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1. Introduction

The assumption that goods markets clear, even with sticky prices, remains foundational
in the New-Keynesian (NK) model. While labor market models have incorporated search-
and-matching (SaM) frictions, goods markets have received less attention. However, evidence
suggests that search costs and matching inefficiencies introduce frictions that can obscure key
transmission mechanisms of macroeconomic shocks. These frictions affect resource allocation
and amplify or dampen demand and supply dynamics over the business cycle.

Goods markets, like labor markets, exhibit frictions that hinder seamless transactions.
Everyday examples highlight these mismatches: 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. These
examples underline inefficiencies where transactions fail to materialize, leaving resources
underutilized and demand unmet.

Data underscore the significance of idle capacity and its link to search-and-matching frictions.
U.S. industry operates at an average capacity utilization rate of 84%, with a quarterly
standard deviation of 1.54%. Consumer durables exhibit a 9% stockout rate (Bils and Klenow
(2004)), while marketing expenses — indicative of firms’ efforts to match with buyers —
account for 6% of U.S. GDP (Hall (2012)). Empirical studies show that shopping effort varies
with the business cycle. For instance, shopping time is procyclical, increasing with income and
driven by the search for additional consumption rather than lower prices (Petrosky-Nadeau
et al. (2016)). This contrasts with countercyclical job search effort in labor markets, where
individuals search more during downturns. Understanding these dynamics is critical to
assessing the effects of goods market frictions on aggregate demand and supply. This paper

builds on these insights to address the following research question:

How does costly shopping effort and imperfect matching influence the supply and demand

transmission channels of the New-Keynesian model?
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Traditional NK models, while effective in analyzing monetary policy and inflation (e.g.
Rotemberg (1982); Christiano et al. (2005)), often assume frictionless goods markets. This
work extends the New-Keynesian framework (e.g. Erceg et al. (2000)) by integrating goods
market SaM dynamics. I calibrate the model using labor share Phillips curve estimates from
Gali and Gertler (1999); Sbordone (2002), ensuring it remains symmetric to the reduced-form
NK model but with different effects on unobserved variables. By including unemployment
(Gali (2011)) and home production (Benhabib et al. (1991); Greenwood and Hercowitz
(1991)), this model allows for a richer analysis of resource allocation. Unlike earlier research
focusing on firm-driven capacity utilization (McAdam and Willman (2013); Kuhn and George
(2019)), this paper emphasizes market outcomes driven by household decisions, aligning
closer with the demand-driven responses observed in the empirical literature. I build on the
discussion of the response of hours worked to technology shocks (e.g. Gali (1999); Basu et al.
(2006)) and extend it in light of endogenous capacity utilization.

The paper also draws on the extensive literature on search frictions in goods markets. Seminal
works by Diamond (1971, 1982) highlight how search costs influence price setting and market
dynamics. This tradition is extended in recent DSGE models that incorporate costly search
effort (e.g. Head et al. (2012); Kaplan and Menzio (2016)). Benabou (1988, 1992) combines
costly search effort with costly price adjustment and analyze the interplay of those two
margins. In contrast, this paper focuses on matching inefficiencies for available goods. Thus,
it diverges from the "New Monetarist” tradition and situates itself firmly within the ”New
Keynesian” framework.

Lastly, this research builds on recent studies that integrate SaM frictions into general
equilibrium models (e.g. Michaillat and Saez (2015); Petrosky-Nadeau and Wasmer (2015);
Huo and Rios-Rull (2020); Qiu and Rios-Rull (2022); Bai et al. (2024)). It extends the
approach of Michaillat and Saez (2015) by incorporating sticky prices, introducing a dynamic
trade-off between search effort and price adjustment over the business cycle. While similar in
spirit to Qiu and Rios-Rull (2022), this paper shifts the focus from search for varieties (build
on Huo and Rios-Rull (2020)) to available quantities, offering a complementary perspective.

The literature on customer capital, i.e. Gourio and Rudanko (2014); Paciello et al. (2019),
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differs as the approach focusses on internal firm dynamics instead of household search input
and market processes.

This paper incorporates a search-and-matching (SaM) framework into a small-scale New-
Keynesian DSGE model. Goods market frictions arise from costly search effort by households
and a matching process that links search effort and goods supply to trade relationships.
Additionally, a home production component is included to capture the broader implications
of household time allocation decisions. The model is linearized and solved analytically to
decompose its channels, allowing for a detailed examination of how frictions impact the slopes
of the Phillips curve and the Euler equation. To analyze the aggregate dynamics, the model
is simulated using Dynare, focusing on the joint behavior of inflation and capacity utilization
— a proxy for search effort. This approach provides a comprehensive understanding of how
goods market frictions shape key macroeconomic transmission channels.

I find that the New-Keynesian model with goods market search-and-matching (SAM)
nests the standard NK model, linking variable capacity utilization to inflation and the output
gap. In the steady state, the model predicts a decrease in both real and potential GDP,
driven by idle capacity and the impact of goods market SaM on markups and firm pricing
power. The dynamic model can be reduced to a five-equation system, similar to Erceg et al.
(2000), showing the same reduced-form relationships with altered slopes. Capacity utilization
and the price elasticity are endogenous and influenced by firm market power and goods
market frictions. Capacity utilization increases with search effort productivity but decreases
with firm pricing power.

The Phillips curve slope depends on this trade-off and can be steeper or flatter than in the
NK model. For the baseline calibration, I find the Phillips curve slope is 4% steeper, reducing
the sensitivity of the output gap to inflation variation. The Euler equation slope is flatter by
up to 89%, as marginal search costs, determined by market tightness, act as an additional
inflationary term. Monetary policy becomes less effective in influencing aggregate demand,
as search costs are only indirectly affected by policy.

Overall, I find that the output gap varies less than in the benchmark NK model for the same

business cycle shocks, monetary policy is less effective in steering aggregate demand, and
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capacity utilization is endogeneous and driven by all shocks through the tradeoff between
search cost and sticky prices. Adding sticky wages reduces the overall quantitative impact
of goods market SaM on the model economy and thus the difference to the benchmark NK
model. However, the qualitative results remain the same.

The rest of the paper is organized as follows. Section 2 develops the theoretical model.
Section 3 discusses the model dynamics by deriving the linearized first-order conditions and
identifying separate channels of amplification. Section 4 derives a five-equation output gap
version of the model, shows how goods market search-and-matching changes the slopes of
the Phillips curve and Euler equation. Section 5 shows simulations of the aggregate effects of
exogenous shocks on the model economy and conducts robustness exercises by extending the

model. Section 6 discusses the results in light of the literature and concludes.

2. Model Setup: Aggregate Demand and Capacity Utilization

The model is based on the canonical New-Keynesian model a la Erceg et al. (2000). 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 final goods, T}(i), as search is directed following Moen (1997).
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Households exert costly search effort, Hg(i), for each variety ¢ and each firm ¢ supplies its
idle production capacity, S;(7). Each customer relationship trades one unit of one variety of

the differentiated good. Customer relationships are given by
. AT A[s]Ts
T,(i) = i [vsHss(1)'s + (1 —vs) Si(i)' 5] 75, (1)

where ¥, > 0 is the matching efficiency which fluctuates following an exogenous shock.
0 < vs < 1is a demand elasticity determining the impact of household search effort on
goods market matching. —oo < I'g < 1 is the input factor elasticity of substitution. Taken

together, those three parameters determine the search productivity channel of the model.

Hg +(3)
Se(3) °

It is an indicator of excess demand in the economy. The probability of a household to

T (4)
Hg (i)

the differentiated good. The probability of a firm 4 to sell a unit of its good is given by

q(1) = 38 It constitutes the capacity utilization channel of the model as it combines the

Goods market tightness for variety ¢ is given by demand relative to supply, z,(i) =

find a final good i is given by fi(i) = Each firm produces exactly one variety of

search productivity channel with the capacity supply decision.

2.2. Households
There are infinitely many households on the unit interval. Each household searches for
market goods, supplies hours to the labor market and home production, and consumes both

market and home production goods. Each household maximizes his intertemporal utility*

N /JJSHS,t(j)l-i—VS _ IU’HHH,t(j>1+VH B MMHM’t(j)H-VM I-o
1+VS 1+VH 1+VM

- 1
Ui(j) = E Gy
) = B0 A0 ,
where 0 < 8 < 1 and ¢ > 0. Each household allocates time to total search hours, Hg(j) =
fol Hg,(i,7)di, total home production hours, Hp,.(j), and total market hours, Hy.(j),

where g, pig, iy > 0. The inverse of their supply elasticity is given by vg, vy, vy > 0.

IThe utility function follows Greenwood et al. (1988) preferences. Any wealth effects between consumption
and household search effort cancel out, which is a necessary condition to obtain a balanced growth path.
Total hours worked is also placed within the GHH preference structure to symmetrically model time used
either in market work or search effort.



The disutility created by search effort constitutes the search cost channel of the model.

Households receive utility from consuming a composite good

Cil) = [1rCraG)™ + (1 — ) Cara ()] 7 (2)

where market goods, Cy.(j) = T3(j), and home production goods, Cy(j) = Hu(j), are
inputs to a CES aggregator with 0 < vy <1 and —oo < I'y < 1.

As there are infinitely many households, the market goods finding probability for variety
i, fi(i), is exogenous to each household. The aggreagte market consumption bundle is

determined by a Dixit and Stiglitz (1977) index

- ([ T(y)d) ,

where 1 < € < 0o determines the elasticity of substitution between two varieties of market
consumption goods. The interplay of monopolistic competition and search frictions determines

the price elasticity of demand channel given by

1
Ti(q € ..
_ ) )
\:‘P,t = <_€) 1 o 9 (3)
Tt ] € C , ..
Sou (F55)" + eame TG )

Cure \1E T Hs,+(4)"s :
where oy, ¢ = (1 — vm) (T) and cg,(4,7) = ps o are marginal search cost. The
price elasticity of demand is endogenous and decreases in goods market tightness. It reduces
to its constant textbook NK counterpart, Zp; = (—¢) for ug = 0. A formal derivation is

provided in Appendix A.3.4. Each household follows his intertemporal budget constraint

By(j) = (1 + ros) B () + (1 — we) WeHar () — / ()T, )di + TIre ),

where B;(j) are one-period nominal bonds, which pay the nominal interest rate, r;. Labor

income is given by (1 — cwy(j)) WeH . (j)di, where W, is the nominal market wage and



cwe(J) = KTW ( T

2
TG 7Tw> are nominal wage adjustment cost determined by sy > 0. 7wy,
is steady-state nominal wage inflation. Final good expenses are given by fol P, ()T (3, j)di,

where P;(i) 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 7. The labor union maximizes its profits according to
o) 1 1
My, = EoZﬁo,t [Wt/ Hapy(i)di — Wt/ HM,t(j)dj] ;
t=0 0 0

where Hj4() is labor supplied to firm ¢, and H), is aggregate labor available to the labor
union. It aggregates specialized household labor according to Dixit and Stiglitz (1977) given
by

%%
1 ) ey —1 ) ey —1
s = ([ o)™
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, S;(7), to the goods market. Each
firm employs labor in a linear production capacity function, Yas.(i) = ArHpr4(i), where

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

Ope = Bo Y  Bos[P(i)Tu(i) — WiH(i)]

t=0



where f3y; is the period discount factor of the firm?. Idle production capacity is given by
(L4cpe(i)) Se(i) = Yara(i), (4)

where cp,(i) = & (Bpj—(li()i) — 7r>2 are proportional convex Rotemberg (1982) price adjustment
cost determined by xkp > 0. 7 are is steady-state price inflation. Each firm controls the
market of its variety as it has the monopoly over this variety of the consumption good. It
controls the market outcome for its variety ¢ by jointly determining available production
capacity, S;(i), and the goods price, P(i), such that firm profits are maximized. Price
setting follows Michaillat and Saez (2014), which is a combination of directed search by Moen
(1997) and convex Rotemberg (1982) price adjustment cost. Each firm maximizes its profits
by optimally setting the trade-off between its price and goods selling probability, ¢ (i), as

determined by the price elasticity of demand (3). 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 consumption, GDP; = T,
which is the numeraire good of the economy. The central bank follows a Taylor (1993)-type

rule and sets the nominal interest rate according to

i in iGap] 1T
1+r _ IT4+mr\" 1+ m GDP, \*° M, (5)
1+7r 1+7r 1+ GDPn,

where r and 7 are central bank targets, GD Py, is potential output as given by the flexible

price version of the model, i, > 0 determines policy inertia, and ir,iqq, > 0 are policy
coefficients. M, is a monetary policy shock. All exogenous shocks follow an AR(1) proces

given by

1— 2
Xy = X ”XXfflax,t, 5X,tNN(07 UX)

2The period discount factor of the firm is equal to the household stochastic discount factor as all firms are
owned by the household mutual fund.



where 0 < px < 1 determines the autocorrelation of the shock, and ey, is a white noise

random process around a normal distribution with zero mean and standard deviation ox.

