disruptions may indirectly show up as negative domestic
sectoral productivity shocks.

17 Qur estimates of industry productivity dynamics are close to those of Fernald and Li (2022). We plot the estimated productivity shocks by sector in
the supplementary material.
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Fig. 4. Demand Reallocation Shock: Heterogeneous vs Homogeneous Price Stickiness. This figure plots the impulse response of key variables to the demand
reallocation shock that increases the value of the preference parameter for goods (w) in period 1. Each period is one quarter. Solid lines denote the baseline
model. Dotted lines denote the response of variables if price adjustment costs were homogeneous across industries. For clarity, we only plot sectoral
variables in the baseline model. Gray lines denote sectors (“other” sectors) for which no output is directly consumed.
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Fig. 5. Model and Data: Sectoral Responses to Demand Reallocation Shock. This figure compares the cross-sectional implication of the model with the
data in response to a demand reallocation shock that increases preferences for goods. Each dot is one industry. On the x-axis we plot inflation rates
(percent change in the industry chain-type price price index) and real gross output growth for the 66 private industries for which BEA publishes GDP-
by-industry data. On the y-axis we plot the model counterparts one year after the reallocation shock. Services-producing industries are shown in red and
goods-producing industries are shown in blue. Gray dots denote sectors (“other” sectors) for which no output is directly consumed.

and prices. In the supplementary material we show that this shock leads to a rise in inflation of 1.5 percentage points, less
than half of that seen in response to the demand reallocation shock.

4.4. All 3 COVID-19 shocks
Having considered the three types of shock in isolation, we now show their effects when they occur simultaneously (as
assumed in our estimation procedure). Figure 6 plots the impulse response functions in this case. Overall our model suggests

that these shocks are responsible for an increase in inflation of slightly less than 3.5 percentage points, close to that which
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Fig. 6. Aggregate Effects of All Shocks. This figure plots the impulse response of key variables to three combined shocks: (1) a demand reallocation shock
that increases preferences for goods, (2) estimated sectoral TFP shocks, and (3) a negative labor supply shock. Each period is one quarter. Gray lines denote

sectors (“other” sectors) for which no output is directly consumed.
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Fig. 7. Model and Data: Sectoral Responses to All Shocks. This figure compares the cross-sectional implication of the model with the data in response to
three combined shocks: (1) a demand reallocation shock that increases preferences for goods, (2) estimated sectoral TFP shocks, and (3) a negative labor
supply shock. Each dot is one industry. On the x-axis we plot inflation rates (percent change in the industry chain-type price price index) and real gross
output growth for the 66 private industries for which BEA publishes GDP-by-industry data. On the y-axis we plot the model counterparts one year after

the shocks. Services-producing industries are shown in red and goods-producing industries are shown in blue. Gray dots denote sectors (“other” sectors)
for which no output is directly consumed.

was observed in the data. Thus, the deflationary effects of the sectoral productivity shocks appear to offset the inflationary
effects of the labor supply shock. However, the model exhibits significant non-linearities: summing the inflationary effects
of the individual shocks would lead to an increase in inflation around 30 percent larger than seen in Fig. 6. This occurs as
the negative labor supply shock reduces the expansion in hiring that occurs in goods-producing sectors in response to the
demand reallocation shock, and consequently the run-up in hiring costs that such firms face. In the supplementary material
we provide an alternative decomposition based on considering the effect of removing shocks one at a time. Our finding that
the demand reallocation shock is the key driver of inflation is robust to this approach.

Turning to the cross-section, Fig. 7 shows that the combination of the three shocks provides an excellent description of
cross-sectional developments in prices and quantities. For example, the correlation between sectoral inflation rates in the
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Fig. 8. Aggregate Effects of Reversal of Demand Reallocation Shock. This figure plots the impulse response of key variables to the demand reallocation
shock that increases the value of the preference parameter for goods (w;) in period 1. The solid lines show outcomes if the persistence unexpectedly
declines from 0.95 to 0.5 after two years (denoted by the vertical line). The dotted lines shows the baseline persistence. Each period is one quarter. Gray
lines denote sectors (“other” sectors) for which no output is directly consumed.

model and the data is 0.80. Even if one is only interested in aggregate developments, we consider this to be strong evidence
in favor of the channels in this paper.

5. Model extensions

In this section we undertake a number of extensions. First, we consider the implications of the demand reallocation
shock under different assumptions about its persistence and how persistent it was expected to be. Next, we consider some
out-of-sample experiments: we study the demand reallocation that occurred around the time of the Great Recession and
we finish by estimating the effect of sectoral TFP shocks that occurred during the first half of 2022.

