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Abstract

Non-clearing goods markets are an important driver of capacity utilization and total factor
productivity (TFP). The trade-off between goods prices and household search effort is central
to goods market matching and therefore drives TFP over the business cycle. In this paper, I
develop a New-Keynesian DSGE model with capital utilization, worker effort, and expand
it with goods market search-and-matching (SaM) to model non-clearing goods markets. I
conduct a horse-race between the different capacity utilization channels using Bayesian
estimation and capacity utilization survey data. Models that include goods market SaM
improve the data fit, while the capital utilization and worker effort channels are rendered less
important compared to the literature. It follows that TFP fluctuations increase for demand
and goods market mismatch shocks, while they decrease for technology shocks. This pattern
increases as goods market frictions increase and as prices become stickier. The paper shows
the importance of non-clearing goods markets in explaining the difference between technology
and TFP over the business cycle.
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1. Introduction

Total factor productivity (TFP) is at the core of macroeconomics as it measures the
efficiency of input factor allocation and the production process. Solow (1957) defines TFP
growth as output growth that cannot be attributed to input factor growth. While TFP
growth is driven by technological progress in the long-run (see e.g. Basu et al. (2006)), it
is driven by input factor reallocation and capacity utilization in the short-run. The data
shows that capacity utilization is incomplete on average and fluctuates significantly over the
business cycle. It drives TFP alongside technology. This pattern can be seen in figure 1,
which shows quarterly year-on-year growth rates of TFP and wutilization-adjusted TFP for
the U.S. between 1985q1 and 2019q4 as calculated by Fernald (2014).

Figure 1: Year-on-Year TFP Growth Rates
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NOTE: The figure shows quarterly data for the U.S. form 1985ql to 2019q4. It describes year-on-year growth rates for real
GDP, TFP, and ”utilization-adjusted” TFP. The data is retrieved from Fernald (2014).

Understanding the determinants of TFP and its propagation mechanisms across shocks is
essential for fiscal and monetary policy. In order to be able to formulate appropriate policy
responses, it is essential to understand whether fluctuations in TFP are driven by technology
or demand shocks. It is essential whether an increase in TFP increases potential production
or the output gap.

The relationship between capacity utilization and TFP has been analyzed thoroughly in the
literature. The drivers of capacity utilization have had less attention though. Is it short-term

arbitrage of quasi-fixed input factors or is it imperfect allocation on non-clearing goods
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market? This paper contributes to the literature by analyzing in depth the determinants of
capacity utilization - especially goods market search-and-matching (SaM) - and their impact

on TFP. Specifically, I ask the following two research questions:

(i) What are the underlying economic channels that drive short-run capacity utilization
and TFP fluctuations?

(ii) How do the different capacity utilization channels affect the transmission of economic

shocks on short-run TFP?

I set up a medium-sized New-Keynesian DSGE model, based on Christiano et al. (2005);
Smets and Wouters (2007), that incorporates capital utilization, worker effort, and goods
market search-and-matching (SaM). 1 fit the model to U.S. data of capacity utilization
and macroeconomic aggregates using Bayesian estimation and discriminate between the
explanatory power of the three differennt utilization channels. The estimation setup directly
targets the difference between TFP and utilization-adjusted TFP. 1 evaluate the log data
density of different model versions using the Bayes factor.

I find that adding goods market SaM improves the data fit of any model version. It adds a
trade-off between prices and household search costs that is central to capacity utilization
and TFP. Even the simple SaM model, that uses goods market SaM as the only capacity
utilization channel, improves the data fit of the model compared to the reference model with
capital utilization and worker effort. The parameter posteriors of the full model show the
same result. Both the worker effort and capital utilization channel become less important in
describing capacity utilization as we add goods market SaM. Therefore, non-clearing goods
markets and the trade-off between prices and household search costs play an integral part in
explaining capacity utilization in the data.

I use the estimated model to analyze the impact of goods market SaM on the transmission
channels of each single shock on TFP fluctuations. The active role of aggregate demand
leads to a larger impact of demand and goods market mismatch shocks on TFP fluctuations,
while the impact of technology shocks decreases. Cumulative TFP multiplicators - TFP

flucutations relative to GDP fluctuations - show the same pattern. Demand shocks show a
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large increase in the cumulative TF'P multiplicators. The goods market SaM channel and
the trade-off between prices and household search costs depends heavily on the calibration of
the goods market. The impact of demand shocks on TFP fluctuations increases in frictional
goods markets with sticky prices.

The paper is based on two strands of literature. First, the idea of utilization-adjusted TFP
has been thoroughly analyzed in the literature. Capital utilization (Burnside et al., 1995;
Christiano et al., 2005) and worker effort (Bils and Cho, 1994; Basu and Kimball, 1997) are
common modeling approaches of capacity utilization. On this theoretical basis, many authors
(Basu and Fernald, 2002; Basu et al., 2006; Fernald, 2014; Comin et al., 2023) estimate the
utilization-adjusted TFP for different countries with different estimation methods. They find
that the differences between TFP and wtilization-adjusted TFP are large over the business
cycle and that capacity utilization covaries negatively with technology. More recent research
(Lewis et al., 2019) shows that it is worker effort instead of capital utilization that drives
capacity utilization over the business cycle for EU data. Fernald (2014) is the state-of-the-art
approach in estimating wtilization-adjusted TFP, using both capital utilization and worker
effort in his modeling approach.

The second strand of literature (Petrosky-Nadeau and Wasmer, 2015; Michaillat and Saez,
2015; Bai et al., 2017; Qiu and Rios-Rull, 2022) applies search-and-matching to the goods
market. It takes the non-clearing goods market approach on capacity utilization and gives
household search effort an active role in the market outcome. The literature focuses on
household search as an input factor in goods market matching and hence production -
aggregate demand therefore drives TFP. I combine the two strands of literature and analyze
the explanatory power of goods market SaM for TFP in the data.

The rest of the paper is organized as follows. Section 2 introduces the model. Section 3
derives the difference between TFP and technology in the model, estimates the model, and
compares the data fit of the different model versions. Section 4 shows the impact of different
utilization channels on the transmission of economic shocks on the TFP wedge and cumulative

TFP multiplicators. Section 5 concludes.



2. Model Setup

The core of the model follows Christiano et al. (2005) with variable capital utilization as
in Fernald (2014). The labor market setup follows Cacciatore et al. (2020), who differentiate
between employment, hours per worker, and worker effort. The novel feature of the model is
goods market search-and-matching (SaM), as described by Michaillat and Saez (2015); Bai
et al. (2017). The model has three different types of agents - households, monopolistically
competitive firms, and a central bank. Goods and labor markets are subject to search-and-

matching (SaM) frictions. The capital market is Walrasian.

2.1. Labor and Goods Markets

The level of employment on the labor market is determined by costly vacancy posting

and inelastic worker supply. Aggregate employment? is given by
Ny = (1 =906n)Nimq +my, (1)

where 0 < dy < 1is an exogenous employment separation rate. New employment relationships

are determined by a Cobb-Douglas matching function

1 1-N
T < / vt(i)di) , @)
0

where u; are beginning-of-period unemployed workers, and v,(i) are vacancies posted by
firm 7. 0 < vy < 1 is the matching elasticity with respect to u;. ¥n; > 0 is the labor

market matching efficiency. It fluctuates following an exogenous labor mismatch shock.

The job-finding probability of the households is defined as fy; = “2. The aggregate

ut
vacancy-filling probability of firm i is defined as gy (i) = % Labor market tightness is

vt
ut

defined as demand relative to supply, zn; =
The goods market is segmented along the varieties of the differentiated good. Households

spent search effort Dy(7) for each variety i. Each firm ¢ produces one unique variety and

2T normalize the inelastic worker supply to one. Hence, the employment level and the employment rate

are to each other. The Cobb-Douglas matching function has constant-returns-to-scale.
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supplies its available production capacity Sy(i) to the goods market. Following Moen (1997),
search is directed towards each variety individually. It follows, that there are as many

individual goods markets as varieties. Customer relationships with firm 7 form according to
TG) = (1 =0r) Tia (i) + ma,(i), (3)

where 0 < 07 < 1 is an exogenous customer relationship separation rate. New customer

relationships are determined by a Cobb-Douglas matching function
mrg(i) = Y Di(i)T S (1)' 7, (4)

where 0 < 7 < 1 is the matching elasticity with respect to D;(7). Each customer relationship
trades one unit of the good of the respective variety. ¥, > 0 is the goods market matching
efficiency. It fluctuates following an exogenous goods market mismatch shock®. The proba-

bility of a household finding good i is determined by fr,(i) = 4. The probability of firm

mr (1)
St (1)

i selling its good is determined by ¢7.(i) = . Goods market tightness on the market

for good i is determined by demand relative to supply, z7(i) = g:—((;))

2.2. Households

There are infinitely many households on the unit interval. Each household has infinitely
many workers, which are inelastically supplied to the labor market. The representative
household maximizes her intertemporal utility

Wo = Eo) B'log(Ucy—Uny),

t=0

where 0 < 8 < 1 and instantaneous utility is the difference between additive separable utility
out of consumption Uc; and disutility out of labor supply Uy . Utility out of consumption

is defined as

1
Ucr = Koy —0Koiq — ,UD/ Dy(i)di, (5)
0

3Goods market mismatch shocks represent any short-run fluctuations in goods market matching efficiency.
It includes dispersion and composition effects of aggregated submarkets. Over the business cycle, economic
activity can reallocate to markets with higher or lower than average efficiency. As the model is aggregate,

the shock term summarizes those effects.



where K¢, is the stock of durable consumption goods?. Households form consumption habits,
0 < 6 < 1, following Christiano et al. (2005). Household search effort creates disutility,
up > 0. It summarizes a broad measure of search costs as e.g. information costs, shopping
costs, and further costs associated with the procurement of the good (see e.g. Michaillat
and Saez (2015); Petrosky-Nadeau et al. (2016)). There is a trade-off between search effort
disutility and consumption utility for each household. The stock of durable consumption
goods is given by K¢y = (1 —0g) Kcy—1 + Ct, where 0 < 0y < 1 is its depreciation rate and
C; is investment in private consumption.

Labor supply has three margins - employment, hours per worker, and worker effort. Each
worker bargains over her hours and her worker effort after the employment match is formed.

Disutility out of labor supply is modeled following Bils and Cho (1994) and given by

1
Uy, = pneXe /0 Nt@)(lj‘fy HHt(z'>1+”H+1fyth<i>eH,t(z'>““e) di,  (6)

where X; = U“57tX§:fJ with 0 < w < 1is a flexible parameterization of short-run wealth
effects on labor supply following Jaimovich and Rebelo (2009)°. H,(i) is hours per worker at
firm ¢ with pgy > 0, and eg4(7) is worker effort at firm ¢ with p. > 0. vy and v, determine the
respective supply elasticities. pn; > 0 is an exogenous labor supply shock. Workers adjust
hours and effort instantaneously, while the supply of unemployed workers is quasi-fixed, as
given by (1).

Aggregate shopping effort is given by D; = fol Dy(i)di. The representative household likes
to consume a large variety of goods following pixit and Stiglitz (1977). Her aggregate
goods bundle is given by T; = (fol Tt(z)tftldz)tt_l , where 1 < ¢ < oo is the elasticity of

substitution between two varieties. It fluctuates following an exogenous price cost-push shock

41 model durable consumption goods out of two reasons. First, I can directly estimate consumption data
without adjusting it for durable consumption goods. Second, durable consumption is the counterpart for

firm inventories as Bai et al. (2017) show.
5This modeling approach allows to reconcile the behavior of unemployment and hours per worker together

with macroeconomic aggregates, as Cacciatore et al. (2020) show. For w = 1, the wealth effects cancel out
along the lines of Greenwood et al. (1988)-preferences. For w = 0, there are short-run wealth effects along

the lines of King et al. (1988).



as in Ireland (2004). The household divides her aggregate goods bundle into consumption
goods, C;, and fixed-capital investment goods, I, according to Ty = Cy + Pry (1 + cr4) Iy,

Ikt

2
TeiT — 1) are convex fixed-capital investment adjustment costs and

where c;; = %(
Pr; > 0 is an investment-specific technology shock. The household capital stock develops

according to
_ 1+¢x
Krivi = (1 — 0K+ Ok 26K ) Ky + Ik, (7)

where I follow Basu and Kimball (1997) and differentiate between "rust and dust” capital
depreciation, 0 < 0 < 1, and "wear and tear” capital depreciation, 0 < ¢ K,ZG%‘, < 1, whith
¢x > 0. Capital depreciation increases in capital utilization, but is not zero for ex; = 0.

Each household follows her intertemporal budget constraint

1 1
Bt = (]. + 7’37,5_1) Bt—l + / Wt(l)Lt<Z)dZ + PtUb <]_ — / Nt(Z)dZ)
Y : ®)
+ Pri Koy — / P,(i)T,(i)di — Taz, + 11,
0

where B; are one-period nominal government bonds, L;(i) = N(i)Hy(i)en(7) is effective
labor supply, and K.; = ek K, is utilized capital supply. Income is given by nominal
wages®, W;(i), paid for effective labor, L;(i), unemployment benefits, ub, capital interest,
Piri., bond interest, 5,1, and dividends paid by the firms, Div,”. Expenses are determined
by money spent on consumption and investment goods, fol P,(i)T,(i)di, and by lump-sum

taxes, T'ax;, which the government charges to pay for unemployment benefits.