3. The Trade-Off between Search Cost and Sticky Prices

In this section, I derive the steady-state economy, the (intertemporal) decision rules,
and show the impact of goods market SaM. For the remainder of the paper, I take two
assumptions that simplify the exposition of the model without altering its core message:
First, all firms share the same technology and thus are summarized by a representative firm.
Second, demand is equal to supply in steady-state, x = 1. The model is linearized around its
deterministic steady-state. Variables with a hat indicate percentage (point) deviations® from

steady-state, e.g. z;. Detailed derivations can be found in Appendix A.

3.1. The Long-Run Economy (Steady-State)

The steady-state of the goods market SaM economy shows two main deviations from the
benchmark NK model. First, goods market SaM reduces overall economic activity. Second,
steady-state idle capacity creates a wedge between available and used production capacity.
The steady-state of the firm follows from goods market machting (6), optimal price setting

(7), and cost minimization (8), given by

q =1, (6)
, e—1
CS = 73 € £CM7 (7)
e—1
me = , 8
€+ 115/3 (®)

H

where &¢,, = XCMCLM >0, and x¢,, = (1 —vm) (%)F > 0. Capacity utilization, ¢, is

set by matching efficiency, 1/*. Marginal search cost and firm marginal cost decrease as €

3Variables 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.

4The 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, in almost all cases in a quantitatively negligible way.
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decreases. Firms gain market power and increase price markups which leads to households
decreasing their search effort to balance the overall costs of a good. Marginal search cost
increase while firm marginal cost decrease in the marginal productivity of search effort, vg.
Households expand search effort supply as it becomes more productive. Firms increase price
markups as the price elasticity of demand decreases in marginal search cost. Due to the
trade-off between market and home produced goods, marginal search cost increase in the
marginal productivity of the market goods, {¢,,, as they become more valuable relative to
home produced goods.

The steady-states of the household are determined by marginal utility out of market consump-
tion net of marginal search cost (9) and by the kernel of marginal utility out of composite

consumption (10). They are given by

e—1\ &
—(1- ) M_ 9
e ( ST ) U0 (9)
XCy e—1 Ys 1l—vsew —1
U =1 — —— — ) 10
¢ 1+VH XCu € (1—|—VS+1—|—Z/M ew ( )

s, Marginal utility of market consumption (9) decreases in

where xc¢, = T (%{)
marginal search cost and thus in the relative marginal productivity of search effort, vg. Its
trade-off with home produced goods is given by {¢,,. It is normalized by marginal utility of
composite consumption (10).

Marginal utility of composite consumption, (UcC)~ 7, decreases in its level, especially for a
low intertemporal elasticity of substitution, % Due to Greenwood et al. (1988) preferences,
it depends on time allocated to home production, market production, and search effort. It
shows a trade-off between alternative time use. As in Greenwood et al. (1988); Benhabib et al.
(1991); Greenwood and Hercowitz (1991) marginal utility increases in hours supplied to home
and market production, depending on their expenditure shares x¢, and x¢,,. The novel
feature of search effort supply shifts time allocation from market hours to search effort as its

marginal productivity, g, increases. The same pattern emerges if “2 increases as market
vs

hours supply becomes less elastic relative to search hours supply. The market structure plays
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a crucial role for the trade-off between labor supply and search effort. There applies a labor
market mark-down and a goods market mark-up to labor supply while search effort directly
works through the goods market and hence only faces the price mark-up. This pattern puts
labor supply at a productive disadvantage to search effort supply as it faces one additional
friction in its allocation to produce consumption goods.

The overall 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-— ew—1 e—1 VM
Cy =qx <Q' s W : ‘fCM> ) (11)
123,73 €w €

N J/
-~

Total market hours (Hjy)

where Cy = [Z—’:ICl_F H } T and composite consumption is given by (2). Production
capacity, Yy = Hyy, is determined by supplied labor, which in turn is determined by (i)
labor productivity, (ii) wage mark-down, price mark-up, and marginal productivity of market
goods, and (iv) capacity utilization as described by (6). Total market hours - thus production
capacity - decrease in goods market frictions, g, as higher marginal search cost decrease
marginal utility and higher price markups decrease labor demand. Capacity utilization

amplifies output as it increases capacity utilization but also production capacity through

labor demand.

Lemma 1. Steady-state real GDP is lower compared to the benchamrk NK model as available
production capacity is not fully utilized due to the capacity utilization channel. However,
available production capacity is reduced as well as the search cost channel reduces labor

supply and the price elasticity chnanel reduces labor demand.

3.2. Dynamic Economy: The Trade-Off between Prices and Utilization

In the short-run, the model economy is driven by the trade-off between sticky prices and
marginal search cost. It is determined by the behavior of marginal search cost, capacity

utilization, and alternative time-use in home production.
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Marginal Search Cost. Firms target an optimal marginal search cost of households® by setting
goods supply and market prices in the trade-off between firm marginal cost and capacity

utilization to maximize their profits. Marginal search cost are given by

A I's ~
~7 . o _ A _ 2 g, —
Cst = (6 Ys (E 1)) mc, ¢C’HCM,t + o) <Qt 'l.bt) ) (12)

-1
where ¢c, = (1 — ') (1 — [1 - %XCH} XCM) > 0. First, they increase in firm

marginal cost as firms reduce their price markups and households exert higher marginal search
cost in response to lower goods prices. The impact increases in goods market competition.
However, the price elasticity channel reduces this impact. Second, marginal search cost
decrease in output due to the trade-off with home produced goods. The impact of the channel
increases in ¢¢,, as home produced goods increase their share and become less substitutable.
Third, marginal search cost decrease in goods market tightness, &, = ¢! (cjt — z@t>, for
['s < 0. Tight goods markets indicate excess search effort which is less productive in creating
matches as I'g decreases. Hence, households reduce search effort to balance their search cost

channel.

Firm Marginal Cost. Labor is the only production input in this economy and the main
driver of firm marginal cost. However, goods market frictions lead to idle capacity and wage

adjustment cost distort labor allocation. Firm marginal cost are given by

R € ~ e—1
mc; = (VM + —¢CH ) Cumy + sl ( ) Cfg,t

e—vs(e—1) e—vs(e—1)
( . (13)
- 7 ew — L\
— (14 wvy) (qt+At> +VM< ; ) Uy,
w

which increase in output and unemployment through the labor market, and decrease in TFP
as in the benchmark NK model. Goods market SaM introduces two new channels to firm

marginal cost. On the one hand, given a targeted increase in output, firms must cut prices

5Firms 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).
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by more due to the price elasticity channel. An implied increase in marginal search cost and
home production decreases the price elasticity of demand. Hence, household demand reacts
less to price changes. It follows that firm marginal cost increase more strongly. On the other
hand, an increase in search effort also works through the capacity utilization channel. Higher
utilization lowers firm marginal cost as less capacity is idle. Overall, the impact of goods

market SaM on firm marginal cost depends on which of the two channels is dominant.

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

successful matches. Capacity utilization is given by

v

. (0 Vs
1 75¢t7 (14)

T T T =

~1 A
[cs,t - I/SCM,t +

which increases in marginal search cost as households expand their search effort. The search
effort implied by marginal search cost decreases in convex search cost, vg > 0, which decreases
the impact of marginal search cost on capacity utilization. Further, for vg > 0, the search
effort per consumption unit decreases in output as cost convexity increases, thus decreases
capacity utilization. Those two effects constitute the search cost channel. A matching
efficiency shock increases capacity utilization exogenously. All three channels increase their
impact on capacity utilization in vg - the search productivity channel. Together, the two

channels constitute the capacity utilization channel.

Lemma 2. Fluctuations in capacity utilization are driven by the trade-off between marginal
search cost and price markups. They are driven by the trade-off between the price elasticity
channel and the capacity utilization and search productivity channels. Variation

in capacity utilization is strictly increasing in the substitutability of matching inputs.

Optimal Price Setting. The centerpiece of the analysis of the paper is the trade-off between

marginal search cost and sticky goods prices. It is summarized by the New-Keynesian Phillips
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curve given by

R (6—’75 (e—l))rﬂct—i-% (th—’l,Z)t> . Ea r
Ty = r (1= ) + & + BE 41, (15)

where inflation increases in firm marginal cost® - thus in marginal search cost as shown by
(12). The pass-through of marginal cost to prices increases in goods market competition and
decreases in the price elasticity channel. Higher firm marginal cost decrease price markups
and hence increase marginal search cost and capacity utilization. Whether marginal search
cost and capacity utilization increase in total depends on the impact of the home production
and convex search cost channels. If capacity utilization increases, it increases goods market
tightness, which leads to a smaller increase in inflation, marginal search cost, and capacity
utilization.

For I's < 0, inflation decreases in goods market tightness, #; = ¢! (cjt — 1/Azt>, as firms
lower prices to induce higher search effort which is sluggish to respond due to the low
substitutability - a reduction in the search productivity channel. Price setting is sluggish due
to price adjustment cost, xkp, forward-looking, and distorted by cost-push shocks, ét. The
slope of the Phillips curve increases in s as demand becomes less price elastic through the
marginal search cost channel. As we target slope estimates in the literature, this implies
a larger kp. For a given kp, the slope increases making prices more flexible in the goods

market SaM model.

Lemma 3. The trade-off between marginal search cost and sticky prices has two components.
First, the "flexible price component” describing the optimal time allocation between search,
home production, and market production. And second, its trade-off with price adjustment
cost, as described by (15). For I's =0 and yg = 0, fluctuations in marginal search cost, s,

are entirely driven by sticky prices and otherwise constant.

5Firm marginal cost determine the labor share, [sy = mcy, as in the benchmark NK 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'g is close to Cobb-Douglas, the bias is quantitatively small.
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Unemployment and Hours Worked. The labor market has two margins - hours worked and
Keynesian unemployment. Hours worked can be derived from the production function and

resource constraint given by
I:IM,t = éM,t — A, — 7', (16)

where capacity utilization, ¢;, drives hours worked through labor productivity - symmetric to
the TFP shock - in contrast to the benchmark NK model. If capacity utilization is procyclical,
goods market SaM decreases fluctuations in hours worked, vice-versa. Unemployment is

determined by sticky wage inflation. The wage Phillips curve is given by

X U cor — 1 1+va \ v . A
7TW,t = (-1)% (%) Ut + ﬁEtﬂ-W,t-i-h (17)

where ey > 1 and Ky > 0. As both prices and nominal wages are sticky, the development of
real wages is given by w, = mw; — 7 + w,—1. The real wage is given by w; = mc, + l];rt,

where l];rt = CA’M,t —H M, is labor productivity.

