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Abstract

This paper extends the canonical New-Keynesian (NK) model by incorporating costly household
search effort and imperfect matching in goods markets, motivated by the observed procyclical
behavior of shopping time and capacity underutilization. This structure endogenizes both the price
elasticity of demand and capacity utilization. In steady state, search-and-matching (SaM) frictions
lower long-run and potential output by increasing markups and generating idle productive capacity.
In the dynamic model, search prices act as an additional inflationary term in the Euler equation,
reducing its slope by up to 91 %, while capacity-driven productivity effects steepen the Phillips
curve by 15 %. The resulting five-equation NK-SaM system nests the standard NK model and
features endogenous real rigidities and cost-push forces. Simulations show that monetary policy
becomes less effective, TFP shocks generate more RBC-like dynamics, and inflation and output
responses are amplified or dampened depending on the relative convexity of search and labor effort.
While the model can match a countercyclical labor wedge under certain calibrations, this comes

with a trade-off against fitting procyclical efficiency dynamics.
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1. Introduction

The New-Keynesian (NK) model is the cornerstone of modern monetary economics
analyzing the relationship between price setting, monetary policy, and the business cycle. It
builds heavily on the assumptions of sticky prices and monopolistic competition. However,
households seem surprisingly passive following their consumption demand schedule effortlessly.
While prices might be set inefficiently over the business cycle, trading on the goods market
is seamless and efficient. This is contrary to the data.

According to the 7 American Time-Use Survey”, time spent shopping - research, wait time,
travel time, and the purchase process - on any given day takes up to 41 minutes, which is
between 15% and 30% of time spent on home production. As Petrosky-Nadeau et al. (2016)
show, shopping time increases both with individual and aggregate income. This procyclical
pattern indicates that shopping for additional quantity dominates shopping for better prices
as a motive of search. Shopping time varies significantly over the business cycle, both across
individuals and in aggregate. The aggregate income elasticity of shopping time is estimated
between 1.1 and 1.6 and can be as large as 4 for high income individuals.

While procyclical shopping time is a salient feature of the data, it is a-priori not clear whether
it is a complement or substitute to supply side inputs in creating trades on the goods market.
Data on different goods market variables hints at shopping time being at least a weak
substitute. An income elasticity of shopping effort above one excludes perfect complements.
Procyclical U.S. industry capacity utilization with a mean rate of 84% and a quarterly
standard deviation of 1.54% further supports this pattern. Data on consumer durables with
a 9% stockout rate (Khan and Thomas (2007)), procyclical advertising expenses up to 6%
of U.S. GDP (Hall (2012)), and a countercyclical inventory-sales ratio (Den Haan and Sun
(2024)) all point in the same direction: An increase of shopping effort over the business cycle
leads to an increase in trades given a fixed supply.

Everyday examples foster intuition: a table at a restaurant may sit empty while diners queue,
reflecting peak demand contrasts with underutilization during off-peak hours. A bakery

might sell out of bread in the morning but face unsold inventory later. Car dealerships



illustrate mismatches as buyers wait months for custom orders while used car prices soar
due to shortages. Firms also sift through numerous supplier proposals before selecting one.
In light of the procyclical patterns of shopping time and utilization in the data, I ask the

following research question:

How does costly shopping effort and imperfect goods market matching influence time-
allocation of households over the business cycle and thus the supply and demand channels

of the New-Keynesian (NK) model?

This paper builds on three strands of literature — NK-DSGE models, home production, and
search-and-matching (SaM) on the goods market. First, the NK-DSGE literature focuses on
explaining business cycle fluctuations in inflation and output through a dynamic IS equation
and a NK Phillips curve (Yun (1996); Gali (2015)). Aggregate demand and supply are driven
by inertia in price setting in a monopolistic competitive goods market environment. The
framework is extended by sticky wages (Erceg et al. (2000)) and a notion of unemployment,
(Gali (2011)) to include unemployment in a tractable way. Medium-sized models (Christiano
et al. (2005, 2010)) add bells and whistles to match the data and give a more realistic account
of business cycle fluctuations.

Second, the home production literature models consumption as a combination of a good
and time spent (Becker (1965)). These models feature an intratemporal trade-off between
market and home work as time has an alternative productive use (Benhabib et al. (1991);
Greenwood and Hercowitz (1991)). This channel relying on the substitutability of market
and home consumption is shown to improve the likelihood of the model explaining U.S. data
(McGrattan et al. (1997)). Combined with price setting inertia, the home production channel
leads to a steeper dynamic IS curve and a flatter NK Phillips curve amplifying both inflation
and output variation (Lester (2014); Safonova (2017); Gnocchi et al. (2016)).

And third, the goods market SaM literature focuses on the interaction of search costs and
prices. Seminal work highlights how search costs influence price setting (Diamond (1971,
1982); Burdett and Judd (1983)) and how they interact with price adjustment costs (Benabou

(1988, 1992)) in determining competition on the goods market. The price search literature is
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extended to recent DSGE models that incorporate costly search effort (e.g. Head et al. (2012);
Kaplan and Menzio (2016)). More recent contributions focus on the search for additional
goods based on the findings of Petrosky-Nadeau et al. (2016). Costly search is an input to a
matching function resulting in additional trades of the same varieties or of trades in additional
varieties. Goods market SaM is shown to impact labor market outcomes (Michaillat and Saez
(2015); Petrosky-Nadeau and Wasmer (2015); Petrosky-Nadeau et al. (2021)), change the
determinants of the business cycle (Bai et al. (2024)), create procyclical labor productivity
following monetary policy shocks (Qiu and Rios-Rull (2022)), and drive the inventory-sales
ratio in a reduced-form approach (Den Haan and Sun (2024)). The literature on customer
capital (Gourio and Rudanko (2014); Paciello et al. (2019)) is related as trading arrangements
have an asset value, but differs as it focusses on internal firm dynamics instead of household
search. The recent literature on spatial Hotelling models (Schmitt-Grohé and Uribe (2025))
is close to this paper as it also introduces a second price margin of consumption but does
not feature market feedback effects through capacity utilization.

I contribute to the literature by introducing goods market SaM to a small-scale NK
model with home production. This framework is a natural starting point as shopping time
is otherwise allocated to home production where it acts as a substitute for market goods.
However, as shown by Petrosky-Nadeau et al. (2016), shopping time increases with income.
In this framework, shopping time acts as an input to goods market matching but does not
perfectly substitute for market production which plays a double role - matching input and
goods supply. The impact of shopping time on output depends on goods market tightness and
prices. I contribute to the literature by modeling the search effort and matching processes in
detail separating search cost and productivity. Their variation depends on the interplay of
sticky prices, search cost convexity, and the goods market structure. I analyze its impact
on the dynamic IS and NK Phillips curves highlighting its role in explaining inflation and
output fluctuations.

I find that the NK model with goods market SaM (NK-SaM) nests the benchmark NK
model (see e.g. Erceg et al. (2000)), linking the capacity utilization and price elasticity of

demand channels to inflation and the output gap. The model predicts a decrease in real
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GDP in the long-run driven by idle capacity and a lower price elasticity of demand increasing
price markups. Capacity utilization and the price elasticity are endogenous and influenced
by firm market power and goods market frictions. The price elasticity of demand increases in
search costs changing aggregate demand. It is amplified by variation in capacity utilization —
a feedback channel of search effort to its costs. The NK Phillips curve slope depends on the
endogenous variation in the price elasticity of demand. I find an increase in its slope by 15%
making price setting more flexible compared to the benchmark model. The Euler equation
slope is flatter by up to 91% as search prices act as an additional inflationary term working
through the price elasticity of demand. Monetary policy affects aggregate demand less as
search costs are only indirectly affected nominal interest rates.
Simulating the model for various business cycle shocks, I find that the output gap varies less
in the NK-SaM model and monetary policy is less effective in steering aggregate demand.
The NK-SaM model looks more like a RBC model while matching the empirical Phillips curve
slope. Capacity utilization and the price elasticity of demand are endogenous objects and
driven by the trade-off between flexible search prices and sticky purchase prices. Cost-push
shocks arise naturally from the demand side as unobserved changes in search effort can create
a recession with increasing prices. This result builds on the endogenous price elasticity of
demand amplified by variation in capacity utilization.

The rest of the paper is organized as follows. Section 2 develops the model. Section
3 discusses the implications of goods market SaM on the long-run steady-state. Section 4
discusses the model dynamics through linearized first-order conditions and identifies two
goods market SaM channels — endogenous price elasticity of demand and endogenous capacity
utilization. Section 5 derives a reduced-form output gap version of the model to relate it to
the benchmark NK model and quantify the impact of goods market SaM on the demand
and supply equation slopes. Section 6 shows simulations of the model to exogenous shocks.

Section 7 discusses the results in light of the literature and concludes.



2. Model Setup: Adding Search Effort and Goods Market Matching

The model is based on the canonical NK model a la Erceg et al. (2000) which also acts
as the benchmark model. The main features include monopolistic competition a la Dixit
and Stiglitz (1977) and price adjustment cost a la Rotemberg (1982). The novel feature of
the paper is goods market search-and-matching (SaM) a la Michaillat and Saez (2015). In
contrast to the literature, this paper builds on the sticky price assumption as a determinant
of variable household search effort and capacity utilization over the business cycle. Household
search effort on the goods market is an input in the goods market matching process. This
feature follows the dis-equilibrium optimizing framework in an equilibrium model where

goods markets can run excess demand or excess supply.

2.1. Goods Markets Setup

Households and firms meet on goods markets where costly household search effort and
imperfect matching lead to excess demand or supply of goods, both in the steady-state and
over the business cycle. Both states of the market are equlibrium processes, as marginal
search cost are equalized to trade benefits. The goods market is segmented along a continuum
i € (0,1) of differentiated goods, T;(7), as search is directed following Moen (1997). Households
exert costly search effort, Hg,(7), for each variety ¢ and each firm 7 supplies its idle production
capacity, S;(i), of its unique variety i. Each customer relationship trades one unit of one

variety of the differentiated final good. Customer relationships for variety ¢ are given by

1

Ti(i) = tr [ysHsa (i)™ + (1= s5) Se(i) <] 7 , (1)

where 1, > 0 is the matching efficiency symmetric across all markets which fluctuates
following an exogenous shock. 0 < v¢ < 1 is a demand elasticity determining the impact
of household search effort on goods market matching. —oo < I'g < 1 is the matching input
elasticity of substitution. Those three parameters determine the search effort productivity
in the model. Goods market tightness for variety i is defined as demand relative to supply,

x(i) = IE’&.(;). It is an indicator of excess demand in the economy. The probability of a
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T,(3)
Hs (i) "

household to find a final good i is given by f;(i) =

T (4)
St (i)

The probability of a firm 7 to sell

a unit of its good is given by ¢(7) =

2.2. Households

There is a representative household with a continuum of members represented by the unit
square and indexed by a pair (j,k) € [0,1] x [0, 1]. j identifies the type of labor a household
member is specialized in and k identifies the disutility of work for that household member
given by kY™ if the member is employed and zero otherwise. The representative household
searches for market goods, supplies labor to market and home production, and consumes
both market and home-produced goods. I follow Gali (2011) to aggregate labor disutility
across employed and unemployed members of the household. The representative household

maximizes their intertemporal utility

Ci()'"™ " =1 psiHs ()™ puHp, ()™ /LMHM,t(j)1+VM]
1—0 14+ vg 14+vy 1+ vy

UG) = B Y|

where 0 < § < 1 and ¢ > 0. Each household allocates time to search effort, Hg:(j) =
fol Hgs(i,7)di, home production, Hy+(j), and market production participation, Hys:(j),
where pgy, ptm, piar > 0. g, varies following an exogenous shock. The inverses of their supply
elasticities are given by vg, vy, vy > 0. The disutility created by search effort constitutes a

search cost. Households receive utility from consuming a composite good
. AT AT -
Ci(7) = [vuCri()"" + (1 = v) Cara(§) ] 71, (2)

where market goods, C+(j) = T3(j), and home goods, Cy+(j) = Hy+(j), are inputs to a
CES aggregator with 0 < vy < 1 and —oo < I'y < 1. As there are infinitely many households,
the variety ¢ market goods finding probability, fi(), is exogenous to each household. The
aggreagte market composite good is determined by a Dixit and Stiglitz (1977) index

1 eg—1 Eteil
Ti() = ( N di) ,
0
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where 1 < ¢; < 0o determines the elasticity of substitution between different varieties. It

varies following an exogenous shock. The intertemporal budget constraint is given by

Bi(j) = (1 4+ 71-1) Bia () + (1 = ewa(3)) WiHara () — /0 PUi)T(i, j)di + ().

where B;(j) are one-period nominal bonds which pay the nominal interest rate, ;. Labor
income is given by (1 — cw(j)) WeH i (j)di, where W, is the nominal market wage and
cwe(j) = (MWj—EJ()J) — 7Tw)2 are nominal wage adjustment costs with xy, > 0 and steady-
state nominal wage inflation, 7y, Final good expenses are given by fol P,(i)T;(i, 7)di, where

P, (1) is the price for final good . II;(j) are firm dividends paid to the households by a mutual

fund where each household owns an equal share.

2.8. Labor Unions

There is a labor union that aggregates specialized household labor and supplies it to each

firm ¢ The labor union maximizes its profits according to

00 1 1
Iy = Eo Z Bo.t [Wt/ Hypi(3)di — Wt/ HM,t(j)dj] ;
t=0 0 0

where H)ps4(7) is labor supplied to firm 4, and Hy, is aggregate labor supplied to the labor
union. It aggregates specialized household labor following Dixit and Stiglitz (1977)

‘W
1 . ey —1 . ey —1
Hyy = (/ Hpyri(3) e dj) ,
0

where 1 < ey < 0o determines the substitutability of specialized labor.