2.8. Firms

There are infinitely many firms on the unit interval. Each firm produces one unique variety

¢ of the differentiated good by employing labor and capital in a Cobb-Douglas production

6 Aggregate labor of the representative household is the sum over labor supplied to all firms N; = fol Ny (i)di.
As each household has infinitely many workers and matching on the labor market is random, the employment

history of each household is the same. There is perfect unemployment insurance within each household.
I assume that each household owns the same share of a mutual fund owning all firms. Hence, dividends

II; paid by firms to households are equal across households.
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capacity function®

Yt(l) =4

M) Hu(i)era () (1—{(%))] NG )

where A; > 0 is a Hicks-neutral technology shock, and 0 < o« <1 is the capital elasticity of
production capacity. kg > 0 defines hours per worker adjustment costs following Cacciatore
et al. (2020), which capture various frictions as e.g. technological constraints due to set up
costs and coordination issues, overtime pay, or decreasing returns in hours per worker. Each
firm maximizes its intertemporal profits

W, (i)
P(i)

I, = KoY Boihili) [Tt(i) + Gi(i) — Li(i) — 1Ko (i) |

where 0 < (5, < 1 is the stochastic period discount rate”. The firm revenue is determined
by sales on the private market, T;(7), and by exogenous spending, G(7). Each firm i pays
wages, Wy (i), for effective labor, L.(i), and capital interest, r, for the rented capital stock,

K.;. The available private market beginning-of-period production capacity is given by

(L4 cpe(i) Seli) = (1= ena(i) Ya(2) — Gold) = (1 = 01) Ty (i)

+ Is4(i) — ewpwe(3) Le(7),

(10)

. 2
where cp,(i) = =2 <Pi(1’()i) (L+m)" (L4 m) ™" — 1> are convex price adjustment costs

. 2
with kp > 0, and cpy(i) = =% <vaj(f()i) (T4+m)" 1+ my) ™ — 1) are convex nomi-

nal wage adjustment costs with xy > 0. Inflation indexation is given by tp,tyy > 0. Firm

inventories are given by Ig:(i) = (1 — 67) (1 — qr4—1(7)) S;—1(7), where 0 < 6; < 1 are inven-

N2
tory depreciation costs. cy (i) = " (Z’i—((?)) are convex labor matching costs following Merz

and Yashiv (2007), where ky > 0. Each firm searches for additional workers by posting open

vacancies, v;(i). The employment level of firm 7 is given by (1).

8Burnside et al. (1995); Basu and Kimball (1997) show that any evidence on non-constant-returns-to-scale

vanishes as we include variable capacity utilization in the model.
91t is equal to the household discount rate as all firms are owned by a mutual fund owned by the

representative household.



Each firm supplies its production capacity S;(i) to the goods market where customer rela-
tionships form according to (3). It maximizes its profits by setting the optimal price level in
a trade-off with its goods selling probability according to the directed search setup of Moen
(1997) and sticky price setup of Rotemberg (1982a). Each firm is a monopolist along the
lines of Dixit and Stiglitz (1977). It takes the household search behavior into account when

it sets its prices.

2.4. General Equilibrium

To close the model, I define the real gross domestic product of the economy by
GDIDt = C’t—i—Gt—l—[nUt, (11)

where C} is the numéraire good, and Inv; = (1 + ¢ry) Ikt + I — Is¢—1 is private investment.
The government budget is always in equilibrium, Tax; = Pyub (1 — fol Nt(i)di>. The central

bank follows a Taylor (1993)-type rule to determine the nominal interest rate

ir

I+rpe (1+7”B,t—1>ir((Wt)iﬁGDPig“p> M, (12)
= B E— — ¢ - My,

1+rp 1+rp ™

where rp and 7 are steady-state targets set by the central bank, 4,,%4, > 0 and i, > 1 are
poliicy coefficients, and M, is a monetary policy shock. Following Smets and Wouters (2007),
the output gap, GDP,, is the deviation of GDP from its level prevailing under flexible prices
and wages and absent price and wage cost-push shocks. All shock processes follow an AR(1)

process given by
& = g, 6 ~ N0, of), (13)

where 0 < p¢ < 1 is an autocorrelation parameter, and £ describes the steady-state of the
random shock process. There are nine shocks in the model - a Hicks-neutral technology shock
A, an investment-specific technology shock Py, a labor supply shock py;, a labor market
mismatch shock 1, a price cost-push shock €;, a wage cost-push shock 7, a goods market

mismatch shock ¥7;, an exogenous spending shock G, and a monetary policy shock M.



2.5. Dynamic System of the Model Economy

The behavior of households and firms is governed by their first-order conditions. I assume
that all firms use the same technology. Hence, I drop the firm index 7 and summarize all

firms by a representative firm.

Consumption Allocation. The representative household allocates intertemporal consumption

according to

1+7rpy

mucn = BEtmmUCN,t_i_l, (14)

Mucn ¢ = Mmucgs — CID’tWC’,t + 6 (1 — (ST) ]Etcll)’tJerC’tJrl, (15)

mucgy = Wey— BOEWe 1+ (1 — ) Esmuceg 141, (16)
1 Xt

W _ _ 17

ot Uoy— Uny Uy’ )

Un
= — 1—wE 18
Xt Ucs — U + 8 (1= w) Eixe, (18)

where mucg,; and mucy, are gross and net marginal utility out of consumption. We, is
contemporaneous marginal utility out of consumption, which depends on the labor wealth
effect, x;. The difference between gross and net marginal utility out of consumption is
determined by marginal household search costs, c¢p,; = %, which is the level of disutility

necessary to find one consumption good. It depends on the current state of goods market

tightness.

Capital Allocation. The representative household allocates intertemporal fixed-capital invest-

ment according to

1+7
Qr: = EtTrHl <€K,t+17’K,t+1 + <1 — 0K — 5K,2€};¢f1> QK,H—I) ; (19)
Bt
MUCG 1 / L+ 71 muce 111 b Ik
= ~Pri(1+cry+c;,) —E : c —_— 20
QK,t mucy . It ( It ]7,5) t 1 + B MUCN 411 Ii+1C1 t41 IK,t ( )
1
TKt K
€K, = : s 21
! <(1 + oK) 5K,2QK,t> (21)

where Qg defines the shadow price of installed capital according to Tobin (1969). Both

investment adjustment costs and goods market frictions lead to higher investment costs. The
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. muc, . . . . o .
fraction Wii determines the impact of household search costs on its investment decision.

The representative firm employs capital according to
Y,
€K,th

rKr = « (1 —cny) mey, (22)

where goods market frictions drive marginal costs, mc;, and thus capital allocation. Both
capital supply and capital demand are determined by goods market frictions. Therefore,

capital utilization and goods market SaM are directly connected and impact each other.

Labor Allocation. The representative firm follows the setup in Merz (1995); Andolfatto (1996)

and employs labor according to

Y,
Qr: = [1—a)+(1+a)cny thct — (1 + meew,) weHiepr 4
¢
iR 1+ m (1—63)Q (23)
17 T N) &Ftt1,
i Y,
_ Nt 24
QF’t Nt NtheH,thh ( )

where the value of marginal employment of the firm, )r;, depends on the difference between
marginal labor productivity, net of idle production capacity and labor matching costs, and
real wage costs. The value function is forward-looking as employment relationships are
long-term. Firms post vacancies as long as the marginal labor matching costs, %ﬁ, are lower
or equal to the value of marginal employment, (). Hence, there is free-entry on the labor
market.

Each worker-firm match bargains over the conditions of work following a Nash (1950)-protocol.

Each match maximizes the joint surplus by bargaining over the real wage, hours per worker,

and worker effort jointly. The first-order conditions are given by

AUn .
weHieg, = ub+ ON:
e MUCN ¢ (Uc,t - UN,t) (25)
1+
n: Qry _E, Ni+1 + T (1= 6x) (1= frer) QF,t—H’
L= Twy L=y T+rpy TW,t+1
BQUN,t V.
8N18Ht / t
weep I = 7 —a(Cyent) mep——, 26
el wit Wit mucn: (U — Uny) ( Hit N,t) thNt (26)
BQUN,t v,
ON¢Oep t t
wy H I = 7T : —a(cyy) me ) 27
e W’thCN,t (UC,t - UN,t) ( N’t) tGHJNt ( )
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where 0 < n; < 1 is the household bargaining power. It fluctuates following an exogenous
wage cost-push shock. 7y, and I'y; are functions of sticky wage adjustment with 7y = 1
and Ty = 0. They increase monotonically in wage inflation. a (cjy4;ceny) and o (cny)
determine the marginal productivity of labor. They decrease monotonically in hours per
worker adjustment costs and labor matching costs. A full description can be found in
Appendix A. All three margins - real wages, hours per worker, and worker effort - are
determined by opportunity costs equalizing their marginal productivity. The goods selling
probability, gr;, has a direct impact through marginal costs, mc;, on all three marginal
productivities. An increase in the goods selling probability leads to higher marginal labor
productivity and has a positive impact on worker effort. The two utilization margins - worker
effort and the goods selling probability - are therefore positively correlated on the firm side

of the economy.

Price Setting. The representative firm sets prices on the goods market with a markup over

marginal costs, mc;, given by the process

qrpr + By ﬁ:w (1 —=07) (1 = qry) meega
me; = : (28)
I +cpy
1 + E 1117;t+1 [(1 — 5T> (p?”t+1 — mct+1) + (1 — (5]) thCt+1]
S L@

14+ €
1 S
Q = - YT qriot TTLUCG,t7 (30)
el— T T;f CD7tWC',t

where markups combine the profit channel, pr;, with its monopolistic competition channel,

;, and the costs of idle capacity determined by gr;.The New-Keynesian Phillips curve is

given by
T, +G muc 1+7 me
CiDt _ t t T , Nt 1+ cp, _E, t+1 (1 _ 51) t+1
, Sime; 1—r cD7tWC7t 1+7py me (31)
P L, LR 1+ 1 meey1 S o
Wit tSt ! 1 -+ Bt mctSt P+l

where ¢, = 85?. Inflation is forward-looking and determined by firm marginal costs and

household marginal search costs. The two determinants describe the trade-off between sticky

prices and household search effort. Inflation increases as the price elasticity of demand

12



decreases in marginal household search costs ¢j, ;. Households trade higher prices for lower
search costs and firms use the decrease in price elasticity to increase their markups. The
impact on the price elasticity increases in vyp. Prices adjust only gradually due to price
adjustment costs. This leads to a suboptimal household search effort, which drives capacity
utilization. The trade-off between sticky prices and household search effort is central to the
paper. An in-depth analysis of the impact goods market SaM on the Phillips curve can be
found in Gantert (2021).

3. Variable Capacity Utilization as a Driver of Total Factor Productivity

In this section, I decompose total factor productivity (TFP) in the model into its
technology and capacity utilization channels. I show how capacity utilization identifies
the wedge between TFP and technology and use Bayesian estimation!® to assess changes
in the overall data fit and parameter posteriors when adding goods market SaM to the
model. Henceforth, all variables are denoted as percentage deviations from the deterministic

steady-state indicated by a hat. Details on the estimation are given in Appendix D.

3.1. Derwing Technology and Total Factor Productivity in the Model

Total factor productivity (TFP) is measured as output deviations that cannot be explained
by input factor deviations (Solow, 1957), given an appropriate production function'!. In the

model, it is given by
TFPt = GDPt — (1 — OZ) (Nt + Ht) — Oék[,t. (32)

To derive the share of TFP that is driven by technology, I solve for the technology parameters

in the model - Hicks-neutral technology, A;, and investment-specific technology, ]—ﬁ’“. I

19T use the Dynare toolbox (Adjemian et al. (2022)) in order to linearize, solve, and estimate the model.
11n the literature, an appropriate production function implies a Cobb-Douglas function, as its properties

reflect the (mainly) constant shares of labor and capital income in the data. See e.g. Basu et al. (2006);

Fernald (2014).
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summarize technology fluctuations as utilization-adjusted TFP fluctuations'?, a Ptire, and

calculate the difference to TF P,. The difference is defined as the TFP wedge

A

o, = (i)SAM,t + (i)Labor,t + (i)Capital,ta (33)

which decomposes into a goods market channel, @35 AM,t, & labor market channel, P Labor,t, and
a capital market channel, @Cmtal,t. All three channels increase the TFP wedge as capacity
utilization increases. It follows that all three channels drive TFP without fluctuations in
technology. Therefore, neglecting capacity utilization leads to an overestimation of technology
fluctuations in the data.

We can further decompose the three channels of the TFP wedge. First, the goods market

2 . . : %
channel, ®g42s4, is driven by non-clearing goods markets, % > 0, long-term customer
. . % . . b 1
relationships, =32 > (, and firm inventories, —=*%t > (. Second, the labor market

Bthl 8IS,t

- . . 0% 1 abor . 0% 1 abor
channel, ® 1440+, is driven by worker effort, #ﬁ’t > 0, and labor matching costs, ﬁ”j <
. . S . . . — b capita
0. And third, the capital market channel, ®¢cqpitar s, is driven by capital utilization, %

0. The derivations of the TFP decomposition are given in detail in Appendix B.
An increase of capacity utilization leads to an increase in the TFP wedge for all three channels.
For the measurement of TFP and the TFP wedge, it does not matter whether utilization
originates on the goods, labor, or capital market. The model framework is flexible and
nests the approach of Fernald (2014), where capital utilization and variable worker effort
are the determinants of capacity utilization. In this setup, the challenge of identifying the
determinants of the TFP wedge is that we do not observe any of the capacity utilization
channels directly. Instead, we observe survey data on overall capacity utilization. Therefore,
I reformulate the model using the definition of capacity utilization in the data.