Consumption Euler Equation. Intertemporal consumption allocation of the representative
household is determined by the real interest rate but also depends on marginal search cost in

this setup. The consumption Fuler equation is given by

T — Eftey1 = dmey ACM 41 + ¢M,csEtAéls’t+1 — Oy AH 41, (18)

where A indicates growth rates and the composite parameters are summarized by

doy XCum Vs _e—1
_ + 1- >0,
¢M70M 1—7g 6;1, g U 1+vs €
e—1 1 Xxcu 1
PMes =TV [1_756_61 “Ue 1+vs

_ XCM<1_ )eW—le—l 0
OM, H s " Ue (L) . > 0.
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There are two channels. A direct channel determining intertemporal consumption allocation
as a trade-off between market consumption and its marginal search cost. And an indirect
channel - identified by UXLC{—ZV’ - featuring the impact of time allocation on marginal utility
growth following non-separability of the Greenwood et al. (1988) preferences”.

The direct channel features an ”inflation-like” term through the search cost channel. If real
interest rates increase, households shift consumption to the future. However, households
balance overall costs of market goods. When future marginal search cost are expected to
increase, households reduce their shift to future consumption. Hence, marginal search cost
growth affect intertemporal consumption allocation like inflation. The Fuler equation shows
how to price availability (thus the search cost channel) relative to the goods price.

The indirect channel features the impact of time allocated to market production, home
production, and search effort on marginal utility. An increase in 7g increases the search
productivity channel which shifts the weight from market consumption and labor supply to
marginal search cost in the marginal utility function. This shift is amplified by the search

cost channel as search effort becomes more elastic in % Overall, goods market SaM amplifies

the impact of a change in the real interest rate®.

Lemma 4. The growth in expected marginal search cost is inflationary. Changes in goods
market tightness affect intertemporal consumption allocation through the search cost and

productivity channels, even if inflation is constant.

3.8. Calibration

I calibrate the model to replicate the business cycle behavior of the U.S. economy between
1985q1 and 2019g4. Time is in quarters. Common parameters follow the NK literature, i.e.
Christiano et al. (2010). The home production parameters follow Gnocchi et al. (2016). An

overview is given in table 1.

"If we assume preference following King et al. (1988) instead of Greenwood et al. (1988), the indirect
effect drops out as all elements in the utility function become additively separable.
8See also the discussion about time allocation in marginal utility given in section 3.1.
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Table 1: Calibration Overview

Parameter Value \ Parameter Value Parameter  Value
153 0.99 P cu = 0.86 T 0
g 1.5 Ys 0.31 W 0
s Hy =1 I's —0.27 oA 0.0064
WH H=0.5393 | v 0.55 oM 0.001
s g—; =0.1854 | 'y 0.5 op 0.1
v o ew u = 0.043 or 0.0064
Vg Umr Rw Slope = —0.026 PA 0.9
12 Unr iR 0.8 PM 0.5
€ Markup = 1.2 | i, 1.7 ppP 0.8
Kp Slope = 0.047 | igap 0.12 oT 0.8

Goods market matching efficiency, 1, targets a steady-state capacity utilization rate of 86%,
which is a weighted average of industry and service sector capacity utilization in the data.
The demand elasticity with respect to goods market matching, vg, varies in the literature
between 0.11 (Bai et al. (2024)) and 0.31 (Qiu and Rios-Rull (2022)). I set v = 0.28 and
['s = —0.27° loosley following Qiu and Rios-Rull (2022) as their setup is closest to this paper
featuring sticky prices.

There are three types of time use in the model - labor supply, home production, and search
effort. 1 set jup; by normalizing the labor supply, Hj;, to one. The home production disutility
parameter, [y, is set by targeting its average time use relative to labor supply, HH_Z = 0.5393,
as described by the American Time Use Survey (ATUS). The same approach for pg would
imply targeting g—; = (0.1854. However, as this implies x = 0.1854, goods markets would show
a significant excess supply in steady-state. Alternatively, I calibrate x = 1'% i.e. demand

equal to supply. The labor supply elasticity, vy, has varying estimates in the literature,

see e.g. Keane and Rogerson (2012). As I focus on hours worked (intensive margin) in this

1

575+ Lhe elasticity of search effort, vg,

paper, I follow Heathcote et al. (2010) and set vy =
varies significantly in the literature between 0 (e.g. Michaillat and Saez (2015)), close to 0

9The matching function is Cobb-Douglas in most cases in the literature. However, Qiu and Rios-Rull
(2022) explicitly estimate a CES matching function.Technically, they use a matching function between search
effort and available varieties of goods, not the amount of goods supply as in this paper. However, I use their
estimates as the two margins are closely linked.

10This calibration strategy is equivalent to using the ATUS values but setting an additional search effort
technology parameter such that x = 1 in steady-state.
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(e.g. Qiu and Rios-Rull (2022)), and approximately 5 (e.g. Bai et al. (2024)). A natural

t' is to assume the same supply elasticity as for labor supply, see i.e. Gnocchi

starting poin
et al. (2016); Huo and Rios-Rull (2020).

The steady-state unemployment rate, @ = 4.3%, is set by choosing ey = ((Hﬂ The NK

T+a)"M—1°
wage Phillips curve (17) is determined by unemployment. Thus, I set Ky = (_1)%1%

by targeting an estimate of the slope equal to —0.026 in the linearized model (see e.g. Erceg
et al. (2000); Gali and Gambetti (2019)).The elasticity of differentiated goods, €, is set by
targeting a steady-state price markup of 1.2. € depends on g - as shown in (8) - asz =1 in
steady-state by assumption. I set the price adjustment cost parameter, xkp, by targeting the
slope of the linearized labor share Phillips curve. I use a slope estimate of 0.047 following

Gali and Gertler (1999).

4. The Tradeoff between Marginal Search Cost and Sticky Prices

How does the trade-off between search cost and goods prices change the behavior of
aggregate demand and supply compared to the benchmark New-Keynesian model? In this
section, I derive the flexible price model and the reduced form output gap model to analyze
the overall impact of goods market SaM on the NK model. I show that goods market SaM
reduces the slope of the Euler equation while the impact on the slope of the New-Keynesian
Phillips curve is ambiguous. Capacity utilization and labor productivity become endogenous,

even with flexible prices and wages.

4.1. Flexible Prices and the Time-Allocation Tradeoff

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, Ky = 0 - and cost-push

I Alternative values for ;’751 § 1 will be considered throughout the paper though. 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. Such an economy is represented by vg < vjs. Most papers in the
literature follow this calibration strategy (i.e. Michaillat and Saez (2015); Qiu and Rios-Rull (2022)).
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shocks. From (17) we derive u = 0 if ky = 0. From (15) we derive

. -1 I's /. .

el = ey (), 1)
for kp = 0. For I's = 0, firm marginal cost are constant (as in the textbook NK model). It
follows that marginal search cost (12) decrease in output due to the trade-off with home
production, which in turn decreases capacity utilization (14), especially if vg > 0. For I'g < 0,
the decrease in marginal search cost (12) is amplified by the decrease in firm marginal cost
and goods market tightness. The decrease in firm marginal search cost is more substantial
as the price elasticity of demand decreases in s.

The aggregate impact on flexible price output is given by

éﬁ’t = (v + dcy) " [e (1 — fyse ; 1) mc, + ! —ZJM <cjiv + At)} , (20)
where both firm marginal cost and capacity utilization are endogenous for I'g, vg, ¢cy, # 0 in
contrast to the benchmark NK model. Countercyclical marginal search cost and capacity
utilization dampen the initial increase in output in the flexible price model*?. The propagation
of the TFP shock is symmetric to that. The matching efficiency shock shows the opposite
behavior as capacity utilization and goods market tightness increase exogenously as long as
1 4 s > 1. This initial propagation increases marginal cost and thus amplifies the impulse
response of output in vg. Marginal search cost decrease which lowers the initial increase in
capacity utilization somewhat but does not change the overall amplification.

Table 2 shows relative slopes of the flexible price model compared to the benchmark NK model.
First, the propagation of TFP shocks is identical to the benchmark model as vg, ¢¢,,,I's = 0.
However, the amplification of the matching efficiency shock is 45% higher. Adding home

production diminishes the output response to a TFP shock by 13% and reduces its response

127 special case is given for v = 0, vg = 0, and I's = 0, but g > 0: Firm marginal cost and marginal
search cost are constant. Hence, endogenous capacity utilization is constant. In this case, the amplification
of TFP shocks is identical to the benchmark model. The amplification of matching efficiency shocks might
differ as it drives capacity utilization exogenously. The constant level of goods market SaM variables follows
directly from the proportionality of marginal search cost to goods prices in the directed search framework.
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Table 2: Relative slope change with goods market SaM

Benchmark Benchmark NK | + Home Production
v vs Is | v  wvg I's
Potential GDP A; | 1.00 0.69 0.71 | 0.87 0.69 0.71
Up | 1.45 1.00 1.00 | 1.26 0.99  0.99

Natural Interest Rate A; | 1.00 0.69 0.85 | 0.79 0.66 0.75
Uy | 1.45 1.00 1.16 | 1.14 0.95  1.00

NOTE: The values displayed show the relative slopes of the flexible price model compared to its
benchmark model without goods market SaM. We consider separately both the benchmark NK model
with and without home production. The three columns show the impact of different elements of goods
market SaM, starting with only vg > 0, then adding vg > 0, and lastly adding I'g < 0, each calibrated
as in section 3.3.

to a matching efficiency shock by 19%-points as it introduces a trade-off between search
hours and home prodution hours. Second, adding convex search disutility, vg > 0, to the
home production model decreases the propagation of both shocks to output by 18%-points
and 27%-points respectively. It renders the home production channel (almost) obsolete
as the reduction in the amplification is (almost) identical for both models including and
excluding the home production channel. Third, the difference in slopes to the benchmark
model decreases for I's < 0. However, as ['g is close to a Cobb-Douglas calibration, the
impact of the endogenous marginal cost channel is quantitatively neglegible in the flexible
price model.

The natural interest rate acts as a monetary policy target in the sticky price economy, even

though it does not affect flexible price output. It is given by

A~

N AN
ry = (¢M70]VI - ¢M7H]M - ¢M,CS¢CH) AC’M,t—{—l

1—’}’5 6—1 ~ N _1 AN ~ (21)
— PMcq ~ ell—1s Amct+1 + Om,Hy, <¢ Aqt+1 + AAt+1> ;

€

where growth in the capacity utilization rate drives up the natural interest rate symmetrically
to TFP growth, and growth in marginal cost decreases the natural interest rate as tighter
future goods markets imply lower marginal search cost in the future. Table 2 shows the
relative slopes of the flexible price model compared to the benchmark without goods market
SaM. The propagation of shocks to the natural interest rate follows a similar pattern as for

output. However, setting ['g < 0 increases the relative slopes for both shocks significantly.
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The marginal cost channel (I's) has a quantitatively significant impact on the natural interest
rate compared to its impact on output.

Overall, adding goods market SaM leads to a lower propagation of TFP shocks to output
and a stronger propagation of matching efficiency shocks to output. The natural interest rate
shows a similar pattern. Firm marginal cost and capacity utilization fluctuate endogenously
over the business cycle without nominal frictions. However, aggregate demand shocks do not

affect output in the flexible price economy.

