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Abstract

We study welfare cost of inflation in a quantitative multi-sector menu cost model with pro-
duction networks and idiosyncratic firms-specific shocks. We provide new insights about both
the magnitude and determinants of the welfare cost of inflation. The model features hetero-
geneity in both the distribution of price changes and input-output linkages across sectors. We
show theoretically that welfare cost of inflation is driven by two forces: aggregate misallocation,
which is given by Domar-weighted within-sector price dispersion; and menu costs paid by firms
to adjust prices. We calibrate the model to 65 U.S. sectors by matching sectoral moments of
the price change distribution and the input shares from the input-output table. At 2% inflation,
we find that welfare cost of inflation is 4.94 times higher in our calibrated production networks
economy compared to a counterfactual one-sector economy, while at 4% inflation, it is 5 times
higher. Moreover, in our production networks economy, at 2% inflation, the welfare cost of
inflation is 0.12% (in consumption-equivalent units relative to 0% inflation) and the welfare
cost increases by 16 basis points at 4% inflation. In contrast, in the one-sector economy, going
from 2% inflation to 4% inflation increases the welfare cost of inflation by only 3.2 basis points.
Finally, when going from 2% to 4% inflation, 68.6% of the increase in welfare cost of inflation in
our production networks economy is due to menu costs incurred while adjusting prices, and
only 31.4% due to an increase in aggregate misallocation that results from within-sector price
dispersion.

JEL Codes: E32, E52, C67
Key Words: Welfare cost of inflation; production networks; menu costs; misallocation; multi-
sector model

*We thank Larry Christiano for encouraging us to work on this topic, and Marios Angeletos, Luigi Paciello, Sergio
Santoro, seminar participants at University of Queensland, EIEE Bank of Italy, and Columbia University, and conference
participants at the AEA meetings and the SNDE conference for very helpful comments. We thank Raphael Schoenle for
generously sharing data on frequency of price adjustment across U.S. sectors. We thank Matthew Klepacz for generously
sharing data on deciles of the sectoral distribution of standard deviation, kurtosis, and fraction of positive price changes.
The views expressed in this paper are those of the authors and do not necessarily represent the views or policies of the
Board of Governors of the Federal Reserve System or its staff. First draft: April 2025. This draft: December 2025.

‘LDepartment of Economics, 1105A IAB, 420 West 118th St, New York, NY 10027. hassan.afrouzi@columbia.edu.

iDepartment of Economics, 2225 Speedway, Stop C3100, Austin, TX 78712. saroj.bhattarai@austin.utexas.edu.

SFederal Reserve Board of Governors, Constitution Ave & 20th St NW, Washington, DC 20551. edson.ananwu@frb.gov.


mailto:hassan.afrouzi@columbia.edu
mailto:saroj.bhattarai@austin.utexas.edu
mailto:edson.ananwu@frb.gov

1 Introduction

Following a large increase after the Covid pandemic, and the ensuing mix of commodity price
increases and supply chain disruptions, aggregate inflation rates in many countries have yet to
fall down to official central bank target levels'. This has rekindled discussions about the welfare
cost of inflation and whether there are large costs to society if inflation converges to slightly higher
levels than the official central bank targets. Thus, for example, are the welfare costs of inflation
substantially, if at all, higher at 4% or 3% compared to 2%? If not, then arguably, it might not be
worth it for the central bank to generate an aggregate recession to bring inflation down to the target.

In standard sticky price models, welfare cost of inflation in fact does tend to be low at moderate
levels of inflation. As pointed out by Burstein and Hellwig (2008) and Nakamura, Steinsson, Sun,
and Villar (2018), this is especially the case in a model where sticky prices are modeled using
a state-dependent approach, where firms pay a fixed menu cost to adjust nominal prices and
face idiosyncratic firm-specific shocks. These models however, have a one-sector set-up and
thus abstract from important heterogeneity across sectors in the moments of the price change
distribution. Moreover, as pointed out by Christiano (2015), it is important to incorporate input-
output linkages as that is not only realistic in terms of the production structure to match the data
on input shares, but it can also critically amplify the welfare cost of inflation.

Some important research questions arise, which we will address in this paper. Theoretically,
what determines the welfare cost of inflation in a multi-sector model with unrestricted input-output
linkages? Quantitatively, how can various sectoral moments of the price change distribution and
data from the input-output table be used to discipline model parameters and thereby provide a
credible answer to the welfare cost of inflation in such a model?

To answer these questions, we study welfare cost of inflation in a quantitative multi-sector menu
cost model with production networks and idiosyncratic firm-specific shocks. The model features
heterogeneity in the distribution of price changes and in input-output linkages across sectors. Our
main results are as follows. We show theoretically that welfare cost of inflation is driven by two
forces: aggregate misallocation, which is given by Domar-weighted within-sector price dispersion;

and menu costs paid by firms to adjust prices.

!For instance, as of September 2025, the 12-month change in core U.S. PCE (FRED series PCEPILFE) is about 2.8%.
The last time it was within 20 basis point of the 2% target was March 2021 (at 2.2%), about four years and half ago; it
then jumped to 3.1% in April 2021. Since January 2024, the 12-month core PCE has ranged between 2.6% and 3.1%. As
of September 2025, the 12-month change in U.S. PCE (FRED series PCEP]I) is about 2.78%. The last time it was within
20 basis point of the 2% target was February 2021 (at 1.8%), about four years and half ago. Since January 2024, the
12-month PCE has ranged between 2.2% and 2.9%.



To provide a quantitative answer to our main research questions, we calibrate the model to 65
U.S. sectors, by matching sectoral moments of the price change distribution (frequency of price
changes, kurtosis of price changes, standard deviation of price changes, and the fraction of positive
price changes) and the input shares from the input-output table. First, in our production networks
economy, at 2% inflation, the welfare cost of inflation is 0.12% (in consumption-equivalent units
relative to 0% inflation).? Next, at 2% inflation, we find that welfare cost of inflation is 4.94 times
higher in our calibrated production networks economy compared to a counterfactual one-sector
economy, while at 4% inflation, it is 5 times higher.

Moreover, going from 2% inflation to 4% inflation increases the welfare cost of inflation by 16
basis points in our production networks economy, but only by 3.2 basis points in the one-sector
economy. Finally, when going from 2% to 4% inflation, 68.7% of the increase in welfare cost of
inflation in our calibrated economy is due to menu costs and only 31.3% due to an increase in
aggregate misallocation. Our production networks model thus provides new insights about both
the magnitude and determinants of welfare cost of inflation.

Our paper is motivated by previous work on one-sector menu cost models that computed
welfare cost of inflation, in particular, Burstein and Hellwig (2008) and Nakamura, Steinsson, Sun,
and Villar (2018). These papers pointed out the importance of matching moments from the price
change distribution to assess welfare cost of inflation and showed how the combination of state-
dependent pricing and firm-specific shocks can lead to differences in welfare cost of inflation
compared to standard time-dependent pricing models. In particular, the welfare cost becomes
small and does not increase significantly with higher levels of inflation in such state-dependent
pricing model. In this context, Alvarez, Beraja, Gonzalez-Rozada, and Neumeyer (2018) shows that,
in low-inflation environments, the frequency of price changes and the dispersion of relative price
changes, key statistics to assess the welfare cost of inflation, do not change with inflation, implying
negligible welfare costs of increasing inflation around zero inflation. We develop a rich multi-sector
production networks model with state-dependent pricing and firm-specific shocks and show how
sectoral misallocation aggregates up to an aggregate welfare cost of inflation. Moreover, we provide
a quantitative answer to our main research question by matching several sectoral moments of the
price change distribution as well as the input share from input-output tables.

To connect moments of price changes to the welfare cost of inflation, we build on the sufficient-

2We report the welfare cost of inflation in consumption equivalent terms relative to the zero inflation steady-state,
i.e., the percentage change in steady-state consumption under zero inflation that makes the household indifferent
between the zero-inflation steady state and the steady state with inflation 7. If we were to compute welfare cost relative
to the flexible price steady-state, the values would be an order of magnitude higher.



statistics results in Baley and Blanco (2021), Alvarez, Lippi, and Oskolkov (2021), which express
the propagation of aggregate shocks in terms of moments of the distribution of actions. Cavallo,
Lippi, and Miyahara (2023) apply this framework empirically to quantify welfare cost by recovering
price-gap statistics from observed price-change size and timing. Our contribution is to extend this
logic to multi-sector economies with input-output linkages and sectoral heterogeneity, deriving the
welfare cost of inflation when sectors interact and differ in their moments.

Our paper is also related to previous work on multi-sector models with production networks
and nominal rigidities, such as Pasten, Schoenle, and Weber (2020a), La’O and Tahbaz-Salehi (2022),
Rubbo (2023), and Afrouzi and Bhattarai (2023). This literature studies the propagation of monetary
and sectoral shocks and the nature of optimal monetary policy. These papers however, consider a
model with time-dependent pricing and do not assess the welfare cost of steady-state inflation.

More closely related to our paper are Castro (2019) and Christiano (2015). Castro (2019) con-
siders a multi-sector model with production networks, but in a time-dependent pricing set-up.
Christiano (2015) shows in a one-sector model with a round-about production structure and time-
dependent pricing how input-output linkages amplify the welfare cost of inflation. We build on
this insight in a quantitative multi-sector model with unrestricted input-ouput linkages, state-
dependent pricing, and firm-specific shocks. In such a model, we are able to discipline the parame-
ters by matching sectoral moments of the price change distribution (frequency of price changes,
kurtosis of price changes, standard deviation of price changes, and the fraction of positive price
changes) and the input shares from the input-output table.’

To match moments of the sectoral price change distribution, we allow sector-specific firm-level
trend productivity. This model feature relates our paper to Adam and Weber (2019, 2023), who study
the implications of firm-level trend productivity for optimal trend inflation. We differ by abstracting
from life-cycle dynamics and turnover. In doing so, we shut down the mechanism by which cohort
differences in average productivity, together with sticky prices, keep the relative sizes of newer and

older firms away from their flexible-price benchmark.