I follow Morin and Stevens (2004); Michaillat and Saez (2015); Comin et al. (2023) and

define capacity utilization'® with the following assumptions: 1) The capital stock is measured

2In this paper, I concentrate on the capacity utilization channels of TFP,. Another channel analyzed in
the literature is input factor reallocation between industries. Basu et al. (2006) show that its impact on TFP
is similar to the impact of capacity utilization. In a boom, input factors are reallocated to more productive

industries. Hence, TFP increases.
13The definition of capacity utilization used in the FED survey questionnaire can be found in Appendix C.
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at the current available capital of a firm. This includes non-utilized capital e ;. 2) The level
of employment and vacancy costs are measured at their current level. 3) Hours per worker
and worker effort are measured at the steady-state, as any deviation is not sustainable over
the long-run. The capacity utilization rate is defined as real GDP relative to production

capacity and given by

CAUt = GDPt + @cnéN,t — (1 — OZ) Nt — OZK]J — At — @AIAI,ta (34)

where O, = -2~ > 0 and O 4; = %L > 0. Using (34) to substitute for real GDP

T—cy —cy NI—aK®

in (32) leads to

d, = Ocy,+(1—a)H, — cu, (35)
where the TFP wedge is determined by capacity utilization corrected for hours per worker
and labor matching costs. Therefore, capacity utilization summarizes the impact of the
goods, labor, and capital market channels of the TFP wedge. The model setup supports the
results of Comin et al. (2023), regardless of whether goods market SaM is a determinant of
capacity utilization in the data. The estimated "utilization-adjusted TFP” of both Fernald
(2014) and Comin et al. (2023) are directly connected to the model, but its determinants
might differ. T use the identified TFP wedge (35) and discriminate between the capacity
utilization channels by evaluating their explanatory power of the other eight macroeconomic

time series used in the estimation.

3.2. Data Description and Estimation Setup

I estimate the model to replicate U.S. business cycle data from 1985q1 to 2019g4 using
full information Bayesian estimation. Time is in quarters. The estimation contains nine time
series - real GDP growth, real private investment growth, real private consumption growth,
the capacity utilization rate, total hours worked, the unemployment rate, price inflation
(GDP deflator), wage inflation (nominal labor compensation), and the FED funds rate - and
the nine model shocks.

The economy wide capacity utilization rate is constructed by combining industry and service

15



sector data. The industry sector capacity utilization rate is based on physical data where
available and on the U.S. Census Bureau’s Quarterly Survey of Plant Capacity Utilization.
Due to lack of data, the service sector capacity utilization rate is approximated by using the
variance of EU survey data and the high correlation between industry and service sector
capacity utilization rates. The economy wide capacity utilization rate is based on industry
data adjusted for the service sector variance. I adjust the FED funds rate for the zero
lower bound period by using the shadow rate of Wu and Xia (2016). This accounts for the
non-linearity in the data that is not present in a linear New-Keynesian model, as Wu and
Zhang (2019) show. All the data is detrended using a one-sided HP filter following Stock
and Watson (1999) to demean the data and account for structural breaks. An overview of
the data sources and construction can be found in Appendix C.

Table 1 shows the calibration and prior setup of the model parameters. A complete
overview of the calibration and estimation strategy can be found in Appendix D. Iset e = 11
and o = 0.3 directly, instead of targeting steady-state price markups as e.g. in Comin et al.
(2023). Targeting steady-state price markups leads to significantly different values for € and
a between model versions, as adding goods market SaM adds a second price markup channel.
Different values for € and « imply different levels of market concentration and production
setup. Here, I focus to keep both constant across model versions.

I set the prior mean of v, to 2 with a standard deviation of 1, as the literature shows a wide
range of parameters between 0.35 and 3 (see e.g. Bils and Cho (1994); Lewis et al. (2019)). I
set the prior mean of dx 5 to 60% of 0k (see e.g. Basu and Kimball (1997)) with a standard
deviation of 15%. Both priors have large standard deviations to account for the possible
trade-off with goods market SaM. This approach lets the data decide on the importance of
each capacity utilization channel.

The novel feature in this paper - goods market SaM - is described by three parameters. |
set the prior mean of vz to 0.17 with a standard deviation of 0.1. The setup follows Bai
et al. (2017) who estimate vy between 0.11 and 0.23 using the American Time-Use Survey. I
set the prior mean of §; to 0.74 with a standard deviation of 0.05. It is a combination of

dn,r = 0.15 for the manufacturing sector, as calculated by Khan and Thomas (2007), and
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Table 1: Steady-State Targets and Parameterization

Calibration Estimation
Variable Value Variable Distribution  Prior Mean  Prior Std.Dev.
Labor markets Labor markets
repl (N =0.94) Ve Gamma 2 1
W (H=1) KH Gamma 4 1.5
e (eg=1) KW Gamma 10 3
YN 0.6 W Beta 0.5 0.15
ON 0.12 Goods markets
YN (gnv =0.7) 0 Beta 0.5 0.15
n 0.5 O Beta 0.5 0.15
KN (enycu = 0.015) o1 Beta 0.5 0.15
vy 1 %l Beta 0.17 0.1
w 0.01 Kp Gamma, 60 20
Goods markets Lp Beta 0.5 0.15
Y (cu = 0.86) Capital markets
1755) (fr =qr) in Gamma 1.7 0.1
€ 11 igap Gamma 0.2 0.1
G (95 =0.2) i Beta, 0.5 0.15
Capital markets K Gamma 4 1.5
8 (r = 0.01) Do Beta 0.6 0.15
« 0.3
oK (ex =1)
0K 0.025
OK,1 (0x —0K,2)

NOTE: Default calibration of the model. Values in parentheses are steady-state targets.

dg.; = 1 for the service sector, weighted by the respective value-added. Data on dr is scarce,
hence I set its prior to 0.5 with a standard deviation of 0.15.

I conduct a horse-race between capital utilization, worker effort, and goods market
SaM in explaining the capacity utilization data, while also being in line with eight other
macroeconomic aggregates. The different model versions can be framed into three setups.
First, the reference model, as is common in the literature (see e.g. Fernald (2014)), that
describes an economy with capital utilization and worker effort, dxo > 0,7, < 00, vy =
0,07,0r = 1. Second, the SaM model that describes an economy with non-clearing goods

markets, but fully utilized input factors, dxo = 0,7, = o0,y > 0,0p,6; < 1. And
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third, the full model that describes the combination of the reference and SaM models,
Ok > 0,1, <00,y > 0,0p,0r < 1.

The analysis determines the combination of capacity utilization channels that has the highest
probability in explaining the TFP wedge, as the TFP wedge is completely identified by (35)
and the data used. I use the modified harmonic mean following Geweke (1999) and compare
the likelihood of the different model versions in explaining the data. The model comparison is
based on the Bayes factor as described by Kass and Raftery (1995). Convergence diagnostics
can be found in Appendix D.3.

3.3. Decomposing Total Factor Productivity in the Data

The TFP wedge across model versions is completely described by (35) and the data used
in the estimation. Before analyzing the likelihood of the different model versions, we can
therefore derive the TFP wedge implied by the model for US data and compare it to the
TFP wedge in the literature, as given by Fernald (2014). There are two distinct differences
taken by assumption compared to the approach of Fernald (2014). First, I use investment
data instead of capital stock data. Second, I use direct evidence on capacity utilization data.
The TFP time series for the US and its decomposition implied by the model are strongly
connected to the results of Fernald (2014), but also show some distinct differences that
depend on the definition of capacity utilization. The time series for TFP growth are highly
correlated with the data, Corr(TF Pyroger, T F Prernaia) = 0.75. The model results are based
on the full model, but can be interchangeably based on the reference model. Figures for TFP
growth and its decomposition are given in Appendix D.4.

Figure 2 shows the TFP wedge and capacity utilization percentage deviations'* from its
deterministic steady-state (long-run value) for the model and the data. The corrseponding
second moments are given in Appendix D.4. The estimated model TFP wedge shows a

correlation of Corr(®asoder; P rernaia) = 0.54 with the data TFP wedge. We observe a split in

141 use percentage deviations from the deterministic steady-state instead of growth rates for better visibility.

The results are nevertheless close to each other.
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Figure 2: The TFP Wedge in the Data and the Model
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NOTE: The figure shows percentage deviations from the deterministic steady-state (long-term trend) for the model TFP wedge,

the data TFP wedge, and capacity utilization. It shows US data from 1985q1l to 2019q4.

the sample in 1995'°. We observe that before 1995 Corr(® asoder, pre1995, ® Fernatd pre1gos) = 0.00
and after 1995 Corr (P aoder, Post1995; P Fernatd, Postigos) = 0.66. Therefore, the model and the
data are closer connected since the methodological adjustment of the capacity utilization
data in 1995.

The average share of TFP fluctuations explained by TFP wedge fluctuations in the model is

close to the data throughout the sample, though. I calculate the share of TFP fluctuations

Abs(®y)
Abs(®4)+Abs(TEPry¢)

explained by TFP wedge flucutations by ®gpare: = The results are
D snare modett = 47% and Pspare patar = 50%. Using growth rates instead leads to the same
conclusion, as d®gpare Modert = 49% and dPspare patar = 44%.

There is an obvious difference in the approaches of calculating the TFP wedge between
Fernald (2014) and this paper. As can be seen in figure 2, we can recover a large part of the
difference to the data by using capacity utilization fluctuations directly as a proxy of the TFP
wedge. The correlation for the full sample is Corr(cupsoger, @ Fernata) = 0.79. The correlations

of the pre- and post-1995 sub-samples are Corr(ctnroder, Pre1995, P rernald, Pre1gos) = 0.37, and

COTT(CuModel,PosﬂQQS? (I)Fernald,Post1995) = 0897 respectlvely.

5 Following Morin and Stevens (2004), there has been a methodological adjustment in the capacity

utilization survey data in 1995.
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The difference between capacity utilization and the TFP wedge in the model depends on
whether capacity utilization is defined at long-run or short-run hours per worker. The default
option taken in this paper is the long-run definition. The option closer to Fernald (2014)
is the short-run definition. The correlations between the model TFP wedge and capacity
utilization are Corr(®aoder, Cnroder) = 0.73, Corr(Patoder, Pre1995, Clinsodet, Pre1995) = 0.56, and
Corr(Parodel, Post1995, CUodel, Post19os) = 0.77, respectively. In order to use capacity utilization
data to estimate the TFP wedge correctly, it is therefore essential to use the correct definition.
We find both in the literature. See also section 3.1. Nevertheless, all three time series shown

here are closer aligned to each other since 1995.

3.4. Analyzing the Explanatory Power of Non-Clearing Goods Markets

Adding goods market SaM improves the explanatory power of the model for different
estimation setups. In fact, it is the single most important capacity utilization channel of the
model, rendering capital utilization and worker effort less important. Table 2 shows the log
data densities for the main model versions. I can replicate the results of Lewis et al. (2019)
who show that worker effort is more important than capital utilization in explaining variable
capacity utilization. In contrast to their results, I find that the worker effort model also
explains the data better than the reference model, which combines both channels.

The simple SaM model, which excludes long-term customer relationships and firm inventories,
shows decisive improvement in the data fit compared to the reference model with an increase
of 56 points in the Bayes factor following Kass and Raftery (1995). This is in line with the
results of Qiu and Rios-Rull (2022). Goods market SaM is the single most important channel
in explaining capacity utilization data and TFP in this setup. The results support the
non-clearing goods market approach in general, and in an otherwise textbook New-Keynesian
model in specific, as shown in the companion paper Gantert (2021). In the companion
paper, I derive a three-equation New-Keynesian model with variable capacity utilization and
demand-driven TFP. It allows for a parsimonious modeling approach of capacity utilization
while only showing minor deviations from the textbook New-Keynesian model as e.g. in Gali

(2015).
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Table 2: Model fit comparison (One-sided HP filter)

I Log data density 2In Bayes factor

Capital Utilization Model : 4801 -20
Worker Effort Model : 4814 6
Simple SaM Model : 4839 56
Reference Model (VWE & VCU) | s 0
SaM Model - 85« 65
SaM & Capital Utilization Model : 4835 48
SaM & Worker Effort Model l 4839 56
Full Model (VWE, VCU & SaM) | 829 36

NOTE: Log data densities are calculated by the modified harmonic mean following Geweke
(1999). For model comparison, I use 2in Bayer factor as described by Kass and Raftery
(1995). Model Abbreviations: 1) Variable Worker Effort (VWE), 2) Variable Capital
Utilization (VCU), and 3) Goods Market Search-and-Matching (SaM). The simple SaM

Model excludes long-term customer relationships and firm inventories.

Adding long-term customer relationships and firm inventories in the SaM model further
improves the data fit decisively by 12 points in the Bayes factor statistic. Both channels
lead to an intertemporal disconnect between production and consumption (see (33)), and
therefore have to be taken into account when calculating utilization-adjusted TFP. Adding
either capital utilization or worker effort to the SaM model leads to a decisively worse data
fit. Hence, in contrast to Qiu and Rios-Rull (2022) I find that the SaM model shows a better
data fit than the SaM & capital utilization model.

The full model - the combination of the reference and SaM model - shows a decisive
improvement in the data fit as well. It shows an increase by 36 points compared to the
reference model in the Bayes factor following Kass and Raftery (1995). This increase is about
32 points smaller than the increase in the data fit of the SaM model. Therefore, also the
combination of capital utilization and worker effort is rendered obsolete by the likelihood of
the data once we add goods market SaM.

In the following analysis, I take the full model as the preferred model nevertheless. Even
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though the SaM model is better in explaining the data from a technical point of view, it
takes dogmatic priors for capital utilization and worker effort into account. The dogmatic
priors are in contrast to the beliefs of myself and much of the literature.

The results presented in this section are in line with a variety of robustness checks: 1) using
demeaned instead of HP filtered data, 2) using € = 6, = 0.2 as in Comin et al. (2023), 3)
using different approaches of setting the price adjustment costs parameter xp'%, 4) using an
alternative definition!” of capacity utilization as discussed in section 3.3, and 5) dropping
capacity utilization data and goods market mismatch shocks from the estimation. Reducing
the sample size to 1985q1-2008q4 to exclude the zero lower bound period and thus the Wu
and Xia (2016) shadow rate leads to almost the same results with the exception that the
full model is only preferred to the reference model when we exclude long-term customer
relationships and firm inventories. The sensitivity results of the estimation can be found in
Appendix D. The analysis of the second moments of the different models is delegated to
the appendix. The correlograms show that the full model compared to the reference model
especially improves the correlations between inflation, capacity utilization, and TFP. The

results are given in Appendix D.6.