4.2. The Reduced-Form Output Gap Model

Let us consider the full model with nominal frictions. The model presented in section 3.2
can be summarized by five equations - a consumption Euler equation (22), a New-Keynesian
price Phillips curve (23), a New-Keynesian wage Phillips curve (24), a law of motion for
real wages (25), and a policy rule determining the nominal interest rate (26). The analysis
focusses on the tradeoff between the inflation rates and the output and unemployment gaps,
which are defined as deviations from their flexible price counterpart, i.e. C’Mﬂf = CA’MJg — C’ﬁt

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

Fo— )~ Eifripn = Ouioy | Carars — Care| + O s — ), (22)
Ty = é |:@7r,CM Chis + Gﬂ,uﬂ't:| + & + BBy, (23)

fwe = (—1) W 1¢u'ﬁ/t + PEftw,t+1, (24)

TTwe — T = Oy, [GM,t - éM,t—l} + Opu [’fbt — ﬂt—l} ) (25)

Py o= i g + (1 — i) [iwﬁ-t + zGa,,é'M,t} + DI, (26)

where the slopes of the Euler equation are given by

@M,CM = ¢M701M - ¢M,HM (1 - 001\/1)

(e — s (e — 1)) v+ (e—1) ¢cy — [(e — s (e — 1)) (I+wvp) — 5—5] Oc, (27)

+ ¢M,cs

1—vs(e—1) ’
Ore — vt oo (c=vs(c—1)o - E(e ~s(e= D) (4~ F2lon 8)
—7s(e—1)
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the slopes of the Phillips curve are given by

e—vs(e—1) M+ ¢y — {1+VM_FS}90M

Orcy = . , 29

© 1—7g 1—vs(e—1) (29)
O, :E‘Vs(e‘l).¢“7{1+VM7FS}9“ (30)
o 1—1s 1—vs(e—1) ’

and the slopes of the real wage equation are given by

Vm +¢CH - (VZW + (67 1) |:rYS - 6_75%})001\4

ew,CM = 1_ Vs (E — 1) ) (31)
o, =7 (var+e= 1) s - %DQ“ (32)
' 1—7s(e—1)

The four goods market SaM channels can be clearly identified in the reduced-form model.
First, the search productivity channel is described by vg and I's. Second, the search cost
channel is described by owm.c,,, OmH,y, and ¢mee. Third, the price elasticity channel is
described by 7g (€ — 1), which vanishes for perfect complements e = 1. And fourth, the
capacity utilization channel as a combination of the previous channels wowrking through the

resource constraint can be summarized by its output and unemployment gap slopes as given
by

o — 5 (€= s (e=1))var + (6= 1) by — (1 =75 (e = 1))vs | )
P25 (e (e= 1)) (Lt war) — 122 + (1= (= D) (1+vg)
o s (e=vs(e=1)o | "

= (e—’ys(e—l)) (1+vpr) — oL +<1—75(e—1)) (1 +vs)

—7s s

Proposition 1. The goods market search-and-matching model reduces to a benchmark New-
Keynesian model if v¢ = 0, ps = 0, and ¥ = 1. The goods market search-and-matching

model nests the benchmark New-Keynesian model as in Gali (2015).

Proof. See Appendix B.5. O

The reduced-form model given by (23) to (26) has the identical functional form as New-
Keynesian models in Erceg et al. (2000); Gali (2011). By Proposition 1, the goods market
SaM model is a nested version of the benchmark NK model. Goods market SaM changes the
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slopes of the reduced-form model and the relationships with aggregate variables that can be
derived from it. We analyze the impact of goods market SaM in turn on the propagation of
capacity utilization, the demand side given by the Euler equation, the supply side given by
the Phillips curve, and the labor market.

4.3. Capacity Utilization and Endogenous Productivity

The salient feature of the goods market SaM model in resource allocation is the endogeneity
of capacity utilization and labor productivity. Unobserved search effort drives a wedge between

the output gap and unemployment gap determined by the capacity utilization gap given by
Cjt = QCMCV’MJ + Qu'&ft; (35)

where the output gap slope is determined by 60¢,, as in (33), and the unemployment gap
slope is determined by 6, as in (34). Whether the unemployment gap is a good proxy for the
output gap depends on the behavior of the capacity utilization gap and its correlation to the
unemployment gap. Figure 1 shows how goods market SaM frictions affect the output and
unemployment gap slopes compared to the benchmark model - as given by proposition 1.
The capacity utilization channel shows stronger variation in both the output and unem-
ployment gaps as the search productivity channel becomes more salient, i.e. g increases.
The variation in the unobserved matching input increases, which drives the variation of the
utilization of available capacity. However, search effort is only productive in creating matches
and driving capacity utilization if there is some substitutability between the matching inputs.
For I's — —o0, there is no variation in the capacity utilization gap over the business cycle as
the search productivity channel vanishes. This is shown by the black lines in Figure 1 being
virtually identical to the horizontal zero line.

The impact of y”—; on the slope of the capacity utilization gap depends on the price elasticity
channel. The propagation of both labor supply and search effort decreases in ~g as the price
elasticity of demand decreases. However, as vs (€ — 1) > 1, the search effort channel switches

signs. A decrease in search effort supply elasticity amplifies capacity utilization as the price

23



Figure 1: Slopes of the capacity utilization equation (5-eq model)
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NOTE: The graphs show the impact of varying vg with a fixed vj; on the slopes of the capacity utilization equation
(inclduing home production). The benchmark model is shown by the full horizontal line (vg = 0). The goods market
SaM model is shown in two variants for three different values of g indicated by the dashed, dashed-dotted, and
full lines. First, the bold-colored lines show I'g = —0.27 (default). Second, the thin-black lines show I'g = —9999

implying an substitution elasticity of &~ 0 for the matching inputs.

elasticity channel dominates the search cost channel of vg. This pattern is easily visible in
fig. 1 as the slopes of both the output and unemployment gaps decrease for v¢ = 0.069, are
mostly constant®® for g = 0.138, and increase in vg for vg = 0.276.

For the baseline calibration, we find an output gap slope of 1.33 and an unemployment
gap slope of 0.97 for the capacity utilization gap. This specification implies an overall
procyclical response of the capacity utilization gap, heavily driven by the price elasticity
channel dominating the search cost channel. Given that the output and unemployment gaps
covary negatively and the output gap normally varies more, the variation of the capacity uti-
lization gap should also be quantitatively sizeable. This finding implies procylical endogenous

productivity as available resources are utilized more in booms than in recessions.

13While we solve for vg such that the price elasticity and search cost channels for vg cancel exactly out,
vg still has an impact on the model steady-state which influences ¢¢,, .
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Figure 2: Slopes of the Euler equation (5-eq model)
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NOTE: The graphs show the impact of varying vg with a fixed vy, on the slopes of the Euler equation (inclduing
home production). The benchmark model is shown by the full horizontal line (vg = 0). The goods market SaM model
is shown in two variants for three different values of g indicated by the dashed, dashed-dotted, and full lines. First,

the bold-colored lines show I's = —0.27 (default). Second, the thin-black lines show a substitution elasticity of ~ 0

for the matching inputs.

4.4. BEuler Equation: Search Cost and Inflation

An increase in the difference between real and natural interest rates leads to a decrease in
consumption growth - thus to a decrease in the output gap growth - as households increase
their savings. While the Euler equation is a cornerstone of the NK model, it is widely critized
for overstating the impact of real interest rates on intertemporal consumption decisions (see
e.g. Ascari et al. (2021)). Figure 2 shows how goods market SaM frictions affect the output
and unemployment gap slopes of the Euler equation - as given in (22) - compared to the
benchmark model - as given by proposition 1.
The benchmark model shows an output gap slope of the Euler equation of 0.43 and an
unemployment gap slope of 0.00. Those slopes implies that a 1% increase in the real interest
rate gap leads to a 2.33% decrease in the output gap growth. Adding goods market SaM
leads to larger slopes of the Euler equation as g increases. However, while the there is an

unambiguous increase in the slope of the output gap, the sign on the unemployment gap

slope is ambiguous.
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The search cost channel becomes more salient for both slopes as QSM,C{; increases while ¢ ¢,
and ¢ i, decrease. The impact of marginal search cost disutility, ¢u .y, is driven by the
impact of firm marginal cost (13). The numerator summarizes the trade-off between the
search cost and capacity utilization channels. Marginal search cost increase in firm marginal
cost which vary more as labor supply elasticity decreases or the share of home production
increases (for the output gap slope). Capacity utilization in turn increases in search effort
and reduces firm marginal cost due to higher utilization. Both increase in vg5. The search
productivity channel increases in I'g, rendering the capacity utilization channel obsolete if
matching inputs are perfect complements.

The denominator summarizes the trade-off between the search cost and price elasticity
channels. If v5 (e — 1) < 1, search cost increase in firm marginal cost and decrease in capacity
utilization as described above. However, if vs (¢ — 1) > 1, the sign of the denominator changes
leading the price elasticity channel to dominate. Hence, increases in capacity utilization now
increase the slope of the output gap Euler equation as they decrease the price elasticity of
demand more than the search cost, leading to a lower impact of real interest rates on output
gap growth. This channel increases in vg as search disutility is more convex.

Compared to the slopes of the capacity utilization gap, the output gap Euler slope increases
unambiguously in 5_]\547 as an increase in vg also decreases search effort and thereby the overall
consumption level. As the unemployment gap does not affect consumption, its slope decreases
in vg as long as the search cost channel dominates the price elasticity channel and switches
signs thereafter.

Overall, there is significant variation in the increase of the output gap slope of the Euler
equation between 2.44 to 17.28 times the value of the benchmark model. For the slope
of the unemployment gap we find variation of similar magnitudes as for the output gap
slope - a channel that is missing in the benchmark model. For our preferred calibration, the
output gap Euler equation slope is 3.14 - 7.3 times larger than in the benchmark model -
and the unemployment gap slope is 5.47. Taking for instance Okun’s law as the correlation
between output and unemployment gap, the joint slope is 0.81, almost twice the slope of

the benchmark model. This difference implies that monetary policy must adjust its interest
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rates twice as much to achieve the same impact as in benchmark model.

Proposition 2. The slope of the Fuler equation decreases in ;’—;, vs, and I's. Average and
marginal search cost increase in all three parameters making search cost a larger share 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.

Proof. See (22) and Appendix B.5. O

4.5. Phillips Curve: Tradeoff between Search Effort and Sticky Prices

An increase in the output gap leads to an increase in inflation as firms balance higher
cost of production by increasing (sticky) prices. An increase in the unemployment gap leads
to an increase in inflation as wages and thus marginal cost are above their flexible price
counterpart. Prices become more sticky as goods markets become less competitive. Figure 3
shows how goods market SaM frictions affect the output and unemployment gap slopes of the
Phillips curve O, ¢,, and O, - as given in (23) - under different calibrations and compared
to the benchmark model.

For the benchmark model, the output gap slope is approximately 0.075 while the unemploy-
ment slope is 0.063. Adding goods market SaM can lead to either an increase or decrease
in both slopes while the slope of the labor share Phillips curve is fixed in calibration by
construction. In general, the impact of goods market SaM on both slopes increases in vg.
While the price elasticity channel reduces the pass-through of marginal costs, the search
productivity channel increases price adjustment as goods prices comprise a lower share of the
composite price, which implies that firms must change prices more aggressively to induce the
required search effort.