2 Model

We base our analysis on a multi n-sector New Keynesian model with arbitrary production linkages
and heterogeneous price stickiness across sectors. We study the steady state of this model, in a

setting with menu costs and firm-specific shocks, with positive trend inflation.

3The frequency of price changes for 65 sectors are taken from Pasten, Schoenle, and Weber (2020a) while the other
sectoral moments of the price change distribution are taken from Hong, Klepacz, Pasten, and Schoenle (2023).



2.1. Environment

Time is continuous and is indexed by ¢ € R;. The economy consists of a representative household,
n sectors with input-output linkages, and monetary and fiscal authorities. In each sector i € [n] =
{1,2,...,n}, a unit measure of monopolistically competitive firms use labor and goods from all
sectors to produce and supply to a competitive final good producer within the same sector. These

final goods are sold to the household and to firms in all sectors.

Household. The representative household demands the final goods produced by each industry,
supplies labor in a competitive market, and holds nominal bonds with nominal yield i;. Household’s
preferences over consumption C and labor supply L is U(C) — V (L), where U and V are strictly

increasing with Inada conditions, and U”'(.) <0, V"(.) > 0. Household solves:

MAax(c; »)iegny,Le,Bi} =0 fgo e_pt[U(Cl) - V(L)ldr (1)

S.L. Zie[n] Pi][CiJ'FB[SW[Lt+itB[+Pr0ﬁtS[—P[T[, CtEcD(Cl,t)---»Cn,t)

Here, ®(.) defines the consumption index C; over the household’s consumption from sectors
(Ci iern)- It is degree one homogeneous, strictly increasing in each C; ;, satisfying Inada conditions.
L; is labor supply at wage W;, P; ; is sector i’s final good price, B; is demand for nominal bonds,
Profits; denote all firms’ profits rebated to the household, and T} is a lump-sum tax, in units of

aggregate consumption.

Final Good Producers. A competitive final good producer in each industry i buys from a continuum
of intermediate firms in its sector, indexed by i j : j € [0, 1], and produces a final sectoral good using

a CES production function. The profit maximization problem of this firm is:

1
-1 Iy
Il’laX(Yd ) je Pi’tYi,t—folpl’]y )1 n; d]]l 'Iil 2

ij,t/J€l01]

dj st Y= [fo z]lt(Yl?t

ijt
where Yl.‘;t is the producer’s demand for variety i j at price P;;, ¢, Y; ; is its production at price P; 4,
Ajj,¢ is a firm-specific taste shock, and 7; > 1 is the substitution elasticity across varieties in i.

Thus, demand for variety i j is:

P; ni 1-7; ;
l]t—@(Pl]t/PltrYlt)—Al][Ylt( jt) where Plt_[foAl]tPl]?d] ln 3)

Final good producers define a unified good for each industry and have zero value added due to

being competitive and having a constant returns to scale (CRS) production.



Intermediate Goods Producers. The intermediate good producer ij uses labor as well as the

sectoral goods as inputs and produces with the following CRS production function:

S
Yiju

=ZijtFi(Lij 6, Xij1,e0--o Xijnt) (4)
where Z;; ; is i j’s idiosyncratic productivity, L;,; is firm i j’s labor demand, and X; . is its demand
for sector k’s final good. The function F; is strictly increasing in all arguments with Inada conditions.

We assume that
legZ,‘jytZ,uidt+0',‘d7//ijyt (5)

where ¥ ; is a Wiener process, y; and o; are, respectively, sector i’s productivity drift and standard
deviation of idiosyncratic shocks. Importantly, we assume that A;; ; Z;’jl:l = 1%. The firm’s total cost
for producing output Y, given P, = (W, P; 1) ic[n), iS:

6ij(Y;Py, Zij )= min WiLij:+ Y PeiXijke St ZijiFiLijo Xij1e-- Xijn) 2Y (6)

ij, 0 Xijk,t keln

Let sector i’s Domar weight be A; ; = Piatic

= po - In each sector i, firms can change prices by paying

a total menu cost A; ;y; > 0 denominated in units of labor. Besides the menu cost, they receive free
i.i.d. price change opportunities that arrive at Poisson rate 6; > 0. Concretely, firm ij’s nominal
adjustment cost takes the form

0 ,ifdpij,,;ZOOI‘dNij,[:l

deij,e =

WiAiexi ,ifdPij_t >0and dNij,t =0
where N;; ; is a Poisson counter with arrival rate 6;. Given its cost and demand functions, firm
ij chooses a sequence of prices to maximize its expected discounted flow of real profits. The
sequential problem of the firm is given by

‘/‘oo _pSU,(Ct+s) Pijt+s
max e e E—
(Pij,[+s)?i(] 0 Pt+s

((1 =T, Pijt+s9( P 3 Yites Aijrrs) — ‘gij(ij'Hs; Pris) Zij,t+s))d5 —d@;jt+s

i,t+s

s.t. Y{j-st =D (Pijt+s! Pit+s Yiytvsr Aijr+s), VS =0
!
where e ¢ % is the stochastic discount rate, 7; ; is the tax/subsidy rate on sales.
N

Were prices flexible, maximizing net present value of real profits would be equivalent to choosing
ideal prices, denoted by Plfkj " that maximized firms’ static profits within every instant. The notion
of ideal prices plays a key role and is useful to establish here, because as we later show, in our

recursive solution method, the firm’s sufficient state variable is the price gap, the deviation of its

4This assumption has been used in the context of state-dependent pricing models (Woodford, 2009, Alvarez and
Lippi, 2014).



actual price from its ideal price. Firms ideal prices solve:

P;; , =argm

max(l - Ti,0PijiDPij,i/ Piyi; Yi,i Aij,) = 6ij (Y P Zij) st Y5y 2D (Pijil Pig Yip, Aij)
ijt

ijt
Monetary and Fiscal Policy. The monetary authority directly controls the path of nominal GDP,
{M; = P;C;};=0, where P; is the consumer price index (CPI).> The monetary authority sets % =7,
where steady-state inflation is given by 7. The fiscal authority taxes or subsidizes intermediate

firms’ sales in each sector i at a possibly time-varying rate 7; ;, lump-sum transferred back to the

household.

Market Clearing. Having outlined the environment, we now complete the model description by
specifying the market-clearing conditions and the (balanced) government budget constraint. In
equilibrium, bonds are in zero net supply, such that B; =0,V¢ = 0. Government budget balance
therefore implies that total subsidies given to firms across sectors must be equal to lump-sum taxes
from consumers, ¥ ¢ fol 7i¢PijYijdj=—P;T;, t = 0.

Total production in sector k is used either for consumption or as an intermediate inputs in
production, resulting in Yy ; = C t + Xie[n] fol Xijktdj,k€[n],Vt=0. Finally, labor supply is equal
to labor demand, which comes either from demand for production or from demand to pay menu
costs, Ly = Xiein o Lijedj+2XiemmAixi o 1(dp;; ,#0 and dn;; =0 dJ-

2.2. Recursive Stationary Equilibrium

We solve the recursive formulation of the firm’s optimal pricing problem within a recursive stationary

equilibrium with steady-state inflation 7, as characterized by the following HJB-VI equation
2

pvi(0) = max{p(v(x)) = i), fi(x) + (s — 1)} (x) + % v} () +0;(v(x}) - vi(0) | (7)
where x is the firm’s price gap, defined as x = log j/P;‘].), and it captures how far is firm’s current
price from its ideal price. x; = argmaxy v;(y) captures the price the firm would set if it gets to
reset prices, i.e., the reset gap, with v;(x*) = maxy v;(y) being the value of the firm at the reset gap.
filx) = (ex - T’j]—:l)e_’“ *is firm’s instantaneous return function when the gap is x. ¢; is a ‘reduced-
form’ menu cost parameter that is a function of y;, taxes, and equilibrium objects. Moreover, note
that v;(.) is sector-specific as different sectors vary in their firm-level productivity processes and
probability of free price adjustment.

The optimal policy function that solves Equation (7) is characterized by a reset point and (S, s)

bands, {x;‘ ) Xi, Xi}. Whenever the price gap is in the interior of the bands, i.e. x € (xi, X7, the firm does

5Such policy can be implemented by a cash-in-advance constraint (e.g. La’O and Tahbaz-Salehi, 2022), money in
utility (e.g. Golosov and Lucas, 2007) or nominal GDP growth targeting (e.g. Afrouzi and Yang, 2019).



not adjust its price, and the gap evolves according to dx = (u; —n)dt + o;d# . If, instead, the price
gap reaches one of the bounds, x ¢ (x;, X;), the firm adjusts by resetting its gap to x;. Furthermore,
optimality of the policy function requires that its associated value function satisfy value matching,
ie, vi(x;)=v; (x;.") —¢; and v;(x;) = vi(x;‘) — ¢;, and smooth pasting, i.e., v;. (x;) = v;.()'c,-) =0, and
the reset gap satisfies v;.(xl’.“) =0.

Finally, the economy has a steady-state distribution of price gaps G;, with density g; (x), that
solves the following Kolmogorov forward equation with its boundary conditions:

X

dgi(x) 07 dgi(%)

dx 2 dx? gix)dx=1, gi(x;)=gi(x;)=0

(pi —m) —-0;gi(x) =0,YVx #x], f

X;

The derivation of the HJB-VI is in Appendix C.4 and the definition of the recursive stationary

equilibrium with steady-state inflation 7 in Definition 1.

3 Welfare Costs of Inflation

We now study, both theoretically and quanitatively, the consumption-equivalent welfare cost from
moving from a zero-inflation steady state to a higher inflation rate steady-state. Our main focus is

on how production networks make inflation more costly.

3.1. Theoretical Decomposition of Welfare Costs of Inflation

We measure the welfare cost of inflation 7 as the log consumption-equivalent loss in zero-inflation
steady-state consumption that makes the representative household indifferent to the steady state

with inflation 7. Let A () denote this loss®, defined by
U (C(m), L(m)) = % (e "™ C(0), L(0)) 8)

where C () and L(w) are steady-state consumption and labor at inflation 7, and C(0), L(0) are
their zero-inflation counterparts. For our baseline analysis, we assume Golosov and Lucas (2007)
preferences, U(C) =1og(C), V(L) = L, use Cobb-Douglas consumption aggregator, ®(Cy ;,...,Cp ;) =
[icin (Ci,t/ﬁ,-)ﬁi, Y icin Bi = 1, and Cobb-Douglas production function F; (Lij s, Xij1,t0---» Xijon,t) =
(Etiitar)® Tkern (Xiiki ai) %, @i+ X gepn ik = 1, Vi € [n].