2.4. Firms

There are infinitely many firms on the unit interval. Each firm produces a unique variety
of the final good and supplies its idle production capacity, Si(i), to the goods market. Each

firm employs labor in a linear production capacity function, V(i) = ArHpre(i), where



A; > 0 is an exogenous technology process. Each firm ¢ maximizes its profits by

r; = Ky Z Boy [Pr(4) T3 (1) — WiH (7))

t=0

where [y, is the period discount factor of the firm'. Idle production capacity is given by

(14 cpi(@) Si(i) = Vara(i), (3)

o 1(2 ) are proportional convex Rotemberg (1982) price adjustment

where cp, (i) = L (
costs with kp > 0 and steady-state price inflation, 7. Each firm has a monopoly over
its variety ¢ of the final good. It jointly sets available production capacity (goods market
tightness), S;(7) (x¢(7)), and the goods price, P;(i), to maximize its profits. This mechanism
is similar to Sun (2024) where firms provide additional capacity to compete for buyers.
Price setting is a combination of directed search by Moen (1997) and convex Rotemberg
(1982) price adjustment costs. This mechanism implies managing the trade-off between its
price and goods selling probability, ¢;(¢). Additional search effort increaes search costs and
thus decreases the price a household is willing to pay. However, additional search effort

also increases the goods selling probability and thus decreases marginal costs. Optimal firm

decisions depend on this nexus of search frictions and monopoly power.

2.5. General Equilibrium

The real gross domestic product is determined by aggregate trades of the final good,
Y; = T3, which also acts as the numeraire. The central bank follows a Taylor (1993)-type

rule and sets the nominal interest rate according to
Ltr (147, 147 y, \iew] "
t _ t— t t Mt7 (4)
1+7r 1+7r 1+7 Yy

IThe period discount factor of the firm is equal to the household stochastic discount factor as all firms are
owned by the household mutual fund.




Table 1: Calibration Overview

Parameter Value | Parameter Value | Parameter  Value
3 0.99 o w—=086 |« 0
g 1.5 Ys 0.32 W 0
Y Hy =1 I's 0 oA 0.0064
WH HL=0.5393 | v 0.55 oM 0.001
us =1 FH 0.5 op 0.1
Um 2 ew u = 0.043 or 0.0064
vy Vpm Kw Slope = —0.026 | pa 0.9
125 Vm iR 0.8 PM 0.5
€ Markup = 1.2 | i, 1.7 oP 0.8
Kp Slope = 0.047 | igap 0.12 oT 0.8

NOTE: The full calibration with sources is given in Appendix C

where 7 is a central bank target, r is determined by the steady-state real interest rate, Yy,
is potential output given by the flexible price version of the model, 7, > 0 determines policy
inertia, and i, igqp > 0 are policy coefficients. M, is a monetary policy shock. All exogenous
shocks follow an AR(1) process given by X; = XXX X ex,, ex: ~ N(0, 0%) where
0 < px < 1is its autocorrelation, and €y, is a white noise random process around a normal

distribution with zero mean and standard deviation ox.

2.6. Calibration

The model is calibrated to replicate the U.S. economy between 1984 and 2019. Time

is in quarters. Common parameters follow the literature, i.e. Christiano et al. (2010) and
Gnocchi et al. (2016). An overview is given in table 1.
Goods market matching efficiency, v, targets a steady-state capacity utilization rate of 86%,
which is a weighted average of industry and service sector data. The search effort elasticity
of goods market matching, g, varies in the literature between 0.11 (Bai et al. (2024)) and
0.32 (Qiu and Rios-Rull (2022)). T set 5 = 0.32 and I's = 0% following Qiu and Rios-Rull
(2022) and estimates of the companion paper Gantert (2025).

I set yp; by normalizing the labor supply, Hjy, to one. jup is set by targeting the average time

2The matching function is Cobb-Douglas in most cases in the literature. Qiu and Rios-Rull (2022)
explicitly estimate a CES matching function. They find a specification very close to Cobb-Douglas. For
simplicity and ease of exposition, we thus assume a Cobb-Douglas goods market matching function.
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use for home production relative to labor supply, g—]\’j = 0.5393, as described by the American
Time Use Survey (ATUS)?. The same approach for pg implies targeting g—z = 0.1854.
However, as this implies z = 0.1854, goods markets would show a significant excess supply
in steady-state. Alternatively, I calibrate = 1%, i.e. demand equal to supply. v; varies
significantly in the literature, see e.g. Keane and Rogerson (2012); Chetty et al. (2013). I set
vy = 2 as an intermediate between micro and macro estimates. vg, varies significantly in
the literature between 0 (e.g. Michaillat and Saez (2015)), close to 0 (e.g. Qiu and Rios-Rull
(2022)), and approximately 5 (e.g. Bai et al. (2024)). A natural starting point® assumes the
same supply elasticity as for labor supply, see i.e. Gnocchi et al. (2016); Huo and Rios-Rull
(2020).

The steady-state unemployment rate, @ = 4.3%, is targeted by choosing ey = U(Jlr;i—y):ﬁl
The NK wage Phillips curve (15) is determined by unemployment. xy = (—1)%1%}
is set by targeting an estimated slope of —0.026 (see e.g. Gali and Gambetti (2019)). The
elasticity of substitution, €, is set by targeting a steady-state price markup of 1.2. € depends
on s - as shown in (6) in section 3 - as z = 1 in steady-state by assumption. I set the price
adjustment cost parameter, kp, by targeting the slope of the linearized Phillips curve with

the labor share as its determinant. I use a slope estimate of 0.047 following Gali and Gertler

(1999).

3. Steady-State Implications of Goods Market Search-and-Matching

In the long-run equilibrium (steady-state), an increase in search prices leads to higher
price markups, a lower labor allocation, and lower real GDP. This pattern results from two

deviations from the benchmark model: The price elasticity of demand decreases in search

3Home production in a model without a separate goods market search margin also contains search time,

which results in g—z = 0.7247 for the NK-Home Production model without goods market SaM.

4This calibration strategy is equivalent to using the ATUS values but setting an additional search effort
technology parameter such that x = 1 in steady-state.
5Alternative values for ;’—; § 1 will be considered throughout the paper. For instance, labor supply varies
more in the extensive margin which shows lower supply elasticities, while search effort is thought of varying
more in the intensive margin (see e.g. Chetty et al. (2013)). Such an economy is represented by vg < vps.
Many papers in the literature follow this calibration strategy (i.e. Michaillat and Saez (2015); Qiu and

Rios-Rull (2022)).
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prices. And marginal productivity and capacity utilization decrease in the goods market
matching efficiency. For the remainder of the paper, I assume that all firms share the same
technology (and are summarized by a representative firm), and that demand is equal to
supply in the steady-state, x = 1. The representative firm steady-state follows from optimal

price setting (5), cost minimization (6), and goods market machting (7), given by

Pe
Ps = 5
ST i-e ©)

e—1 [0) -1

me = Pgp' = 1+ , 6
) )
q =1, (7)
where ¢, = Jﬁ > 0 is the search effort elasticity of available capacity. It describes the
supply-side response to a 1% increase in search effort. ¢, = %11)—?% < 1 is the search price

elasticity of marginal costs. It describes the marginal costs response to a 1% increase in the
search price — marginal search costs measured in units of the numeraire good.

Capacity utilization, ¢, is set exogenously by the matching efficiency, 1. The search price,
Ps, increases in ¢, as price markups decrease in € and marginal productivity of search effort
increases in vg. Marginal costs increase in the search price but decrease in ¢.. Higher search
prices decrease a buyer’s willingness to pay a high purchase price (markup). However, higher
search effort productivity decreases the impact of the purchase price on the overall price and
allows the firm to charge a higher price markup. Overall, marginal costs decrease in vg. This

duality leads to a varying price elasticity of demand given by

E = (=) (1-9), (8)

which increases in the elasticity of substitution of differentiated goods, €, but decreases in ¢,.

Hence, given any €, goods market SaM decreases the price elasticity of demand in g as the

6The simple representation of steady-state capacity utilization follows from the assumption z = 1 in
steady-state. Otherwise, goods market tightness and the structure of the goods market play a role as well.
However, for I'g close to Cobb-Douglas, the quantitative impact is negligible.
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Figure 1: Impact of vg and ¢ on the steady-state conditional on e

Search Price — 1 Purchase Price Markup o Price Elasticity of Demand
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NOTE: The figure shows relative steady-state values of the NK-SaM model over the benchmark model for different calibrations. Search prices, Pg,

are given as a real price level (consumption good as the numeraire) as they are zero in the benchmark model. Benchmark NK model and NK-SaM

model are calibrated to different levels of relative home to market labor as shopping time is included in this measure for the benchmark model (see
also section 2.6). This feature leads to a relative output steady-state not equal to one for vg = 0.

share of purchase prices in total prices decreases. This effect is greater for a higher elasticity
of substitution of differentiated goods, €.

Figure 1 shows how (5), (6), and (8) respond to different € as we increase the search effort
elasticity of matching, vg. Search prices increase in g as search effort becomes more
productive in creating matches and households shift their time to search. This effect is
especially prevalent if consumption goods are easily substitutable (goods markets are highly
competitive) and search is highly productive. We find search prices of 39% of the purchase
price for the calibration in section 2.6. The price elasticity of demand relative to the
benchmark model decreases in search price as 7g increases, especially for high e. It decreases
up to 30%. The lower price elasticity of demand maps directly into higher price markups,
especially if € is low. Firms gain from high search effort as their capacity utilization and
thus productivity increases. Having significant market power due to low ¢, firms do not pass
through a significant share of those productivity gains. This pattern leads to an increase of
price markups of up to 12%. In the calibrated model, we set e by targeting the price markup
across models which implies an identical price elasticity of demand in steady-state across
models. This approach implies a higher € in the NK-SaM model, thus more competitive
goods markets achieving the same level of price elasticity of demand.

The steady-state of the household is determined by marginal utility out of market consumption

12



net of marginal search cost (9) given by

muc = &c,, (1 —¢.) C7°, (9)

where ¢, = XCMC%W and xc,, = (1 —vm) (%)FH. Composite consumption, C, is given by

(2) with Cy = [%C’PFH ] ﬁ Marginal utility of market consumption (9) increases in
o and C77. Both elements describe the trade-off with home production. Adding goods
market SaM decreases (9) in ¢, as the search price increases. Quantitatively, (9) decreases
with the price elasticity of demand as shown in fig. 1. However, {¢,, is higher in the NK-SaM
model as shopping time is a separate margin described by ¢, in the NK-SaM model but part
of £¢,, in the benchmark model. Overall, marginal utility of market consumption is higher
in the NK-SaM model with an increase of about 7% for the calibrated model.

The size of the market economy derives from steady-state real GDP - determined by production

capacity and its utilization rate - and is given by

1

1 Tt
Y =Cy =¢q- muc tw .q-me M, (10)

~
Total labor allocation (Hjay)

where production capacity is determined by equilibrium labor supply, Yy = Hy. As in
the benchmark model, equilibrium labor supply increases in muc as the opportunity cost
of labor supply decrease, in €y as wage markup decrease, and in mc as price markups
decrease. Adding goods market SaM increases labor supply as muc increases (shown in (9))
and decreases labor demand as productivity decreases in ¢ and price markups increase in ~g.
Stedy-state output decreases as we increase the search effort elasticity of matching, vg, which
implies lower muc as shown in (9) and lower mc as shown in (6). A lower elasticity of
substitution, €, implies a smaller impact on muc but a larger impact on mc. However, while
a lower € lowers steady-state output, its impact is symmetric across the benchmark and NK-
SaM models as shown in fig. D.8. A matching efficiency, 1, below one additionally reduces

output both through lower labor productiivty and lower utilization of given production

13



capacity. Overall, we find a decrease in real GDP of up to 33% and of 20% for the calibrated

model.

Lemma 1. Steady-state real GDP decreases in the NK-SaM model compared to the benchmark
model as available production capacity decreases due to higher search costs (lower labor
supply) and lower labor productivity (lower labor demand). This effect is amplified by

under-utilized available production capacity.

4. The Dynamics of the Trade-Off between Prices and Capacity Utilization

In the short-run, the model economy is driven by a trade-off between sticky purchase prices
and flexible search prices. Firms maximize their profits by balancing prices and capacity
utilization. This trade-off is determined by the behavior of the price elasticity of demand,
capacity utilization, and alternative time-use in home production. In this section, we derive
the (intertemporal) decision rules to highlight the impact of goods market SaM over the
business cyle. The model is linearized around its deterministic steady-state. Variables with a
hat indicate percentage (point) deviations’ from steady-state, e.g. #;. Detailed derivations

can be found in Appendix A.

4.1. Search and Utilization in Goods Markets

Search Prices. Firms target an optimal search price of households® — marginal search disutility
of matching one good denominated in the numeraire good — by setting goods supply and
purchase prices in a trade-off between marginal costs and capacity utilization to maximize

their profits. The search price is given by

FS 1+¢'y
L— e Vo,

(Qt - &t) —(1+¢,) &, (11)

PS,t = e-nict+

"Variables that are given in levels in the non-linear model are approximated by percentage deviations
from steady-state and variables given in percent in the non-linear model are approximated by percentage
point deviations from steady-state.

8Firms target a constrained optimal equilibrium on the goods market with fixed shares of search effort
and goods supply due to the CES matching function and directed search following Moen (1997).

14



where z; = ¢; — 1/375. The search price increases in marginal costs as the price markup
decreases. If demand is more price elastic — € is high — households respond to lower price
markups by increasing their search effort (thus the search price) more. If matching inputs
are complements, I'g < 0, excess search effort is not (as) productive. Households respond
by lowering search effort in tight goods markets to reduce unproductive search effort (thus
search prices). An exogenous increase in the elasticity of substitution, €, decreases search
price variation as marginal costs pass-through is higher and there is less scope for search

prices to react to sticky purchase prices. The price elasticity of demand is given by
Bt = — ¢0Psy + €&, (12)

which increases in the elasticity of substitution, €;, and decreases in search prices as households
respond less to purchase price changes if they make up a smaller share of the total price. Its
slope is determined by the search price elasticity of marginal costs, ¢, — it increases in vg
and €°. A change in marginal costs induces stronger variation in search prices if search effort
is more productive or goods markets are more competitive (the pass-through to purchase

prices is higher).