The second term constitutes the variation in firm marginal cost. As for the Euler equation,
they decrease in labor supply elasticity and increase in the home production share (for the

output gap slope), while they decrease in the capacity utilization channel. The impact of

141 recalibrate the price adjustment cost parameter, xp, under each parameter specification to match the
slope of the labor share Phillips curve in the data.
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Figure 3: Slopes of the Phillips curve (5-eq model)
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NOTE: The graphs show the impact of varying vg with a fixed vj; on the slopes of the Phillips (inclduing home
production). The benchmark model is shown by the full horizontal line (yg = 0). The goods market SaM model is
shown in two variants for three different values of g indicated by the dashed, dashed-dotted, and full lines. First,
the bold-colored lines show I's = —0.27 (default). Second, the thin-black lines show a substitution elasticity of ~ 0

for the matching inputs.

the capacity utilization channel vanishes as matching inputs become perfect complements,
['s = —00. As 75 (e — 1) > 1, the sign switches as the price elasticity channel becomes the
dominant driver of firm marginal cost.

Whether the slopes of the Phillips curve are flatter or steeper than in the benchmark model

14

depends on ”]i . For vgpr (I'g) the slopes are identical to the benchmark model. It increases
in I'g through the search productivity channel'®. Hence, search effort supply can be less
elastic than labor supply as long as substitutability of matching inputs is high.

The slopes of the Phillips curve are steeper than in the benchmark model as search effort
becomes less elastic relative to market hours, V”—:’I > vgy ('g), vice-versa. V”—ISM affects the
capacity utilization channel only. As it increases, marginal search cost increase, thus variation
in capacity utilization decreases, leading to higher firm marginal cost variation and a steeper

Phillips curve. Firms adjust prices more to induce additional search effort given convex

15In the calibrated model, there are two distinct values for the output gap, 7y, = 0.96, and unemployment
gap, Vsm,ue = 1.34. For I's — —o0, both converge to zero.
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marginal search cost. As vs (e — 1) > 1, the price elasticity channel dominates, leading to a
significantly steeper Phillips curve for any l’/% as prices must adjust even more aggressively
to induce additional household search effort.

Overalll, the range of the output gap Phillips curve is between 31% and 250% of the bench-
mark slope. The range for the unemployment gap Phillips curve is between 27% and 171%
of the benchmark slope. The calibrated output gap Phillips curve is approximately 4%
steeper and the unemployment gap Phillips curve is approximately 25% flatter than in the
benchmark model. Taking for instance Okun’s law as the correlation between output and
unemployment gap, the joint slope is 0.087, about 20% flatter than in the benchmark model.
Prices react less to movements in the output gap. This pattern follows mainly from sticky
wages and their impact on firm marginal cost and search effort. Otherwise, the slope would

be slightly larger than in the benchmark model.

Proposition 3. Each firm targets an optimal share of matching inputs given the CES
matching function. The slope of the output gap Phillips curve increases in 5754, as firms must
adjust prices more aggressively to induce changes in search effort. The variation in prices
increases for high vs and I's as search effort becomes a more productive matching input and

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

Proof. See (23) and Appendix B.5. O

4.6. Real Wages and the Aggregate Impact

The wage Phillips curve is unaffected by goods market SaM. As the slope of the price
Phillips curve deviates with goods market SaM, real wage growth is affected as well. Both
the output gap and unemployment gap slopes show the same pattern as the slopes of the
Phillips curve when adding goods market SaM. They are determined by the trade-off between
the search cost and capacity utilization channels in the numerator and the trade-off between
the search cost and price elasticity channels in the denominator.

Figure 4 shows the output gap and unemployment gap slopes of the real wage growth

equation. In the benchmark model, the output gap slope has a coefficient of 1.60 and the
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Figure 4: Slopes of the real wage equation (5-eq model)
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NOTE: The graphs show the impact of varying vg with a fixed vj; on the slopes of the real wage equation (inclduing
home production). The benchmark model is shown by the full horizontal line (vg = 0). The goods market SaM model
is shown in two variants for three different values of g indicated by the dashed, dashed-dotted, and full lines. First,
the bold-colored lines show I's = —0.27 (default). Second, the thin-black lines show a substitution elasticity of ~ 0

for the matching inputs.

unemployment gap slope has a coefficient of 1.34. As we introduce goods market SaM the
coefficients vary significantly between 1.25 and 6.00 for the output gap and between 1.00 and
3.58 for the unemployment gap, mainly driven by the price elasticity channel. As fig. 4 show,
the variation is amplified by the capacity utilization channel, which vanishes for I'g — —o0.
For the default calibration, the output gap slope is 2.81 and the unemploymen gap slope is
1.84. Hence, real wage growth is significantly more volatile in both gaps. Reformulating (25)
for unemploymeng gap growth shows that the unemployment gap moves less to real wage
growth but more to output gap growth. This pattern represents the increasing impact of the
capacity utilization gap on labor markets.

The overall impact of goods market SaM depends on the interplay of the Phillips curves,
the Euler equation, and the variation in the unemployment gap. The Euler equation slope
increasesly unambiguously implying a lower response of output gap growth to changes in
the real interest rate gap. The price Phillips curve and real wage growth equation show
. Thus, price and real wage inflation can be either less
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or more responsive to the output and unemployment gaps, depending on the calinration.
The wage Phillips curve slope is unchanged by goods market SaM. As there are four different
values of gy where the output gap and unemployment gap slopes of the price Phillips curve
and the real wage growth equation are identical to their benchmarl slope, we simplify by
assuming two cases: First, search effort supply is significantly more elastic than labor supply,
i.e. 25 = 0. And second, search effort supply is significantly less elastic than labor supply, i.e.

vm

5—; = 2. The aggregate impact of those two cases is laid out in corollary 1. For a quantitative
statement of the aggregate impact of goods market SaM we have to solve the model and

refer to simulation methods in the next section.

Corollary 1. Case 1: For ;’—Jfl < Ugn, a flatter Phillips curve amplifies nominal effects while
a flatter Euler equation dampens them. The two effects counteract each other.
Case 2: For V”iM > Ugng, a steeper Phillips curve and a flatter Euler equation dampen nominal

effects. The two effects amplify each other.

5. Simulation Analysis: Three Scenarios

The model features four channels summarizing the impact of goods market SaM: The
search cost, search productivity, price elasticity, and capacity utilization channels. In the
previous section, we have seen that the search cost channel plays a crucial role in determining
the slopes of the Euler equation, while the search productivity channel does so for the price
Phillips curve. Both channels are amplified by the capacity utilization channel, especially if
the price elasticity channel plays a dominant role.

In this section, I analyze the aggregate impact of goods market SaM on the model economy
for common business cycle shocks using impulse response analysis. To highlight the different
goods market SaM channels, I construct three scenarios: First, an economy where search
effort is a productive matching input that can substitute for goods supply and goods markets
are competitive in a sense that differentiated goods can be rather easily substituted for one
another. Second, an economy where search effort is a strict complement to goods supply

in matching and goods markets are competitive as in scenario one. And third, an economy
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where search effort is a substitute for goods supply as in scenario one, but goods markets are
non-competitive in a sense that the elasticity of substitution between differentiated goods is
(close to) zero. We use Dynare (Adjemian et al. (2024)) to solve and simulate the model

economy.

5.1. Scenario 1: Search Effort as Substitutes in Competitive Goods Markets

The aggregate impact of supply and demand for each exogenous shock are given in fig. 5.
The figures show the impulse responses of the benchmark model as grey areas, the calibrated
model as the blue line (case 1), 7= ~ 0 as the dashed-dotted line (case 2), and 7= =2 as
the dashed line. The red curves show the same three cases for a model where the search cost

channel is larger than the price elasticity channel. Deviations are in percent (points) from

steady-state. Periods are in quarters.

Output and Unemployment Gaps, Inflation, and Real GDP. All impulse responses are shown
for expansionary shocks, i.e. real GDP increases, which implies a negative output gap and
positive unemployment gap for TFP and matching efficiency shocks, and a positive output
gap and negative unemployment gap for the policy and cost-push shock. Inflation follows the
output gap except for the cost-push shock due to its exogenous inflation component. The
matching efficiency shock is qualitatively symmetric to the TFP shock in the benchmark
model. However, quantitatively it shows stronger variation in inflation and the output gap
for a similar response of real GDP.

Adding goods market SaM leads to a reduction of the output and unemployment gap impulse
response for all four shocks. The inflation impulse responses decreases symmetrically, except
for the cost-push shock where inflation is driven exogenously. Real GDP impulse responses
increase in the output gap, hence are larger for TFP and matching efficiency shocks and
smaller for monetary policy and cost-push shocks. There is an increasing disconnect between
real GDP and the output gap for the TPF and matching efficiency shocks, especially if ~vg is
large enough such that the price elasticity channel dominates the search cost channel.

For 75 < gy (case 1), the impact of goods market SaM on the model economy is smaller as

the Euler equation slope increases and a flatter Phillips curve slope counteracts this impact.
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Figure 5: Impulse Responses of the Sticky Price & Wage Economy (Scenario 1)
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The dashed-dotted impulse responses are converging back to the benchmark model impulse
responses, especially for the output gap and real GDP. The change in inflation responses is
less pronounced as the output gap varies more but the slope of the Phillips curve decreases.
For 75 < wgy (case 2), we find the opposite pattern. The impact of goods market SaM
is amplified through both a flatter Euler equation slope and a steeper Phillips curve slope.
Inflation impulse responses only slightly change as the output gap varies less coupled with
more flexible price setting. Both cases have a more significant impact on the IRF's if the

price elasticity channel dominates, i.e. g is large, which also represents the significantly

different slopes for v¢ = 0.276 in figs. 1 to 4.

Marginal Search Cost, Capacity Utilization, and Hours Worked. The impact of the capacity
utilization channel on the model economy can be summarized by variation in the capacity
utilization rate. As shown in (14), it varies in firm marginal cost and marginal search cost.
Its variation increases in g while the variation in firm marginal cost and marginal search
cost decrease. The price elasticity channel amplifies those effects, especially if VVTS[ < Usym.
As marginal cost fall for TFP shocks, marginal search cost and capacity utilization fall as
well. This pattern is along the lines of Basu et al. (2006). For monetary policy and cost-push
shocks we find the opposite behavior due to increasing firm marginal cost. The matching
efficiency shock shows a similar behavior as the TFP shock, however, capacity utilization
increases due to the exogenous shock even though the endogenous channels work in the other
direction.

The capacity utilization channel drives marginal productivity of labor. Labor demand
decreases in capacity utilization as marginal productivity increases. As (16) shows, total
hours worked in proportion to output depends on exogenous TFP shocks and variations
in capacity utilization. For the monetary policy and cost-push shocks, procyclical capacity
utilization lowers labor demand. As 7g increases, total hours worked impulse responses can
even turn slightly negative, but being mostly acyclical (featuring a strong price elasticity

channel). For the TFP and matching efficiency shocks, countercyclical capacity utilization
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leads to higher labor demand. It turns the classic result (see e.g. Gali (1999)) of an initial
drop in hours worked following TFP shocks around and increases in 5. Hours worked for
both shocks become pronounced procyclical for high values of vg.Overall, we find that the
IRFs in the goods market SaM model look more like flexible price model responses as g
increases. The output gap for TFP and matching efficiency shocks is close to acyclical while
monetary policy shocks have up to half the impact on consumption growth compared to the
benchmark model. Capacity utilization endogeneizes productivity in a simple 5-equation
NK model, turning around common results of the labor market in the NK literature. While
vs = Usy has a distinct impact on the slopes of the Phillips curve and Euler equation, its

v >

impact on the impulse responses can be substituted by a change in g.

5.2. Scenario 2: Search Effort as Complements in Competitive Goods Markets

In this next experiment, we shut off the capacity utilization channel compared to scenario
1 by setting I's &~ —oo. The three other SaM channels are present, however, their impact is
affected by the missing capacity utilization channel. This 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.