3.5. The Impact of Non-Clearing Goods Markets on Parameter Posteriors

Adding goods market SaM renders capital utilization and worker effort less important in
the full model, while the demand elasticity of goods market matching is well identified and
significant. The long-term margins of goods market SaM are of secondary importance.
The data is informative on the parameters of interest. The posterior estimates of the

parameters are all well within their prior intervals. There are some differences in the

16 A5 Treland (2004) shows, the price adjustment costs parameter can become very large in a maximum-
likelihood estimation, which is not in line with the data. In the appendix, I therefore show the results of
setting two alternative dogmatic priors and estimating the model. Setting xp to replicate empirical Phillips
curve slopes and setting xkp to replicate empirical price adjustment costs leads to the same results as presented

in this section.

I7If we define capacity utilization at short-run instead of long-run hours per worker, the resulting TFP
wedge time series for the U.S. is closer to the data calculated by Fernald (2014).
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posteriors, but most of the parameters are close to each other across the reference, SaM, and
full model. The price adjustment cost parameter decreases as we add goods market SaM. It
is 198 in the reference model, 139 in the full model, and goes as low as 104 for the SaM model.
Although the parameter size is generally higher than the calculations of Gantert (2021), the
difference between the models matches the calculations well'®. The result is also in line with
the robustness analysis of the price adjustment cost parameter given in Appendix D.5. It

follows that the price cost-push shock has a larger standard deviation for the reference model.

Figure 3: Prior-Posteriors of the Utilization Parameters
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NOTE: The figure shows the prior and posterior distribution for the reference and full model. The estimation follows the

description in Appendix D. v follows a prior Gamma-distribution. §x 2 — share and v follow a prior Beta-distribution.

Figure 3 shows the priors and posteriors of the parameters defining the capacity utilization
channels for the reference and full model. The parameters of the reference model show
a higher v, = 3.73 compared to its prior, and a lower dx o = 0.27 compared to its prior.
The posterior standard deviations for both dx 2 and v, decrease, indicating well identified
parameters. The data indicates that the reference model leads to large variations in both
capital utilization and worker effort.

Adding goods market SaM - given by the full model - leads to a significant increase in
ve = 5.93, and a significant decrease in 0k = 0.16 compared to the priors and to the
reference model posteriors. 02 shows a 41% decrease and v, a 59% increase relative to

the reference model. Goods market SaM partially substitutes for the capital utilization and

8The goods market SaM channel reduces price adjustment cost significantly and puts them closer to a
more realistic range of adjustment cost of 1.2% of GDP on average, as e.g. calculated by Zbaracki et al.
(2004).
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worker effort channels.

The posterior mean of vy decreases compared to its prior, but is well within the estimated
interval of Bai et al. (2017) with vz = 0.10. Its posterior standard deviation is less than half
of the prior standard deviation, hence v is well identified by the data. Firm inventories and
long-term customer relationships show rather a minor role in the model as their parameters
are estimated at oy = 0.84 and 6r = 0.81, respectively. Overall, the parameter posteriors of
the full model show the importance of goods market SaM in explaining capacity utilization
data as well. A complete overview of the prior setup, posterior estimates, and their 90%

HPD intervals for all parameters can be found in Appendix D.

4. Drivers of TFP over the Business Cycle

In this section, I show the shock decomposition for US macroeconomic aggregates and TFP
as we introduce goods market SaM to the model. Demand shocks become more important
relative to supply shocks. The change in the shock decomposition pattern occurs although
TFP and the TFP wedge are set by the data across models. Therefore, any change follows
from the changes in the propagation mechanisms of the models. I show the impact of goods
market SaM on the impulse responses of the TFP wedge and decompose its determinants.
Further, I show cumulative TFP multiplicators that put TFP fluctuations in perspective to

GDP fluctuations of the model economy.

4.1. Shock Decomposition: The Determinants of the TFP Wedge

As we add goods market SaM to the model, the propagation mechanism of the model
changes, which in turn changes the underlying shocks that drive the economy and replicate
the macroeconomic time series. The dominant driving forces in both the reference and
full model are technology and goods market mismatch shocks. Technology shocks explain
42 — 55%, and goods market mismatch shocks 24 — 45% of variation in real GDP. In contrast,
labor, cost-push, and monetary policy shocks explain about 4 — 10% of variation in real GDP
each. A complete (historical) variance decomposition is given in Appendix D.7. Figure 4

shows the change in the historical variance decomposition as we move from the reference to
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Figure 4: Shock Decomposition Difference between the Reference and Full Model
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NOTE: The figure shows the percentage point change of the variance decomposition for the model shocks and across models.

An increase indicates a larger variance share for the respective shock in the full model compared to the reference model.

the full model. A positive deviation shows a percentage point increase in the variance share
of a shock for the full model. The comparison for the SaM model is given in Appendix D.7.
There is a general pattern in the change of real GDP, capacity utilization, inflation, and
TFP variance decomposition as we move from the reference to the full model. The share of
variation explained by neutral technology and cost-push shocks decreases, while the share of
variation explained by investment-specific technology and goods market mismatch shocks
increases, although investment-specific technology shocks show lower variation in capacity
utilization. This pattern indicates a shift to aggregate demand and market heterogeneity as
drivers of the economy: Investment-specific technology shocks affect household income besides
technology and therefore drives the household search effort upwards. Goods market mismatch
shocks affect household search disutility, but also summarize goods market composition and
dispersion effects. They capture unmodeled market heterogeneity. Similar effects have been
shown for input factor reallocation to more productive firms over the business cycle by e.g.
Basu et al. (2006); Baqaee et al. (2021). In contrast, neutral technology and cost-push shocks
are drivers of the supply side of the economy.

For capacity utilization, the increase in the variance share of goods market mismatch shocks
is with over 15% — points especially large. At the same time, the variance share of technology

and cost-push shocks show a quantitatively similar decrease. Therefore, adding goods market
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SaM leads to a much larger role of aggregate demand, and goods market composition and
dispersion effects for the fluctuations of capacity utilization. In contrast, technology and
cost-push shocks that drive firm marginal costs have a larger impact on capital utilization
and worker effort in the reference model. Exogenous changes in marginal costs have a smaller
impact on the full model economy, as there is a trade-off between prices and search effort.
For inflation, the general pattern of change applies with two differences. First, the variance
share of price cost-push shocks decreases significantly, and second the variance share of
monetary policy shocks increases, as we move from the reference to the full model. This
pattern further underlines the importance of the trade-off between prices and search effort.
Adding goods market SaM leads to a stronger incomplete pass-through of marginal costs
to prices. Their allocative role decreases (see also e.g. Abbritti and Trani (2020); Abbritti
et al. (2021)). Exogenous shifts in costs alone do not suffice to move aggregate demand if
household search effort is rigid.

The general pattern also applies for TFP. Non-technology shocks increase their variance
share as the decrease in neutral technology is larger than the increase in investment-specific
technology. Goods market mismatch shocks explain a larger variance share of TFP' as we
move from the reference to the full model. Hence, aggregate demand, and goods market
composition and dispersion effects play a larger role as a driver of TFP (see again e.g. Basu
et al. (2006); Baqaee et al. (2021)). Further, monetary policy shocks - although small in the
overall picture of variance decomposition - show a sizeable increase in the variance share of
TFP. This pattern is additional evidence on the increased importance of aggregate demand
for TFP in the full model. Whether the change in the variance decomposition of TFP just
follows the change in real GDP variance decomposition or a change in the propagation

mechanism, is the topic of the next sections.

9Generally, goods market mismatch shocks also contain market technology shocks. Here, the shock is
essentially a black-box containing different goods market shocks. As market technology is more of a medium
to long-term development though, I do not interpret the goods market mismatch shock as a technology shock.
To differentiate between market technology and market dispersion and composition effects is a task for future

research.
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4.2. The Impact of the TFP Wedge on Measuring Technology

How large is the TFP wedge between TFP and utilization-adjusted TFP for the different
shocks over the business cycle? A positive TFP wedge indicates that TFP overestimates the
underlying utilization-adjusted TFP, vice-versa. I analyze the differences of the TFP wedge

impulse response functions (IRFs), as we move from the reference model to the full model.

Technology shocks. The defining feature of neutral and investment-specific technology shocks
is that they have some inherent technology component. Figure 5 shows TFP wedge IRFs
to expansionary technology shocks for the reference, SaM, and full model. The TFP wedge
IRF to the neutral technology shock shows a significant initial decrease. Hence, technology
innovations are underestimated by TFP deviations. The initial decrease in capacity utilization
leads to a smaller increase in TFP than in technology. Because prices are sticky, aggregate
demand only adjusts gradually. Firms decrease their capital utilization, workers decrease
their effort, and TFP increases by 15% less than technology. As prices adjust, the TFP
wedge turns positive over the medium-run. Aggregate demand increases as prices drop and
income is high. We observe an overshooting of TFP as capacity utilization increases above
its steady-state. By comparing the results to the SaM model, we see that the overshooting
process is driven by capital utilziation and worker effort, as it is not present in the SaM
model. In the long-run, the TFP wedge turns slightly negative again, as capital utilization
decreases to increase the life-span of the increased capital stock and increase the persistence
of the impact of the neutral technology shock.

Adding goods market SaM (full model) amplifies the initial negative IRF of the TFP wedge.
Its initial decrease of 22% in the full model is therefore 50% larger than in the reference
model. The trade-off between sticky prices and household search effort leads to a stronger
decrease in capacity utilization, as the additional production capcacity of firms is only picked
up as prices decrease. The medium to long-run pattern is identical to the reference model,
but shows a lower variation in the TFP wedge. Therefore, goods market SaM amplifies the
initial impact of capacity utilization on TFP compared to the reference model, as can also

be seen by comparing it to the SaM model IRFs.
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Figure 5: The Cyclical TFP Wedge for the Technology Shocks
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NOTE: The figure shows impulse response functions of the TFP wedge to technology shocks according to (33). The deviations
are measured in percentage deviations from the deterministic steady-state. The different curves represent the reference (black

curves), full (red dashed curves), and SaM (blue curves) model.

The TFP wedge IRF to the investment-specific technology shock shows positive deviations
over the short and medium-run. Small initial deviations due to the pre-determined capital
stock increase significantly and show TFP wedge deviations of up to 23% for the reference
model. Hence, technology innovations are overestimated by TFP deviations. The investment-
specific technology shock shows larger fluctuations in TFP than in technology. The shock
has two components. First, an increase in production capacity as the capital stock increases
exogenously. Second, an increase in household income as they hold a larger capital stock. As
sticky prices only adjust gradually, the income (aggregate demand) channel is larger than
the production capacity (aggregate supply) channel. Hence, capacity utilization and the
TFP wedge increase. As prices increase, the TFP wedge decreases and converges back to its
steady-state. In the long-run, the TFP wedge turns negative as capital utilization decreases
to increase the life-span of the additional capital stock.

Adding goods market SaM amplifies the production capacity channel over the income channel
in the short-run, as additional aggregate demand requires additional household search effort.
Hence, the positive TFP wedge deviations are smaller compared to the reference model. The
peak of TFP wedge deviations for the full model is 21%, hence 2% — points smaller than in
the reference model. The peak of the TFP wedge deviations for the SaM model is 15%, in
line with the previous results. The IRF's of the full model quickly converge to the IRF's of

the reference model as prices adjust.
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Figure 6: Decomposing TFP into Wedge and Shock for the Technology Shocks
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NOTE: The figure shows the decomposition of the impulse response functions of the TFP wedge to technology shocks for the
full model. The deviations are measured in percentage deviations from the deterministic steady-state. TFP IRFs (grey areas)

are decomposed into the TFP wedge (black dotted curves) and the exogenous shock (red dashed curves).

The decomposition of the TFP IRF's into a technology and TFP wedge component can be
seen in figure 6 for the full model. TFP underestimates technology for the neutral technology
shock, and overestimates technology for the investment-specific technology shock. I find that
the shock component shows larger and more persistent deviations for both technology shocks.
The shock component dominates TFP deviations for the Hicks-neutral technology shock. In
contrast, the shock component shows about the same deviations as the TFP wedge for the
investment-specific technology shock. Its initial deviation is somewhat higher, but lower over
the medium-run. The investment-specific technology shock shows a consistent disconnect
between the technology shock and TFP deviations. Therefore, we have to be especially careful
about decomposing technology and capacity utilization deviations for investment-specific
technology shocks. The figures for the reference and SaM models are qualitatively identical,
but quantitatively different, as described by the difference in the TFP wedges shown in
figure 5.

Non-technology shocks. Most of the economic shocks in the model are not driven by technology.
They drive TFP, in contrast to the technology shocks, only by fluctuations in capacity
utilization. Figure 7 shows TFP wedge IRF's to expansionary price and wage cost-push,
goods and labor market mismatch, labor supply, and monetary policy shocks. We observe
positive TFP wedge deviations over the short and medium-run for the reference model for

all shocks except the labor mismatch and supply shocks. The two shocks show an initial
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Figure 7: The Cyclical TFP Wedge for Price Cost-Push, Goods Market Mismatch, and Monetary

Policy Shocks
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NOTE: The figure shows impulse response functions of the TFP wedge to non-technology shocks according to (33). The
deviations are measured in percentage deviations from the deterministic steady-state. The different curves represent the

reference (black curves), full (red dashed curves), and SaM (blue curves) model.

decline in the TFP wedge as additional labor increases the production capacity, which
only matches gradually due to sticky prices. As prices decline, both shocks show positive
TFP wedge deviations as well. The slight negative deviations of the TFP wedge in the
long-run follow again from the underutilization of capital to increase its life-span. Therefore,
expansionary non-technology shocks generally imply an increase in capacity utilization and
hence technology deviations being overestimated by TFP deviations.

Adding goods market SaM (full model) decreases the TFP wedge deviations for all six shocks
except the monetary policy shock (although it also decreases slightly for the SaM model).
The cost-push shocks decrease marginal costs of the firm, the labor shocks increase labor
allocation to the firm, and the goods market mismatch shock decreases idle capacity of the
firm. In order to pass the lower marginal costs or larger production capacity through to the
market, aggregate demand has to increase as well. As goods market SaM adds the trade-off
between sticky prices and household search effort, the pass-through becomes more difficult.