Capacity Utilization. Frictional goods markets require search effort and goods supply to form

matches. It follows that capacity utilization is given by

Gg: = 1¢¢7 (1— o) Ps’t — (vs + ¢¢) Y, — fisg| + (14 ¢) P, (13)
+vg L .,

~~
Search Effort

which increases in search effort and matching efficiency, 1@. A marginal increase in search
prices implies a stronger increase in search effort if the search price elasticity of marginal
costs, ¢, is low. Further, the implicit search effort in search prices decreases in vg as disutility
of search convexity increases. Marginal search disutility increases as output expands. Both

effects lead to a lower impact of search prices on capacity utilization. The trade-off in

9Variation in the price elasticity of demand does not vanish for perfectly substitutable goods, € — co. In
fact, its variation in Ps; increases as ¢, increases in e.
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time allocation creates a similar channel through home production and market consumption
—1
income effects summarized by ¢¢ = (1 —I'y)—(1 — 'y — 0) [1 - % (1-— XCM)] XCs-
Capacity utilization increases less in light of home production as output increases. The
overall impact of search effort on capacity utilization increases in ¢, as the productivity of

search effort increases.

Lemma 2. Fluctuations in capacity utilization are driven by a trade-off between search prices
and price markups summarized by the price elasticity channel (12) and the capacity
utilization channel (13). High search prices imply high capacity utilization but require low
price markups. Variation in capacity utilization is strictly increasing in the substitutability of

matching inputs, I's, as shown by (11).

4.2. Price and Wage Setting in Light of Search Prices

Optimal Price Setting. The centerpiece of the model in the paper is the trade-off between
flexible search prices and sticky purchase prices. It is summarized by the NK Phillips curve

given by

Ty = 1:P¢7 6(1_¢e)mct+% (ét_'@zt> -

€t
e—1

1 + BE ey, (14)

where inflation increases in marginal costs!” - thus in search prices as shown by (11), decreases
in goods market tightness if I's < 0, and decreases in €; as goods markets are more competitive.
Price setting is sluggish due to price adjustment cost, xp, and forward-looking.

As in the benchmark model, the pass-through of marginal costs to purchase prices increase
in the price elasticity of demand. Higher competition requires stronger price adjustments as
demand for a single firm would otherwise explode leading to exploding marginal costs. Adding
goods market SaM decreases the price elasticity of demand in ¢. as shown by (8) which

decreases the pass-through of marginal costs to purchase prices. In contrast, the pass-through

10Marginal costs determine the labor share, [sy = mcg, as in the benchmark model. We use this equivalence
to match the slope of the labor share Phillips curve to estimates in the literature (i.e. Gali and Gertler
(1999); Sbordone (2002)). The estimate is potentially biased by goods market tightness. However, as long as
I's is close to Cobb-Douglas, the bias is quantitatively small.
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of marginal costs to purchase prices increases in the search effort elasticity of available
capacity, ¢,. As search effort becomes more productive, firms respond by increasing their
available capacity which lowers search prices and amplifies demand for that firm. Therefore,
firms increase their pass-through of marginal costs to purchase prices to balance an increase
in demand. Tight goods markets lower purchase prices if goods market matching inputs
are complements, I'g < 0. Firms try to attract additional demand in a goods market with
otherwise high consumption costs. Combining the two goods market SaM effects on the
pass-through of marginal costs leads to the combined effect of marginal costs on inflation
given by (e+ ¢,). Hence, the ¢,-channel is larger than the ¢.-channel given €', which implies

a steepening of the marginal costs (labor share) slope of the Phillips curve in yg'2.

Lemma 3. The trade-off between sticky purchase prices and flexible search prices has two
components. First, the "flexible price component” describing the optimal time allocation
between search effort, home production, and market production, given € and vs. And second,

its trade-off with price adjustment costs, as described by (14).

Unemployment and Wage Inflation. The labor market features the extensive margin in a
tractable way following Gali (2011). Unemployment is determined by sticky wage inflation.
The wage Phillips curve is given by

>VM (EW — 1)

Ouly + PE AW, 41, (15)
Kw

fwe = (—1

1

where ey > 1, ¢, = (%) "M and Ky > 0. Real wages are given by w0, = Tw — T + Wi—1

with w, = mc; + l}grt. Labor productivity is given by

Ipr, = Ay + 9714, (16)

1 As shown in (6), € increases in s when targeting a steady-state price markup. Hence, it further steepens
the slope of the Phillips curve when one targets steady-state price markups instead of calibrating e directly.

12Tf we target Phillips curve slope estimates, this finding implies higher price adjustment costs, kp, to
balance the otherwise steeper slope.
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which fluctuates in capacity utilization, ¢;, and productivity, A, Adding goods market SaM

adds a second real wage channel besides variation in marginal costs, mc;.

4.8. Intertemporal Consumption Allocation and Aggregate Demand

Consumption Euler Equation. Intertemporal consumption allocation of the representative
household is determined by the response of output growth to changes in the real interest

rate. The consumption Euler equation is given by
= Efryr = ¢oBi Ay + ¢ B APsy 4, (17)

where A indicates growth rates. Adding goods market SaM features an ”inflation-like” term
given by variations in expected search price growth, ]EtAPS,Hl. Future price elasticity of
demand falls in expected search price growth. Following an increase in the real interest rate,
households shift consumption less to the future if expected search price growth (implicit

inflation) increases. This channel is more salient as ¢, increases.

Corollary 1. From (17) we can derive a corrected price inflation measure defined by
Efritr = Eftopr + 0B AP, (18)

which takes into account observed price inflation as well as unobserved search price inflation.
Applying this inflation measure to the Fuler equation results in the benchmark model Euler

equation with inflation corrected for search price growth.

Lemma 4. The growth in expected search prices is inflationary. Goods market SaM unam-
biguously reduces the variation of consumption (output) following a change in the real interest
rate. Changes in goods market tightness affect intertemporal consumption allocation through

the price elasticity of demand channel, even if purchase price inflation is constant.

Real GDP. Labor is the only production factor in this economy determining production

capacity given technology, A;. Goods market frictions lead to idle production capacity. It
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follows that real GDP is given by

. 1 X . ) .
Y, = — |mic; — ¢ Psy — vyduty + (1 + var) (w 'g; + At)

vm + ¢c 7 (19)

where the response to its right-hand side determinants increases in the labor supply elasticity,
i, and decreases in the salience of home production and market consumption income effects,
¢c — symmetric to Lester (2014). As in the benchmark model, marginal costs (sticky prices)
and unemployment (sticky wages) determine its endogenous variation. TFP shocks create
exogenous variation. Goods market SaM adds the price elasticity of demand and capacity

utilization channels. Real GDP (19) is a combination of labor and efficiency wedges by
Y, = vit |(1+vy) T — +L,t]

with the labor and efficiency wedges defined by

Frs = ¢cYs + vadutly — mcy + ¢ Psy, (20)
TEt = VG + At~ (21)

It follows that the price elasticity of demand channel affects real GDP through the (household
side) labor wedge (20) and the capacity utilization channel affects real GDP through the
efficiency wedge (21). As Pg,t increases in mc; — as shown in (11) — the price elasticity of
demand channel counteracts the benchmark model labor demand channel working through
marginal costs. For I'g = 0, it follows that the impact of marginal costs on the labor wedge
is defined by (1 — €¢,) § 0. If e > 1, it follows that the price elasticity of demand channel
dominates and the labor wedge increases in marginal costs. If e¢. < 1, it follows that the
labor demand channel dominates and the labor wedge decreases in marginal costs as in the
benchmark model. For I's < 0, the labor wedge can be countercyclical with e, > 1 as the
variation of search prices in marginal costs decreases. As shown in (13), the efficiency wedge

always increases in marginal costs as search effort increases in marginal costs.
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5. Quantifying the Impact of the Goods Market SaM on the Economy

Goods market SaM creates a countercyclical price elasticity of demand which is amplified
by procyclical variation of the capacity utilization. Compared to the benchmark model,
aggregate demand is less responsive to changes in the real interest rate while firm price setting
is more flexible following feedback effects from capacity utilization on firm productivity.
However, the model shows a trade-off between matching the procyclical efficiency wedge and
the countercyclical labor wedge in the data. Adding home production alleviates the impact
on the labor wedge as the time allocation trade-off dampens variation in capacity utilization
and thus the price elasticity of demand. I determine the slopes of the reduced-form output
gap model where gap variables are determined as the deviation from their flexible price

counterpart, i.e. ¥; =Y, — V;}V.

5.1. Goods Market SaM Channels in the Reduced-Form Model

Unobserved search effort paired with sticky purchase prices drives variation in the price
elasticity of demand gap, the capacity utilization gap (efficiency wedge gap), and the labor
wedge gap which creates a wedge between the output and unemployment gaps. They are

described by reduced-form gap variable versions of (12), (19), and (20) given by

= (-1 QE,Yﬁ—i—@E,uﬂt], (22)

Ge =Tetr = OyyYs + 0,0, (23)

7zL,t = GTL,Yi}t + HTL,uaty (24)

where =y = 2 g+ o + x| and gz, = o Lbsfur ape the f (22)
EY —¢. |VS C 5, v | and Uz T—¢. &, o are the slopes o ,

O,y = 0;; {e(1 = ¢¢) [vamr + ¢c] — (1 — €oe) [vs + ¢c]} and 0, = 9;;6 (1 — ¢¢) varep, with
Opqg =€(1— o) [1 +uy — 154)6 6;1} + 1;;? [1 +vs—(1+¢,) FS] are the slopes of (23), and
s 14+¢4 eq,Y

1—eoe 1—eoe s 14+¢y Ogu
0.,y = ¢c — —Eﬁ’ 0=y + T ed, 0 and 0, , = Vo, — €;¢ 0= + l—ie w;i”qT are the

slopes of (24). Variations in the price elasticity of demand gap are determined by the search

disutility convexity, vg, home production and income effects, ¢, and variation in capacity

utilization determined by 6,y and 6,, (see (12)). Variations in the capacity utilization
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Figure 2: Slopes of the goods market SaM channels
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NOTE: The graphs show the impact of varying vg with a fixed v); on the slopes of the goods market SaM channels (inclduing home production).
The benchmark model is shown by the full horizontal line (vg = 0). The NK-SaM model is shown in two variants for three different values of vg
indicated by the dashed, dashed-dotted, and full lines. First, the bold-colored lines show I'g /~ 0. Second, the thin-black lines show I'g = —o0
implying an substitution elasticity of ~ 0 for the matching inputs.

gap are determined by search effort productivity, ¢., a labor demand channel, and a price
elasticity channel (see (20) and (21)) — all three channels increase in marginal costs as shown
by (11). Variations in the labor wedge gap are determined by the trade-off between the labor
demand and price elasticity of demand channels as described for (20).

Figure 2 shows how goods market SaM affects the output gap elasticity of (22), (23), and (24).
We apply Okun’s law as found in Knotek (2007) to summarize the output and unemployment

gap coefficients in one elasticity. Figures for the separate slopes can be found in Figure D.9a.

Capacity Utilization Gap. The output gap elasticity decreases as matching inputs become
greater complements, ['¢ — —oo. For perfect complements, ['s — —oo, the elasticity coverges
to zero. Its variation depends crucially on the substitutability of search effort and goods
supply. As search effort becomes more productive — vg increases — pass-through of marginal
costs to prices, €(1 — ¢), decreases, but search effort productivity, ¢., increases. The second
effect is larger as the output gap elasticity of capacity utilization increases in ~s.

The impact of l’j—; on the elasticity depends on the trade-off between the labor demand
and the price elasticity of demand channels as described in (20). As vg increases, search
price variations are increasingly convex as shown by (13), which implies convex marginal
cost variations as shown by (11). If (1 — e¢.) > 0, the labor demand channel dominates
and convex marginal costs lead to a stronger labor supply increase thus a lower capacity

utilization increase. If (1 — €¢.) < 0, the price elasticity of demand channel dominates and
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convex marginal costs lead to a stronger decrease in the price elasticity of demand thus a
higher capacity utilization increase. For (1 — e¢.) = 0, the two channels cancel out, leaving
the capacity utilization gap independent of the impact of search disutility convexity.

Applying Okun’s law to the calibrated model (see section 2.6), we find an overall output gap
elasticity of the capacity utilization gap of 1.35'. The capacity utilization gap is procyclical.

Price Elasticity of Demand Gap. If matching inputs are perfect complements, I'g — —o0,
variation in the price elasticity of demand is countercyclical but shows a small output gap
slope. For I's = 0, the slope of (22) is amplified by (23). Capacity utilization amplifies
the countercyclical price elasticity of demand — especially if the price elasticity of demand
channel dominates the labor demand channel. % works through its impact on capacity
utilization as described for (23).

Applying Okun’s law to the calibrated model (see section 2.6), we find an overall output
gap elasticity of the price elasticity of demand gap of —5.03'*. For I'g — —oo0, the overall
elasticity reduces to —1.1 as capacity utilization is constant. Hence, the price elasticity of

demand gap is strongly countercyclical as it is amplified by capacity utilization variation.

Labor Wedge Gap. For I's ~ 0, the labor wedge gap is countercyclical as in the data
(see e.g. Karabarbounis (2014)) if the labor demand channel of marginal costs dominates
((1 — epe) > 0). If the price elasticity of demand channel dominates ((1 — ep.) < 0), the
labor wedge is procyclical. As matching inputs become perfect complements, I'g — —oo, the
output gap elasticity of the labor wedge is countercyclical for any e¢, as it converges to its
benchmark model value. Hence, there is a trade-off between matching a procyclical efficiency
wedge and a counteryclical labor wedge in the NK-SaM model.