Output and Unemployment Gaps, Inflation, and Real GDP. In contrast to scenario 1, the
IRFs of the goods market SaM economy are significantly closer to the benchmark model
IRFs. The output gap varies significantly for both TFP and matching efficiency shocks,
the unemployment gap is almost identical to its benchmark model counterpart, and output
follows the same hump-shaped patter for all shocks except the monetary policy shock. There
are no qualitative differences, however, the monetary policy shock still shows a significantly
lower response of output up to a third less as households demand elasticity is lower due
to the search cost additional to goods prices. However, the economy with strong matching

complements requires a large yg such that the price elasticity channel is dominant to create
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Figure 6: Impulse Responses of the Sticky Price & Wage Economy (Scenario 2)
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responses for ;—Ai = 0.5 and the dashed lines for :—Ia = 1.5. The red lines show the impulse responses for yvg = 0.11 for the same three cases.
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such quantitative effects in the IRF's.

Marginal Search Cost, Capacity Utilization, and Hours Worked. As search effort and goods
supply are perfect complements, there is virtually no variation in capacity utilization and firm
marginal cost are (almost) unaffected by goods market SaM. Marginal search cost, however,
vary significantly over the business cycle as there is no consumption without search effort.
Two differences arise though. First, the variation in marginal search cost is lower as capacity
utilization cannot act as an amplification mechanism. And second, following from the first
point, marginal search cost is procyclical for TFP shocks as the negative amplification from
capacity utilization is missing. Total hours worked show a similar picture as in the benchmark
NK model, pronounced procyclical for demand and cost-push shocks, and a initial negative
response turning into a positive response for both supply shocks. As 7g increases such that
the price elasticity channel becomes dominat, the response of marginal search cost and total
hours worked is more negative compared to the benchmark NK model, except for the the
matching efficiency shock.

Overall, scenario 2 shows the importance of the ability of search effort to substitute for goods
supply in matching to create endogenous capacity utilization and productivity, thus lower
variation in the output gap and a positive response of total hours worked following a TFP
shock. The price elasticity without capacity utilization channel amplifies total hours worked
in the other direction. However, the smaller response of output growth to monetary policy

shocks persists in this economy.

5.3. Scenario 3: Search Effort as Substitutes in Monopolistic Goods Markets

In this next experiment, we again allow for substitutability between search effort and goods
supply in the matching but function, but decrease the substitutability between differentiated
goods, which in turn increases the market power of each firm. The price elasticity channel
vanishes for ¢ — 1. However, as this would imply an infinitely large price markup, the

equilibrium is unfeasibile. Instead, we calibrate € such that steady-state markups are equal
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to ~ 68% as in e.g. Smets and Wouters (2007). All goods market SaM channels are present.

However, the impact of the price elasticity channel is significantly reduced.

Output and Unemployment Gaps, Inflation, and Real GDP. In contrast to scenario 1, the
IRFs of the goods market SaM model are closer to the benchmark model. The output gap
varies more than in scenario 1, but less than in scenario 2. Hence, the capacity utilization
channel is the main driver behind the almost acyclical output gap IRFs for TFP and matching
efficiency shocks, which also translates to less cyclical unemployment gaps for those two
shocks. As inflation follows the output gap, we find that the reduction in cyclicality also
is mainly a result of the capacity utilization channel. Monetary policy shocks show a lower
response to output than in the benchmark model. However, it is closer to it than scenario
2. While the impact of the price elasticity channel is significantly reduced due to lower
substitutability of differentiated goods, the model still requires a significant g to create

noticeable fluctuations in capacity utilization, thus output (gap) and inflation.

Marginal Search Cost, Capacity Utilization, and Hours Worked. As search effort and goods
supply are substitutable, there is significant variation in capacity utilization and firm marginal
cost vary less than in the benchmark model. Marginal search cost vary as in scenario 1 with
a countercyclical variation of marginal search cost following TFP shocks. Total hours worked
show a similar picture as in scenario 1 less countercyclical responses for TFP and matching
efficiency shocks, even procyclical for 75 = 0.276. As g increases the search productivity
channel drives the variation in the capacity utilizaiton channel up while the price elasticity
channel is subdued.

Overall, scenario 3 shows qualitative similarity to scenario 1 while its quantitative impact is
subdued. This result shows that the capacity utilization channel drives the differences in
IRF's resulting from adding goods market SaM while the price elasticity channel amplifies

IRFs in either scenario.
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Figure 7: Impulse Responses of the Sticky Price & Wage Economy (Scenario 3)
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responses for ;—Ai = 0.5 and the dashed lines for :—Ia = 1.5. The red lines show the impulse responses for yvg = 0.11 for the same three cases.
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5.4. Robustness Analysis
TO BE ADDED LATER!

Hours Adjustment Costs.
Firm Inventories and Long-Term Contracts.

Capital Allocation and Utilization.

6. Concluding Remarks

This paper introduces an extension to the New-Keynesian framework by integrating goods
market search-and-matching frictions, which offers a richer understanding of macroeconomic
dynamics. By incorporating costly household search effort and imperfect matching, the
model uncovers how goods market frictions impact key macroeconomic variables such as
capacity utilization, inflation, and the output gap. The results highlight that search frictions
reduce long-run GDP through idle capacity and the impact on firm pricing power, while also
altering the slope of the Phillips curve and Euler equation.

The trade-off between search costs and prices leads to endogenous capacity utilization, which
varies over the business cycle and is influenced by the balance between firm market power
and goods market frictions. Furthermore, the inclusion of sticky prices amplifies the role of
these frictions, especially in demand-driven markets, and provides new insights into the less
effective transmission of monetary policy. Despite these complexities, the model retains a
structure similar to the textbook New-Keynesian model.

Overall, this paper paves the way for further exploration of goods market characteristics
within the New-Keynesian framework, offering new perspectives on the relationship between
search frictions, monetary policy, and business cycle dynamics. The model’s implications
are crucial for understanding how market inefficiencies shape economic outcomes and could
inform future research on macroeconomic policy and its effectiveness. As a precise description
of the labor market is a necessary feature to describe capacity utilization data, future

research should include labor market search-and-matching and an hours per worker margin.
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A wide variety of goods market features like advertising, long-term contracts, inventories, or

multi-good trades per match could also be included to further enrich the model.

41



References

Adjemian, S.; Juillard, M., Karamé, F., Mutschler, W., Pfeifer, J., Ratto, M., Rion, N.; Villemot, S., 2024.
Dynare: Reference manual, version 6. Technical Report 80. CEPREMAP. Series: Dynare working papers.

Ascari, G., Magnusson, L.M., Mavroeidis, S., 2021. Empirical evidence on the Euler equation for consumption
in the US. Journal of Monetary Economics 117, 129-152. Publisher: Elsevier.

Bai, Y., Rios-Rull, J.V., Storesletten, K., 2024. Demand shocks as technology shocks. Technical Report.

Basu, S., Fernald, J.G., Kimball, M.S., 2006. Are technology improvements contractionary? American
Economic Review 96, 1418-1448-1418-1448.

Benabou, R., 1988. Search, price setting and inflation. The Review of Economic Studies 55, 353-376.
Publisher: Wiley-Blackwell.

Benabou, R., 1992. Inflation and efficiency in search markets. The Review of Economic Studies 59, 299-329.
Publisher: Wiley-Blackwell.

Benhabib, J., Rogerson, R., Wright, R., 1991. Homework in macroeconomics: Household production and
aggregate fluctuations. Journal of Political Economy 99, 1166-1187-1166—-1187.

Bils, M., Klenow, P.J., 2004. Some evidence on the importance of sticky prices. Journal of Political Economy
112, 947-985-947-985.

Christiano, L.J., Eichenbaum, M., Evans, C.L., 2005. Nominal rigidities and the dynamic effects of a shock
to monetary policy. Journal of Political Economy 113, 1-45-1-45.

Christiano, L.J., Trabandt, M., Walentin, K., 2010. DSGE models for monetary policy analysis, in: Handbook
of Monetary Economics. Elsevier. volume 3, pp. 285-367-285-367.

Diamond, P., 1971. A model of price adjustment. Journal of Economic Theory 3, 156—168.

Diamond, P.A., 1982. Aggregate demand management in search equilibrium. Journal of political Economy
90, 881-894. Publisher: The University of Chicago Press.

Dixit, A.K., Stiglitz, J.E., 1977. Monopolistic competition and optimum product diversity. American
Economic Review 67, 297-308-297-308.

Erceg, C.J., Henderson, D.W., Levin, A.T., 2000. Optimal monetary policy with staggered wage and price
contracts. Journal of Monetary Economics 46, 281-313.

Gali, J., 1999. Technology, employment, and the business cycle: do technology shocks explain aggregate
fluctuations? American economic review 89, 249-271. Publisher: American Economic Association.

Gali, J., 2011. Unemployment fluctuations and stabilization policies: a new Keynesian perspective. MIT
press.

Gali, J., 2015. Monetary policy, inflation, and the business cycle: an introduction to the new Keynesian
framework and its applications. Princeton University Press.

Gali, J., Gambetti, L., 2019. Has the US wage Phillips curve flattened? A semi-structural exploration.

42



Technical Report.

Gali, J., Gertler, M., 1999. Inflation dynamics: A structural econometric analysis. Journal of Monetary
Economics 44, 195-222-195-222.

Gnocchi, S., Hauser, D., Pappa, E., 2016. Housework and fiscal expansions. Journal of Monetary Economics
79, 94-108-94-108.

Gourio, F., Rudanko, L., 2014. Customer capital. Review of Economic Studies 81, 1102-1136. Publisher:
Oxford University Press.

Greenwood, J., Hercowitz, Z., 1991. The allocation of capital and time over the business cycle. Journal of
political Economy 99, 1188—-1214-1188-1214.

Greenwood, J., Hercowitz, Z., Huffman, G.W., 1988. Investment, capacity utilization, and the real business
cycle. American Economic Review , 402-417-402-417.

Hall, R.E., 2012. The cyclical response of advertising refutes counter-cyclical profit margins in favor of
product-market frictions. Technical Report.

Head, A., Liu, L.Q., Menzio, G., Wright, R., 2012. Sticky prices: A new monetarist approach. Journal of the
European Economic Association 10, 939-973. Publisher: Oxford University Press.

Heathcote, J., Storesletten, K., Violante, G.L., 2010. The macroeconomic implications of rising wage
inequality in the United States. Journal of political economy 118, 681-722—681-722.

Huo, Z., Rios-Rull, J.V., 2020. Demand induced fluctuations. Review of Economic Dynamics 37, S99-S117—
S99-S117.

Kaplan, G., Menzio, G., 2016. Shopping externalities and self-fulfilling unemployment fluctuations. Journal
of Political Economy 124, 771-825-771-825.

Keane, M., Rogerson, R., 2012. Micro and macro labor supply elasticities: A reassessment of conventional
wisdom. Journal of Economic Literature 50, 464—-76—-464—76.

Khan, A., Thomas, J.K., 2007. Inventories and the business cycle: An equilibrium analysis of (S, s) policies.
American Economic Review 97, 1165-1188-1165-1188.

King, R.G., Plosser, C.I., Rebelo, S.T., 1988. Production, growth and business cycles: 1. The basic neoclassical
model. Journal of Monetary Economics 21, 195-232-195-232.

Kuhn, F.,; George, C., 2019. Business cycle implications of capacity constraints under demand shocks. Review
of Economic Dynamics 32, 94-121-94-121.

Lechthaler, W., Snower, D.J., 2013. Quadratic labor adjustment costs, business cycle dynamics, and optimal
monetary policy. Macroeconomic Dynamics 17, 464-475-464-475.

Matha, T.Y., Pierrard, O., 2011. Search in the product market and the real business cycle. Journal of
Economic Dynamics and Control 35, 1172-1191-1172-1191.

McAdam, P., Willman, A., 2013. Technology, Utilization, and Inflation: What Drives the New Keynesian

43



Phillips Curve? Journal of Money, Credit and Banking 45, 1547-1579-1547-1579.