The shocks affect the supply side of the economy, but do not stimulate the demand side
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enough to pick up the additional production capacity. Capacity utilization and therefore
TFP do not increase as much in the full model compared to the reference model, as can
be seen by the negative IRF's of the difference between the full and reference model. The
effect is even more pronounced in the SaM model. The maximum TFP wedge deviations
decrease from 9.5% to 6.4% for the price cost-psuh shock, from 5.4% to 2.2% for the wage
cost-push shock, and from 65.7% to 43.1% for the goods market mismatch shock. For the
labor mismatch and supply shocks, the initial TFP wedge deviations decrease from —2.3% to
—2.6%, and from —5.8% to —11.8%, respectively. The differences generally become larger if
we look at the SaM model, excluding capital utilization and worker effort from the analysis.
In contrast, the monetary policy shock directly affects aggregate demand and household
search effort through the consumption Euler equation. Lower interest rates stimulate
contemporaneous aggregate demand. As prices adjust slowly, the trade-off between sticky
prices and search costs lead to higher household search effort, which in turn increases capacity
utilization and TFP. The maximum TFP wedge deviation increases from 13.2% for the
reference model to 14.9% for the full model. Across all shocks to the economy, it is the
trade-off between sticky prices and household search effort that is central to the changes in
the propgation mechanisms as we add goods market SaM. Active aggregate demand becomes

an important driver of capacity utilization.

Capacity Utilization Channel Decomposition. The fluctuations in the TFP wedge are driven
by capacity utlization fluctuations on the labor, capital, and goods market, as shown in (33).
Adding goods market SaM shifts the TFP wedge drivers from labor and capital markets to
goods markets, as also shown in section 3.5. In this section, I analyze the impact of adding
goods market SaM on the TFP wedge decomposition for each single shock. The TFP wedge
variance share of each channel is given by the share of absolute fluctuations in labor, capital,
and goods market capacity utilization. The results are shown in table 3.

In line with the prior-posterior analysis of the parameters, I find that in the reference model
the labor channel (50— 70%) is significantly more important than capital utilization (20—40%)

in driving the TFP wedge fluctuations across shocks. The result is in line with Lewis et al.
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Table 3: Decomposition of the TFP Wedge Fluctuations

eAE eIE ePE eWE eTE eNE eHE eM

Reference Model | 53% : 49% : 57% : 68% : 16% : 54% : 58% : 63%

Labor Channel ~ SaM Model 22% | 15% | 33% | 22% | 5% | 50% |, 12% | 10%
Full Model 28% | 32% | 39% | 42% | 10% | 48% | 37% | 25%

Reference Model | 26% : 38% : 33% : 23% : 8% : 22% : 31% : 28%

Capital Channel SaM Model 0% i 0% i 0% i 0% i 0% i 0% i 0% i 0%
Full Model 12% | 22% ' 19% | 4% | 5% | 14% ' 10% | 9%

Reference Model | 21% | 14% | 11% | 9% | 76% | 24% |, 12% , 9%

SaM Channel ~ SaM Model 78% | 85% | 67% | 8% , 95% | 50% | 88% | 91%
Full Model 59% 1 46% 1 42% 1 54% 1 85% 1 38% 1 53% 1 66%

NOTE: The TFP wedge variance share of each channel is given by the share of absolute fluctuations in
labor, capital, and goods market capacity utilization. Shock abbreviations: eA: Neutral technology shock,
eH: Labor supply shock, el: Investment-specific technology shock, eM: Monetay policy shock, eN: Labor

mismatch shock, eP: Price cost-push shock, eT: Goods market mismatch shock, eWW: Wage cost-push shock.

(2019). The goods market SaM channel represents 10 — 20% of TFP wedge fluctuations in the
reference model. This follows from a constant 86% capacity utilization on the private goods
market and a varying share of GDP traded on the private goods market. I find that the
capital utilization channel is somewhat more important for the investment-specific technology
shock, and that the worker effort channel is somewhat more important for the wage cost-push
shock. Overall, both channels are important across shocks in the reference model, except
the goods market matching shock, which is by definition driven by the goods market SaM
channel.

Adding the variable goods market SaM channel (full model) reduces the variance share of
the TFP wedge explained by capital utilization and worker effort across shocks and increases
the variance share of goods market SaM significantly. For most shocks it increases to over
40 — 60%. Along the results found in section 3.5, the decrease is especially pronounced for the
capital utilization channel, while the worker effort channel also becomes less important, but

still explains a sizeable share of TFP wedge fluctuations. For the monetary policy shock, the
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shift from the reference model to the full model is the largest across shocks with an increase
of the SaM channel variance share from 9% to 66%. The result emphasizes the significant
impact of goods market SaM on demand shocks.

Goods market SaM puts the trade-off between household search effort and sticky prices to the
center of the TFP wedge analysis. The trade-off has a distinct impact on capacity utilization
and the mismeasurement of technology by TFP. It leads to a larger underestimation of
technology by TFP following technology shocks and to a larger overestimation of technology
by TFP following non-technology shocks. The investment-specific technology shock is the
exception in this setup, as it has both an income and production capacity channel. The
TFP wedge decomposition shows, that goods market SaM is the dominant driver of the TFP
wedge across all shocks in the full model, while worker effort and to a lesser extent capital
utilization are the drivers across shocks in the reference model. Adding goods market SaM
decreases especially the importance of capital utilization in driving the TFP wedge.

The trade-off between household search effort and sticky prices increases in the price adjust-
ment costs, kp, and the demand elasticity of goods market matching, vy7, leading to stronger
variation in capacity utilization, while it decreases in long-term customer relationships,
(1 — 67), and firm inventories, (1 — d7). Therefore, the mismeasurement of technology by
TFP increases in kp, v, 07, and ;. In this framework, ”demand shocks look like supply
shocks” (Bai et al., 2017) if prices are sticky and goods markets are demand-driven. The

robustness results can be found in Appendix E.

4.8. Cumulative TFP Multiplicators

As we add goods market SaM, the business cycle fluctuations of TFP relative to GDP
increase significantly for demand and policy shocks, but not for technology shocks. So far, we
have derived the impact of goods market SaM on TFP fluctuations. But, in a dynamic general
equilibrium model, it also has an impact on the entire economy. I derive the cumulative

TFP multiplicator as an indicator of the impact of the capacity utilization channels on TFP
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Figure 8: Cumulative TFP Multiplicators
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NOTE: The figure shows cumulative TFP and TFP wedge multiplicators for the reference, SAM, and full model according to

(36). Shock abbreviations: eA: Neutral technology shock, eH: Labor supply shock, el: Investment-specific technology shock,

eM: Monetay policy shock, eN: Labor mismatch shock, eP: Price cost-push shock, eT: Goods market mismatch shock, eWW:
Wage cost-push shock.

fluctuations relative to GDP fluctuations. It is given by
20 TFP,

Arrpeum = %, (36)
where I use the first 20 quarters of each IRF which represents about the average period of
a business cycle. A large cumulative TFP multiplicator indicates large increases in TFP
relative to increases in GDP, vice-versa. A negative cumulative TFP multiplicator indicates
negative correlations between TFP and GDP deviations. Figure 8 shows the cumulative
TFP multiplicators for all shocks except the exogenous spending shock?’.

We observe cumulative TFP multiplicators that are clearly dominated by technology shocks

for the reference model. The neutral technology and goods market matching?' shocks show

20The exogenous spending shock is dropped for visibility reasons, as its cumulative TFP multiplicator for
the reference model becomes very large with a value of —11. This pattern follows from GDP IRFs that show
cumulative values of close to zero. The cumulative TFP multiplicator decreases for the SAM model (—0.56)

and the full model (—0.90).
21Tn the reference model, the goods market matching shock is indistinguishable from the neutral technology

shock as there is no active aggregate demand.
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cumulative TFP multiplicators of about 0.55, and the investment-specific technology shock
of about 0.35%2. The monetary policy and price cost-push shocks show cumulative TFP
multiplicators of about 0.25, while the wage cost-push shock shows a cumulative TFP
multiplicator of 0.2. Both the labor supply and mismatch shocks show cumulative TFP
multiplicators close to zero. Supplying more labor in the model therefore does not affect
productivity significantly.

Compared to the refrence model, the SaM and full model cumulative TFP multiplicators
for the neutral technology and goods market mismatch shocks do not show any significant
change. Although adding goods market SaM leads to smaller fluctuations in the TFP wedge,
the impact on GDP fluctuations is similar for the two shocks. Nevertheless, both shocks
show the largest fluctuations in TFP relative to GDP in the full model.

Compared to the reference model, the SaM and full model cumulative TFP multiplicators
for the labor supply and cost-push shocks decrease significantly and even turn negative. The
full model shows a more muted response compared to the SaM model. All three shocks
decrease marginal costs and therefore supply additional production capacity. Prices do not
fall fast enough, and it takes time to match the additional production capacity. This pattern
is especially strong with the trade-off between goods prices and household search effort.
Nevertheless, GDP increases, which in turn leads to negative cumulative TFP multiplicators.
The labor mismatch shock shows no significant cumulative TFP multiplicators across models.
Compared to the reference model, the SaM and full model cumulative TFP multiplicators
increase for the monetary policy and investment-specific technology shocks. Especially the
cumulative TFP multiplicator of monetary policy shocks shows a strong increase with values
of up to 0.4 and thus close to the cumulative TFP multiplicator of neutral technology shocks.
Therefore, active aggregate demand leads to a strong response of productivity relative to GDP
as household search effort becomes an input factor into production. Adding the trade-off
between sticky prices and household search costs leads to demand shocks that increasingly

look like technology shocks - also in relation to GDP.

22(Given that the investment-specific technology shock only affects about 20% of the economy, its impact

on overall productivity is significant.
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Compared to the analysis of the TFP wedge IRFs before, we see that the impact of the
goods market SaM channel on the economy is less pronounced when we set it relative to
GDP. It shows a similar impact on both TFP and GDP for the neutral technology and
goods market mismatch shocks, hence the TFP multiplicators are similar across models. The
cumulative TFP multiplicator for the investment-specific technology shock increases in the
full model even though the TFP wedge IRFs decrease. Hence, the impact of goods market
SaM on GDP is larger than on TFP. The cumulative TFP multiplicators of the cost-push and
monetary policy shocks are along the results found for their TFP wedge IRFs. We find that
adding goods market SaM leads to smaller TFP fluctuations relative to GDP fluctuations
for both cost-push shocks, and to larger TFP fluctuations relative to GDP fluctuations for
the monetary policy shock. Therefore, the two shocks that contain some sort of demand
component - investment-specific technology and monetary policy - show larger fluctuations
in TFP relative to GDP as we add goods market SaM.

The impact of the price adjustment cost parameter xp on the cumulative TFP multiplicators is
rather limited, except for the cost-push shocks. Price stickiness shows an almost proportional
impact on fluctuations of both TFP and GDP. In contrast, an increase in vy leads to larger
cumulative TFP multiplicators for demand shocks and lower TFP multiplicators for supply
shocks. It has a distinct impact on the variation of capacity utilization and TFP as markets
become more demand-driven, while the impact on GDP is muted. The robustness results for

O7 and oy follow 7. The robustness results are shown in Appendix E.

5. Discussion and Concluding Remarks

Total factor productivity (TFP) is at the core of macroeconomics as it describes the
efficiency of an economy. This paper shows that goods market search-and-matching (SaM) is
an important channel in explaining the differences between TFP and utilization-adjusted
TFP in a New-Keynesian model.

What are the underlying economic channels that drive short-run capacity utilization and
TFP fluctuations? In a Bayesian estimation exercise, I find that goods market SaM is the

single most important capacity utilization channel in explaining short-run TFP fluctuations.
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Worker effort and especially capital utilization are largely substituted by the introduction of
goods market SaM. The trade-off between active aggregate demand (household search effort)
and sticky prices is at the center of short-run TFP fluctuations and thus challenges the view
that it is mostly supply driven.

How do the different capacity utilization channels affect the transmission of economic shocks
on short-run TFP? Adding goods market SaM leads to an increase in TFP fluctuations
following demand shocks, while it leads to a decrease following supply and cost-push shocks.
This pattern especially applies if markets are demand-driven and show sticky prices.