Applying Okun’s law to the calibrated model (see section 2.6), we find an overall output gap
elasticity of the labor wedge gap of 2.73'%. The labor wedge gap is procyclical driven by the

13The individual elasticities of the capacity utilizaiton gap are given in Figure D.9a. For the calibrated
model, they are 1.88 for the output gap and 1.06 for the unemployment gap.

The individual elasticities of the price elasticity of demand gap are given in Figure D.9a. For the
calibrated model, they are —6.57 for the output gap and —3.07 for the unemployment gap.

15The individual elasticities of the labor wedge gap are given in Figure D.9a. For the calibrated model,
they are 4.57 for the output gap and 3.68 for the unemployment gap.
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procyclical variation in the capacity utilization channel.

5.2. The Reduced-Form Five-Equation Model

The model presented in section 4 can be summarized by five equations - a consumption
Euler equation (25), a NK price Phillips curve (26), a NK wage Phillips curve (27), a
law of motion for real wages (28), and a Taylor (1993)-type rule (29). The five-equation

reduced-form gap model including goods market SaM is given by

Pp— PN — Eyftyyr = OuyEAYipq + Oy B Adiyyq, (25)
iy = Ory Y, + Or ity + BB Ay, (26)

Fwe = (—1) EV;V; L bty + BEArywass, (27)

Fwie — Ty = Ouy AY; + O, Adly, (28)

Py =i feg + (1) [iﬂﬁ't VigapYs| + M, (29)

with the slopes for (25) given by Oy = ¢¢ + 0=y and Oy, = 0= ,; the slopes for (26) given

by ©,y = ey [ﬂeg,y — F—Seq—’y] and O, = Lty [1_‘7’5 Oz, — Lslox ; and the slopes for

Kp [oF Oy P Kp Pe = oy Y
. 0= 1 (7] 0= v 1 Oq.u
(28) given by O,y = B + (1= o 552 ) 2 and €, = 52 4 (1 - ey B ) e

The reduced-form gap model has the identical functional form as our benchmark model
(see e.g. Erceg et al. (2000); Gali (2011)). By Proposition 1, the NK-SaM model nests the
benchmark model. The wage Phillips curve and the Taylor rule are unaffected by goods

market SaM.

Proposition 1. The goods market search-and-matching model reduces to a benchmark NK
model if v¢ =0, ps =0, and Y = 1. The goods market search-and-matching model nests the
benchmark NK model as in Erceg et al. (2000).

Proof. See Appendix B.3. O]

Figure 3 shows how goods market SaM affects the slopes of the Euler equation (25),
the NK price Phillips curve (26), and the real wage growth equation (28) compared to the
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Figure 3: Slopes of the 5-Equation Model
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NOTE: The graphs show the impact of varying vg with a fixed vj; on the slopes of the reduced-form NK-SaM model (inclduing home production).
The benchmark model is shown by the full horizontal line (yvg = 0). The NK-SaM model is shown in two variants for three different values of vg
indicated by the dashed, dashed-dotted, and full lines. First, the bold-colored lines show I'g = 0. Second, the thin-black lines show I'g = —oo
implying an substitution elasticity of &~ 0 for the matching inputs.

benchmark model as given by proposition 1. We apply Okun’s law as found in Knotek (2007)
to summarize the output and unemployment gap coefficients in one elasticity. Figures for

the separate slopes can be found in Figure D.9b.

The Consumption Euler Equation. Applying Okun’s law to the calibrated benchmark model
(see section 2.6), we find an overall output gap elasticity of the consumption Euler equation
of 0.6'6. A 1% increase in the real interest rate gap leads to a 1.67% decrease in output gap
growth. Adding goods market SaM increases the overall output gap elasticity through the
price elasticity of demand channel to 5.54'7. A 1% increase in the real interest rate gap leads
to a 0.18% decrease in output gap growth - a response approximately eleven times smaller
compared to the benchmark model. This result is much closer to the empirical literature
(Ascari et al. (2021)). The results are qualitatively robust but vary quantitatively with the
calibration of goods market SaM parameters. As shown in fig. 3, the overall output gap
elasticity varies between 0.71 and 10.26. Following the discussion for (22), the elasticity
increases especially in vg as I's =~ 0 and g is high.

Adding goods market SaM implies that monetary policy must adjust its interest rates

(significantly) more to achieve the same impact on output as in benchmark model. A

16The individual elasticities of the consumption Euler equation are given in fig. D.9b. For the calibrated
benchmark model, they are 0.6 for the output gap and 0 for the unemployment gap.

1"The individual elasticities of the consumption Euler equation are given in fig. D.9b. For the calibrated
NK-SaM model, they are 7.07 for the output gap and 3.07 for the unemployment gap.
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countercyclical price elasticity of demand reduces the impact of real interest rate gap changes.
The size of the impact depends on the capacity utilization channel as shown in (23). For

I's — —oo, the overall output gap elasticity is close to the benchmark model with 1.60.

Lemma 5. The inverse of the output gap elasticity of the consumption FEuler equation
decreases in V”iM, vs, and I's. The countercyclical pattern of the price elasticity of
demand increases in all three parameters making search costs a more salient feature of
overall consumption costs. It follows that monetary policy has a lower impact on aggregate

demand as goods market prices comprise a smaller share of the overall consumption costs.

The Price Phillips Curve. Applying Okun’s law to the calibrated benchmark model (see
section 2.6), we find an overall output gap elasticity of the price Phillips curve of 0.088'%,
with a price adjustment cost parameter'® xkp of 128. A 1% increase of the output gap leads
to 0.088%-point increase of the inflation rate. Adding goods market SaM increases the

120 — a response approximately 15% stronger than in the

overall output gap elasticity to 0.10
benchmark model although the price adjustment cost parameter kp increases to 188. The
countercyclical price elasticity of demand leads to a stronger pass-through of marginal costs
to prices in the NK-SaM model.

The results vary both qualitatively and quantitatively when varying the goods market SaM
calibration. As shown in fig. 3, the overall output gap slope of the NK-SaM model varies
between 0.050 and 0.195. Whether prices are more or less flexible than in the benchmark
model depends on ;’TS[ If uy_sz is low, firms adjust prices less than in the benchmark model.
As search effort is less convex than labor supply, firms prefer to adjust supply through

the capacity utilization margin rather than the price margin, vice-versa. This trade-off

only matters if matching inputs are relatively substitutable. This pattern becomes more

18The individual elasticities of the price Phillips curve are given in fig. D.9b. For the calibrated benchmark
model, they are 0.133 for the output gap and 0.090 for the unemployment gap.

19T recalibrate the price adjustment cost parameter, xp, under each parameter specification to match
the slope of the labor share Phillips curve in the data. For the NK-SaM model, it is constant across all
specifications if I's = 0 and changes only very slightly across different calibrations for I'g # 0.

20The individual elasticities of the price Phillips curve are given in fig. D.9b. For the calibrated NK-SaM
model, they are 0.131 for the output gap and 0.061 for the unemployment gap.
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pronounced as search effort is more productive — g increases.

Adding goods market SaM adds goods market tightness (capacity utilization) as a third
dimension to any firm’s price and quantity decision. A firm adjusts more along the less
convex dimension. The impact depends on the variation of the price elasticity of demand
channel as shown in (22). For the calibrated model, inflation varies more in response to
variation in the output gap compared to the benchmark model. As the relationship between
inflation and the labor share is fixed to its empirical value, it follows that the output gap
varies less in the NK-SaM model. Goods market SaM changes the relationship between the

labor share and the output and unemployment gaps.

Lemma 6. Each firm sets prices to target an optimal share of matching inputs given the
CES matching function. The slope of the output gap price Phillips curve increases in ;%, as
firms adjust prices more aggressively to induce changes in search effort. The variation in
prices increases for high vs and U's as search effort is a more productive matching input and

thus justifies larger price changes (thus higher price adjustment costs).

Real Wage Growth. Applying Okun’s law to the calibrated benchmark model (see section 2.6),
we find an overall output gap elasticity of the real wage growth equation of 1.87%!. Adding
goods market SaM increases the overall output gap elasticity to 3.49?% — a response ap-
proximately 87% stronger than in the benchmark model. A countercyclical price elasticity
of demand leads to stronger variation in the marginal rate of substitution and procyclical
capacity utilization leads to stronger variation in the marginal labor productivity. Both
increase the responsiveness of real wage growth to output gap growth.

The results depend on the calibration of the goods market SaM parameters. The discussion
of V’iM as for (26) applies as inflation affects real wage growth directly. As shown in fig. 3, the
overall output gap slope of the NK-SaM model varies between 1.85 and 6.28. Hence, for the

vast majority of calibrations, real wage growth is more responsive to output gap growth than

2IThe individual elasticities of the real wage growth equation are given in Figure D.9b. For the calibrated
benchmark model, they are 2.83 for the output gap and 1.92 for the unemployment gap.

22The individual elasticities of the consumption real wage growth equation are given in Figure D.9b. For
the calibrated NK-SaM model, they are 4.67 for the output gap and 2.36 for the unemployment gap.
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in the benchmark model, especially if vg is high as I's ~ 0 and g is high.

Aggregate Impact. The overall impact of goods market SaM on the model economy depends
on the interaction of the Phillips curves, the Euler equation, and real wage growth. The
slopes of the Euler equation and real wage growth increase with goods market SaM in the
analyzed parameter range, while the price Phillips curve shows ambiguous changes depending
on 5754 Price inflation can be either less or more responsive to the business cycle. We simplify
by assuming two cases: First, search effort supply is sufficiently more elastic than labor
supply, i.e. ;’iM = 0.5. And second, search effort supply is sufficiently less elastic than labor
supply, i.e. 2= = 1.5. The aggregate impact of those two cases is laid out in corollary 2.

VM

Simulations of the model provide a quantitative statement in the following section.

Corollary 2. Case 1: For 11/% < Usy, a flatter Phillips curve amplifies nominal effects while
a flatter Euler equation dampens them. The two effects counteract each other.
Case 2: For ;’—; > Usyr, a steeper Phillips curve and a flatter Fuler equation dampen nominal

effects. The two effects amplify each other.

Robustness. The slopes and output gap elasticities presented in this section are qualitatively
robust to different assumptions about preferences. Dropping home production in the time
allocation of households leads to an increase of the capacity utilization and price elasticity of
demand channels of roughly 25%. This pattern is quantitatively robust to changes in vg and
;’—; as shown fig. D.10a. It translates to a change of the price Phillips curve and real wage
growth slopes of approximately 25%. Only for the output gap elasticity of the Euler equation
is the increase larger with approximately 35%. Using Greenwood et al. (1988) preferences
instead of King et al. (1988) preferences shows a qualitatively and quantitatively similar
impact on the slopes as the introduction of home production as shown in fig. D.10b.

Lastly, if we drop the sticky wages assumption, xky = 0, the impact of goods market SaM
increases significantly as unemployment is constant across the business cycle?®. For the

calibrated, this implies stronger variation in capacity utilization and the price elasticity of

2We can derive the overall output gap elasticities of all margins for the 3-equation NK-SaM model (without
sticky wages) by simply dropping the unemployment gap margin in (22)-(29).
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demand. Tt follows that the response of the output gap to real interest gap changes is lower,

price setting is more flexible, and real wage growth following output gap growth is stronger.

6. Simulation Analysis

The model features two channels summarizing the impact of goods market SaM: The
capacity utilization channel and the price elasticity of demand channel which is amplified by
variations in capacity utilization. In this section, I analyze the aggregate impact of goods
market SaM on the model economy for business cycle shocks using impulse response (IRF)
analysis. To highlight each goods market SaM channel, T construct different scenarios for (1)
the benchmark model, and the NK-SaM model with (2) perfect matching complements®!, (3) a
Cobb-Douglas matching function, and (4) a CES matching functions with weak complements.

I use Dynare (Adjemian et al. (2024)) to solve and simulate the model economy.

6.1. Supply and Demand Shocks with Goods Market SaM

TFP Shocks. Figure 4 shows IRFs to a one standard deviation expansionary TFP shock
where the grey areas shows the benchmark model, the red curves the NK-SaM model with
perfect matching complements, the black curves relax this assumption to weak complements,
I's = —1, and the blue curves relax it further to Cobb-Douglas, I's = 0. Hence, we
subsequently increase variation in the capacity utilization channel while the price elasticity
of demand channel is present in all NK-SaM model versions.

The benchmark model IRF's to an expansionary TFP shock show a significant and persistent
increase in real GDP. Real wages increase as labor productivity increases exogenously. Prices
decrease slowly due to sticky prices, which leads to a countercyclical output gap and a
procyclical labor wedge. Both capacity utilization and the price elasticity of demand are
constant. Adding goods market SaM with perfect matching input complements shows the

same qualitative behavior of the IRFs. As there is now a second cost to consumption, the

24This scenario studies the idea of search effort as a cyclical component creating disutility to the household
and a trade-off in time allocation, however, not affecting capacity utilization. As there is no clear evidence
on the search effort elasticity of matching, this scenario acts as a lower bound of the impact of goods market
SaM on the NK model.
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Figure 4: Impulse Responses to an Expansionary TFP Shock
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NOTE: The figure shows IRFs to a one standard deviation expansionary TFP shock using the model presented in section 2 and section 4. The

benchmark model follows proposition 1, the "matching complements” model sets I'g = —oo, the CES model sets I'g = —1, the Cobb-Douglas
model is calibrated as in table 1.

response of real GDP is smaller than in the benchmark model. The price elasticity of demand
decreases in search prices which leads to stronger price cuts and a strongly procyclical labor
wedge. Lower aggregate demand and the procyclical labor wedge lead to lower production,
higher unemployment, and lower real wages.For a Cobb-Douglas matching function, real
GDP initially shows a stronger response than the benchmark model, which leads to a brief
positive deviation of the output gap. A significant drop in capacity utilization - in line with
Basu et al. (2006) - lowers search prices and increases the price elasticity of demand. Hence,
aggregate demand and thus production increase even as firms only slightly cut prices. This
effect is strong enough to create a countercyclical unemployment response contrary to the NK
literature (see e.g. Gali (1999)) but in line with Safonova (2017); Faccini and Yashiv (2022).
Real wages increase initially more than in the benchmark model due to strong labor demand.
However, as capacity utilization and thus labor productivity is low, real wage expansion is
overall lower than in the benchmark model. Firms do not cut their prices further to attract
additional demand as search effort is less effective as demand expands.