Michaillat, P., Saez, E., 2014. An economical business-cycle model. Technical Report.

Michaillat, P., Saez, E., 2015. Aggregate demand, idle time, and unemployment. Quarterly Journal of
Economics 130, 507-569-507-569.

Moen, E.R., 1997. Competitive search equilibrium. Journal of Political Economy 105, 385-411-385—411.

Paciello, L., Pozzi, A., Trachter, N., 2019. Price dynamics with customer markets. International Economic
Review 60, 413-446. Publisher: Wiley Online Library.

Petrosky-Nadeau, N., Wasmer, E., 2015. Macroeconomic dynamics in a model of goods, labor, and credit
market frictions. Journal of Monetary Economics 72, 97-113-97-113.

Petrosky-Nadeau, N., Wasmer, E., Zeng, S., 2016. Shopping time. Economics Letters 143, 52-60-52-60.

Qiu, Z., Rios-Rull, J.V.; 2022. Procyclical productivity in new keynesian models. Technical Report.

Rotemberg, J.J., 1982. Monopolistic price adjustment and aggregate output. Review of Economic Studies 49,
517-531-517-531.

Sbordone, A.M., 2002. Prices and unit labor costs: a new test of price stickiness. Journal of Monetary
economics 49, 265-292-265-292.

Smets, F., Wouters, R., 2007. Shocks and frictions in US business cycles: A Bayesian DSGE approach.
American Economic Review 97, 586-606-586—606.

Taylor, J.B., 1993. Discretion versus policy rules in practice, pp. 195-214-195-214.

44



TECHNICAL APPENDIX

45



Appendix A. Complete Model Setup and First-Order Condition Derivations

Appendiz A.1. Goods Market Setup

The goods market is differentiated along the lines of each goods variety i. Each household j
buys every good 4. Each variety is produced by a single firm. The goods market law of motion on

each market follows
Tt(Z,]) = (1—5T)11,5,1(Z,])+mt(2,]), (Al)
where matching on each market is given by
.o . AT . AT =
ma(i, ) = bse [1sHse(i,5)" 5 + (1= 75)Su(i, ) 5] s . (A.2)

The matching probabilities of households and firms are respectively given by

fili,g) = }’I’;((J])) = s [rs + (L= 5)anli, )75 (A.3)
i) =GR = sy [rsain ) + (1= 2] 5. (A4
xt(l,j) _ HS,t(iaj) _ Qt(iaj) (A5>

St(zaj) B ft(Z;])
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Appendiz A.2. Labor Union: Aggregator and Quadratic Hours Adjustment Cost

Optimization Problem of the Labor Union.

Hyr o, Hr,e (3),Hpr,e (5)

o) 1 1
L= max Eo Z Bo,t{ [Wt/ H(i)di — / Wi(j)Hne(j)dj — CHM,tWtHM,t]
t=0 0 0

1 ewfl e;v%l
— g (Hye — < Hyre(g) w dj>
0
1
— Qgﬂg [HMJ — HM,t(i)dz} }
0

First-order condition (labor union):.

1
Huyrs(g) | ew
Wi(4) <H’t( )> =Widnm,
Mt
where
Wis1 (Hprpea
brve =1 = canrs — ngy + BiBrapi— <t+ CHM, 415
Wi Hyy
with

. _ Quym [ Hue _q ?
HM. t 2 HM’tfl )

Hyry _1> Hyry
Hpyri—1

/
CHMt — Qi <
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Appendiz A.3. Optimization Problem: Households 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

ewalj) =" <Wt(‘7) - 1>27

2 \Wi-1(4)
) dr20 . )
Oni(j) = o + CAMREMS (enre(d) — 1%+ 03 em(d) —1),
2
) 020 . )
Sri(j) = 0m1 + =2 (e () — 1)% + Oms(em () — 1),
2
ennali) = vt Iap(d) 1 2
MIt\J 92 IM,t—l(j) )
curi(i) = Ime7) ?
HIt J 2 IH7t—1(j) .

Utility Function:. There are four versions of the 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 . .
1 ) Jo Hse(i,5) tvsdi Hyy(j) Hap(j)
Ue(ir ) = 7= |Celd) — s 110 THH T T M (A7)
i 1 A 1=
. 1 ‘ (fo Hs,t(z,y)dz) Hi 4 (j)'Hn Hgy(5)17
Ut(la]) -0 Ct(])fﬂs 1+ s — UH 1+un - MTI/M (A8)
KPR preferences (aggregate/firm-specific convexity in search disutility):
1 o\ MHws
Ui g) = S0 (o Hs(iri)di) g H @t ()
twhd) = 1—0 s 14+ vg H 1+vy M 1+vym '
1 . .
o Cy(j)r =7 Jo Hs (i, §) s di Hy . (5)vn Hog o (g) v
- — ’ - J — _— Al
U (i, ) - s 1+ vs A M (A.10)
FOC composite consumption (aggregate/firm-specific convexity in search disutility):
ou i, . ‘ HS N\14vg HH ] 1+vy HM ] 1+vps -0
Cy(7) 1+ vs 1+vy Iy
. 1 iy . . . -
aUt(l,]) e (j) B ghh s fO Hs’t(l’])l-i-usdl . HH,t(])l-l-VH + Hth(j)l—i-uM
0C(7) ¢ 1+vg 1+vy 1+wvy
(A.12)
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FOC search effort (aggregate/firm-specific convexity in search disutility)

OUGg) [ghhawt(i’j) +(1 —ghh)] (—ps) </01 Hs’t(i’j)di> S

Ot (i, j) 9C(7)
aUi(i,j) AU, (i, 5) -
Sl = |anh G (1= ghi) | (i) Hs )

FOCs home and market labor supply:

OU(i,5) AU(i, ) »
OHus(j) [ghha@@-)ﬂl—ghh)} (=) Hiza ()
Ui, 4) U, (i, 5) "
OHu.(j) [ hhact(j)Jr(l_ghh)] (—par) Hare (5)

where ghh is an indicator variable for the GHH preferences.
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Appendiz A.3.3. First-Order Conditions (Households)
In the summarized FOCs of the household below, both KPR and GHH preferences are
incorporated. Set ghh = 0 for KPR preferences and ghh = 1 for GHH preferences. Further,

the cost functions from above are implemented as well.

AU (4, §) _ , W w
D) + muct(])wt(3)<1 - CW,t(]))] ew (Wt(])¢HMt> )
= mucy(f)we () [1 —cwie(j) — C/W,t(j)] + Bmuct+1(j)wt+1(j)ch,t—s-l(j)
o Ty—1
W) = G (1) (2pS) (A1
AUy(i,5) AU, ) Cra()\™' Cuy
Doy = w0 (Gl ) (A1
. V¢ (i,7) OUy+1(14,5) ) 1
— (j)Ptgi;]) _ 82?2(;;) —B(1-6p) % + We(5) <sz5‘7}))) (A.20)
. 1 + Tt .
muc(j) = 51 T pices muce+1(7) (A.21)
Qui(j) = Blmucii1(§)riv1em 1 + (1 =6 (enre+1(5))) Qure+1(5)] (A.22)
Werli) = Quald) [1 = carrad) — ehre)) + 8@ Bty 1) (a2
Qnr(d) 96 (enrt(4))
Kt = muci(j) Oenrs()) (A.24)
N N U106, 7) ( Crros1(D\ " Crrea(5)
Quil) = et (T ) G (A.25)

+ B =6 (emt+1(4))] Qui+1(4)

Wei(j) = Qui(j) [1 — curi(§) — uri(G)] + BQu 410 )WCIIH 1+1(9) (A.26)

Ut (4,5)

90 (emi(j)) Cre )\ Cra(d) aC,(j)
dens(j) H‘”( Ci(4) ) er1(§) Qrrt(3) Kmi-1() (8.27)
where
/ 3%51(’1]73)
Cst = \— ft(%,j) . (A.28)
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Appendiz A.3.4. Derivation of price elasticity of demand

Starting point: Inverse demand function derived from household FOCs:

RG.G) _ Wedy) (D) ' _ ohhaagr+(—ghh),
P muc(j) \Ti(i.)) i) seitd
+ SE m“CtH(J)ghhggii )jL (1= ghh) c (,7)
uc()) muce1() Sp+1ithd
First derivative:
P (i NN - A i,
aTth;;; 1 We ( T,(5) ) B 0%, (1,5) ghh 80(]) + (1 —ghh)
By e Ty(i,7) mucy(5) \Tu(i, j) Ty, j) muce(j)
0y, . I + (1 g
AT (i, ) mucy(j)

Price elasticity of demand:

(A.29)

(A.30)

As the model nests the textbook NK model, the price elasticity reduces to a constant as the

model reduces to its benchmark case. The price elasticity of demand in the goods market

SaM model depends on marginal search cost and decreases in those. Marginal search cost

depend on goods market tightness and are thus a general equilibrium object which depends

on price setting and goods supply of firms. It depends on the shock whether this general

equilibrium object increases or decreases the price elasticity of households.
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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(zg)sl'n( ;{)m i,5) OZﬁOt{ |:/ Pt i ])Crt(z j)dj - Wt( )HM,t(Z) - PtTK,tKMe,t(i)]
PLo) HL (5 K rge, “

— P14 [/01 (1 + CP,t(iaj)>St(Z F)dj — AcHpgp (i) 7M K ppe 4 (1)
#=b0) [ a6 = -0 [ (1= 016,96
- /0 ' paalis ) [Ttu,j) (1= 60) T (i) mt@,j)] dj

—/1¢3t i 7) Pi(ij) _ Wealy) < Ti(4) ) + g (i j)ghh sea) + (1= ghh)
) P, mucy(5) \Ty(i,5) 5\ muc())

ghh2Uee1G:d) 4 (1 gy }

TR 0C11(7)
B(1—0r)cgyq1(i 3) mucey1(7)

where Yz (i) = AeHpr(i) M K e ()M, The last constraint states the household consumption
demand constraint 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):

Kyrer (1) \ M .
wy = (1 —apy) Ay (M) mey (1) (A.31)
Kagesi ap—1 .
T = oAy <HW> mey (1) (A.32)
' 1
Py(i, ) . o Wei ()L Ti(G) N, o1
— ) 2 T
2 pre(i, j) + @t(z,J)muq(j) \Tin 1(i,5) (433
P, . ..
+ E¢Bi 441 (1 —07) ;;1 [mey,i41(4) — prega(i, J)]
.. OU(4,5)
meyy (i) = ! qe (3, 7)pre(i, ) — Lus - (i j)l/sC/Sﬁt(z’j) ghh 8Ct(jj) + (1 - ghh)
t — T . /. N t\ly ) - N ) .. s
’ 1+ cpe(i,g) Si(t,7) mucy(j) (A.34)
P, . .
+ Etﬁt,t-ﬁ-l%tl (1—07) (1 — q(7,7)) mey,ey1(i)
mucy (§)vs@e(6,5)"S %
.. (1=ys)—Tmsvs sz (i,§)'S +(1—vs)] . Py . (A.35)
ei(i, ) = 20:0.0) [th(ZaJ) — EiBti+1 (1= 6r) mey (i)
ghh 5 + (1 — ghh) B
= | Ti(i, 5) %(%])} P me (0)St+1(1,7)
;o t +1 Y,t+1 t+1(%,7) 4 ..
_ ; A.
cpali;J) mey (i) Si(i, j) T Eba mey,(i)Sy(i, §) pira(h7) (4:50)

where Ifg 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

mey = =, (A.37)

where eg (i) = Yf;(:()z) 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

-1
Vg

muc

muc

We

Uy
OHp

Qumt

We

muc

Q
Z

1 1
= mucyw (1 — cwy) | 1 = ——7— | + mucywy——7—
EWCHMt EWCHMt

1 HM,t+1 /

— BEymucs 1wig W Hu CW,t41

WECHM

1 —+ Tt
b
1+ mq

= BE

MUCE41,

8H57t

! ft 41

oU;
= — 1 — —_—
ac, (1 =n) ( c,
JOU gy (Gt} G

= BEymuciy1en,i+17K,t4+1

0120013
2

+ BE:Q i 41 <1 — O —

= Qure [1— enre — Ayrg) + BEQa41¢7 111

Qg

TKt

= P,

[Onr20nrs (enre — 1) + dars),

HOH
8Ct+1 K Ct-‘,—l

0m20H3
2

+ BEQ 141 (1 — 01 —

= Quy [1—cury — Cury + BEQH 41

I'p—1
AU, Ch.t Chr,t
3Ct’YHaH( Ct ) €H,t

- Kgi—1 (0a20ms (ems — 1) +0m3)’