The paper shows the importance of variable capacity utilization for TFP fluctuations. In
its approach, it is in line with the literature, but emphasizes the trade-off between active
aggregate demand and sticky prices. The paper shows that variations in TFP are much
more driven by imperfect markets than by utilization decisions of households and firms.
Efficient markets are therefore a driver of TFP and welfare. Furthermore, modeling goods
market SaM allows to analyze the impact of goods market features, as e.g. household search
heterogeneity and idiosyncratic market features. Neglecting non-clearing goods markets can

lead to biased estimates of the drivers of TFP over the business cycle.
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Appendix A. Model Derivations

Appendiz A.1. Household Optimization Problem

The household utility maximization (MAX: K¢y, Cy, D(i), Xy, By, Ti(3), e, Kri+1, Ikt

N¢(i)) given the necessary constraints is given by
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where it is assumed that the no-Ponzi scheme condition Tlim Br > 0 holds.
—00
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First-order conditions.
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Define mucy, = A1 1Py, mucgy = A7y, and x; = (—1)A2,X;. Further, summarize contemporaneous

utility by We; =

Uc,:—Un ¢
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consumption utility of the household (A.1), and the Euler equation (A.5) are then given by

Un
= — 1-w)E A1l
Xt Uos — Una + B8 (1 — w) Eexeta, (A.11)
mucgy = Weoy — BOEWe 41+ B (1 = 6m) Eymuca 141, (A.12)
1+7r
mucyy = 3 tﬁmucwﬂ, (A.13)
+

where (1 + m41) = Ptffl. We can derive the net marginal consumption utility of the household by

substituting (A.2) and (A.3) in (A.6)
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and plug it into (A.10) to derive the value function of marginal employment of the household

denominated in the numéraire good

. (Z> 6UN,1(5(i)
. f . . IN.(3)
i — eg+(D)He(7) —ub | —
Qi) < J2) 1.4(1) H(0) > mucn (Ucy — Unit) (A.18)
1+7 i
+ Etliﬂ_l (1 — 5N) (1 - fN,t+1) QH,H—l(Z)?
+ B¢

where E;3N 1\3:1 =E 1117;?2 follows from the Euler equation (A.13), and

OUn ¢ (7) WH N1 .
TN — v X Hy(i)"7 + H
aN,(i) M\ T g (1) + Hi(0)

eH,t(@')H”e)

He
1+,

is the marginal disutility of working for one specific firm i.
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Household Consumption Demand Equation. For any two varieties (i, 7) of the differentiated

consumption good, we can use (A.14) to derive the household consumption

P, (1) _ <TtT(tz‘)> 6 mucg,s — ClD,t(i)WCi +B(1—dr) ClD,t—i—l(i)WC,t-i—l
P (4) 7, )¢ ’

(i) mucc, = € () Wey + B (1= 0r) i () Wein

/ ) = &
where CD,t(Z) - fT—fEl)

Appendiz A.2. Firm Optimization Problem

The firm profit maximization (MAX: T3(), S¢(i), x74(7), Pi(i), Ne(i), ve(i), Ket(i)) given the

necessary constraints is given by
L = By Bos{[P()TH(i) + P(i)Gi(i) — Wi(i)em o (i) Hy())Ne (i) — Po(i)ric i Ko o(0)]
t=0

— ¢1,t [(1 + Cp’t(i)) St(l) + (1 - 5T) Tt_l(i) + Gt(l)

—(1=07) (I =tprp_127,-1(2)"7) St—1(4)

Wi (i)
Py(i)

— @2, [T3(1) — (1 = 07) Ty—1(4) — by ()77 S¢(4)]

— ¢3¢ [Ne(i) — (1 — 0N ) Ne—1(@) — g pve (i)

— (1= en(8) Yi(i) + cwe(9) et (1) Hy (1) Ni ()

o=

P(i T N1—
— Pap [mUCN,t ) _ < : ) mucg, + MTDmT,t(Z)l TTWey
it

P, T(i) (0
where
Ket(l) = eK,tKIt(l)a
_ 2 11—«
Yi(i) = A (1_%; (Ht(lj)v_[zl)}l(l)> )th(z)Ht(z)Nt(z)] Ko 4(3)%,
. 2
CP,t(i) = H7P (Pig?l) (1 + T(—)LP_I (1 + ﬂ—t—l)_LP - 1) )
. 2
vt = 5 (g e e 1)
. _ KN v (1) 2
) = 5 <eH,t<i>Ht<i>Nt<z>>



First-order conditions.

1

Ty \ € mucgy
Ti(i )) Ti(i)

Ls,iy: 1t (1+epi(i)) = d2i (1 — 1) qre(d) + dar (1 — VT) ;

+ EBrp41 (1 = 07) (d2,641 — O1,641) (A.19)

i)We

(4) (A.20)
+E¢Brit1 (1 = 61) d1,041 (1 — (1 — 1) q74(7))

T fT,t(i)Dt(i)

Lr,iy: G20 = Pi(i) — pap— (

Lopo(iy: ap= T— 7 ()W (P24 + EeBrv1 (1 —01) d1,641) (A.21)
/ . ¢1 t 1
ol = T
Lp, (i) CP,t(l)St(Z)B(Z) t(1) + Gi(i) — ¢4, AMUCN 4
P11  Wi(9) ‘ . .
+ —cewe(t Zeg+(1)He (1) N (1 A.22
Pt(Z) Wt( ) Pt(l) Hﬂf() t() t() ( )
Py y1(9) G141
+E S c
tBt,t+1 (i) 41 (i )Pt+1( ) Ps1(9)
. _ Y3 (4)
Ly, P3¢ =d1[(1—a) (1 —en(i) + 2en(3)] N,()
t¢ (A.23)
— Wi(i)em,: (1) Hy (i) (1 - CW,t(i)Ptl(’;)> + EiBt i1 (1 —0n) P3,441
N Yi(0)
Lo i) : = 2en (2 - A.24
() 0 D3t = 120N 4( )qutUt(Z) ( )
. . Y (i)
N & = 1- A2
Lk, .@) ()i = ¢14 (1 — ene(i)) aKe,t(i) (A.25)
Define marginal costs as meci (i) = (t), and the inverse of marginal profits as pr (i) = ;iz(’;).
Substitute (A.21) in (A.19), and (A.20) for the marginal costs equations
| L B (1= 67) (proga () — meaa (7))
pre(i) = 14+ 1 or am £(1)St(3)  mucg
el—yr  Ti(i)) cp(OWep A6
R, 1tmer (i) (1-6 )l o qre()Si(@) _mucge . (4) (A.26)
t 1 Frp eT—r~ Ti()) cp (OWey i+l
t 14 1 a0 ar £(1)Se ()  mucg s
el—yp Ti(i) cp (OWey
gro(§)pra(i) + B S (1= 67) (1= gr(3)) merga (3)
me(i) = 1+ (A.27)

1+ CPJ(Z')
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Substitute (A.21) in (A.22) for the New-Keynesian Phillips Curve
’ Se(1)ymey (1) T P(d) Sy (i)
T mucng (i) pre(i) _Etl + 741 (7)
1—~r CID7t(Z‘)WC’,t T me (i) 1+7Ry

1+ 71 (4) mCt+1(i)St+1(i)C/ (4)
1+7rpy mey (i) S(i) Pt

mey1(4)
me (1)

(1= 0r) qru(2)

+E;

(A.28)

where I use (A.27) to substitute for gz ¢(i)L re(i) get

mce (1)

r oo L) + Gi(d) Wi(2) e, (i) Hy (i) Ne (4)
P e TR s
T MUCN ¢ L+ mga(d) o o mea(i)
T 7 G We Trrme O Ty
1+ 7Tt+1(i) mct+1(i)St+1(i)

/ .
T+rp,  me(i)Si(i) Cpe+1(D)-

1 + CP,t(Z.) — Et (A29>

+ E;

Define the value of marginal employment for the firm as Qnry(i) = ﬁ%(’;) and rewrite the input

factor demand equations (A.23)-(A.25) by

Qreli) = (1= ) (1= eni(0) + 2o (i) mer (i) 50
— wi(i)e i) Hi() (1 = ea(iymer ) (A.30)
+ BT (12 53) Qe )
Qreli) = 2ewalimal) (A1)
rce = (1—ena(i) mer(i)a Ifiz) (A.32)

Appendiz A.3. Nash Bargaining: Real Wages, Hours per Worker, and Worker Effort

Each worker-firm match maximizes its joint surplus by solving a Nash bargaining problem

max Qi)™ (QF,t(i))l_m ;

Wi (i);He(4);e . (1)

where 0 < 7, < 1.
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The first-order conditions for the real wage, hours per worker, and worker effort are given by

. Qeali) i)

t Fit oW (1
L = (—1 : A.33
Cwant ~ Vi e

0Qr,(3)

e Qre(i) OH, (1)
LA = -1 - A.34
o)~ Vo o

0Qr.+ (%)

e Qre() derri (i)
o = -1 ’. A.35
1 _ 77t QH,t(Z) ( ) %(“35’:((;) ( )

Deriving the first-order conditions of (A.18) and (A.30) with respect to W3(i) and plugging them
into (A.33) gives the sticky wage horizon equation that determines the impact of sticky wages on

the wage setting process

. 8@1:*’ (z)

we(i) = ne Qre(i) — (-1 Gth(i)

7 1 —n Que(i) 3521/5,2()1')
(7

= (1 + mey(7) (CW,t('i) + C{/V,t(i)))

1+ TrW,tJrl(Z) (1 o 5]\7) mct+1(i) Ht"rl(l)eH,tJrl (Z) /

—E - — 7).
t 147 Hi(i)ep (i) wit+1(7)

Plugging (A.33) into (A.18) gives the real wage bargaining equation from the point of view of the
household for each match

OUN 4 (i)
1 N, (i)

Mmucn t UC,t - UN,t

"t QFt(Z) N1 L+ T
- RoR 1=06n) (1 = [+
L—m TW,t(Z) tl—m_H 147 ( )( St )

we(i)ep+ (1) He(i) — ub —

Qr+1(7)

TWi1(4)

Deriving the first-order conditions of (A.18) and (A.30) with respect to H;(i) and plugging them

into (A.34) gives the optimality condition of hours per worker for each match
*Un,(4)
DN ()OH, (7)
Mucn ¢ Uc,t - UN,t

(1 - a)? <1 - %) + (14 a)eny(d) ((1 —a) (1 - %) N 2)] mct(i)li}(};)(lif)t(i)

(L4 mee(1)ew, (1) we(@er (i) — Twe (i) |we(i)en(i) —
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Deriving the first-order conditions of (A.18) and (A.30) with respect to e ¢(i) and plugging them

into (A.35) gives the optimality condition of worker effort for each match

02Un 1 (3)
1 oN,()Oer ()

mucn ¢ UC,t - [UN,t

(L 4+ mee(i)ew (i) we(3) He () — T (2) | we(2) He(3) —

Yi(2)

= [(1= )" + (14 @) ewali) (1 @) = 2)] mer(i) —E50 .

Appendix B. Utilization-adjusted TFP and TFP wedge

Definition of the aggregate investment-specific technology shock.

Ci+ Ik _ Ty — Pry(T4+cre) Ixe + Ikt
T; T; (B.1)
7 )
= 14+ (01— Pry(14cry)) szvt = Ap,.
t

where I use the household resource constraint Cy = Ty — Pry (1 + cr¢lk ) to substitute for Cj.
The aggregate investment-specific technology shock A;; depends on fluctuations in Pr; and is
weighted by the share of fixed-capital investment relative to private market consumption 73. In the

steady-state Ay = 1 as Pr = 1 by normalization and ¢; = 0.

Calculating the utilization-adjusted TFP. Total factor productivity is defined as the gross domestic
product divided by the input factors in an appropriate production function. It is given by

TFP, = GDR = Getleetls I G (B.2)
t — S 1A - 9 .
(NH)' ™ Ky, (N;H)' " K,
AriTy 4+ Isy — Isi—1 + Gy

(Nth)l_a Ky

, (B.3)

where I use (B.1) to substitute for private consumption C; and fixed-capital investment Ix ;. Further,
using the customer relationship law of motion T; = (1 — d7) Ty—1 + qr,+S; and substitute for T}, we

get,

A (1= 07) Ti—1 + qraSe) + Iss — Isi—1 + G

TFP, = oL
(NeHy) ™ Ky

and substitute for S; with the firm resource constraint (10), we get

TP Arg 1:13;’1; (I—enpy)Ye+ 151 — (1 =07)Ti—1 — Gt — cwLy)
T (Nth)lfa Ky ’
N Ari(L—0p)Tho1 + Isy — Ig—1 + Gy

(N:Hy)' " K,
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Substituting for Y; with the production capacity function (9) and expanding the right side with

gg% we get
TFP, = Ajp, fitiit (1 —cng) As (errs (1 — e o)) ™ (excs)”
+TFPAr, (1 - intifi) (1—67) gtDth
R (1 - (1 - Al’tzﬁtaﬁ) IZ?) G%;t (B.4)
cren (1= a0 B R

Linearization. 1 linearize (B.4) around its deterministic steady-state and group all variables to their

respective channel. Linearized total factor productivity can be summarized as
Tﬁpt = ci)SAM,t + (i)Labor,t + (i)Capital,t + TFPUtil,ta (B5)

where <i>5 AM,¢+ summarizes the goods market search-and-matching impact on TFP, P Labor,t SUMma-
rizes the labor market impact on TFP, éCam-tal,t summarizes the capital market impact on TFP,

and TF P41+ summarizes all technology shocks. The linearized impact of the single channels is

given by
A TFP Ig 1 /. A N
& = b5 7(1 (- I_>—GDP j
SAM t qrt 1—cy GDP [QT st — ( qr) Isi—1 t+QT,t:|
TFP 1—qr T A A ar .
1-46 T, 1 — GDP; — B.6
1—cn qr ( T)GDP[tl tT 1 TQT,t] (B.6)
TFP 1—qgr G A - qr
Gy — GDP; —
I GDP[ ! gl
2 ~ CN .
(I)Labor,t = (1 - Oé) €at — 1 CN,t, (B7)
—CN
<i>C’apz‘tal,t = aéK,ta (BS)
R N TFP T .
TFPyw: = A+ Ay, (B.9)

"1 —¢yn qrGDP

where I assume that g7 = 1 in B.9. This assumption states that the investment-specific technology
shock only applies to matched goods, not to unmatched goods. It states that investment-specific
technology only applies to actual investment goods. Otherwise, it is applied to all unmatched goods

as a markup, also to goods that could become consumption goods.
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The Utilization-Adjusted TFP and Capacity Utilization. Instead of solving for the private goods

market and its determinants, we can use the definition of capacity utilization

GDP,
cup = -t , (B.10)
(1—cng) Ae (NeHey) " K+ (A — 1) Ty

where (A7, — 1) T} corrects for the additional production capacity of fixed-capital investment on the
household side of the economy. Substituting (B.10) in (B.3) and linearizing around its deterministic

steady-state results in

CN

TEFP, = cu — - énie — (1 —a) Hy + TEPy s, (B.11)

where the TFP wedge is defined by capacity utilization, labor matching costs, and hours per worker.
We have direct data on those variables except labor matching costs, which is set by a steady-state

target. Therefore, we can directly estimate the TFP wedge.
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Appendix C. Connecting the Model with the Data
Appendiz C.1. Calibration of the Model Parameters

Table C.4: Steady-State Targets and Parameterization

Variable Value Description Source

(Target)