Overall, introducing goods market SaM with a Cobb-Douglas matching function makes the
NK-SaM model in response to a TFP shock look more like an RBC model as output gap and

inflation deviations are small while real GDP and employment are strongly procyclical. This
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feature follows from an endogeneized price elasticity of demand which turns procyclical as a
countercyclical capacity utilization amplifies it. Lowering the substitutability of matching
inputs leads the NK-SaM model to converge back to the benchmark model, as the CES

model with I'g = —1 in fig. 4 shows.

Monetary Policy Shocks. Figure 5 shows IRFs to a one standard deviation expansionary
monetary policy shock featuring the same models as in fig. 4. The IRFs of the benchmark
model show a significant and persistent increase in real GDP. Households increase their con-
sumption as the central bank cuts its nominal interest rate and prices are sticky. Production
expands by attracting employment through higher real wages due to sticky prices. Hence,
price markups decrease and the labor wedge decreases. Both capacity utilization and the
price elasticity of demand are constant. Adding goods market SaM with perfect matching
input complements shows the same qualitative behavior of the IRFs. As there is a second
cost to consumption, the response of real GDP is smaller than in the benchmark model. The
price elasticity of demand decreases in search prices which leads to a stronger price increase
compared to the benchmark model. The real GDP response is about half as large as in
the benchmark model, which is in line with the results from section 5.2. Lower aggregate
demand leads to lower production thus higher unemployment in line with lower real wages
and a countercyclical labor wedge.

Relaxing the matching inputs complementarity leads to small quantitative changes in the
IRFs. For a Cobb-Douglas matching function, real GDP, the output gap, and real wages
show a small increase in their IRFs. The unemployment gap shows a small decrease in their
IRFs compared to the benchmark model. An increase in capacity utilization increases search
prices and decreases the price elasticity of demand. Firms respond by cutting their price
increases almost in half compared to the benchmark and perfect matching complements cases.
The initial response of the labor wedge is negative as low price elasticity of demand and
high aggregate demand decrease unemployment. As capacity utilization is more persistent
than aggregate demand, it follows that the labor wedge deviates above its steady-state in

transition. With strong substitutability of matching inputs, an expansionary monetary policy
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Figure 5: Impulse Responses to an Expansionary Monetary Policy Shock
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NOTE: The figure shows IRFs to a one standard deviation expansionary monetary policy shock using the model presented in section 2 and
section 4. The benchmark model follows proposition 1, the "matching complements” model sets I'g = —oo, the CES model sets I'g = —1, the
Cobb-Douglas model is calibrated as in table 1.

shock works mostly through higher utilization of existing production capacity instead of an
expansion of it.

Overall, introducing goods market SaM with a Cobb-Douglas matching function makes the
model in response to a monetary policy shock look more like the RBC model as output (gap),
inflation, and labor deviations are smaller. Nominal shocks have a smaller impact on the
economy. This pattern follows from a procyclical capacity utilization and countercyclical price
elasticity of demand. Lowering the substitutability of matching inputs leads the NK-SaM
model to converge back to the benchmark model, as the CES model with I'g = —1 in fig. 4
shows. This allows to partially reconcile the NK-SaM model with a countercyclical labor

wedge but at the cost of lower capacity utilization variation.

6.2. Cost-Push Shocks in a Goods Market SaM Economy

The two goods market SaM shocks, zﬂt and f[ig; are natural candidates for cost-push
shocks as they affect the non-pecuniary cost of the unobserved input factor search effort.
They exogenously change search prices and thus the price elasticity of demand affecting the
price setting power of firms. They are potential candidates for a micro-founded cost-push

shock instead of the otherwise elusive markup shock modeled as exogenous variation to the
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Figure 6: Impulse Responses to Different Cost-Push Shocks
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NOTE: The figure shows IRFs to one standard deviation expansionary cost-push shocks using the model presented in section 2 and section 4. The
benchmark model follows proposition 1, the Cobb-Douglas model is calibrated as in table 1. The shocks present exogenous variation in the
elasticity of substitution (EIS), &, in search effort, fi¢, and in matching efficiency, 1.

elasticity of intratemporal substitution (EIS) (Schmitt-Grohé and Uribe (2025) conduct a

similar analysis with transportation costs).

Cost-Push Shocks in Comparison. Figure 6 shows IRFs to one standard deviation? expan-
sionary shocks of the EIS, ¢, search effort disutility, u;, and goods market matching efficiency,
;. All three shocks qualify as cost-push shocks as they show negatively correlated real
GDP and inflation deviations from steady-state while they do not affect the production
process directly. In fig. 6, the grey areas show the IRFs to an EIS shock in the benchmark
model as in Ireland (2004). The three curves show the three cost-push shocks present in
the NK-SaM model as described above.The EIS shock shows in both the benchmark and
the NK-SaM model a significant exogenous increase in the price elasticity of demand. In
response, firms cuts price which leads to higher aggregate demand and output. Pass-through
of marginal costs to prices is lower in the NK-SaM model as capacity utilization decreases —
an unexpected feature following lower prices. Firms expand employment (lower labor wedge)
and households increase search effort. As prices are sticky, it follows that production capacity

increases faster than aggregate demand leading to an underutilization of capacity. The

2511 three shocks are calibrated such that their initial expansionary real GDP response is roughly the
same. With a shock persistence of 0.5, all three shocks converge back to steady-state in about 4 to 6 quarters.
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incomplete pass-through of marginal costs to prices leads to a negative output gap in the
benchmark model, while the search effort channel in the NK-SaM model leads to a positive
output gap?.

In the NK-SaM model, two additional shocks - search effort and matching efficiency - act
as cost-push shocks. Targeting the same output response as for the EIS shock, we find
similar deflation in the NK-SaM model. However, other variables show both qualitative
and quantitative differences. The endogenous response of the price elasticity of demand
while procyclical is significantly lower compared to the exogneous change of the EIS shock.
Capacity utilization increases as search effort (efficiency) expands exogenously. As the
increase in output works mainly through unobserved search effort, variation in labor market
related-variables is significantly lower compared to the EIS shock. A low variation in the
output gap shows that the exogenous shocks are not significantly amplified through the
sticky price and wage assumptions in the NK-SaM model?".

All three shocks show features of cost-push shocks. The NK-SaM model shows that such
shocks can arise naturally from the demand side of the model. As there are clear interpreta-
tions of both demand side shocks, adding goods market SaM makes cost-push shocks in NK

models less elusive.

Search Effort Shock. Both NK-SaM shocks show almost identical IRFs. In what follows,
we focus on the search effort shock instead of the matching efficiency shock as it is in line
with a procyclical search effort (see e.g. Petrosky-Nadeau et al. (2016)). While both shocks
might explain part of the data, search effort shocks seem to be the more important shocks
given shopping time data. Detailed IRFs for the matching efficiency shock can be found in
Appendix F.

Figure 7 shows IRFs to a one standard deviation expansionary search effort shock featuring

the same models as in Figure 4%, All three versions of the NK-SaM model show a significant

26We calculate the output gap to the flexible price model. For the output gap of the efficient model (with
no monopolistic competition), the output gap is procyclical for both the benchmark and the NK-SaM model.

2"We calculate the output gap to the flexible price model. If we assume no search friction and thus constant
capacity utilization in the efficient model, then the output gap is procyclical for both shocks.

28There are no IRFs of the benchmark model as there is no search effort.
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Figure 7: Impulse Responses to an Expansionary Search Effort Shock
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NOTE: The figure shows IRFs to a one standard deviation expansionary search effort shock using the model presented in section 2 and section 4.

The benchmark model follows proposition 1, the ”matching complements” model sets I'g = —oo, the CES model sets I'g = —1, the Cobb-Douglas
model is calibrated as in table 1.

increase in real GDP. The Cobb-Douglas model is the same as in Figure 6. For perfect
matching input complements, the output (gap) IRFs show significantly larger deviations
from steady-state as search effort does not substitute for supply. The additional demand
from households can only be satisfied if production increases. It follows that real wages
increase significantly while unemployment and the labor wedge decrease significantly. The
expansion in output drives up marginal costs which leads to higher inflation. The price
elasticity of demand increases in search prices which are not balanced by an increase in
capacity utilization. It follows that the search effort shock become an aggregate demand
shock instead of a cost-push shock as matching inputs become perfect complements. The
specific workings of the goods market and unobserved search effort are thus crucial for the
classification of this shock.

For weak complements, I's = —1, the IRFs are qualitatively identical to the Cobb-Douglas
case as described for Figure 6 although quantitatively less pronounced. The search effort
shock still identifies as a cost-push shock in this case?. Overall, goods market SaM allows
for a natural implementation of (demand side) cost-push shocks. This section has shown

how the interaction of the price elasticity of demand and capacity utilization channels is

29Gee fig. F.12a for the matching efficiency shock.
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crucial for this interpretation. The search effort shock is a cost-push shock only if capacity
utilization varies procyclically with variation in search effort. The procyclical search effort

elasticity found in Petrosky-Nadeau et al. (2016) hints in that direction.

6.3. Robustness Analysis

The model in this paper is rather small and can be extended in several dimensions. Here,
I present a few. Given space constraints and in light of brevity, I postpone model setup

details (see Appendix A) and results (see Appendix F.3) to the appendix.

Alternative Calibration. Calibrating v¢ = 0.11 implies lower variation in the price elasticity
of demand and capacity utilization. It follows that the labor demand channel dominates the
price elasticity channel and the labor wedge is countercyclical. All other IRFs converge closer
to the benchmark model. Calibrating V”—IZ = 0.5 amplifies the variation in the price elasticity
of demand and capacity utilization, thus amplifies the impact of goods market SaM on the
IRF's along the lines of section 6. For :TSI = 1.5, we find the opposite results. In both cases,

the cyclicality of the labor wedge depends solely on vg even though ;’—Z affects the variation

of the price elasticity of demand and of capacity utilization.

Alternative Preferences. Using Greenwood et al. (1988) preferences® leads to qualitatively
similar but quantitatively larger results as income effects in the utility function drop out.
Variation in capacity utilization and the price elasticity of demand increase with a counter-
cyclical impact on the labor wedge as variation in search effort (labor) is higher. Comparing
the IRFs to the slopes in fig. D.10b, we find that the output gap varies less following a
smaller Phillips curve slope but aggregate demand effects are stronger following the larger

Euler equation slope.

Frictional Labor Markets. Sticky wages alter the time allocation trade-off with the variation
in search effort decreasing in wage adjustment costs, ky. As shown for the slopes of the

reduced-form model (see section 5), sticky wages reduce the impact of goods market SaM.

30The main reason of chossing King et al. (1988) preferences in this paper is the unemployment modeling
assumption following Gali (2011) which would otherwise not be possible.
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Its quantitative impact on the IRF's is substantial (see fig. F.16), while there is no qualitative
impact on the goods market SaM channels. Assuming flexible wages, the variation in capacity
utilization and the price elasticity of demand dampens for TFP shocks as wages and thus
labor and production capacity increase faster. For demand and search shocks we find the
opposite impact as stronger wage growth cuts off labor demand. The dampening/amplifying
impact on the two goods market SaM channels transmits to the rest of the economy as
described in section 5 and section 6. Adding hours adjustment costs (see Lechthaler and
Snower (2013)) as a proxy for labor market SaM (see e.g. Merz (1995); Blanchard and Gali
(2010)) amplifies the IRFs symmetrically to sticky wages. Having both sums up their effects

as the trade-off between market labor and search effort is further altered.

Capital in Production. Adding capital and capital utilization similar to Christiano et al.
(2010) shows a small qualitative and quantitative impact on the IRF's (see 77). The IRFs
are more persistent as capital is a stock variable. Variation in capacity utilization decreases
slightly for TFP and monetary policy shocks, while it increases slightly for search effort
shocks. Variation in the price elasticity of demand is mostly unchanged with the exception
of a lower persistence following a TFP shock. The labor wedge becomes mostly acyclical
across shocks with capital as a substitute input factor. Compared to the benchmark model,
adding capital has a smaller impact on the IRFs in the NK-SaM model as household time

allocation has become more important through the additional dimension of search effort.

Long-Term Goods Market SaM. Adding firm inventories as in Den Haan and Sun (2024)
shows a quantitatively small impact as inventory holdings are costly and available only for
industry which comprises about one third of overall GDP (see fig. F.18). Adding long-term
contracts on the goods market as in Michaillat and Saez (2015) shows a substantial impact
on the economy if average contract length is high (e.g. one year). Search costs per unit
traded decrease which implies lower variation in the price elasticity of demand and in capacity
utilization. The IRFs of real GDP converge to the benchmark model which shows a slightly
larger and hump-shaped response. For the search effort shock, real GDP shows a decreasing

variation as the search friction that is alleviated by the shock decreases in the contract length.
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The reduction in search frictions leads to a general increase in inflation variation. The impact
of goods market SaM thus depends on a continuous and significant search cost on the goods

market. Long-term contracts can alleviate those cost significantly in the model.

7. Discussion and Concluding Remarks

This paper extends the NK model to include procyclical shopping time via goods market
search-and-matching, showing how search costs affect capacity utilization, inflation dynamics,
and long-run GDP. Goods market search frictions reduce long-run GDP through idle capacity
and price markups resulting from a lower price elasticity of demand, while also altering the
slope of the Phillips curve and Euler equation.

The tension between flexible search prices and sticky purchase prices gives rise to endogenous
capacity utilization and price elasticity of demand. It is amplified by the interaction between
firm market power and goods market frictions. These features increase the NK Phillips
curve slope by 15% and flatten the Euler equation by up to 91 % due to the inflationary
role of search costs. Monetary policy affects aggregate demand less as search costs are only
indirectly affected nominal interest rates.