To disentangle the effects of inflation on welfare, we first derive the notion of aggregate pro-
ductivity of the economy. Starting from the sectoral production function F;(L;j ¢, Xij1,¢,--+» Xijn,t)s

given a distribution of firms’ prices in this sector, we can derive a notion of aggregate sectoral

SFor reporting in percent, set A() = 1 — e~ Up to first order, A(7) = A(7).



production function with the following form
Zf
Yie=7

L A; t P;iy
x Fi(Lit, Xi1tr---»Xint) where D;;= Zf f L e ) d] 9)
it Zijt Pl,t
where L; ; = fol Lijdj, Xjx:= fol Xijkrdj are, respectively, the total labor and input k employed

1
in sector i at time ¢, Z lf = | fol Ajj, tZl"]l . d j] 77T is the aggregate sectoral productivity in the flexible-

price equilibrium, and D; ; is the measure of inefficient price dispersion introduced by price

stickiness. Under our assumption that A;;, tZl"]‘ ;=1 Zf =1,andwe get D; ; = 01 2 ; (l;ji’;’;)_mdj.

In the stationary equilibrium, we have that aggregate quantities are constant, and that the
distribution of firms is stationary, so we have L; ; = L;, X; r.; = Xi r, k € [n], D; ; = D;, Vi € [n]. From
the aggregate sectoral production, one can define the aggregate sectoral marginal cost, MC; ;, from
the cost minimization problem subject to the production function in Equation (9), and with that
define the sectoral markup .#; = P; ;/MC; ;. In our baseline results, we assume that taxes are set
such that .#; =1,Vi€ [n].

Using the household optimality conditions and the labor market clearing, we can also define an
aggregate production for the economy C(r) = Z(7) L(rr), where Z () is the aggregate productivity
of the economy, defined as the steady-state consumption per unit of steady-state labor. Z ()
is a function of sectoral markups, price dispersions, the number of firms paying the menu cost,
steady-state labor, and Domar weights.

Inflation thus affects aggregate productivity through its impact on sectoral markups, .#;, sectoral
price dispersion, D;, and number of firms paying the menu cost, N7**"*. We can then use the
expression for Z () to substitute for C(xr) in Equation (8) to express the welfare costs of inflation
in terms of aggregate productivity and aggregate labor. In Appendices C.5 and C.8, we derive the
expressions for sectoral price dispersion, aggregate sectoral production functions and aggregate
productivity.

Theorem 1. When preferences are U(C) =1og(C), V(L) = L, the consumption aggregator and produc-
tion functions are Cobb-Douglas, and taxes are such that sectoral markups equal to one, the welfare
cost of inflation m relative to zero-inflation steady state is
A(m)= Y A x[log(D;(m) —1og(D;(0)] + Y  Aixi[N7*"*(m) — N/**"*(0)] (10)
i€[n] i€[n]
where A; = e;A, with A = I1-A' )" B is the sales-based Domar weights when the sectoral markups
are equal to one, and N}**""(m) is the measure of firms that pay the menu cost in sector i when

steady-state inflation is 7.



With sticky prices, inflation affects within-sector relative price dispersion, generating misalloca-
tion across firms and lowering sector-level productivity. In multi-sector economies, the extent to
which each sector affects aggregate productivity is proportional to their cost-based Domar weights,
which under sectoral markups equal to one are equal to sales-based Domar weights, A;. Since we
are calculating the welfare cost of inflation relative to a zero inflation steady state, we also take
into account the dispersion in that steady state. Taking all together, we have the first term on the
right-hand of Equation (10).

In the presence of menu costs, inflation also affects the number of firms paying menu costs
in each one of the sectors, which is also a source of welfare cost — now, labor is used not only
for production, but also to pay menu costs. In multi-sector economies, each sector i will have a
different number of firms paying menu costs, along different menu costs. Taking all together, we
have the second term on the right-hand of Equation (10).

Before heading to the numerical and quantitative results, it is illustrative to analytically consider
a particular case in which (1) the profit function is quadratic; (2) there is no drift; (3) 7 = 0. In this
case, one can show (Baley and Blanco, 2021, Cavallo, Lippi, and Miyahara, 2023) that the price gap
dispersion at zero inflation is given by

log(D(0)) = g . Yar(Ap) 2 Kur(Ap)

(1D

where Var(Ap) and Kur(Ap) are, respectively, the variance and tthis he kurtosis of price changes.
Equation (11), along with Equation (10), strongly suggest that both variance and kurtosis of price
changes are key to understanding the welfare costs of inflation. This observation partially motivates

the calibration strategy we pursue next.

3.2. Quantitative Analysis of Welfare Costs of Inflation

To quantify the welfare costs of inflation in production networks due to sticky prices, we calibrate

the stationary equilibrium of the model to the U.S. economy using sectoral disaggregated data.

3.2.1. Data. To quantify the welfare costs of inflation, we use the Input-Output tables for the U.S.
economy from the Bureau of Economic Analysis (BEA) at the Summary level disaggregation in
2012 (65 sectors) to get the sectoral consumption shares () and the input-output matrix (A), and
compute the Domar weights (A). Figure A.3 shows the distribution of sectoral Domar weights and
consumption shares in the data.

We also use sectoral frequency of price adjustments from Pasten, Schoenle, and Weber (2020b)

and moments of the distribution of sectoral price changes in the U.S. from Hong, Klepacz, Pas-



ten, and Schoenle (2023). For the moments of the distribution of sectoral price changes in the
U.S., the sectoral data from Hong, Klepacz, Pasten, and Schoenle (2023) is sorted into deciles ac-
cording to their frequency of price adjustment, and then within each decile, it is calculated the
average standard deviation of price changes, kurtosis of price changes, and fraction of positive
price changes. These statistics, along with the sectoral frequency of price adjustment, are used to

calibrate (¢;,0;,0;, L) ic[n)-

3.2.2. Calibration Strategy. We calibrate the model at the monthly level, and the calibration
consists of externally and internally calibrated parameters. For externally calibrated parameters,
besides the sectoral consumption shares () and input-output matrix (A) for which we use the
Input-Output tables from the BEA, we need to calibrate the discount rate (p), the sectoral elasticities
of substitution (;) ;¢[n), and the steady-state growth rate of nominal GDP (r). For the discount rate,
we set p = —10g(0.96)/12, which is equivalent to a discount rate of 4% annual. For the elasticity of
substitution across varieties within-sector, (1;) e[, we assume 7n; =4, Vi € [n]. For the steady-state
growth rate of nominal GDP, we set 7 =10g(1.02)/12, which corresponds to a 2% annual growth rate
and is chosen to reflect the 2% U.S. inflation target.

For the internally calibrated parameters, we divide sectors into 10 groups based on their position
in the distribution of sectoral frequency of price adjustment from Pasten, Schoenle, and Weber
(2020b). For each group, we target the average sectoral standard deviation of price changes, kurtosis,
and the fraction of positive price changes in each decile of sectoral frequency of price adjustment
from Hong, Klepacz, Pasten, and Schoenle (2023)”. In additional to targeting these moments, for
each sector i, we target its frequency of price adjustment. Then, we use simulated method of
moments (SMM) to internally calibrate (¢;,0;,0;, i;)®

We present in Figures A.4 and A.6 in Appendix A examples of model solutions for three spe-
cific sectors. There, we show the solutions for the value function; the reset point and (S, s) bands,
{x;‘, Xi, Xi}; the density of the stationary distribution of price gaps, g;(x); the density of the distri-
bution of price changes; and the time until the next price change as a function of the price gap.

Figure 1 shows how the model moments match with the data moments®.

"We thank Matthew Klepacz for providing these numbers

8That is, for each sector i € [n], we solve the following minimization problem: ming, g, 0;u) (M(p;,0;, 04, 1) —
mfata)’ Wm(p;,0;,0;, ui) — m?ata), where m(¢;,0;,0;, i;) is the vector of moments generated by the model with param-
eters (¢,0;,0;, 1), and m?ata is its data counterpart and it is indexed by i because for each sector we target a different
set of moments, and W is a diagonal weight matrix, which we set to identity.

9The calibration misses the kurtosis for the highest decile group, which has a target kurtosis equal to 6.869.
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Figure 1: Model Fit
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Notes: Model fit. Top left: Frequency. Top right: Standard Deviation. Bottom left: Kurtosis. Bottom right: Fraction of
positive price change. For frequency, each circle represents a sector. For standard deviation, kurtosis, and fraction of
positive price change, each circle represents an average within the decile group. Y-axis: Calibration. X-axis: Data.

When solving for the value function and optimal policy in Equation (7), we work with a ‘reduced-
form’ menu cost ¢;, which depends, in our baseline results, on the structural menu cost y;, the
elasticity of substitution n;, and the stationary distribution of price gaps in sector i. Because there
is a one-to-one mapping between y; and ¢;, conditional on the calibrated parameters (¢;,0;,0;, ;)
we can recover y;, which is crucial for evaluating welfare under different steady-state inflation
rates. That is, for counterfactuals, we recover the structural parameter y;. Appendix C.4 and Equa-
tion (D.4) show, respectively, how this relationship arises and its final expression, once we impose

the assumptions in our baseline results.

3.2.3. Numerical Results. Abstracting from the presence of production networks and sectoral
heterogeneity in moments can substantially understate the welfare costs of inflation and the
impacts of raising steady-state inflation on welfare. As Figure 2 and Table 1 show, accounting for
production networks and sectoral heterogeneity in moments amplify the welfare cost of inflation
by = 5 times relative to a one-sector economy. Furthermore, going from 2% steady-state inflation

to 4% steady-state inflation increases the welfare cost of inflation by around 16 basis points in our
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baseline economy. In contrast, it increases by around 3.2 basis points in the one-sector economy.