Labor markets

repl (N =0.94) Steady-state replacement rate FRED St Louis

I552; (H=1) Hours per worker disutility Normalization

e (eg =1) Worker effort disutility Normalization

YN 0.6 Labor matching elasticity Petrongolo and Pissarides (2001)
ON 0.12 Labor separation rate Blanchard and Gali (2010)
YN (gv =0.7) Labor matching efficiency Blanchard and Gali (2010)
KN (eyeu = 0.015) Labor matching costs Merz and Yashiv (2007)

Vi 1 Frisch labor supply elasticity Keane and Rogerson (2012)

w 0.01 Wealth effect parameter Cacciatore et al. (2020)

Goods markets

P (cu = 0.86) Steady-state capacity utilization rate FRED St Louis

17%5) (fr =qr) Household search effort disutility

€ 11 Steady-state price markup

G (gs =0.2) Steady-state government spending FRED St Louis
Capital markets

B (r=10.01) Period discount rate FRED St Louis

« 0.3 Capital elasticity w.r.t. production capacity Own calculations

dK (ex =1) Capital utilization costs

0K 0.025 Capital depreciation rate Christiano et al. (2005)

The Production Capacity FElasticity. In order to reduce the bias in the estimation of TFP
and technology, the capital elasticity with respect to production capacity « has to be set
correctly?®. If « is not set correctly, it biases the impact of labor and capital have on
production and TFP. Comin et al. (2023) show that neglecting e.g. price markups in
U.S. data can lead to a biased «, where the impact of capital on production and TFP is

overestimated. I follow the approach of Solow (1957); Fernald (2014); Comin et al. (2023)

23For a constant-returns-to-scale production function, the labor elasticity with respect to production
capacity is given by (1 — «). Burnside et al. (1995); Basu and Kimball (1997) show that any evidence on

increasing-returns-to-scale vanishes as we include utilization margins in the model.
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and solve for the steady-state of the employment demand equation®* (23) and its free-entry

condition (24) given by

wNHeH 1
~CDP m_C@G_G)La (C.1)

= 1 — LaborShare - Markup - O — Oy, (C.2)

a = 1

where
1
l—gr T Is
1+ 0r qr GDP + Gop

o, _ 2 (1—5(1—5N)_1)’

1 — CN 5N

O¢ =

are a goods and labor market search-and-matching wedge on the production capacity
elastcities, respectively. The labor market wedge O increases in labor market frictions. The
goods market wedge Og decreases in goods market frictions. One has to take both frictions

into account when setting « in order to have an unbiased labor and capital impact on TFP.

The Substitution FElasticity of Differentiated Goods. 1f we choose to target steady-state price

markups, we in turn set € endogenously. In the full model, it is determined by

G B 1-6 8 1-6
1 L (1-B(1—67)) (1 +0r72%; (1 - 5pp) (1 - 41—6(5”—‘(61)(11—)‘%))) +
€ = € —
1= &bp Markup — 1+ 8 (1 = or) — 745550

where goods market characteristics as e.g. steady-state capacity utilization, long-term
contracts, and inventory depreciation are its determinants. Setting dr = d; = 1, the equation

simplifies to

1 1+ 22 (1—gs)

l=—r

1—gs * Markup — 1

24Tn contrast to the literature, a represents the elasticity of the production capacity function, not the
production function. But, production is always a share of production capacity. Hence, there is a linear
relationship between production and production capacity, independent of capital and labor shares. It follows,

that the production capacity elasticities are applicable to the production elasticities.
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where goods market search-and-matching is still a determinant of €. Further, setting
vr = 0,17 = 1, the equation simplifies to

1 Markup
1—gs Markup —1’

where the substitutability of differentiated goods is mainly determined by the steady-state
target of price markups. Therefore, we can see that targeting the same price markup can
lead to significantly different values for € in models with and without goods market search-
and-matching. At the same time, € determines the goods market structure by setting the
competitiveness of the market, besides setting the steady-state price markup. One has to
take the trade-off between steady-state price markup and goods market competitiveness

targeting into account when calibrating e.

Table C.5: Calculated Values for o and ¢

« €
Reference Model 021 54
Goods Market SAM Model | 0.32 19.6
Full Model 0.40 18.1

NOTE: Targeting a steady-state price markup i =
1.3 and calculating o and € using the steady-state model

as described above.

Table C.5 shows some results for targeting steady-state price markups and the implications
for av and €. First, the low value of o implied by high price markups (see also e.g. Comin
et al. (2023)) vanishes as we introduce goods market search-and-matching. Second, the
monopolistic competition channel becomes less important in targeting the price markup and
€ increases, as we introduce goods market search-and-matching. As we introduce long-term
customer relationships and firm inventories, € decreases again. Therefore, the model in this
paper shows that both parameters are highly dependent on the model setup. As different
values for o and e imply different deep model characteristics, I set o and e directly instead

of targeting steady-state price markups.
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Appendiz C.2. Data Sources and Data Construction

Real GDP. Nominal GDP is constructed as the sum of private consumption (BEA Account
Code: DPCERC), private investment (BEA Account Code: A006RC), and government
expenditures (BEA Account Code: WO68RC). The current account is excluded as the model

replicates a closed economy. Real GDP growth is

100 [In ﬂ —In GDP-y
Defl, - Pop, Defl,_y - Pop,_y ’

where Defl; is the GDP deflator and Pop; is non-institutional population over 16 years (U.S.
Bureau of Labor Statistics, Population Level [CNP160V]).

Real Consumption. Nominal consumption is calculated as nominal private consumption
(BEA Account Code: DPCERC). Contrary to the literature, I do not subtract nominal
durable private consumption (BEA Account Code: DDURRC), as I estimate a model with

explicit durable consumption goods. Real Consumption growth is

100 17 Consy _ Cons;_q
"\DefiPop.) "\ Defli - Popii )|

where Defl; is the GDP deflator and Pop; is non-institutional population over 16 years (U.S.
Bureau of Labor Statistics, Population Level [CNP160V]).

Real Investment. Nominal investment is calculated as nominal private investment (BEA
Account Code: AOO6RC). Contrary to the literature, I do not add nominal durable private
consumption (BEA Account Code: DDURRC), as I estimate a model with explicit durable

consumption goods. Real investment is

100 |in (—2 )~ Tt
Defl, - Pop, Deflyy - Popiy ’

where Defl; is the GDP deflator and Pop; is non-institutional population over 16 years (U.S.
Bureau of Labor Statistics, Population Level [CNP160V]).
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Total Hours Worked. Total Hours Worked is the total of hours worked of all persons employed
in the non-farm business sector. Data is retrieved from U.S. Bureau of Labor Statistics,

Nonfarm Business Sector: Hours of All Persons [HOANBS]. Total hours worked is

TH,
100 -]
00 -In (Popt> ,

where Pop, is non-institutional population over 16 years (U.S. Bureau of Labor Statistics,

Population Level [CNP160V]).

Unemployment Rate. The unemployment rate is the U-3 measure of labor underutilization.
Data is retrived from U.S. Bureau of Labor Statistics, Unemployment Rate [UNRATE]. The

unemployment rate is
100 - UE;.

Capacity Utilization Rate Definition. The survey questionnaires of capacity utilization follows
a clear-cut definition. The aim of this definition is that each survey respondent has the same
interpretation of capacity utilization, such that the data is comparable. To connect the data
and the model, I use the definition of production capacity given by the Federal Reserve to
derive a model-based definition of capacity utilization. It defines capacity utilization as the
output index divided by the capacity index®®. The Federal Reserve Board defines production

capacity as follows:

"The Federal Reserve Board’s capacity indexes attempt to capture the concept
of sustainable mazimum output—the greatest level of output a plant can maintain
within the framework of a realistic work schedule, after factoring in mormal
downtime and assuming sufficient availability of inputs to operate the capital in

place.”

2°Both time series are regularly calculated by the Federal Reserve Board and published
as the ”Industrial Production and Capacity Utilization - G.177, which can be found online:

https://www.federalreserve.gov/releases/gl7/.
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Capacity Utilization Rate Construction. There is no economy-wide capacity utilization rate
for the US. Survey data is available on US industry capacity utilization. In order to get
an economy-wide capacity utilization rate, we have to construct it. I follow in principle
Wohlrabe and Wollmershéuser (2017), who show the high correlation between industry
and service capacity utilization measures and use business sentiment indicators to estimate
capacity utilization data where necessary. I use the high correlation of industry and service
capacity utilization and the average difference in variation to construct an economy-wide
capacity utilization measure. Neglecting the agriculture, forestry, fishing, and hunting

sector?®, economy-wide capacity utilization is given by

cu o GDPt o GDPind,t + G.DPser,t
! Y;‘, Yvind,t + szer,t ’

where variables with subscript ”ind” represent industry sector variables and with subscript
"ser” represent service sector variables. As we are interested in the cyclical deviations of
capacity utilization, I take a first-order Taylor approximation around the deterministic

steady-state of the economy-wide capacity utilization rate given by

GDP;q - GDPy., _ » GDP - -
cAut = TdGDPind,t + TGDPser,t - v (Yvind}/ind,t + szerYVser,t> )

where variables without a time subscript represent the deterministic steady-state. Sector-
specific production capacity Y/md,t and Ysem can be approximated by sector capacity utilization

rates and sector real GDP given by

R A . . 2 Cllijna,t
Clind,t = Clipd (GDPind,t - Y;nd,t> < Yind,t = GDPind,t - cu )
ind
~ - 9 9 r~ CAuser,t
Cuser,t = ClUger <GDPser,t - ster,t> = }/;er,t = GDPser,t - cu )
ser

where capacity utilization is given as percentage point deviation from its deterministic

steady-state. Using those definitions to substitute for sector-specific production capacity, the

26There is no data on the capacity utilization of agriculture, forestry, fishing, and hunting sector. Also, not
for other economies similar to the US. As this sector comprises about 1% of the U.S. economy we neglect it

in the analysis of economy-wide capacity utilization.

o7



economy-wide capacity utilization is given by

GDP;,q cu . GDP,,, cu .
1 — (1= GDP;, — | 1- GDP,,,
c ““cpp ( cumd> TGP ( cu) t
GDP,,y ( cu 2 . n GDP,,, cu \? R
Clin ClUser,t,
GDP \ cujng dt GDP \ cuge, §

where we have reduced the number of unknowns to the deterministic steady-states of GD Pi,,,
cu, and cug., and to the cyclical fluctuations of GDP,,,;, and cuse,;. Service-sector and
industry-sector GDP are calculated using the BEA Value Added GDP-by-industry tables. For
service-sector capacity utilization we only have indirect approximations. For the European
Union there is survey data for service-sector capacity utilization. I use the data to approximate
service-sector capacity utilization using industry-sector capacity utilization as the correlations
between both sector-specific real GDP and sector-specific capacity utilization is very high
for the European Union. I approximate U.S. service-sector capacity utilization by U.S.
industry-sector capacity utilization using the relative standard deviation of EU service-sector
to industry-sector capacity utilization as the slope. Therefore, U.S. service-sector capacity

utilization is approximated by

Std(cuserEU,t) ~ o N
— 7~ \CUindust = YOUEUCUndUS,t,
std(Cuimarpu,t)

ClserUs,t

where you gy is the slope parameter of the approximation equation. Plugging everything

back into the economy-wide capacity utilization measure, we get

C?Ut = CUu |:(1 — u ) GDPt + GDPLnd ( cu - Cu ) GDPind,t:|

Clser GDP Clser Clind

GDP,,4 cu \2 4 (1 GDP,,4 cu \2 R
- CUjind.t-
GDP \ cuipg GDP Clger "ou,BU it

The economy-wide capacity utilization growth rate is given by

100 - Cht.

GDP Deflator. The GDP deflator is the log difference of nominal GDP (BEA Account Code:
A191RC) and real GDP (BEA Account Code: A191RX). Price Inflation is

GDPnOm t GDPnom t—1
100 |In (| Zopm ™t ) = in | 2o ) |
|: " <GDP7‘eal,t) " (GDPreal,t—l

28



Nominal Labor Compensation. Nominal labor compensation is given by the non-farm business
sector labor compensation per hour. Data is retrived from U.S. Bureau of Labor Statistics,

Nonfarm Business Sector: Compensation Per Hour [COMPNFB|. Nominal wage inflation is

FED Funds Rate. The FED funds rate is given by the Federal Reserve Bank of New York,
Effective Federal Funds Rate [EFFR]. For the period of binding zero lower bound, I use the
shadow rate of Wu and Xia (2016) as the model does not incorporate a lower bound on its
nominal interest rate. I follow Wu and Zhang (2019), who show that the shadow rate is a
good representation of the interest rate in a New-Keynesian model. The constructed time

series shows annual interest rates. I therefore calculate the quarterly interest rate by

e

7:/n'tquabrterﬂf = (1 + Z.ntyear,t> -1

All time series are detrended using a one-sided HP filter following Stock and Watson (1999).
This approach takes structural breaks into account, as are e.g. present in the capacity

utilization rate, unemployment rate, and nominal interest rate.

Appendix D. Bayesian Estimation and Posterior Results

Appendiz D.1. Estimation Procedure

I estimate the model using Bayesian inference methods for the model described in this
paper with the data and calibration given in section Appendix C and the prior distribution
given in table D.6. The posterior distribution is a combination of the prior density for the
parameters and the likelihood function, evaluated using the Kalman filter. I compute the
mode of the posterior distribution using Marco Ratto’s NewRat. The scale parameter of the
jumping distribution’s covariance matrix is set using Dynare’s automatic tuner such that the
overall acceptance ratio is close to the desired level. I draw four chains with 200,000 draws
each from the posterior distribution using the random walk Metropolis-Hastings algorithm.

I drop half of the draws before calculating model statistics. Table D.6 shows the posterior
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estimates of the reference, SaM, and full model. All include nine shocks and nine observables.