Simulation results show muted output gap responses and weakened monetary policy trans-
mission. The model aligns with RBC-like output dynamics yet preserves empirical inflation
responsiveness. Cost-push shocks arise naturally from the demand side as unobserved search
effort changes lead to an increase in prices while aggregate demand decreases. This result
builds on the endogenous price elasticity of demand amplified by variation in capacity uti-
lization. These changes in the volatility of policy targets and the effectiveness of policy
transmission affect optimal monetary policy not only for monetary shocks, but also for TFP
and search effort shocks — warranting further analysis in a medium-scale NK-DSGE setting
with goods market SaM.

While long-term contracts might mitigate informational search costs (see section 6.3), data
show such costs are minor (see Petrosky-Nadeau et al. (2016)). Instead, predominant frictions
— travel and waiting — persist, rendering search effort a key macroeconomic margin. Further,

in the NK-SaM model, consumption combines pecuniary and time costs, linking cyclical
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search effort to inflation. Given this structure, proxies for search cost enable adjusted inflation
metrics (see corollary 1) and household-specific welfare analysis. However, non-pecuniary
costs depend on time-use preferences, which require careful study. A drawback of the model
is, that it underperforms in replicating the labor wedge, highlighting a trade-off with capacity
utilization. Incorporating labor market frictions may resolve this and align both wedges more
closely with data.

Overall, the framework highlights how pecuniary and non-pecuniary consumption costs shape
inflation, output dynamics, and monetary policy over the business cycle. It invites further
work on goods market structure within NK models. Extending it to include features such
as an intensive trade margin, advertising, endogenous long-term contracts, or household

heterogeneity could sharpen its policy relevance.
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Appendix A. Complete Model Setup and Derivation of First-Order Conditions

Appendiz A.1. Goods Market Setup

Goods market law of motion:

Tt(iuj) = (1 - 5T) Tt—l(ivj) + mt(ivj)

Goods market matching function:

m(i,§) = Vs [vsHs,(5,5)7S + (1 — v5)Si(i, j)Ts] Ts

Goods market tightness:

HS,t(iaj) _ Qt(iaj)
St(iaj) ft(%])

.’Et(i, .7) -
Goods market matching probabilities:

LN mt(Z j)
ft(lvj) HSt( ,])

a(i,7) = ((z )) = Ygt [VSl“t(ivj)FSJr(l*VS)]%
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Appendiz A.2. Labor Union: Aggregator and Quadratic Hours Adjustment Cost

Optimization Problem of the Labor Union.

o0 1 1
L= E W, H ) di — Wi(7)H Ndj — W:H
HMMHMmt%;)cHMtU) ogﬁo,t{[ t/o we(i)di /0 t(J)Hyri(5)dj — caneWe M,t:|
‘W
ewfl ewfl
— Oy [HMt - Hpe(j) v dj) ]

([
o [ ]

First-order condition.

1
H i)\ ew
Wi(j) <g’t(])> = Widnm, (A.6)
Mt
where
W, H
by =1—canme — s + BB —— Ak ( M’t+1> CHM 4415
Wy Hygy
with
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Appendiz A.3. Optimization Problem: Household of Type j

Appendiz A.3.1. Lagrange Mazimization Problem (Households)

The utility maximization problem of each household is given by

L= max E ), Hs(i,5), Hr(j), H j
Cois), D (i), Ho (1.5) Wi (), 02/3{ ( s4(6:), H1a(J) M’t(])>
Be(i,), K (1.0). T+ (1)

_)\l,t[Bt() (I47ri—1)Bi—1(J /PtletZ]d
- (1 — CW,t(j)>Wt(j)HM,t(j) — Pricenri(5) Knri—1(7) — Ht:|
— Aoy [C't(j) — (’YHC'H,t(j)FH + (1 —7m) CM,t(j)FH) F;I]

1
- /0 A3,1?(2‘7.7‘) I:Tt(zaj) - (1 - 5T) ﬂ—l(i7j> - ft(lvj)HS,t(ZaJ)] di

— Mt | Humi(j) — <MZ*)¢HM1:) HM,t:|

— X5 | K (4) — (1 — Onr (enre(J )))KMt 1(J) — (1 _CMI,t(j)>IM,t(j):|

— X6t _KH,t(j) — (1 i (eH,t(j)))KH,t—l(j) - (1 - CHI,t(j))IH,t(j):|

v ( / 1 ﬂ(@j)ﬁfdi) T Cuual)  Laal) IH,tu)] }

where

OH

Crra(i) = Hig ()™ [ens () Knia ()]

and it is assumed that the no-Ponzi scheme condition limp_,o, E;Bp(j) > 0 holds.
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Appendiz A.3.2. Functional Forms (Households)

Cost functions. Adjustment costs and capital depreciation are described by
S mw (W) >2
c =—=—=—=-1] ,
wild) =5 (th(J)
. Opr20 .
Sare(4) = O + M22 M3 (eMt( ) — 1) + s (€Mt( ) — 1)
. 0 .
Se(j) = Om + — O3 (GH,t 1) +0m3 <€H,t(]) - 1),
7)

emri(j) = =S ( IMt((J) - 1>2’

2 Iy
p— o 1 '
cHI,t(J) 2 (IH¢_1(J) >

Utility Function. Preferences either follow Greenwood et al. (1988) or King et al. (1988) and the
convexity of search effort disutility can either apply to overall household search effort or firm-specific
search effort.

GHH preferences (aggregate/firm-specific convexity in search disutility):

r 1 .o .
1 . Jo Hse(i,5) Tsdi Hy(j)t Hppi(5) M
U (i, 5) -5 Ce(§) — psye 1+ vs — HH 1+ vm — UM L+ vas (A.7)
i 1 C o\ TS 1=o
. 1 . (f() HS7t(Zvj)dZ> HHt( )1+VH HMt( )1+1/M
Ut(laj) 1—o Ct(]) — HSt 1+VS — UH ].+1/H — MW (AS)
KPR preferences (aggregate/firm-specific convexity in search disutility):
1 o\ 1tws
oy < G s D) e e
t\%, ) = 1— Hs,t 1+ vg H 1+ oy M 1+ vy .
1 .o .
. C)te Jo Hst(i,5) s di Hp i (j) 7 Hpp ()
Ui(d,5) = 1o Hs.t 1+ vs 0574 1+ vm U 1+ var (A.10)
FOC composite consumption (aggregate/firm-specific convexity in search disutility):
8Ut(i,j) [ ) ( HSt(j)H—us HHt( )1+VH HMt( )1+1/M>:| —0c
5 = |Cild) —ghh ’ A1l
9C(4) 1) = ghh \ mse = P, TEMTT (A-11)
—0
Uy (4, 5 . Hg (i L) s di Hy I+vy Hy I4+v
Od) _ ey — ghn f“ gD T el T
aCt(j) 14+ vg 1+vy 1+ vy
(A.12)
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FOC search effort (aggregate/firm-specific convexity in search disutility)

- - . )
(M = [ghh%v%l—ghh)} (—s.1) ( /0 Ha,(i, j)dz’) (A.13)
Ui, 5)  _ AU (i, j) o
m = { hhmﬂl —ghh)} (—ps.i)Hs, (i, ) (A.14)

FOCs home and market labor supply:

OU(i,j) U, (i, ) -
OHu,(j) [ghh 9C,(j) +<1—9hh>] (—prr) Hiza(3) (A.15)
OU(i,5) U, (i, ) .

OHn(j) [ hhf)ct@')+(1—9hh)] (—par) Hare(5) (A.16)

where ghh is an indicator variable for the GHH preferences.
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Appendiz A.3.3. First-Order Conditions (Households)

9U¢(i,)) % ew
|::Zjé:((;)) + wt(j)<1 - CW,tU))] ew <M%¢HM¢>
= w1 = ewa(d) - ()] + Br gt

. N\ -1
et - (G0

(20 Oy >(CH¢<J'>>FH1 Ciis
OHp(j) Ci(j ) Ci(j) Hpy ()
1
Pt(Z,]) WCt( ) ( ) © _ .. _ 1+7rt+1 L
B~ mua(j) \Tii ) Ps(i,7) + (1 — o7) Eq T Ps1+1(4,7)
, 1+ .
muci(j) = BEer———muce1(j)
+ 41
) 1+
Qmi(j) =Ey 1+7T:1 [TK,t+1€M,t+1 + (1 =95 (erme+1(4))) Qri+1(J)
WC,t(j) o . N N .
—— —QM,t(J) [1 CMI,t(J) CMIt(])]
1+ I
+ E¢ 7THlQM,thrl(J) w1l 4 a1 (d)
1+7r Mm(4)
a6 (eMt( )
Tkt = QMt( )7661\”(])
OU¢+1(3,5) . _ .
Onii) =E 1+ w1 o acjfl(('j) <0Ht+1(])>FH ' Cria(j)
! N muce1(3) \ Cey1() Kp4(j)
1+
B (U= 6 (e ()] Quana ()
Wet(4) B o ‘
muce(7) = Qus(j) [1 = curi(j) — curs(j)]
1+ mp Ige1(d)
+Et ].+T QHt () IH,t(]) HIt+1(j)
0, (i)
. . _ . 9Ct(4)
93 (e (7)) :vHaH(CHAJ))FH 'Cal) ey
Oemi(J) Ci(j) ent(7) Qui(j)Krui—1(J)
where
. AU, (ij)
o 4(i,7) OHg 1(i,9) 1
Pgy(iyj) = —=—= = (—1 S ~.
5408 = e ~ TV G muel)
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Appendiz A.3.4. Derivation of price elasticity of demand

Starting point — Inverse demand function derived from household FOCs:

1
Plig)  Woul) (TG \* o, . . bt
= : - P, 1—60p)Ep———P

Pt mUCt(j) E(l,]) S,t(%j) + ( T) t 1 I r S,t"rl(l,j)

First derivative:

OP(i,j) 1 -1 We, (Tto')))i

. N s —T i, )1 N .
TiG,g) P~ e DT e G \ T

Price elasticity of demand:

Tt(zv.j) 8Pt(27.])

o Felis ) muci() (T( j)>1

—_
—
—

=R W) \ Tl)
Symmetry — e M
= o = ( )WC,t(j)

Benchmark case (setting y5 = 0 = Pg; = 0):

o _ o Blid) (TiG))
= = b (Tt(j)>
Sym:r11>etry Et _ (—6)

50

(A.29)

(A.30)

(A.31)

(A.32)

(A.33)

(A.34)



Appendiz A.4. Optimization Problem: Goods Firms of Type i

Appendiz A.4.1. Lagrange Mazimization Problem (Firms)

The profit maximization of each firm is given by

L= T (4,9), A'E.I'n(aii);g (i,5) OZﬁOt{ |:/ Pt Z j)Tt(z j)d] - Wt( )HM,t(Z) - PtTK,tKMe,t(i)]
Py (i 73)7 H]v[t(’)KMe’t(Z)

— P14 [/;(1 - CP,t(iJ))St(l 3)dj — AcHagg (i)' ~OM Kpe(3)*M
#=on) [ T~ (-0 [ (1 aei)) S|
_ /0 " galir ) [Tt@,j) (1= o) Ty (i) - mt(i,jﬂ dj

1 .o .
[ ot [P0 Fe) (1
0

>1 + Ps(4, )

P, muce(3) \ T4 (4, 7)
1+m .. )
—(1=0p)E,————P, d
( T) t 1+ S,t+1(%])} J},

where Var+(i) = AyHpr (1 YoM Ky, (7)™, The last constraint states the household consumption
demand equation as derived in (A.20) and aggregated over all households. Price adjustment costs

are given by
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Appendiz A.4.2. First-Order Conditions (Firms)

K . i N )
we = (1 —apy) Ay (PM) mey (1) (A.35)
Karea(d) ) .
1
Py(i, 4) We(h) 1 ( T,(j5) > o
=pre(i,7) + pe(i, J P Ti(t, 7
po o 1) D ey o) 07 (A37
+ 7 ..
+ E; 1+;H (1—-467) [mCYtJrl P?“t+1(l;])}
. 1 Pst(iaj)
- — — ]I N Y7
mey,(i) ¥ opi(ind) [%(% Jpri(i,3) — Tgs - pi(i,§)vs S,007)
(A.38)
1+ o .
FE e (1= 0) (1= 06 ) mCY,tH(Z)]
- Yswi(is ) pddhs [pft(i»j) ~ B (1 —51)“1‘3’4“1(”] (A.39)
vind) = (1 —s) —Iugs - vs [ysze(i, j)F's + (1 —vs)]
P t%]) @t(%])
Epaling) = | | gt T e @Sinlhd) G (a40)

mey ()54, 5) L+r mey,(i)Se(i, j)

where Igg is an indicator variable for the alternative search effort disutility preferences, Hg(j) =
< fol Hg (3,5 yLFvs di). Marginal cost have to be corrected by capacity utilization to be comparable
to the textbook NK model with

mep = 2 , (A41)

where eg (i) = % is the short-run capacity utilization of available firm capacity.
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Appendiz A.5. Symmetric Model

Appendiz A.5.1. Representative Household

The FOCs and constraints of the symmetric model follow the assumption that all firms have the

same technology and all households the same preferences. We can therefore drop the firm indexes 4

of differentiated goods and the household indexes j of differentiated labor, as both are given by

representative good and labor supply. The system of representative household FOCs is given by

U
OH st

e

(=1

Muc

Wes
mucy

We

oU;
-1
(Vg

Qi

We
mucy

TKt

Quy

1+ m1 Hypa wt+1C§/V,t+1 (A.42)

1 wecly
= wy (1— 1- L _R
we (1= cwy) ( ewceHWMJ> + EWC;IWM,t 1ty Hyry
1 + Tt
= BEi————mucsyq,
g 1+ M1 ik
1+ m1
—1— Py, + (1 — 6p) B~ 41 ,
st + ( 7) Et T, Lot
_ % (1 ) CM,t =t
= 8Ct YH Ct ’
= U1 gy (G} G
ac, ' 1\ "¢, Hiy’
I o AR . ,
= B eMaT R
1+ T¢4+1 5M25M3
E,—— 1—96p1 —
+ Ity 1+ r, Q41 [ M1 5
1+ T I
= Qe [1—enrre — yry) + EtTHQM,t-HCII,t—&-lmv