Figure 2: Welfare Cost of Inflation
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Notes: This figure plots the welfare costs of inflation as we change the steady-state inflation rate. We measure the
welfare cost of inflation in terms of consumption equivalent, i.e., the percentage change in steady-state consumption
under zero inflation that makes the representative agent indifferent between the zero-inflation steady state and the
steady state with inflation 7. This figure compares the production networks economy with a one-sector economy.

Table 1: Welfare Costs of Inflation: Production Networks x One-Sector

mss Production Networks One-Sector Ratio

2.0 0.1195 0.0242 4.94
4.0 0.2806 0.0560 5.01
6.0 0.4752 0.0945 5.03
8.0 0.6955 0.1388 5.01

Notes: This table shows the welfare costs of inflation (relative to zero inflation) in the production networks and the
one-sector economies. The welfare cost is measured in percent (%). Ratio = Production Networks/One-Sector.

Moving to what accounts for the welfare costs of inflation, Figure 3 shows that both price-
dispersion and menu-cost components are quantitatively important. Menu costs, however, clearly
play the larger role, as shown in Table 2. The contribution of menu cost paid on welfare cost of
inflation is 72% at 2% inflation and it decreases slightly to 67% at 8% inflation. It is nevertheless the

dominant quantitative force at all levels of inflation.
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Figure 3: Welfare Cost of Inflation Decomposition
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Notes: This figure plots the welfare costs of inflation as we change the steady-state inflation rate, along with the
contribution coming from dispersion and coming from menu cost. We measure the welfare cost of inflation in terms of
consumption equivalent, i.e., the percentage change in steady-state consumption under zero inflation that makes the
representative agent indifferent between the zero-inflation steady state and the steady state with inflation 7.

Table 2: Welfare Costs of Inflation Decomposition

n Dispersion Menu Cost Menu Cost Share

2.0 0.0333 0.0862 72.1
4.0 0.0837 0.1969 70.2
6.0 0.1492 0.3260 68.6
8.0 0.2270 0.4685 67.4

Notes: This table shows the welfare cost of inflation contribution of dispersion and menu-cost components to the
welfare costs of inflation (relative to zero inflation) and well as the menu-cost component share in the baseline economy
for different steady-state inflation rates. All columns measured in percent (%).

Moving from a one-sector to a production networks setting adds two ingredients: input-output
linkages and heterogeneity in sectoral price-setting moments. To isolate the latter, we consider a
multi-sector economy with no input-output linkages but with heterogeneity across sectors in terms
of sectoral price-setting moments. Table 3 shows that such heterogeneity alone makes inflation

= 1.9 times more costly than in a one-sector economy.
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Table 3: Welfare Costs of Inflation: Multi-Sector x One-Sector

Tss  Multi-Sector One-Sector Ratio
2.0 0.0457 0.0242 1.89
4.0 0.1070 0.0560 1.91
6.0 0.1810 0.0945 1.91
8.0 0.2648 0.1388 1.91

Notes: This table shows the welfare costs of inflation (relative to zero inflation) in the multi-sector and the one-sector
economies. The welfare cost is measured in percent (%). Ratio = Multi-Sector/One-Sector.

3.3. Inspecting the Mechanisms Behind Welfare Costs of Inflation

We now present additional results and do a series of counterfactuals to inspect the mechanisms

that lie beneath our key results presented above.

3.3.1. Change in price change distribution moments as inflation increases. In Equation (10), we
show that the welfare cost of inflation is intimately connected to sectoral price dispersions and the
number of firms paying the menu costs. Therefore, to further understand what drives the welfare
cost of inflation that we find, it is important to see how these numbers change as steady-state
inflation increases. In Table 4, we show how the 20th-, 40th-, 60th- and 80th-percentiles of the
distribution of sectoral log(Dispersion), frequency of price changes, and fraction of non-free price
changes with steady-state inflation.

Table 4 corroborates Figure 3 and Table 2 in showing that the menu-cost component is relatively
more important for the welfare cost of inflation. Consistent with this, log(Dispersion) is roughly flat
across the distribution rising very modestly at the 40th, 60th, and 80th percentiles of the distribution
as steady-state inflation increases, whereas both the frequency of price changes and the fraction
of non-free price changes rise across the distribution (20th, 40th, 60th and 80th percentiles). The
fraction of non-free price changes rising with steady-state inflation across the distribution in turn
provides the foundations for why the menu cost paid increases with steady-state inflation, as we
showed earlier in Figure 3 and Table 2.

For completeness, in Table A.1 we show how the standard deviation of price changes; the kurtosis
of price changes; and the fraction of positive price changes, the three other moments we targeted,
are affected as we vary steady-state inflation. There, as expected, the moment that shows the most
clear pattern as we increase steady-state inflation is the fraction of positive price changes, which

increases monotonically.
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Table 4: Moments of the Sectoral Price-change Distribution across Steady-state Inflation

(a) log(Dispersion) (b) Frequency of price change
Pctile\n 0.0 2.0 4.0 6.0 8.0 Pctile\n 0.0 2.0 4.0 6.0 8.0
20 0.007 0.007 0.007 0.007 0.007 20 0.075 0.076 0.079 0.081 0.084
40 0.009 0.009 0.009 0.009 o0.010 40 0.115 0.117 0.119 0.121 0.124
60 0.009 0.010 0.010 0.010 o0.010 60 0.190 0.192 0.193 0.195 0.196
80 0.010 0.010 0.010 0.011 o0.011 80 0.228 0.229 0.230 0.231 0.232

(c) Fraction of non-free price changes

Pctile\nr 0.0 2.0 4.0 6.0 8.0

20 0.012 0.015 0.019 0.023 0.027
40 0.043 0.050 0.057 0.066 0.075
60 0.054 0.063 0.079 0.096 0.113
80 0.143 0.162 0.182 0.203 0.225

Notes: This table shows moments of the sectoral price-change distribution across steady-state inflation rates. Table 4a
shows the log(Dispersion); Table 4b shows the frequency of price changes; Table 4c shows the fraction of non-free price
changes.

3.3.2. Comparison with a pure time-dependent pricing model. Under pure time-dependent Calvo
pricing, the welfare cost of inflation is given by A () =} ;¢ Ai(log(D; () —log(D;(0)) and is purely
driven by price dispersion as there’s no menu costs. In the pure Calvo economy, we set menu
costs to infinity, ¢; — oo for all i € [n]. For each sector i € [n], we calibrate the free price change
probability 8;, the standard deviation of idiosyncratic productivity shocks o;, and the productivity
drift u; to match three sectoral moments: the frequency of price changes, the standard deviation of
price changes, and the fraction of positive price changes following Section 3.2.2. With one fewer
parameter than in our CalvoPlus baseline model, we drop the kurtosis of price changes from the
target set.

As expected, Figure 4 shows that the welfare costs of inflation are larger in the pure Calvo
economy relative to our baseline at every level of steady-state inflation. Holding fixed the frequency
and standard deviation of price changes, and the fraction of positive price changes, but not kurtosis,

the comparison makes clear that kurtosis plays a central role in quantifying welfare.
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Figure 4: Welfare Cost of Inflation
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Notes: This figure plots the welfare costs of inflation as we change the steady-state inflation rate. We measure the
welfare cost of inflation in terms of consumption equivalent, i.e., the percentage change in steady-state consumption
under zero inflation that makes the representative agent indifferent between the zero-inflation steady state and the
steady state with inflation 7. This figure compares a CalvoPlus economy with a pure Calvo economy.

3.3.3. Comparison with a pure state-dependent pricing model. In the pure menu cost economy,
we set the free price change opportunity probability to zero, 8; = 0 for all i € [n]. For each sector
i € [n], we calibrate the menu cost parameter ¢;, the standard deviation of idiosyncratic productivity
shocks o, and the productivity drift y; to match the same three sectoral moments targeted in
Section 3.3.2, dropping the kurtosis of price changes as a targeted moment.

As expected, Figure 5 shows that the welfare costs of inflation are smaller in the pure menu
cost economy relative to our baseline at every level of steady-state inflation. Moreover, in the pure
menu cost economy, the welfare cost of inflation does not change in a quantitatively significant way
until very high levels of inflation. Similarly to Section 3.3.2, Figure 5 illustrates the importance of

targeting kurtosis to quantity the welfare costs of inflation.
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Figure 5: Welfare Cost of Inflation
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Notes: This figure plots the welfare costs of inflation as we change the steady-state inflation rate. We measure the
welfare cost of inflation in terms of consumption equivalent, i.e., the percentage change in steady-state consumption
under zero inflation that makes the representative agent indifferent between the zero-inflation steady state and the
steady state with inflation 7. This figure compares a CalvoPlus economy with a pure menu cost economy.

3.3.4. Connection to related literature on one-sector models. We now present some results based
on a one-sector model to compare directly with the previous literature on welfare cost of inflation
in state-dependent pricing models. As this literature uses a pure menu cost economy, we work with
a one-sector pure menu cost variant of our setup as well. Thus, we set the probability of free price
change opportunity to zero, 8 = 0, and recalibrate (¢, o, 1) to match the median frequency, standard
deviation, and the median fraction of positive price changes.'!’ Note that here we no longer match
the data in terms of kurtosis of price changes.

Figure 6 shows that, in this one-sector pure menu cost economy, the welfare cost of steady-state
inflation is generally very small. Moreover, it is relatively flat even when we increase steady-state
inflation to a large number such as 8%. This is consistent with the results in Burstein and Hellwig
(2008) and Nakamura, Steinsson, Sun, and Villar (2018), which feature very similar models and

calibration strategies.!!

10Frequency is calculated from the disaggregated data in Pasten, Schoenle, and Weber (2020a) while other moments
are calculated from Hong, Klepacz, Pasten, and Schoenle (2023).

HNakamura, Steinsson, Sun, and Villar (2018) find that the welfare cost of inflation is around 0.4% of flexible-price
steady-state equilibrium in a one-sector menu cost model, and that this cost is flat even as steady-state inflation
increases to a large number. Instead, we report welfare cost of inflation relative to the zero-inflation steady state. The
zero-inflation steady state and the flexible-price steady state are different in these menu cost models with firm-level
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For this one-sector pure menu cost economy, we next decompose the welfare cost of inflation
into the two components: misallocation due to price dispersion and menu costs paid to adjust
prices. Figure 6 also presents the results of this decomposition and shows that all the welfare cost
of inflation comes about due to the menu cost paid channel, with price dispersion not increasing

even at quite high levels of inflation.