5.1. A reversal of the COVID-19 demand reallocation shock

What would happen to inflation if demand shifts away from goods back to services faster than anticipated? To consider
such hypothesis, we perform the following exercise. Initially, the economy is hit by the baseline reallocation shock from
services to goods studied in the previous section. After eight quarters, the economy is hit by an unexpected reversal in
demand from goods back to services. We model such a reversal by assuming that the persistence of the baseline shock
unexpectedly drops from 0.975 to 0.5 in period 8.

Figure 8 compares outcomes in this reversal experiment with those that occur in the baseline experiment when the
demand reallocation shock is highly persistent. We find that such a reversal would raise inflation by around a percentage
point relative to the no-reversal baseline. In particular, the reversal leads to renewed inflationary pressures, primarily driven
by services-producing sectors which struggle to increase capacity in response to their unexpectedly fast increase in demand.

5.2. Unexpected persistence of the COVID-19 demand reallocation shock

Our baseline experiment assumes that the agents are immediately aware of the persistence of the demand reallocation
shock. An alternative hypothesis is that the persistence of the shift in demand from services to goods turned out to be
higher than initially anticipated. To investigate this, we now consider a demand reallocation shock that is “unexpectedly”

persistent. In particular, we assume that agents initially believe that the shock has a quarterly persistence of 0.5, even though
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Fig. 9. Aggregate Effects of Unexpected Persistence of Demand Reallocation Shock. This figure plots the impulse response of key variables to the demand
reallocation shock that increases the value of the preference parameter for goods («w;) in period 1. The solid lines show outcomes if agents expect the shock
to have a lower persistence of 0.5 for the first eight quarters and thus are repeatedly surprised about its persistence. After eight quarters (denoted by the
vertical line) agents learn the true persistence. The dotted lines show outcomes if the persistence is known immediately. Each period is one quarter. Gray
lines denote sectors (“other” sectors) for which no output is directly consumed.

the relative demand for goods, wy, follows the same ex post path as in our baseline experiment. Consequently, for the first
two years, agents are repeatedly surprised by the persistence of w;. After two years, we assume that agents learn the true
persistence of the shock.

Figure 9 plots the response of key variables in our model to such a sequence of shocks. This shows that in such a
scenario less labor is shed in services-producing sectors, while fewer employees are hired by goods-producing sectors. An
implication of this reduction in reallocation is that price dispersion is higher than in the baseline. In particular, prices in
services-producing sectors fall much more than in the baseline, as their decline in demand feeds less into quantities than it
does in the baseline.

The bottom-left panel of Fig. 9 shows that the lower services price inflation in this scenario is largely responsible for
lower total inflation. Aggregate inflation peaks at around 2.5 percent, as opposed to around 3.5 percent under our baseline
assumption on expectations. On the other hand, when agents finally realize the persistence of the shock, there is a second
bout of inflation, as services-producing sectors lay off workers and raise prices.

5.3. Demand reallocation during the great recession

Our reallocation shock is inflationary primarily due to asymmetric labor adjustment costs, regardless of whether it shifts
demand from services to goods or vice versa. We prove this with an application to the Great Recession, the other recent
episode with a large shift in the composition of consumption expenditures. Between 2008:Q2 and 2009:Q1, the goods ex-
penditure share fell from 34 to 31.8 percent. We model such a shift as a shock to the relative demand for goods w; that is
half the size and the opposite sign of our baseline reallocation shock.

Figure 10 shows the effects of this shift in demand, both in our baseline calibration and in a version with homoge-
neous price adjustment costs. The inflationary effect of the reallocation shock during the Great Recession is proportion-
ally smaller than in our baseline experiment, with inflation peaking at 1.4 percent. The dampened effect is explained by
the heterogeneity in price adjustment costs. As goods prices are more flexible on average than those of services, hetero-
geneity in price stickiness amplifies the effects on inflation of a shift in demand towards goods, but dampens the ef-
fects on inflation of a shift in demand towards services. Despite this dampening, our model suggests that demand real-
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Fig. 10. Demand Reallocation Shock During the Great Recession. This figure plots the impulse response of key variables to a demand reallocation shock
that decreases the value of the preference parameter for goods (w;) in period 1. Each period is one quarter. Solid lines denote the baseline model. Dotted
lines denote the response of variables if price adjustment costs were homogeneous across industries. For clarity, we only plot sectoral variables in the
model with heterogeneous price adjustment costs. Gray lines denote sectors (“other” sectors) for which no output is directly consumed.

location during the Great Recession could partly explain the “missing deflation” that has been the focus of a large litera-
ture.'s

5.4. Additional productivity shocks during 2022

In Section 4 we considered shocks that occurred between 2019:Q4 and 2021:Q4. Absent further shocks, our model would
have predicted that inflation should have declined significantly in 2022, particularly in goods-producing sectors. This is at
odds with the data, as inflation remained persistently high during 2022. A number of possible explanations have been
proposed for this persistence, such as renewed supply shortages caused by the war in Ukraine and continued lockdowns in
China.