= Qmt [Om200m3 (enre — 1) + Szl
OUsp1

=,

L+7re muci Ci+1

0m20H3

2
L+ m
Ten

I'p—1
Cu, i Cu,t U
, , 3
e ( i ) e ac,

 Kpi—1 (0p20ms (emy — 1) + dm3) mucy’

1+ me

E
+ ¢ 1—|—T‘t

QH t+1 [1 —0H1 —

= Quy [1—crry — ) + B QH,t+1
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Ty—1
1+my1 o Crps1\ " CHit
HOH |~ —
Ky

IH,t+1 /

Iy

)

CHIt+1>

€W
EWCHMt

(emrssr — 1)* — gz (emerr — 1),

(A.43)

(A.44)
(A.45)

(A.46)

(enrer1 —1)° — Ourz (enren — 1) |

(A.47)

(A.48)

(A.49)

(A.50)

(A51)

(A.52)



where

4 =K Wi -1 Wi
Wit VAW, Wi

H 2 H H
S PHM ( Mt 1) ¢HM< Mt 1) Mt

2 Hpyri1 Hpyri1 Hpri1
E 1 +7TW,t+1¢ Hyp 1 Hyy 1 2
t 14+ Tt HM HM7t HM,t
1+vg 1+vy 14vy -0
oU; Hg, Hyy Hyry
- = — hh ’ ’ )
oC, Ci=yg (Ms’t1+VS+MH1+VH+ 1+v
oU; Uy
= — +(1—ghh) | (- HZS
8H57t (ghh’act + ( g )> ( F‘S,t) St
oU; Uy
- Tt - ) HY
8Ut aUt v
= [ ghh— 4+ (1 — ghh) | (— oM
o = (st + (= ah)) (i

Appendiz A.5.2. Representative Firm

The system of representative goods firm FOCs is given by

K [&3Ys
we = (1 —apy) Ay ( HMe’t> mey ¢,
Mt
KMet om—l
i = oAy < HM7 ) mcey¢,
t
Weel, 1 I+
pri Pt mucy € t ( T) Et 147 Mmceyt+1 — Pre+1
1 Pg, 1+ m
- s - ) 1-67)(1— }
mcey 1+ cpy [Qtprt HS - ptVs S, + It 1+r ( 1) ( qt) Meyt41
’YSJU?S% [th - Etlﬂfiﬁf (1—4r5) mCY,t+1}
Pt =
(1—~s)—Ipgs-vs [’YS%FS +(1 - ’Ys)}
Ti ot 1+ w1 mey, 11541
p, = 1— 2| +BE ’ ¢ i
P mcey,: St [ T; O 147 mcy, St P+l

o4

(A.53)
(A.54)

(A.55)

(A.56)

(A.57)
(A.58)

(A.59)

(A.60)

(A.61)
(A.62)

(A.63)

(A.64)
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Appendiz A.5.3. Constraints and General Equilibrium

The system of household, firm, and market constraints and policy rules is given by

T;

Ty

Cy

Cry

Ky

Ky

T;

(14 cpy) St
Y

1+Tt

(1 =967)Ti—1 + @St

[
Ji

1
= (yuCyt + (1 —vi) C3f,) T
= H}qjtaH [eH,tKH,tfl]aH

= (1—0(ems)) Kprm1 — (1 — epre) Iaae

= (1 -0 <€H,t)) KH,t—l - (1 - CHLt) -[H7t

=Cume+ Iy + 1oy

=Vur—(1=0r) Ty + (1= 67) (1 — @) Si—s

CUtyM,t

T+r

1+4+7r

(
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7Ttl
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Appendiz A.6. Definitions of Further Variables

wy. muc, IR |
Ug = —1 A.T6
' K ghhaUt + (1 — ghh) Hpry ( )
Y,
cup = 1_()}; o (A.77)
AtHM,t KM,tfl
H
Is; = thtM’t (A.78)
Y
lpry = A.79
pri HM,t ( )
Mmcy¢ TMuct
lw, =1~ =€ A.80
t A MtghhaUt +(1— ghh) (4.80)
1+ t H t
€W¢HMt CQ/V,t - K +1J‘:3t+1 #ﬁlcgﬁ/ﬂﬂrl
ewe = (1= cwy) — (A.81)
W¢HMt €W¢HM¢
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Appendix B. Reduced-Form Model

Appendiz B.1. Simplified System of Non-Linear Equation

Households.
H
muct - [<€W — 1) (1 —cwy) + Cé/[/,t] - BEthCHl%?‘;I Wil
MMHK% = U ’
’ ghhget + (1 — ghh)
aU, Cu \'H! on,
uHY S (1 —am) (B) " 7
H p—
.yt ghhSet + (1 — ghh)
~1 8u
Chw =1 Tct
1=(1- : ¢ _p
( 7H)< C ) e Sit
147
muc; = BEtTmilmucHl
1+v, 1+v 1+v -0
Ut _ 1y~ ghh S’ts+ HHEHJF i
ac, = |Gt ghh\ psey o bl
Firms.
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Cue =t | TCt
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o = 75%512;11”"7&
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Constraints, General Equilibrium, and Further Variables.

1
C, = [VHCEﬁ + (L —u) Cﬁft A

CHJ — Hl_aH
Cuy = ——AHy ™™
M.t 1+Cpt Pt
1
Cnre = [ysa}® + (1= 7s)] ™ 5,
C
S, = Mt
at

i - i 1—ir
147 B 1+r1\ 7" (ﬁ)lﬂ' Y; Gap M
1+r 147 T YN !

Cii ghhac + (1 — ghh)

PS,t = Hsit tl-‘rus mucy
1
Wy muc IEE |
U = -1
Y ghhaC + (1 — ghh) Hpry

Appendixz B.2. Linearized System of Equations
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e

uC’t
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7ﬁct

Tt

TW,t
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Appendiz B.3. Proof for Proposition 1
Setting vs,I's, ps = 0 and ¢ = 1 leads to ¢, = ¢. = 0. Further, setting T/A)t = fist = 0.

. ew—1, . .
fwe = (—1) W Gutly + BE AW 141 (B.10)
'f’t — Etﬁ't+1 = mhct — Etmthl (Bll)
miucy = U [(;sUgM Core + ¢>U,AAt] —(1-Tp) (C*M,t - c}) (B.12)
R R VAP + A
UM ully = o Ay +mey — A T M +oc| Cumye (B.13)
1—ay l1—«
G =19 = 0 (B.14)
1 N
7ﬁct = E { St + ét} (B15)
A L L |+ B (B.16)
Ty = — - ¢ s )
t p S, -1 t tTt+1
N N o 2 ap A
TTw,t — Tt + Amct + AAt — ACMﬂg (B].?)
1-— (631 — Opf
Summarizing the system:

. ew—1, . .

’/TW,t = (—1) qbuut —+ 6Et7rW,t+1 (B].S)
mhct = ’f’t — Etﬁ-t+1 + ]EthLLCtJrl <B19>
miuc, =U (60,0, oy + dv,adi| = (1= Tr) (Core = C) (B.20)

o dldwvmg - A
vnidutts = L Ay 4 mic, — | MM 4 g | G (B.21)
1—oauy 1—ay
1
A= {e.mct R €t} + BE;fein (B.22)
Rp —1
. . R 1 - a R
Wit = Tt + Amct + AAt — ACM’t (B23)
— )N — O\

Comparing this system with Erceg et al. (2000); Gali (2011) shows the same system of
linearized equations. Hence, the NK-SaM model nests the benchmark NK model.

Appendiz B.4. Linearized System of the Flexible Price Economy

The flexible price model acts as the reference point of the output gap model as it shows

how the model economy fluctuates absent nominal frictions - kp, ki = 0. From Appendix
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B.2 we derive the flexible price economy system of linearized equations given by

ay =0, (B.24)
PN = muc fIEthuci\_fi_l, (B.25)
~ N ~ ~ ~
miucl =uC, — ¢ Py, — (1—Tp) (Cﬁ,t - ch) , (B.26)
~ N ~ ~ . ~ ~ ~ .
uCy =U |:¢U,CA4 Cire + bu.gl — dv.ps P§y — duptbe + duads — dupufise| (B.27)
. 1 Ts /n - 1
PN — 2 qN _ ’l/} 6 , B28
St 1—¢6w¢7(t ) (c=1(-6)" (B.28)
Yo A Yoy Yo A n
@ = 1+Zs (1= o) P — 1+; fse = HW (Vs + 6c) Chpy + (L4 61) W (B.29)
N 1+9, B 1+ 1y vge ¢ (1+Tg,vse)] Ts /.5 R
il = — L= (14— ) | PY, — |1+ — e ( wt) +é b (B.30)
-1
A ap + v 14+v
Ot = [t woc] - {omel —opir TR [a + 4} )

where search prices (price elasticity of demand) decrease endogenously in goods market
tightness if I's < 0 or increase exogenously in €. This leads to lower variation in capacity
utilization and a decrease in marginal costs (markups increase). Whether real GDP increases
or decreases depends on which of the channels is quantitatively larger as search prices and
capacity utilization increase real GDP while decreasing marginal costs decrease it.

If we instead assume I's = 0, the flexible price system of equations shows search price

variation only in exogenous shocks as shown by

Py, = = 11 )Eu (B.32)
=1t % {1 — ¢e ( ! +6Hfslyse)] PY, + ét} : (B.33)
Q' = 1@;5 (1-¢o) Pg, ;ﬁszsﬂs,t ~ T s+ 00) Oy + (14 ) v, (B.34)
Ciry = [W ¢>c} 1{mct — Py, + ;jVM [w +At}}. (B.35)

Search prices increase as goods markets become more competitive. The adjustment follows
instantaneously as both search and purchase prices are flexible. Higher search prices lead to
higher marginal costs. Capacity utilization increases in higher search prices (as it implies
higher search effort), but at a decreasing rate due to search cost convexity, vg, and a time
allocation trade-off with home production, ¢o. Overall, real GDP increases in the flexible

price economy as € increases. Assuming further that ¢, = 0, as is the case in the efficient
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(social planner) economy, the system of equations is given by

Vo, W,

@ = (1+ )t — TR (vs + 6c) Cirss (B.36)
-1

SV 0 e LM Ty 4

O = [y g T [ 4 A, (837

With ¢ = 0Vt and I's = 0, it follows that search prices are constant across time which
implies constant marginal costs. Hence, capacity utilization increases in any of the two goods
market SaM shocks, but decreases in real GDP due to search cost convexity, vg, and a time
allocation trade-off with home production, ¢o. Overall, real GDP still increases in capacity

utilization as well as exogenous TFP shocks.
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Appendix C. Full Calibration of the Model

Appendiz C.1. Calibration Overview and Sources

Table C.2: Calibration Sources

Parameter Value/Target Description Source

Households

8 0.99 Period discount rate US data - FRED: (FEDFUNDS)
o 1.5 Household risk aversion Smets and Wouters (2007)
WH ﬁ = 0.5393 Home production labor disutility level US Bureau of Labor Statistics ATUS data
vy 12s Elasticity of home production labor supply =~ Gnocchi et al. (2016)

YH 0.55 Share of home goods (consumption) Gnocchi et al. (2016)

Ty 0.5 Elasticity of substitution (consumption) Gnocchi et al. (2016)

Goods Market

ns z=1 Household search disutility level Normalization

vs vpm Household search supply elasticity Huo and Rios-Rull (2020)

P cu = 0.86 Goods matching efficiency US data - FRED: (TCU)

vs 0.32 Search effort elasticity of goods matching Qiu and Rios-Rull (2022)

I's —0.0001 Matching input elasticity of substitution Qiu and Rios-Rull (2022)

€ me™l = 1.2 Elasticity of substitution (diff. goods) Christiano et al. (2010)

s 0 Steady-state inflation rate Normalization

Kp Slope = 0.047 Price adjustment cost Gali and Gertler (1999)

o 0.25 Exogenous trade relationship separation Mathé and Pierrard (2011)
o1 0.74 Goods inventory depreciation rate Khan and Thomas (2007)
Labor Market

IY: Hy=1 Labor disutility level Normalization

vm 07172 Frisch elasticity of labor supply Heathcote et al. (2010)

ew u = 0.043 Elasticity of substitution (diff. labor) US data - FRED: (UNRATE)
W 0 Steady-state wage inflation Normalization

KW (-1) e‘;VV;l¢u = —0.026 Nominal wage adjustment cost Gali and Gambetti (2019)
SHM 1.85 Market hours adjustment cost Lechthaler and Snower (2013)
Capital Market

ang Is =0.64 Capital elasticity of market production US data - FRED: (LABSHPUSA156NRUG)
apr 0.33 Capital elasticity of home production Gnocchi et al. (2016)

[JYe! 0.025 Capital depreciation rate (market) Christiano et al. (2010)

dnr2 0.3 Capital utilization cost (market) Christiano et al. (2010)

oMm3 ey =1 Capital utilization cost (market) Normalization

SH1 Onm1 Capital depreciation rate (home) Gnocchi et al. (2016)

dpro Onra2 Capital utilization cost (home) Gnocchi et al. (2016)

OH3 eg =1 Capital utilization cost (home) Normalization

KMT 4 Investment adjustment cost (market) Christiano et al. (2010)

KHT KMIT Investment adjustment cost (home) Gnocchi et al. (2016)
Monetary Policy

iR 0.8 Interest rate persistence coefficient Christiano et al. (2010)

ix 1.7 Taylor coefficient wrt inflation Christiano et al. (2010)

iGap 0.12 Taylor coefficient wrt output gap Christiano et al. (2010)

NOTE: The table describes the calibration of the extended model setup as described in Appendix A. Steady-state targets are described in detail in
Appendix C.2. For the calibration of the main model of this paper, see section 2.6. It is symmetric to this calibration for common parameters

across model versions.
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Table C.3: Calibration of the
Shock Processes

Random Process Autocorrelation
Parameter Value Parameter  Value
oA 0.0064 pa 0.9
oM 0.001 PM 0.5
op 0.01 opr 0.5
or 0.0008 pr 0.5
op 0.008 PD 0.5

NOTE: The calibration of the exogenous pro-
cesses is chosen alongside common values in the
literature. The three cost-push shock processes
are calibrated such that they are easy to com-
pare. This calibration strategy does not repre-
sent any shock decomposition from the data.