Figure 6: Welfare Cost of Inflation in a One-Sector Pure Menu Cost Economy
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Notes: This figure plots the welfare costs of inflation as we change the steady-state inflation rate, along with the
contribution coming from dispersion and coming from menu cost in the one-sector economy. We measure the welfare
cost of inflation in terms of consumption equivalent, i.e., the percentage change in steady-state consumption under
zero inflation that makes the representative agent indifferent between the zero-inflation steady state and the steady
state with inflation .

This result that dispersion does not increase even at high levels of inflation in the pure one-
sector menu cost economy is consistent with the results in Burstein and Hellwig (2008), Nakamura,
Steinsson, Sun, and Villar (2018), and Alvarez, Beraja, Gonzalez-Rozada, and Neumeyer (2018). The
menu cost paid however increases, accounting for all the welfare loss, as inflation increases. This is
due to an increase in the frequency of price change in this economy with increases in inflation, as

we showed to be the case also in the multi-sector production networks economy in Table 4c.!?

idiosyncratic shocks, as there is inefficient price dispersion even with zero inflation, and thus, the numbers reported in
our paper are different in terms of magnitude. If we compute welfare cost relative to the flexible-price steady state in
our calibrated one-sector menu cost model, it is 0.447% at 0% inflation; 0.448% at 2% inflation; 0.450% at 4% inflation;
and 0.457% at 8% inflation.

12Gee Figures A.7 and A.8 in Appendix A for a comparison between the one-sector pure menu cost economy and the
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4 Conclusion

We study welfare cost of inflation in a quantitative multi-sector menu cost model with production
networks and idiosyncratic firms-specific shocks. The model features heterogeneity in both the
distribution of price changes and input-output linkages across sectors. We show theoretically that
welfare cost of inflation is driven by two forces: aggregate misallocation as given by Domar-weighted
within-sector price dispersion; and menu costs paid by firms while adjusting prices.

We calibrate the model to 65 US sectors by matching sectoral moments of the price change
distribution and the input shares from the input-output table. At 2% inflation, we find that welfare
cost of inflation is 4.94 times higher in our calibrated multi-sector economy compared to a coun-
terfactual one-sector economy, while at 4% inflation, it is 5 time higher. Moreover, going from 2%
inflation to 4% inflation increases the welfare cost of inflation by 16 basis points in our production
networks economy, but only by 3.2 basis points in the one-sector economy. Finally, when going
from 2% to 4% inflation, 68.6% of the increase in welfare cost of inflation in our calibrated economy
is due to menu costs and only 31.4% due to an increase in aggregate misallocation. Our production
networks model thus provides new insights about both the magnitude and determinants of welfare

cost of inflation.
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Figure A.1: Welfare Cost of Inflation
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Notes: This figure plots the welfare costs of inflation as we change the steady-state inflation rate. We measure the
welfare cost of inflation in terms of consumption equivalent, i.e., the percentage change in steady-state consumption
under zero inflation that makes the representative agent indifferent between the zero-inflation steady state and the
steady state with inflation 7. This figure compares the production networks economy with a multi-sector economy and
a one-sector economy.



Figure A.2: Welfare Cost of Inflation
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Notes: This figure plots the welfare costs of inflation as we change the steady-state inflation rate. We measure the
welfare cost of inflation in terms of consumption equivalent, i.e., the percentage change in steady-state consumption
under zero inflation that makes the representative agent indifferent between the zero-inflation steady state and the
steady state with inflation 7. This figure compares a CalvoPlus baseline economy with the pure Calvo and the pure

menu cost economies.

Figure A.3: Distribution of Domar weights and consumption shares
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Figure A.4: Wood products
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Notes: Sector: Wood products. Top left: Value function. Top right: Stationary distribution of price gaps. Bottom left:
Distribution of price changes. Bottom right: Time until next price change. Frequency of price adjustment: 0.2493;
Standard deviation price changes: 0.079; Kurtosis of price changes: 5.4516; Fraction of positive price changes: 0.555.



Figure A.5: Rental and leasing services and lessors of intangible assets
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distribution of price gaps. Bottom left: Distribution of price changes. Bottom right: Time until next price change.
Frequency of price adjustment: 0.1319; Standard deviation price changes: 0.0798; Kurtosis of price changes: 3.4506;
Fraction of positive price changes: 0.5959.



Figure A.6: Computer and electronic products
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Table A.1: Moments of the Sectoral Price-change Distribution across Steady-state Inflation

(a) Standard deviation of price changes

(b) Kurtosis of price changes

Pctile\n. 0.0 2.0 4.0 6.0 8.0 Pctile\r 0.0 2.0 4.0 6.0 8.0

20 0.067 0.068 0.068 0.069 0.070 20 3.028 2.794 2.891 2.525 2.286
40 0.080 0.081 0.082 0.079 0.078 40 4.027 3.632 3.392 3.214 2.957
60 0.083 0.083 0.083 0.084 0.086 60 4.136 3.890 3.635 4.202 4.077
80 0.097 0.095 0.089 0.088 0.090 80 5.154 4950 4.747 5.243 5.515

(c) log(Dispersion) (d) Frequency of price changes

Pctile\r 0.0 2.0 4.0 6.0 8.0 Pctile\n 0.0 2.0 4.0 6.0 8.0

20 0.007 0.007 0.007 0.007 0.007 20 0.075 0.076 0.079 0.081 0.084
40 0.009 0.009 0.009 0.009 0.010 40 0.115 0.117 0.119 0.121 0.124
60 0.009 0.010 0.010 0.010 0.010 60 0.190 0.192 0.193 0.195 0.196
80 0.010 0.010 0.010 0.011 0.011 80 0.228 0.229 0.230 0.231 0.232

(e) Fraction of positive price changes (f) Fraction of non-free price changes

Pctile\nr 0.0 2.0 4.0 6.0 8.0 Pctile\r 0.0 2.0 4.0 6.0 8.0

20 0.530 0.567 0.603 0.636 0.667 20 0.012 0.015 0.019 0.023 0.027
40 0.557 0.610 0.657 0.688 0.721 40 0.043 0.050 0.057 0.066 0.075
60 0.586 0.623 0.684 0.725 0.759 60 0.054 0.063 0.079 0.096 0.113
80 0.599 0.672 0.733 0.783 0.823 80 0.143 0.162 0.182 0.203 0.225

Notes: This table shows moments of the sectoral price-change distribution across steady-state inflation rates. Table A.1a
shows the standard deviation of price changes; Table A.1b shows the kurtosis of price changes; Table A.1c shows
the log(dispersion); Table A.1d shows the frequency of price changes; Table A.1e shows the fraction of positive price
changes; Table A.1f shows the fraction of non-free price changes.



Figure A.7: Welfare Cost of Inflation in the One-Sector Economy: CalvoPlus x Menu
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Notes: This figure plots the welfare costs of inflation as we change the steady-state inflation rate, along with the
contribution coming from dispersion and coming from menu cost in the one sector economy. We measure the welfare
cost of inflation in terms of consumption equivalent, i.e., the percentage change in steady-state consumption under
zero inflation that makes the representative agent indifferent between the zero-inflation steady state and the steady
state with inflation 7. Calvo Plus x Menu



Figure A.8: Welfare Cost of Inflation Decomposition in One Sector Economy: CalvoPlus
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Notes: This figure plots the welfare costs of inflation as we change the steady-state inflation rate, along with the
contribution coming from dispersion and coming from menu cost in the one sector economy. We measure the welfare
cost of inflation in terms of consumption equivalent, i.e., the percentage change in steady-state consumption under
zero inflation that makes the representative agent indifferent between the zero-inflation steady state and the steady
state with inflation 7. Calvo Plus economy.



B Equilibrium Definition

Here, we precisely define the equilibrium concept used in this paper.

Definition 1. A recursive stationary equilibrium with steady-state inflation n is an allocation
for the representative household, <y, = {C,L, B,(C;)ie[n)}, an allocation for the final goods firms,
Arinar = {3, Yl.‘j.)ie[n]}, value functions, (v;(x))icn), and policy functions ({x;‘,ﬁ, XiViern) for the
monopolistic competitive firms, a distribution of price gaps (G;(x))en), a set of monetary policy
and fiscal policies o4y = {My, T, (T) ie[n)} =0, M; = TM;, and a set of aggregate relative prices P =
{(Pied Wy) jen), PtIWy, i} y=0 Such that 2, oy, and offinq) are time-invariant and

1. Given & and <fg, sy, solves the household’s problem in Equation (1)

2. Given P and g, Afinal solves the final good price problem in Equations (2) and (3)

@

Given &, g, and,aff,-nal,(vi(x))ie[n] and({x;.",ﬁ, Xi}iemn solve Equation (7)

b

(Gi(x)) iern is stationary

>

Labor, bonds, and final sectoral goods markets clear and government budget constraint is
satisfied:

1
Ye=Cr+ Y, | XijkdjVkeln]

ie[n] Y0

1 1
L=) | Lijdj+ ) /%'Xifo Lidp;; #0 anddn; =0y J

ie[n) Y0 ie[n]

1
B=0, Zf TiP;ijYijdj=P, T, Yt=0
ie[n]Y0

C Derivations of Optimality Conditions in the Model

C.1. Household’s Optimality Conditions

As in Afrouzi and Bhattarai (2023), we solve the household’s consumption problem into two stages:
first, given a level of C; the household minimizes her expenditure on sectoral goods. Then, she
decides on the optimal level of C; as a function of lifetime income. Given the vector of sectoral
prices P; = (Py 1,..., Py 1), the household chooses (C; ;) e to minimize her total expenditure of
consuming Cy:
&(C,P)= min Y P;;Ci; s.t. ®(Cyy,...,Cpr)=Cy
i,t)ieln) je[p]

:Pl'Cl'r PtEg(l’Pt)

where the second line follows from the first-degree homogeneity of ®(.) and P; is the cost of a unit
of C;. By Shephard’s lemma, the household’s expenditure share of sectoral good i is proportional to
the elasticity of the expenditure function with respect to the price of i:

0In(&(Cy, Py))

Pirtci*,t = ﬁl(Pt) X PtCt where ﬁl(Pl’) = aln(Pi,t)

10



Note that the first-degree homogeneity of the expenditure function implies that §;(P;) only depends
on P;. Under Cobb-Douglas consumption aggregator, ®(Cy ¢,...,Cn ) = [licin (Ci,t/ﬁi)ﬁi, these
elasticities are independent of P;, and are given by (f8;)ic[n)- Concretely,

PiiCi . PGy
! L = . lLE Nl — C = :
po =P i€l = Cio=pip-

(C.1)

The aggregate price, Py, is given by Py = [[;¢(p Plp ‘t
Given the household’s expenditure function and the aggregate price index P;, the optimality

conditions for the household are given by the following:

C P, U"(CyCy

C)— = ir—p—— where Cl=———F7— C.2
Y(Cy) C, r—p P, Y(Cr) U'(Cy) (C.2)
—— —— N ~ /
marginal loss from saving  marginal gain from saving inverse elasticity of intertemporal substitution
V(L W, L C: Wy P V'"(Ly)L
U'(Cy) Py L; ¢ Wy P V(L)
~—— ~~ A ~ g
MRS;c real wage inverse Frisch elasticity of labor supply
(C.3)
Moreover, given a path of {M;};>o set by monetary policy where M; = P;C; is the nominal GDP, we
have:
P, C M
P G _ M (C.4)
Pt Ct Mt

Note that by combining Equations (C.2) to (C.4) we can write the growth rate of wages as well as the
nominal interest rates as a function of consumption and labor supply growths:
%:u+w(Lt)%+(y(Ct)_l)%’ it:P‘F%‘*’(Y(Ct)—l)% (C.5)
Given Golosov and Lucas (2007) preferences U(C;) =1og(C;) and V(L;) = L; which imply y(C;) =1
and v (L) = 0. Plugging these elasticities into the Euler equations above and using we can see how
these preference simplify aggregate dynamics by relating interest rates to nominal GDP growth and

nominal wages equal to nominal GDP:

iy =p+ MM, W, =M,
Then, using M,/ M, =m,we geti,=p+n
C.2. Firms’ Cost Minimization and Input-OQutput Matrices

The derivations follow closely Afrouzi and Bhattarai (2023). Given wage and sectoral prices, P; =

(W¢, P ierm '3, firm i j chooses inputs to minimize its total cost:

€ij (Y 5P Zij) = min  WiLiji+ Y PieXijke St ZijoFilLijo Xijkdkem) 2 Y5,

Lij,0(Xijk, ) ketn) keln

I3previously, in household’s expenditure minimization problem, P, was defined as vector of sectoral prices. Here,
without loss of generality and with a slight abuse of notation, we are augmenting this vector with the wage W;.
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=MGC;;(Ps, Zij, ) x Y;

So MCij(Py, Zij) = 63 (LPL 1) Zijy (C.6)
where the second line follows from the first-degree homogeneity of the production function Z;; F;(.)
and MC;;(P;, Z;,¢) is i j’s marginal cost of production. First-degree homogeneity of the production
function implies that marginal costs are independent of the level of production and depend only on
the sector’s production function, input prices, and i j’s idiosyncratic productivity. By Shephard’s
lemma, firm’s expenditure share of any input is the elasticity of the cost function with respect to

that input price:

WiLi; = ai(P) xMC;j(Py, Zj )Y,

o PreXi e = aic®) x MG (P, Zij, )Y, Ve [n]

ijk,t
(C.7)
where a;(P;) and a;(P;) are the elasticities of the sector i’s cost function with respect to wage and
sector k’s final good price respectively:
dln(fgij(Y;Pt, 1)/Zij,t) 4 (Py) = dln(%ij(Y;Pt, 1)/Zij,t)
aIn(W,) ’ = dIn(Py. ;)
with the property that a; (P;) + X ke[ aix(P;) = 1. First-degree homogeneity of the cost function in

a;(Py) = Vke[n] (C.8)

Equation (6) also implies that these elasticities are only functions of the aggregate wage and sectoral

nxn

prices, which are directly related to the cost-based input-output matrix, denoted by A; € R"*", and

the labor share vector, denoted by a; € R™:

total expenditure of sector i on sector k . 2
[Atlik = - ; - - =a;x(Py), V(,k)e[n] (C.9
total expenditure on inputs in sector i

total expenditure of sector i on labor )
las]; = - - - -=a;(Py), Vie[n] (C.10)
total expenditure on inputs in sector i

where the second equality holds only under firms’ optimal expenditure shares and follows from
integrating Equation (C.7). Since these elasticities are also homogeneous of degree zero in the price
vector P;, Equations (C.9) and (C.10) imply that in any equilibrium, the cost-based input-output
matrix and the vector of sectoral labor shares are only a function of the sectoral prices relative to

the nominal wage; i.e.,
Ay =AP®IwW) = [a;rPd W], a;=aPi/w,) = [a;®Pdw)] (C.11)

Under Cobb-Douglas production function, F; (L;j s Xij 1,0+ --» Xijon,t) = (Lijil ;)™ Tlkepn (Xiidor )
with a; +} ren aix = 1, Vi € [n], the elasticities of cost relative to input prices are constant and
lead to a constant input-output matrix and constant vector of labor shares over time, given by
A =[ailikem and a = (a;,...,a,)". Given the Cobb-Douglas production function, we have, for a
given level of output Y

W, L; j P X*

B ijk,t
MCij,i(Ps, Zij) x Y MCij (s, Zije) x Y

= a;r, Vk € [n] (C.12)

i,

12



with the marginal cost of firm i j given by

MC; (P, Zij) = —— > —w ] Pkt, Vi€ [n] (C.13)
ij.t keln]

C.3. Firms’ Ideal Prices

Having characterized firms’ cost functions, we now derive the optimal ideal prices, which are the
prices that firms would set if prices were flexible. Given marginal cost MC; j,¢ in (C.13) and demand

functions Yz” A”t( ’”) Y; +, firm i j’s ideal price solves

Pij\-ni Pije\-ni
max(l —7; ) Pjj, tAljt( ) Yi,t_MCij,tXAijt( ) Yit
ij,t Pl t Pi,t
which leads to the following optimal prices:
1

" ni
p;. — M, C.14
1]t (1 T; 0 771_1 ijt ( )

C.4. Firms’ Recursive Problem

To derive firms’ recursive problem, we consider the value of a firm, V;; ¢, for a sequence of adjust-

ment dates and price changes {T},,dP;; 1, where & indexes the moments at which the firm i j

[e.@]
}hzl )
adjust prices'*

o U’(C ) Pi',t+s
Vij,r=f0 e psﬁ((l_Ti,t)Pij,Hs@(P] $Yitesr Aijies) = Cij (Y} t+S;Pt+s»Zij,t+s))dS

t+s i,t+s
U'(Cr,)
—pr, Y (C1)
—Z pon . —— Wrn,Ai,1, Xil(dPy; 1, #0 and Ny, 1, =0}
h

The first term on the right-hand side captures the discounted flow of profits from production,
while the second term captures the discounted menu cost expenditures. This expression can be
manipulated to get to

© _ Pijt+s ni—1y n; 1 Pijtrs\—mi
Vij,t = /(; e psﬂi,tﬂ( 1 L -2 )77 ! MCij,t+s—Aij,t+s( ! ) Yi,t+sds

o GMCijes M M1 Pit+sYites Pitss

— Z e_pTh

where the Domar weights show up after multiplying and dividing by sector i’s sales in the first term

W1, Ai, 1, Xi1idPy; 7, #0 and Ny, 1, =0}
1, C,

and using U(C) =1ogC; and the other expressions show up after substituting the CES demand into
%(.), replacing €; ;(.) with marginal cost times demand, and rearranging terms. In the second term,
Iuse U(C) =logC. Then, we can define the price gap as X;j,; = — Pijrss = Ziitts With the

ni P*
1= Tltnt_lMC” t+s ijt+s

definition of price gap, we can rewrite the value of the firm in terms of X ;:

P* 1n
ij,t+s ni
L ) ds

ni—1
l—) ij, t+s(1 Ti,0) Aij, t+s(

(o0]
Vije= f e A t+s(Xi jt+s
J 0 / Pl,t+s
_ OXO“ e PTh Wr, L, iy Xi

Ligp.. —
PTh CTh LTh {dplj,Th #0 and le]yTh 0}

144 should is firm-specific, ie, h; ;. However, with a slight abuse of notation we omit the index i j
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* - W ket P\ 1-m;
- -ps9. y ni— ) N 1 i A ( 7, t Ic,t) ni
f() e /11,1?+5(X1],t+s i Xz] eI Tit) A,],HSZ” s o1 Prree ds
=1
B i o 0T VI LT, A Xi

Pr,Cr, Lz, Lidp;; 1, #0 and dN;j, 1, =0}
where in the first line we use the definition of price gaps and ideal prices, in the second line we
multiply and divide by Lr, to make it explicit that labor share scales the total menu cost paid. In the
with its definition and the assumption that A;; ;+ SZl"]’ tis 1. Now, in
the stationary equilibrium with steady-state inflation 7, aggregate nominal variables grow at a rate

third line, we replace P; Tt4s

7, while real variables are constant. This implies in

a; Ak
Vijo e foo e_ps/li(Xij,Hs ni— )Xl]n;+s(1 _ Ti,t)ni( '771' W, H?ce[n] Pk,t )l—ﬂids
0 ni ni—1 Pit+s
- Z ~om Wil digi ——1(dp;; 1, 20 and dN; ; 7, =0}
P,C L ij,Ty, ij,Ty
where we drop ¢ from Domar weights, aggregate consumption, and aggregate labor as they are
constant. It is important to note that aggregate wages and prices are still indexed by ¢ as they are
growing over time. However, their ratio is constant in a stationary equilibrium as they are growing
at the same rate. Also, note that, after solving for the optimal policy and the stationary distribution,
we need to verify that aggregate prices are indeed growing at the same rate. Now, we factor out