To understand the extent to which our model can rationalize these developments, we estimate sectoral TFP shocks from
2021:Q4 to 2022:Q2 and feed these additional shocks into our model one year after the original COVID-19 shocks. While
average sectoral TFP growth was positive between 2019:Q4 and 2021:Q4, it turned negative in early 2022, driven by large
declines in sectors such as “Oil and Gas” and “Computer and Electronics Products”. In Fig. 11 we show that feeding these
additional TFP shocks into the model causes overall inflation to continue to rise for another year, and can help explaining
why inflation in goods-producing sectors remained high throughout 2022.

6. Sensitivity analysis

Our finding that the demand reallocation shock was a major cause of the rise in inflation in the post-lockdown period is
robust to using alternative model specifications and different estimation strategies. These specifications are described in the
supplementary material and briefly listed here.

First, we estimate a version of the model in which we allow for firing as well as hiring costs. Firing costs are estimated
to be zero, while other parameters are little affected, lending support to our baseline calibration with asymmetric labor

18 See Gilchrist et al. (2017) and Harding et al. (2022). It has to be noted that, while during the COVID-19 pandemic the change in the goods expenditure
share is likely due to a shift in preferences similar to our demand reallocation shock, the identification of the drivers of the decline in the goods expenditure
share during the Great Recession is more tenuous, as the accompanying credit crunch may have simultaneously disrupted both aggregate demand and the
goods expenditure share.
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Fig. 11. Aggregate Effects of Additional TFP Shocks in 2022. This figure plots the impulse response of key variables to two sets of shocks. The dotted
lines shows the response following the (1) demand reallocation shock, (2) estimated sectoral TFP shocks from 2019:Q4-2021:Q4 and (3) the negative labor
supply shock (as in Fig. 6). The solid lines adds the estimated sectoral TFP shocks from 2021:Q4 to 2022Q2 after four quarters (denoted by the vertical
line). Each period is one quarter. Gray lines denote sectors (“other” sectors) for which no output is directly consumed.

costs. Next, we show that if we place a much smaller weight on the cross-sectional moments in the estimation procedure
we obtain much less precise estimates, supporting our approach of using cross-sectional information to identify the model
parameters.

The average price stickiness in our model is roughly in line with a Calvo-style setup in which prices adjust every two
quarters, which is lower than the standard price duration that is found in many estimated New Keynesian models. Hence,
we re-estimate our model after scaling up the price adjustment costs to mimic an average price duration of four quarters.
This alternative estimation produces results broadly in line with our baseline model, with the reallocation shock explaining
a good fraction of inflation in the post-Covid period.

In another alternative we restrict production function elasticities, €j; and €y, to be equal to 1. As expected, in this case
the model fit deteriorates as the model underperforms in matching cross-sectional moments. We also show that our results
are robust to using a Taylor rule featuring interest rate smoothing. Finally, we show that the results change only little when
we depart from Cobb-Douglas consumption preferences and use instead a more general CES specification.

7. Conclusions

In this paper, we have estimated a multi-sector model with input-output linkages in order to quantify the role that
demand reallocation, sector-specific disturbances, and lower aggregate labor supply have played in driving price and quantity
dynamics in the U.S. economy in the aftermath of the COVID-19 pandemic.

Our main finding is that the shift in consumption demand from services towards goods can explain a large proportion
of the rise in U.S. inflation between 2019:Q4 and 2021:Q4. This demand reallocation shock is inflationary due to the costs
of increasing production in goods-producing sectors and because such sectors tend to have more flexible prices than those
producing services. The aggregate labor supply shock provides a smaller inflationary impulse, despite the fact that it explains
the majority of the decline in employment. The sectoral productivity shocks actually lower inflation slightly, as average
productivity grew strongly over this period. Our confidence in the model and its predictions is boosted by the fact that it
provides an excellent description of cross-sectional developments in prices and quantities.

We have used the model to conduct a number of experiments relating to the duration and the expected persistence of
the demand reallocation shock. We have also shown that the model is able to rationalize the persistence of high inflation

during 2022, as many sectors, particularly those producing goods, experienced a decline in productivity in the first half of
that year.
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