Appendiz C.2. Calibration Strategy

Capacity Utilization in the Steady-State. We set capacity utilization in the steady-state as
defined in Appendix A.6. In order to be able to do so, we endogeneize the matching efficiency,
1, in the steady-state. For x # 1, there is no closed-form solutions for this calibration strategy.

Setting x = 1, as in the calibration in section 2.6, we can derive matching efficiency given by

ooy

V=4 = N cGr(l—o)+(1—op) (C.1)

which reduces to ¥ = ¢ = cu for the model shown in section 2 and is lower than cu if either

07, 07, or both are below one.

Price Markups in the Steady-State. We target a steady-state markup of 20% across models
(benchmark vs NK-SaM and the extended NK-SaM). This approach endogeneizes the elasticity

of intratemporal substitution given by

e 1-8(1—=6r)q- -1
cT1C 5m(7icz or) q 16(5 (1 T)(qu)mc —[1=B81—=6)(1—q)lq-mc— HHSPS%VS ) (C.2)

which increases in dr and d; as search frictions become more salient and thus create higher
steady-state price markups which requires a higher elasticity of substitution, €, to match the

20% price markup target in steady-state.

Labor Share in the Steady-State. In the extended model with capital, we set the capital

elasticity of production, ays, to match a long-run average of US labor share data (see
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table C.2). In the extended model, it is defined by

l alta
(0% =1- jj’LCt y (03)

which is set by the labor share data (ls4.,) and the calibrated price markup steady-state.
As we set mc to a fixed value across all models, it follows that a;, is symmetric across all

models and equal to the benchmark model value.

Labor Frictions and the Wage Phillips Curve Slope. The elasticity of substitution of specialized
labor can be derived from targeting the long-run US unemployment rate in the steady-state

following the model definition of Gali (2011). The elasticity is given by

ew = (1(:;)—”34: (C.4)

which is completely set given the data target and a calibrated v,;. We use the calculated ey,
in calibrating the slope of the NK wage Phillips curve. In order to do so, we derive a linearized
version of the NK wage Phillips curve of the model presented in section 2. This allows us to
derive the slope of the NK wage Phillips curve determined by unemployment fluctuations
only. We target empirical estimates of this NK wage Phillips curve (NKW PCgppe) from

Gali and Gambetti (2019) and solve for the wage adjustment costs parameter given by

EW—l u
NKWPCSlOpel—i-U?

(C.5)

kw = (—vm)

which is defined given long-run US unemployment data and a calibrated value for vy, (see
table C.2). We use the value of ky, derived from the model shown in section 2 also for the

extended model as there is not in all cases a closed-form wage Phillips curve given.

Price Phillips Curve Slope. We set kp by matching the empirical estimate of the labor share
slope in the NK price Phillips curve as given by Gali and Gertler (1999). In order to do

so, we derive a linearized version of the NK price Phillips curve of the model presented in

65



section 2. We set the empirical slope (NK PCg,pe) as a target and solve for kp given by

wp = NKPCgL 911 =0¢) 71

lope ¢e (1 . ]IHSVS) B [¢F,l$ + ¢7T7C19187Q] ’ (06)

¢ls,ls

where ¢ 5 is the marginal costs slope (ltst = mc) and ¢, >
$,q

slope if I'g # 0 as shown in (14). The slope is defined by

€ 1+ Iggvge -1
s = 1_ € 1 - 4 )
P 1+¢7< ¢ ( " e—1 )>

is the goods market tightness

s B I'g 1+ 1?;( (1+Igsvge) 1
,q o, \ 1 _ be (1 4 %) 1—¢. |’
b, Ls 1+ 25— (1+Tasvse) !
B = QL 4 e 1 PPy 1-g, (14 HHsrsc)
sq =

-19 -1
1= geps (1= (14 Blzszse) ) ol g e (1— g (14 Ltlugesc)

The slope of the independent variable [s, is potentially confounded if I'g # 0 as goods market
tightness drives the inflation rate in (14) independently of the labor share but also determines
the labor share. It is also through goods market tightness, that all exogenous shocks except
the monetary policy shock can drive goods market tightness and thus inflation independently
from the labor share. Hence, the error term in the estimation equation summarizes various
cost-push shocks (see also section 6). However, the quantitative impact of the goods market
tightness term on inflation variation and the estimation of the labor share slope in (14) is
likely small as ¢; varies strongly if ['g is close to zero and shows little variation if I'g is
sufficiently different from zero. Hence, we set the NK price Phillips curve slope by (C.6)
without worrying too much about the potentially confounding factor in the model setup. We
use the calculated price adjustment costs parameter kp also for the extended model as it

does not have an equivalent closed-form solution of the Phillips curve slope.
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Appendix D. Additional Results: and Robustness: Steady-States and Slopes of
the Reduced-Form Model

Appendiz D.1. Additional Results: Steady-State of the Reduced-Form Model

Figure D.8: Impact of v and ¢ on the steady-state conditional on e
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NOTE: The figure shows relative steady-state values of the NK-SaM model over the benchmark model for different calibrations. Search prices, Pg,
are given as a real price level (consumption good as the numeraire) as they are zero in the benchmark model. Benchmark model and NK-SaM
model are calibrated to different levels of relative home to market labor as shopping time is included in this measure for the benchmark model (see
also section 2.6). This feature leads to a relative output steady-state not equal to one for vg = 0.
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Appendiz D.2. Additional Results: Slopes of the Reduced-Form Model

Figure D.9: Unemployment and Output Gap Slopes of the Reduced-Form NK-SaM Model

(a) Slopes of the Goods Market Channels
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NOTE: The graphs show the impact of varying vg with a fixed vjs on the slopes of the goods market SaM channels and the reduced-form NK-SaM
model (inclduing home production). The benchmark model is shown by the full horizontal line (yg = 0). The NK-SaM model is shown in two
variants for three different values of vg indicated by the dashed, dashed-dotted, and full lines. First, the bold-colored lines show I'g ~ 0. Second,
the thin-black lines show I'g = —oo implying an substitution elasticity of ~ 0 for the matching inputs.
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Figure D.10: Robustness Analysis - Relative Slopes of the Reduced-Form Model

(a) Slopes of the model with home production relative to without home production
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(b) Slopes of the model with GHH preferences relative to KPR, preferences
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NOTE: The graphs show the slopes of (a) the NK-SaM model with home production relative to without home production and (b) the NK-SaM
model with GHH preferencs relative to KPR preferences. A value below one shows that the slope of a variable is smaller with home production
(GHH preferences) compared to a model without home production (KPR preferences). The figure shows how this ratio changes for different

combinations of vg and vgps = :'715!
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Appendix E. Back-of-the-Envelope Calculations: Goods Market Channels over
the U.S. Business Cycle

Let’s bring the reduced-form relationships (22) to (24) derived from the NK-SaM model

to the data. Using output gap and unemployment gap data for the US*', we perform
back-of-the-envelope calculations®? for all three variables. Figure E.11 shows the output
gap and unemployment gap data as well as the calculated time series for the baseline NK
model and the goods market SaM model with three different elasticities of substitution,
I's =[-20, —5, 0].
For I'g = 0, the capacity utilization gap shows a strong standard deviation of up to 2.68 and
is highly positively correlated with the output gap (see table E.4). It also highly correlates
with the detrended capacity utilization measure as derived in Gantert (2025) and shows
similar standard deviations.

The pattern of the capacity utilization gap translates - as in (22) - to the price elasticity of

Table E.4: Correlation and Standard Deviation of the Goods Market SaM Channels

Data NK NK-SaM (I's ~0) | NK-SaM (I's = —20)

Std.  Corr(X,Y) | Std. Corr(X,Y) Std.  Corr(X,Y) | Std. Corr(X,Y)

Utilization Gap 2.29 0.75 - — 2.68 0.95 | 0.35 0.95
Price Elasticity Gap - - - — | 11.46 —0.97 | 3.75 —0.99
Labor Wedge Gap 4.39 —0.49 | 4.29 —1.00 5.45 0.85 | 3.15 —0.99

NOTE: X describes the variable on the left-hand side. Y describes output/real GDP.

demand gap. The data shows strong countercyclical variation with a standard deviation
of up to 11.46, but especially in the 1970s to 1990s with peak increases above 30% and
peak decrease below 20%. The correlation is significantly countercyclical with approximately
—0.97. No direct empirical time series is available to compare the model simulations. During
the Great Recession, the price elasticity of demand gap shows a stronger countercyclical
pattern than the capacity utilization gap would indicate. Importantly, during the current

increases in inflation following the COVID-pandemic, the model indicates a strong decrease

31Data is retrieved from FRED. (1) Output Gap — BEA Account Code: A191RX; (2) Unemployment
Rate — FRED Code: UNRATE; (3) Noncyclical Rate of Unemployment — FRED Code: NROU; (4) Labor
Wedge Data: see Karabarbounis (2014); (5) Capacity Utilization Data: see Gantert (2025).

32\We take the relationship of output gap and unemployment gap data as given in the data. This relationship
and their quantitative dimension are not necessarily replicated by the full model as presented in section 5.2.
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Figure E.11: Back-of-the-envelope calculations for the goods market SaM channels
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NOTE: The figure shows cyclical variation around a long-run trend (steady-state) for data, the benchmark model, and the NK-SaM model with
alternative calibrations as given in the legend. It shows US data from 1970q1l to 2024q4. Data sources are described in the main text of Appendix E.
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in the price elasticity of demand. This pattern follows Harding et al. (2022, 2023). However,
variation in inflation and the NK Phillips curve are still linear in the model.

Lastly, fig. E.11 shows the calculated labor wedge gap. The baseline NK model shows a
highly countercyclical labor wedge with a standard deviation of 4.29 which is roughly in line
with the data (see e.g. Karabarbounis (2014)). For the NK-SaM model with I'g = 0, the
price elasticity of demand channel dominates the labor demand channel of marginal costs
and the labor wedge becomes procyclical. For I'g¢ = —20, the NK-SaM model labor wedge is
more in line with the data showing a countercyclical correlation with GDP. However, this
comes at a cost of very little variation in capacity utilization, significantly below what the
data shows. This is the trade-off between matching the efficiency and labor wedge data at
the same time as described in section 5. However, even in a case with low capacity utilization

variation we still find significant variation in the price elasticity of demand.
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Appendix F. Additional Results and Robustness: Simulations

Appendiz F.1. IRFs (Decomposition) to Further Cost-Push Shocks

Figure F.12

(a) IRFs to an Expansionary Matching Efficiency Shock
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(b) IRFs to an Expansionary EIS Shock
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NOTE: The figure shows IRFs to a one standard deviation (a) expansionary matching efficiency and (b) expansionary elasticity of substitution
(EIS) shock using the model presented in section 2 and section 4. The benchmark model follows proposition 1, the "matching complements” model
sets I'g = —oo, the CES model sets I'g = —1, the Cobb-Douglas model is calibrated as in table 1.
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Appendiz F.2. Alternative Calibration - Robustness of the Simulation Results
Figure F.13: Robustness to Calibration Changes in 5—; - IRFs to Expansionary Shocks

(a) IRFs to an Expansionary TFP Shock
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Figure F.14: Robustness to Adding Home Production - IRFs to Expansionary Shocks

(a) IRFs to an Expansionary TFP Shock
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NOTE: The figure shows IRFs to one standard deviation expansionary shocks using the model presented in section 2 and section 4. The models are
calibrated as given in the legend.

5



Figure F.15: Robustness to GHH Preferences - IRFs to Expansionary Shocks
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NOTE: The figure shows IRFs to one standard deviation expansionary shocks using the model presented in section 2 and section 4. The benchmark
model follows proposition 1, the NK-SaM model is calibrated as in table 1. ”KPR” are King et al. (1988) preferencs. ”GHH” are Greenwood et al.
(1988) preferences. The model extension and its derivation is shown in Appendix A.
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Appendiz F.3. Expanding the Model - Robustness of the Simulation Results

Figure F.16: Robustness to Calibration Changes in sy - IRFs to Expansionary Shocks

(a) IRFs to an Expansionary TFP Shock
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The figure shows IRFs to one standard deviation expansionary shocks using the model presented in section 2 and section 4. The benchmark model
follows proposition 1, the 5-equation NK-SaM model is calibrated as in table 1. The 3-equation benchmark and NK-SaM models calibrate kyy = 0.
For the "hours adjustment costs” addition, we calibrate kg s = 4. The model extension and its derivation is shown in Appendix A.

7



Figure F.17: Robustness to Adding Capital Stock Channels - IRFs to Expansionary Shocks
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(a) IRFs to an Expansionary TFP Shock
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NOTE: The figure shows IRFs to one standard deviation expansionary shocks using the model presented in section 2 and section 4. The benchmark
model follows proposition 1, the NK-SaM model is calibrated as in table 1. The capital stock and capital utilization channels are added as shown in
Appendix A and calibrated as in Appendix C.
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Figure F.18: Robustness to Adding Long-Term SaM Channels - IRFs to Expansionary Shocks

(a) IRFs to an Expansionary TFP Shock
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NOTE: The figure shows IRFs to one standard deviation expansionary shocks using the model presented in section 2 and section 4. The benchmark
model follows proposition 1, the NK-SaM model is calibrated as in table 1. The long-term contract and firm inventory channels are added as shown
in Appendix A and calibrated as in Appendix C.
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