The observables are linked to the model following Pfeifer (2018) and given by

[GDP,] log (G%%fil) [ gdp, —gdp, |
Cons, log (C?il> ¢t — €1

Inv, log (Iiﬁt"jl invy — inve_1

Tt Ty — T Ty

wie | = | (rwe = Tw) S| R | Twe e — EH

TBt TBt— (% — 1) 7Bt

TH, log (%) fue +

UE, ue; — (1—]\7) uey
| CU; | cuy — cu i Cuy i

I estimate different model versions of the capacity utilization channel. They can be summa-

rized as follows:

1. Capital utilization (VCU): This channel is fine-tuned by setting 0 < g2 < 0k.
There is no capital utilization in the model for dx o = 0.

2. Worker effort (VWE): This channel is fine-tuned by setting the worker effort supply
elasticity vg. There is no variable worker effort if v, = oco.

3. Goods market search-and-matching (SaM): This channel is fine-tuned by setting
0 <~r < 1. Ifyp = 0, aggregate demand plays no role in goods market matching, which
becomes a linear function of available supply. This channel opens up the possibility to
analyze the impact of long-term customer relationships 0 < ér < 1, and inventories
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Appendiz D.2. Prior-Posteriors Estimates for the Parameters

Table D.6: Prior-Posteriors for the Reference and Full Model

Prior Posterior
Reference Model SaM Model Full Model
Parameter  Distribution Mean StdDev | Mean 90% HPD Mean 90% HPD Mean 90% HPD
0 Beta 0.5 0.15 0.63 0.56 0.70 0.61 0.54 0.68 0.65 0.59 0.71
oH Beta 0.74 0.05 0.77 0.70 0.84 0.75 0.68 0.83 0.77 0.70 0.84
Kp Gamma 60 20 198 147 248 104 78 131 139 105 171
Lp Beta 0.5 0.15 0.20 0.07 0.32 0.14 0.05 0.22 0.14 0.05 0.23
KW Gamma 10 3 17.9 12.5 23.2 14.5 7.9 20.8 17.7 12.1 23.2
[A%7% Beta 0.5 0.15 0.49 0.25 0.73 0.52 0.28 0.76 0.51 0.26 0.75
KH Gamma 4 1.5 1.47 0.96 1.97 3.99 3.13 4.87 2.07 1.44 2.65
KI Gamma 1.5 0.52 0.37 0.66 0.48 0.32 0.63 0.64 0.46 0.81
i Gamma 1.7 0.1 1.74 1.58 1.91 1.72 1.56 1.87 1.70 1.55 1.86
igap Gamma 0.2 0.1 0.19 0.17 0.20 0.19 0.17 0.21 0.19 0.17 0.20
iy Beta 0.5 0.15 0.80 0.76 0.83 0.75 0.71 0.80 0.78 0.74 0.82
VE Gamma 2 1 3.74 2.47 4.99 - — — 5.93 3.95 7.85
k2,5 Beta 0.6 0.15 0.27 0.15 0.40 - — — 0.16 0.06 0.25
yr Beta 0.17 0.05 — — — 0.14 0.09 0.19 0.10 0.06 0.14
o1 Beta 0.74 0.05 — — — 0.79 0.74 0.83 0.84 0.80 0.88
o Beta 0.5 0.15 - — — 0.74 0.62 0.87 0.81 0.71 0.92
oA InvGamma 0.01 2 0.0037 0.0042 0.0052 | 0.0047 0.0042 0.0052 | 0.0050 0.0044 0.0055
or InvGamma 0.01 2 0.0148 0.0118 0.0178 | 0.0141 0.0107 0.0174 | 0.0166 0.0132 0.0199
oH InvGamma 0.01 2 0.0234 0.0188 0.0278 | 0.0265 0.0216 0.0315 | 0.0268 0.0219 0.0315
oN InvGamma 0.01 2 0.0127 0.0114 0.0140 | 0.0122 0.019 0.0135 | 0.0121 0.0108 0.0133
op InvGamma 0.01 2 0.1412 0.1011 0.1816 | 0.0858 0.0721 0.0991 | 0.0896 0.0743 0.1041
ow InvGamma 0.01 2 0.1357 0.1011 0.1686 | 0.1381 0.0966 0.1787 | 0.1409 0.1036 0.1768
or InvGamma 0.01 2 0.0064 0.0057 0.0072 | 0.0119 0.0096 0.0142 | 0.0112 0.0090 0.0132
oG InvGamma 0.01 2 0.0071  0.0063 0.0078 | 0.0066 0.0058 0.0072 | 0.0066 0.0059 0.0073
oM InvGamma 0.001 2 0.0009 0.0008 0.0010 | 0.0010 0.0009 0.0012 | 0.0010 0.0008 0.0011
PA Beta 0.5 0.15 0.85 0.80 0.89 0.85 0.80 0.89 0.84 0.79 0.88
Pr Beta 0.5 0.15 0.67 0.61 0.74 0.68 0.61 0.75 0.72 0.66 0.79
PH Beta 0.5 0.15 0.48 0.38 0.58 0.48 0.37 0.59 0.43 0.33 0.53
PN Beta 0.5 0.15 0.82 0.75 0.89 0.74 0.65 0.83 0.82 0.74 0.89
op Beta 0.5 0.15 0.68 0.57 0.80 0.77 0.70 0.83 0.77 0.71 0.83
W Beta 0.5 0.15 0.19 0.08 0.29 0.44 0.28 0.61 0.24 0.11 0.36
pT Beta 0.5 0.15 0.79 0.74 0.84 0.81 0.76 0.87 0.79 0.74 0.84
PG Beta 0.5 0.15 0.89 0.85 0.93 0.88 0.84 0.93 0.89 0.85 0.93
PM beta 0.5 0.15 0.42 0.32 0.51 0.51 0.41 0.61 0.55 0.45 0.65
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Appendiz D.3. Convergence Diagnostics
Figure D.9: Multivariate Convergence Diagnostics of the Bayesian Estimation

Reference Model
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NOTE: Multivariate convergence diagnostics following Brooks and Gelman (1998) for the reference, SaM, and full models

calculated using Dynare.
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Appendiz D.4. The TFP and TFP Wedge: Second Moments and Decomposition

Table D.7: Second Moments of the TFP Process

RelStd Correlation
dGDP, dTFP, dd, dTF Py
dGDP; 1.00(1.00) 1.00(1.00) 0.71(0.60) 0.31(0.62) 0.23(0.05)
dT'F P, 0.77(0.98) — 1.00(1.00) 0.34(0.32) 0.45(0.66)
dd, 0.89(0.85) — — 1.00(1.00) —0.68(—0.50)
dTF Py, 0.93(1.08) — - - 1.00(1.00)

NOTE: The table shows second moments the model and for the data calculated by Fernald
(2014) (parentheses). The relative standard deviations are with respect to standard deviations

of real GDP.

Figure D.10: TFP (Wedge) in the Data and the Model
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NOTE: The first figure shows TFP growth data from 1985q1-2019q4 for the Fernald (2014)-data, the reference model, and the

full model. The second figure shows the TFP growth decomposition for the full model (identical to the reference model).
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Appendiz D.5. Model Fit of the Data

Table D.8: Model fit comparison sensitivity analysis

T

Log data density

2In Bayes factor

Log data density

2In Bayes factor

Demeaned data

e=6 & a=02

| |
Reference Model | 4385 0 4795 0
Simple SaM Model | 4436 102 ! 4782 ~26
SaM Model : 4436 102 4779 —32
Simple Full Model | 4431 92 | 4799 8
Full Model : 4430 90 1 4784 —22
: Targeting price adjustment costs
Reference Model kp = 47 : 4782 —42 \
Reference Model kp = 96 : 4803 0 :
Full Model kp = 47 | 4809 12
Full Model kp = 96 | 4828 50 ‘
: No SAM shock € no CU data Alt. Capacity Utilization Definition
Reference Model : 4293 0 : 4802 0
Simple SaM Model I 4321 56 4810 16
SaM Model : 4323 60 | 4814 24
Simple Full Model : 4312 38 : 4820 36
Full Model | 4187 —212 | 4820 36
l Data 1985q1 - 2008¢4
Reference Model ! 2919 01
Simple SaM Model : 2947 56 :
SaM Model | 2044 50 |
Simple Full Model : 2930 22 :
Full Model 1 2922 6 1

NOTE: Log data densities are calculated by the modified harmonic mean following Geweke (1999). For

model comparison, I use Bayes factor according to Kass and Raftery (1995). The exercise targeting price

adjustment costs follows Gantert (2021), where I calculate the parameter in a Rotemberg (1982b) setup

for both the reference and SaM models targeting a Phillips curve slope of 0.1. The simple SaM and simple

full models are without long-term customer relationships and firm inventories.
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Appendiz D.6. Correlograms

Figure D.11: Correlogram for the Reference and SaM Model
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NOTE: The figure shows correlograms of GDP, the capital stock, capacity utilization, total hours worked, TFP, and inflation
with five lags for the data, the reference model, and the SaM model. The correlograms for the models show the 90% HPD

intervals of their posterior estimates. All data is detrended with a one-sided HP filter before calculating the correlations.
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Figure D.12: Correlogram for the Reference and Full Model
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NOTE: The figure shows correlograms of GDP, the capital stock, capacity utilization, total hours worked, TFP, and inflation
with five lags for the data, the reference model, and the full model. The correlograms for the models show the 90% HPD

intervals of their posterior estimates. All data is detrended with a one-sided HP filter before calculating the correlations.
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Appendiz D.7. Historical Variance Decomposition U.S. Data 1985q1-2019¢4

Table D.9: Variance Decomposition

Reference Model eA el eH eN eP eW eI' eG eM

GDP 277 269 44 23 7.8 2.1 242 05 4.2
Capital 324 259 7.8 21 25 07 257 24 0.7
Total Hours 120 258 73 83 170 6.0 130 0.5 10.1
Capacity Utilization 84 252 48 04 121 34 377 0.7 73
Inflation 6.3 172 29 02 379 123 88 0.3 14.3
TFP 373 221 09 01 27 04 346 04 15
SaM Model eA el eH eN eP eW eI eG eM
GDP 247 174 15 16 33 28 451 04 34
Capital 247 216 40 1.1 1.6 06 439 20 0.6
Total Hours 51 81 57 6.7 200 353 142 0.2 49
Capacity Utilization 2.6 121 09 0.2 39 32 702 0.3 6.7
Inflation 48 286 23 02 11.0 9.8 127 04 30.2
TFP 29.0 157 1.8 0.1 1.1 3.4 465 0.2 23
Full Model eA el eH eN eP eW eI' eG eM
GDP 219 271 23 17 49 18 354 04 4.6
Cabpital 230 321 47 14 19 04 340 16 09
Total Hours 7.8 177 57 79 215 146 169 02 7.6
Capacity Utilization 4.8 21.3 2.1 03 6.7 25 536 04 83
Inflation 54 225 23 0.2 231 93 131 0.3 239
TFP 2r2 258 11 01 10 06 40.8 03 3.3

NOTE: The variance shares are given in percent. Rounding errors can lead to cumulative

variance not equal to 100%.
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Figure D.13: Shock Decomposition Difference between the Reference and SaM Model
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NOTE: The figure shows the percentage point change of the variance decomposition for the model shocks and across models.
An increase indicates a higher variance share for the respective shock in the SaM model compared to the reference model.
Hence, a positive value indicates a larger share of variance of a variable being explained by the shock in the SaM model

compared to the reference model.
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Figure D.14: Historical Variance Decomposition U.S. Data 1985q1-2019q4 (Time Series)

Reference Model

0.03 I
0.02 = ::_l
0.01 1
0 g - eP
.01 =1
.02 I «r
0.03 B
0.04 Bl oM
0.05 [ mitial values
0
0.03 I
0.02 = :—l
0.01 —
0 T
.01 B o
0.02 ] e
0.03 Bl <
-0.04 B oM
I:I Initial values

-0.05
0

0.03 .
0.02 = ::1
0.01 [z Al B -~

0 Bl
-0.01 -
-0.02 L] er
0.03 <
-0.04 B o~

I:I Initial values

-0.05 1 1 1 1 1 1
0 20 40 60 80 100 120 140

NOTE: The upper figure shows the historical variance decomposition for the reference model. The lower figure shows the

historical variance decomposition for the full model.
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Appendix E. TFP Bias and Multiplicators Sensitivity Analysis

Figure E.15: Robustness: TFP Wedge Fluctuations for Technology Shocks
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NOTE: The figure shows impulse response functions of the TFP wedge to technology shocks for the full model. The deviations
are measured in percentage deviations from the deterministic steady-state. It shows a robustness analysis for the parameters of
price stickiness, kp, demand elasticity of goods market matching, vy, long-term customer separation rate é7, and inventory
depreciation rate, ;. The curves show low (black curves), medium (red dashed curves), and high (blue dashed curves) values

for the respective parameters.

70



Figure E.16: Robustness: TFP Wedge Fluctuations for Non-Technology Shocks (1/2)
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NOTE: The figure shows impulse response functions of the TFP wedge to non-technology shocks for the full model. The

deviations are measured in percentage deviations from the deterministic steady-state. It shows a robustness analysis for the

parameters of price stickiness, kp, and demand elasticity of goods market matching, v7. The curves show low (black curves),

medium (red dashed curves), and high (blue dashed curves) values for the respective parameters.
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Figure E.17: Robustness: TFP Wedge Fluctuations for Non-Technology Shocks (2/2)
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NOTE: The figure shows impulse response functions of the TFP wedge to non-technology shocks for the full model. The
deviations are measured in percentage deviations from the deterministic steady-state. It shows a robustness analysis for the
parameters of long-term customer separation rate 1, and inventory depreciation rate, d;. The curves show low (black curves),

medium (red dashed curves), and high (blue dashed curves) values for the respective parameters.
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Figure E.18: Robustness: Cumulative TFP Multiplicators
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NOTE: The figure shows cumulative TFP multiplicators to all shocks for the full model. It shows a robustness analysis for the
parameters of price stickiness, kp, demand elasticity of goods market matching, vy, long-term customer separation rate 7, and
inventory depreciation rate, é;. The bars show low (blue bars), medium (red bars), and high (yellow bars) values for the

respective parameters.
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