RO LA P e Dty

Pitis

1-n;
) to get

(4] ik
ni Wi ket Py )1_’” [foo e
0

, T] —Ni
Vi:ii=A:(1—=1:,)" pSIx. . X. ds
ij,t z( z,t) (Tli_l Pi,t+s ( ijt+s— ni )

ij,t+s

) .
B Z e Pl WtLl L Lidp;; 1, #0 and dN;; —0}]
h=1 PtC L (1 )T’( Ni Wtal ket Pthk 1I-n i Th LT~
TN T P, )
i,t+s

TN and for any variable Q;; , let g;j ; =1ogQ;j,;. Then,
A ong elnl "kt
(l—Ti,t)n’ (ﬁ T)

¥ —pS| ,Xij Ni —NiXij —pT,
‘/ij,t :f e P (e WS — —)e i l]tJrst_ Z e P hgbil{dpij,Th#O andle'j,Thzo}
0 Ni h=1
- Vij . .. .
where V;j, = m’]{,;ﬁn T . So, given ¢;, firm ij can choose adjustment dates
P T CULY A
Ai(1-T1;) l(ﬂiil Pirrs

and price gaps {Tj, Xij,1,}77, to maximize Vij,+» noting that its denominator simply scales V;;;.
Now, taking logs of the price gap X ;,;, under a stationary equilibrium, if the firm doesn’t change
prices, x;j evolves as dx;j; = (u; — m)dt + 0;d#;;,,. The recursive problem associated with the

maximization of the value of the firm above is given by

v(x) = max{myax v(y) — by, fi(xi)de+ (1 - pdt) [(1 ~0:dDE[v(x+dx)] +0;dr x max u(y)]}
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where f;(x) = (ex - ";’—;l)e‘"i *, which leads to the following Hamilton-Jacobi-Bellman-Variational
Inequality equation:
/ O-? i
pv;(x) = maX{p(myax v(y) = di), fi(xi) + (i — ) vi(x) + S v+ Bi(myax vi(y) - vi (x))}

Solving the value function results in an optimal policy characterized by (x7, x;, X;)

C.5. Aggregate Sectoral Production Function

In this section, we aggregate input demands for firms within a sector to derive a notion of aggregate
sectoral production function. For each sector i € [n], let’s consider the total amount of labor and

intermediate input k employed for production, L; ; and X; i ;, respectively,

1 1
L= fo Lijedj, Xjg:= fo Xijkedj
From the cost minimization problem of an intermediate firm j € [0, 1] in sector i € [n], we derive

the cost share of labor, cost share of intermediate input k and the firm’s marginal cost

a,-MC,'j,t dlkMC
Lij¢= W, xYijer Xijke= T Yijr,Vke€[n]

1 . . .
MCij’t:Tng l_[ PZ,Z;C, Vie[n]
1]t ke(n]

where, under Cobb-Douglas production function, (a;)ec(n and (a; x); ke[n are parameters. Ag-

gregating the individual labor demands within sector i and using the firm i j’s demand function
i\ "M . . . .

Yije = Aij, t( L t) Yij,+» we can derive the total labor employed in sector i for production as a

function of total output produced in i,

Li,t =

a; aj
a;iW; " [kerm Py v fAij,t(pij,t)—ﬂidj
W, Zijt\ Pit
Similarly, we can aggregate the individual intermediate input demands into sector i’s demand for

intermediate input k as a function of total output

aik W, Meern P Aijr (Pijeyni
Xips= ikVVy eln ['tYf z]t( z]t) d

P k,t Zi Jt P it
Rearranging the input demand equations, we can express Y; ; as a function of sectoral inputs and
prices. Using the Cobb-Douglas structure, we raise each input to the power of its cost share and

multiply across all inputs. Finally, applying the condition a; + } ke[ @ik = 1, we obtain:

Y, 1 (Li,r)“i (Xi,k,t)“ik
l,[ -
S (B eyt e ke i
ij,t P
1
Yi:= oy = .Fi (Li,t» Xiter-- o Xint) (C.15)
fZl]f( ) dj
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This expression takes the form of a production function for sector i € [n], with Z; ; = (f Z” ; [ P”;) i d])
ij, i

interpreted as the sector’s aggregate productivity. When prices are flexible, Z lf =[[Aij, tZl"]’ ; 'd il = .

Generically, in the presence of idiosyncratic shocks, there will be price dispersion because some
firms will be more productive than others and hence will set lower prices. The magnitude of the
flexible-price equilibrium aggregate sectoral productivity will depend on the relationship between
idiosyncratic taste and idiosyncratic productivity shocks. When A;, tZ,nj . =1,Vij,ie increases in
ZZ’ . are completely offset by decreases in A; ¢, Z lf = 1. When prices are sticky, price stickiness in-
troduces misallocation of resources which drags aggregate sectoral productivity. Let D; ; = Z lf 1Z;+
be the measure of inefficient price dispersion introduced by price stickiness. Under the assumption
Ai],tZln]’tl =1,Vij, we have

D; =

Aij,t(Pij,t)_nidj (C.16)

Zijt\ Pit
where we drop ¢ because we consider a stationary equilibrium with a stationary distribution of
price gaps.
Since we solve for the value function as a function of price gaps x; j 1, let’s express Equation (C.16)

as a function of price gaps. Starting from the definition of X;; ;, a firm i j’s relative prices can be

written as
Pijt N Gl )nl—lMClJ t (€17)
P o P;,; '
Substituting Equation (C.17) into the definition of sector i’s price index, we get
—-MC;
1 ,—i ipt 1
(LR (C.18)
P

1
Zij,t [ j‘e(l—ﬂi)xij,tdj] 1=y
which, when substituted back into Equation (C.17), yields the following expression for the relative

price in terms of sectoral price gaps:

Pij,t 1 . (-1 n+1
— exlj,t[fe ni xl].tdj] l (Clg)
Pi,t Zij,t

Now, plugging P;; ./ P;,; into D;, we get

n;

1-n;
Di:fe_flixijtdjx fe(l—ﬂi)xij,rdj] (C.20)

Given the expression for sector i’s production function, Y;; = D%Fi (Li,t» Xin, e Xin,r) We can

calculate the ‘as if’ aggregate sectoral marginal cost, ie, MC; ; such that

. 1
MC; ;= min WL+ Z PitXikr St. —xFi(Li, Xite--0 Xin)=Y
Li,tv(Xi,k,t)kE[n] keln) Di
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ni
:Mci,t:Wtal 1_[ PZ!}C XDi: Wtaz 1_[ PZl;CXfe_nlxtjtd] X fe(l nt)x”,td]] (CZI)
kefn] keln]

C.6. Sectoral Markup

Now, define the sector i’s markup as .#; = Pi../MC; .. Using Equations (C.18) and (C.21), we get

e Pi,t ~ 1 ni fe(l_ni)xijtdj
e MCi,t B 1-1)n;—1 fe"”xiffdj

(C.22)

C.7. Market Clearing and Total Value Added

Recall that the sales-based Domar weight of sector i € [n] is defined as the ratio of the final producer’s
sales relative to household’s total expenditure on consumption, A; = Pi:Yi«/p,C,. Substituting the
optimal consumption from sector k € [n] in Equation (C.1) and optimal demand of firms for the
final good of sector k € [n] in Equation (C.7) into the sector k’s final good market clearing condition
and dividing by the household’s total consumption expenditure, we get

Ae=pr+ ¥ aikﬂiai (C.23)

i[n] k

where ./ is sector i’s markup given in Equation (C.22). Letting A = (1;) je[n) and 4 = diag(.#;) be,
respectively, the vectors of sectoral sales-based Domar weights and the diagonal matrix whose i’s

diagonal entry is sector i’s markup, we can rewrite Equation (C.23) as
A=([1-Au™)7'p (C.24)

Finally, substituting firms labor demand into labor market condition, we arrive at the following
expression for the labor share:
W,L
P.C

= Z a,-/%i_lﬁi +

i€[n]

W; 1
— A f lap,. ddn:: —0dj (C.25)
PrC,;ﬂ iXi A {dP;j#0 and dN;; =0} ]

where the second term on the right-hand side captures the number of firms that pay the menu cost

—recall that the menu cost is in units of labor. This can also be rewritten as

WL Tieim @it A (C.26)

Aixi
PrC o (1= Xy =N enn)

1 .
where N = f; Lidp;;,#0 and dn;; =014 ]
C.8. Aggregate Productivity

To calculate the welfare cost of inflation, it is instructive to define the idea of aggregate productivity

of the economy. We start from the labor share expression to express aggregate consumption as a
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function of labor:
1 1
= X =}
(Pe/wy) Yietm Xi M A
Aix:
(1_Zi€[n] 1LXle(nenu)

=7

x L

Note that the expression above resembles a linear production function, with the sole input be-
ing labor and the aggregate productivity given by Z above. Under Cobb-Douglas consumption
aggregator,

P _ (ﬂ)ﬁf

We  ieim Wr
Now, using the definition of sectoral markups along with sectoral marginal costs, we get

log(PW—l’:) =log(.#;D;) + kez[;l] a,—klog(PWif)

we can stack the expression above for i € [n], rearrange it, and multiply by the transpose of the

consumption shares vector, ', to get

i€[n]

log(Pth) = ﬁ,(I—A)_l(log((l —l‘L'i) % [fe(l_m)xijtdj] l;m))ie[n]

(%) ~expB'1-8)"log _17,-) %Ueu_m)xmdf] 1+17i))ie[n])

This implies in

log ) = B11-2)" (1og(zaDy),

1 1
Z(]T) - L 8 Zie[n] aiﬂﬂi_l/li (C27)

exp (ﬁ’(I—A)—l(log((l_lri)%[fe(l—ﬂi)xijtd]']T%))ie[n]) (o A )

D Welfare Cost of Inflation

We measure the welfare cost of inflation in terms of consumption equivalent, i.e., the percentage
change in steady-state consumption under zero inflation that makes the representative agent

indifferent between the zero-inflation steady state and the steady state with inflation 7:
%(C(m), L(m)) = % (e~ "™ Cy, Lo)

where % (.,.) is the utility function, C(;r) and L(r) are, respectively, the steady-state consumption
and labor supply under inflation 7, Cy and L are, respectively, the steady-state consumption and
labor supply under zero inflation, and A () is the welfare cost of inflation when inflation is 7. Under
separable utility function, with U(C) =log(C) and V(L) = L'*Y/(+y), we have

Lé‘HI/ L(n.)l+1[/
A(r) =logCy —logC(m) — +
1+vy 1+vy
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Using the relationship between aggregate consumption, productivity and labor, C(r) = Z () x L(r),

we get

A(m) =log Zy —log Z(m) +1og Ly —log L(m) — 1“” L(ﬂ)lw (D.1)
m) =log Zy—log Z(m) +1log Ly —log L(n 1'“# +y .

Equation (D.1) shows that steady-state inflation affects welfare through (1) aggregate productivity;

(2) labor supply, with Z () given by Equation (C.27).
In our baseline results, besides Cobb-Douglas consumption aggregator and production function,
we assume that ¢ — 0 and that .#; = 1,Vi € [n]. That is, we assume linear disutility of labor and
that taxes are set such that sectoral markups are equal to one, i.e.,
ni fe(l_ni)xijtdj
ni—1 fe_nixijtdj ’

Under these assumptions, the welfare cost of inflation is given by

Ti=1- Vi€ [n] (D.2)

A(m) = ) A x [log(D;(m) —log(D; ()] + Y Aiyi [N (m) — Nj**"*(0)] (D.3)

i€(n] ie[n]
where A collapses to (I—A’)~! . Equation (D.3) shows that the welfare cost of inflation at steady-
state inflation 7 relative to a zero inflation steady state is given by sum of the Domar-weighted
difference between sectoral log dispersions and the difference between the number of firms paying

the menu cost across sectors.

Xi :
s —, which
w, lnke[n] Pk,ltk 1-n;

(1- le)nl( 11 P,
is the menu cost faced by firm i j when it solves its optimal policy functlon, which is a function of

Map between ¢; and y;. In Appendix C.4, we define ¢; = Pt %

the structural menu cost parameter y;. In our baseline results, using Equation (D.2), we get

—1

e_nixijtdj] (D.4)

E Data Appendix

The description follows closely Afrouzi and Bhattarai (2023). We use the input-output (IO) tables
from the BEA to construct the input-output linkages across sectors,'® given by the matrix A; the
consumption expenditure shares across sectors, given by the vector f8; and the sectoral labor shares,
given by the vector a. In particular, to construct A, we use both the “make” and “use” 10 tables at
the Summary level from the vintage Comprehensive, Release Date: January-23-2014, which gives 65
sectors.'® The “use” 10 table also provides data on the compensation of employees, which is used

to construct the sectoral labor shares «. Moreover, the “use” 10 table also provides data on personal

15We construct industry-by-industry IO tables. We use industry and sector interchangeably.

16The “make” table is a matrix of industries on the rows and commodities on the columns that gives the value of each
commodity on the column produced by the industry on the rows. The “use” table is a matrix of commodities on the
rows and industries on the columns that gives the value of each commodity on the row that was used by each industry
in the column. We combine both matrices to give an industry-by-industry IO matrix.
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consumption expenditure, which is used to construct the consumption expenditure shares across
sectors, f.

The data on sectoral frequency of price adjustment is taken from Pasten, Schoenle, and Weber
(2020Db).

E.1. Constructing the Input-Output Matrix

In this subsection, we describe how we use the “Make” and “Use” matrices to get the cost-based
industry-by-industry input-output table. Specifically, we use the 2012 “Make” table after redefini-
tions and the 2012 “Use” table after redefinitions in producers’ value.

Recall that the “Make” table is a matrix of Industry-by-Commodity. Given a row, each column
shows the values of each commodity produced by the industry in the row. The “Use” table is a
matrix of Commodity-by-Industry. Given a column, each row shows the value of each commodity
used by the industry (or final use) in the column. In order to create an industry-by-industry 10
table, we combine both. We follow the Handbook of Input-Output Table Compilation and Analysis
from the UN (United Nations Department of Economic and Social Affairs, 1999) and Concepts and
Methods of the United States Input-Output Accounts from the BEA (Horowitz and Planting, 2009).
We exclude the government sector, Scraps, Used and secondhand goods, Noncomparable imports,
and Rest of the world adjustment.!”

It is important to note that an industry can produce many commodities. Although each industry
may have its own primary product,'® an industry can produce more products in addition to its
primary ones. These are shown in the “Make” table. Besides that, each industry has its own use of
commodities to produce its output. This is shown in the “Use” table. As a result, there is a distinction
between industries and commodities, as a given commodity can be produced by different industries
while industries can produce different commodities.

In our baseline model, we consider a Cobb-Douglas economy, so we calibrate  using consump-
tion shares from the data and A using the cost-based input-output matrix.

Input-Output Matrix (A) and Labor Shares (@). From the “Use” table from the BEA, a given column
J gives:
Total Industry Output; =Total Intermediate;
+Compensation of Employees;
+Taxes on production and imports, less subsidies ;

J
+Gross operating surplus i

17Baqaee and Farhi (2020) also exclude these sectors. Besides them, we exclude Customs duties, which is an industry
with zero commodity use and zero compensation of employees. After excluding these industries and commodities, we
end up having 392 commodities and 393 industries. The industry that does not have a corresponding commodity with
the same code is ‘Secondary smelting and alloying of aluminum’, with code 331314

18According to the BEA, ‘each commodity is assigned the code of the industry in which the commodity is the primary
product’.

20



where Total Intermediate; is the sum of the dollar amount of each commodity used by industry j.

The total cost is given by
Total Industry Cost; = Total Intermediate ; + Compensation of Employees;
Therefore,

S~——\

P;Y; =(1+w)) ZP,-X]-i+WLj)
~——
Total Industry Output Wedge ~ -

Total Ind:;stry Cost
where we implicitly assume that the wedge is attributed to taxes and gross operating surplus. That
is

Total Intermediate;; + Compensation of Employees ; + Taxesj + Gross Operating Surplus;

l+wj)) = - :
Total Intermediate ; + Compensation of Employees;

(E.1)

Let diag(1 + w) be the diagonal matrix in which each j-th diagonal is the wedge in industry j. We
calculate the cost-based IO matrix by first calculating the revenue-based 10 matrix and then, using
these wedges, recovering the cost-based 10 matrix. First, we calculate the revenue-based 10 matrix.
Let U +1)x N, be the “Use” matrix (commodity-by-industry) that gives for each cell u;; the dollar
value of commodity i used in the production of industry j and in the last row the compensation of
employees. Let My, x N be the “Make” matrix (industry-by-commodity) that gives for each cell m; ;
the dollar value of commodity j produced by i. Let gn,x1 be the vector of industry total output and
qn.x1 be the vector of commodity output, where N¢ is the number of commodities and Ny is the

number of industries. Then, define the following matrices

B = U x diag(g) " (E.2)

D =M x diag(q) ™! (E.3)

where diag(g) is the diagonal matrix of vector g and diag(q) is the diagonal matrix of vector q. The
matrix D is a market share matrix. Its entry d; ; gives the market share of industry i in the production
of commodity j. The matrix B is a direct input matrix. Its entry b;; gives the dollar amount share of
commodity i in the output of industry j. Let

NcxN,
BI C I

~T
aIXN]

B= (E.4)

where Bj is the part of B that includes all intermediate inputs and industries and &' includes the
labor share in each industry’s output. Then, the revenue-based industry-by-industry I0 matrix is

given by

A= (DB)T (E.5)
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To go from the revenue-based IO matrix to the cost-based 10 matrix, first recall that
P I X; j

P;Y;
where P; X;; is the expenditure of industry i on industry j, P;Y; is the revenue of the industry i. The

Al = (E.6)

cost-based 10 matrix is given by
P;Xij
where 6€; = ) P X + WL, is the total cost of industry i. Since P;Y; = (1 + w;)6;, we have that
ajj=——-=———"——L - 1+w)Al; (E.8)
G € PiY; €6
Hence, as in Bagaee and Farhi (2020)

A = diag(1 + w;)A (E.9)

To go from the revenue-based labor share to the cost-based labor share, first recall that
WL;

Py

where W L; is the compensation of employees of the industry i. The cost-based labor share is given

by

a; (E.10)

WL;
G

a=(ai)emn), ;= (E.11)

Using similar arguments as above, we have that

a_WLz_PlYl (gl WLL—(1+(1))61 (E.12)
Y% 6 PiYi 6 o |

and the cost-based labor shares are given by

a =diag(l+w;)@ (E.13)

Alternatively, instead of using the vector of industry outputs g, we can calculate the cost-based
IO matrix using the vector of industry costs (total intermediate + compensation of employees) g.
In this case, define B = Udiag(g) !, where, similar to above, B is composed of B; that includes all
intermediate inputs and industries and aT which is the vector with compensation of employees for
each industry. Given this decomposition, we can construct the corresponding cost-based 10 matrix

as A = (DB))T. Note that this gives the same cost-based IO matrix as above.

Consumption Share (). The “Use” table gives the Personal Consumption Expenditures on each
commodity. Since we are working with an industry-by-industry IO matrix, we need to calculate an
industry consumption share vector. In order to do that, let C; be the consumption dollar amount
of commodity i, and c be the vector of the consumption dollar amount of all commodities in

the economy. Then, the vector that contains the dollar equivalent consumption amount of each
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industry is given by Dc:

[ ¥jdujc; |
Ljdzjc;

Dc = (E.14)

| Xjdnjcj |
Recall that d; ; gives the market share of industry i in the production of commodity j. Therefore,
d;jcj is the amount in dollars spent by households on commodity j produced by i. Then, the sum
over j gives the total expenditure in dollars of households on commodities produced by industry i.
That is, the total expenditure in dollars of households on industry i. Then,

= Dc

E.15
1'Dc ( )

E.2. Constructing the Frequency of Price Adjustment Matrix

To get the 2012 Summary level industry frequency of price adjustments from the 2002 detail-level
industry frequency of price adjustments, we had to manually match them, mainly using the first
three digits of the NAICS code.
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