95

OUs 41 (CH,t—l-l)FHl CH+1
Kpy

)

Ingi4a
)
Iy

Igiv1 ,
Iy,

CHIt+1s

Cwit

(eares1 — 1)% — dnra (enrerr — 1)) ,

(erras1 —1)° — 0ms (emas1 — 1)> ,

(A.38)

(A.39)

(A.40)
(A.41)

(A.42)

(A.43)

(A.44)

(A.45)

(A.46)

(A.47)

(A.48)



where

4 =K Wi -1 Wi
Wit VAW, Wi

H 2 H H
CHM :1¢HM< 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 14+vy —0o
oU; Hg, Hy Hyry
L~ | ¢, - ghh 7 , ,
ac, Ci—g <M51+VS+NH1+VH+MM1+VH
0U; oU;
- T2t (1= ghh) ) (—ps) HE
S = (shhGt+ (= ghh)) (s
o0U; oU;
= S ) HYH
8Ut aUt v
= hh— 1—ghh — HM
o = (st + (= ah)) (i

Appendiz A.5.2. Representative Firm

The system of representative goods firm FOCs is given by

K (63,7
we = (1 —apy) Ay ( Me’t> mey ¢,
Hyyy
KMet om—l
T = oAy < I% : > mcey,
Mt
WCt 1 -1 1 + Tt4+1
—1- 2l (1 - o) B L -
pre thuct it ( ) Et 1+ ry [mey i1 — prval,
ou
mey; = [Qtprt —Ips- %ngghha—cz (1= ghh)
' 1+cpy St e
T+ m
B, s (1 — ]
+E— T ( 1) (1 —q) mey
muct'ysxfs ;,nt
(I1=vys)-Igs-vs {’stthHl*’Ys)] [ 14 w41 ]
- re— By (1= 5 meyag |
. ghh 0% + (1 —ghh) [T T (1= dr)mevens
T o 1+ w41 mey,i415t41
o= 1- 2L + BE ’ Paii-
“Pi mcy Sy [ T; B 1+m7 mey,+ Sy “Pi+1
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(A.58)

(A.59)

(A.60)
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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

Ci
Ch
Ky
Ky
T;

(1+cpy)Se
Uy

]-+Tt
1+r

= (1=967r)Ti—1 + @St
@

_
— (YO + (1= ) Chpt) T

— H}ITtO‘H len i Kp—1]™"

= (1—0(ems)) Kpem1 — (1 —carre) Lrs
= (1—0(ens)) K1 — (L —curs) Ly
= CM,t -+ IM,t -+ IH,t

=Yy —(1—=90r)Tio1 + (1 —067) (1 — qt) Se—a

1

Vs 1

Hory

Wt muct
pins ghhSgt + (1 — ghh)

. . 1—i,
1+ \" | fm\i= [ GDP, \'o
- <_) M,
147 x) \GDPy,

-1

o7
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Appendix B. Reduced-Form Model

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

Households.

H
/ M,t+1 Wt41 ./
muct;“—wt/ [(ew —1) (1 —cwq) + cW7t] — BEthCth e‘; Wil

MHVM _
HM ohh 90 4 (1— ghh)
cu\'H 7t C
S (L —am) (G4) "

ghhSet + (1 — ghh)

oU Cars ' oU
mucy =t<1—fm>( M’t> — oy (ghhaczﬂl—ghm)

Ve __
IU'HH[-Lt -

oC; Cy
]. + Tt
muc; = BE;———muc
¢ =0 t1+77t+1 t+1
1+ 1+ 1+ —0o
LT P VA A 1
0C t—9 HSl+VS Hi 1+vy HM 1+ vy

Firms.

wy = (1 —apn) AH Mt "meyy

c Ty—1
e () () Ly
—tt

pre =1—¢
MUCt
1 [ ; CStthac —l—(l—ghh)}
mey = Ty — v
Yt 1+ cpy qtpr HS * PtVs—(5— S, muc,
r
Yt = U
ghhgc, + (1~ ghh)- (1—7s) —lus-vs [’stt +(1— WS)}

T; Pt 1 4 1 My 415141

/ — 1 _rt E 3 /

°Pt meySt ( T M 1+7r  meysS CPt+1
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Constraints and General Equilibrium.

Cst

Ut

1+Tt
147

vs
. C'M,t
= ps 14+vg
t

_1
= |yuCH + (1 —ym) Cyf |

1—
= HH,taH
at 1—a
= ——AH;, M
1+ Cpit Bt
1
= [ysar + (1-7s)| ™ 5,
_ Oy
qt
1
Wy muce M ]
= |7 U H -1
pa ghhge + (1 — ghh) M.t

(147
- 147

%

Appendiz B.2. Linearized System of Equations

Households.

ﬁ-W,t - (—].)

EW—l

dute + BE w141

ft — Etﬁ't+1 = (—1) (EtmhctH — mAUCt)

~ fp ¢C A ¢e ~ A
muc; = uCy — 1 _‘;’56 Cumy — -4 5. |:C:g7t — (1 = Igppn) odcy, C’M,t]
b o ¢y 1—Tyg—o(1—1Igun)
C, = (~o)U —1 s n g
uCy = (—o) <¢CM ghh <1+VS+1_OZH EDTR
¢Hs N QSHAI 2
—onp— —1I H
T Cor — Lgnn— any Mt
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Firms.

ﬁ)t = Tcht + (jt + At - CYMﬂ'Mﬂg (B5)
N + .
me, = oM T M OCn + (1 —Igpn) 00cn, | Care
1- apr 1- ¢€ (B 6)
De o A ~ 1+vy /. 2 .
+ 1- o, (Cls,f, — (1 = Tgnn) U¢CA4OM,t> + Putiy — [ (Qt =+ At)
R = [¢CHC'M,t + &, — (1= gnn) 0y, Crre — 5= (fit - 1[&)] ) X
fry = + & + BETe 1 (B.7)

kp [ — (1+Igsvs) ¢

[6 ; L (14 Igsvs) ¢e:| mcy

= [ o (1 — HHSVS¢6) (1 —Ipsvs Lt %) + ]IHsVS¢e] (d&t — (1 =1Iynn) ooy, éM,t) (B.8)

1 7¢E ¢’Y ¢’y
1 1
¢Cu | lgsvsée \ A ¢ lasvspee—1lg (. -
+ ; <1 Ty Chrt 1= o P (Qt 1/Jf)
Constraints.
e ¢ 1 ) B.9
G =T g [fs0 —vsCr| + (L4 6y) (B.9)
. 1 A A A
Hyy = 1 {CMJ — Gy — At} (B.IO)
“au
Wy =Ty = A+ Wi (B.11)

Appendiz B.3. 5-Equation Reduced-Form Model

Pt — Egrpp1 = @M,CMEtAéM,t+1 + eM,UEtAUt-i-l + Oy (1 — py) Tﬁt +Opa (1 —pa) A

ew — 1

Twe = (—vm) Uy + BRyw 41

A Oy Cott + On U — O ythy — O 4 A
t = p
kp (2 — ¢ (1+ Iusvs))

Twi — Tt = Ow,cy, ACA'M,t + @w,UAUt - Gw,wAl/AJt + C—)w,AAAt

+ & + BEif1en
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where

OM,Cor =PM,Car + PM,Oq.Cris OMU = OM,¢Oq.u; Omuy = dMw + OM,gOqw; Oma = dm,a + dum,10q,4

Or,crr =0n,Car + Pr,0Oq,0ns Onu = PrgOqus Onyp = bryp + O gOqy; Ona = 9rqOga

1

1
+ (¢7nc,q + 1_ Ozzw) @q,CM; @w,U =Vpm + <¢mc,q + 1— CVM) @q,U

QN
1 — O\

@w,w :¢mc7'¢z + (¢mc,q +

®w7CM :¢mC7CM -

1 1
S 5 ®w = - Pme,A — mc — )06
) q,%» A 1— o ¢ A (¢ sq + 1— OéM) q,A

]-*OCJVI

Capacity utilization is given by

Gt = 4,00, Ot + OquUt = Og it — Og ady (B.12)
where
¢ ,C ¢ 20
o . _fmeow TG o vm g _fmevTgnc o bmea
q,Cn — ) ) U = 7% ’ oY = T4 ) q,A &
a.9 ¢ 9.9 (;5 9.9 __ (;3 a9 __ ¢
bq,mnc me.,q bq,mne me.,q bq,me me.,q bq,mne me.q

Composite parameters for the marginal utility function are given by

¢ € 5 1 +v
by = () Uy oy — T2 - o (vs = (1 =Ignn) 0¢ca )i dmq = (—0)Ulghndu,q + 2 >
1- ¢6 ¢e 1- ¢e (b'y
e 1+
by = (—=0) Ulghndu,y + 1 i) 3 (1+wvs) 3 %; dma = (—0)Ulgnndu,a
€ Y
¢€XCZ\4 (1_aH)XCH (l_aM)XC ew —1 fe—1 -
U= 1|1-1I M —(1+T1 .
[ ghh{1+us+ 1+vy * 14+ vy €w € (1+Tusvs) @
Composite parameters for the Phillips curve are given by
e—1 e—11
¢7r,C'M = [¢CH TV~ (1 - ]Ighh) U¢CJM] ) ¢ﬂ',q = TE []— +vs — FS]
v
e—11
Prp = — (1 +vs)(1+¢,) —Ts]
Py
Composite parameters for the marginal cost function are given by
ay +v 1
qj)mc,C’M - MTM + (1 - thh) O-d)CM +— [QSCH + Pe (VS - (1 - thh) U¢CNI)]
1-— (6374 1-—- ¢e
¢6 1+US 1+VM (be 1+¢y 1+VM
mc = - 5 mc, = 1 +v 5 mc, =
Pmes =g gy T—an’ oY T Tog (TS TETS fmea = T
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Composite parameters for the capacity utilization function are given by

¢q,mc = < ; 1 - (]. + ]IHSI/S) ¢€
bg.cn = {1 q_bﬁ(be (1 - HHSVS¢6> (q; —lgsvs 1 ;;f)w) + HHSV5¢E:| (vs — (1 = Ignn) 0dcy,)
¢CH % - HHSVSgbs
e (1 - 1_¢)
Pa.a = L iﬁe(be (1 - HHSVS¢5> ((;7 —Imsvs ;’j)'y) +I[HSVS¢E:| ! —;WVS
_ 1 Tysvspe e — 10y
1- ¢e € (ZS,Y
Pgp = L ié:m (1 - HHSVS¢5> (d)lv —lasvs —;j%) + HHsusgbe} (1+wvs) 1 ‘;j)v

L —TIysvspee—1Tg

1_¢e (bv

€

Further composite parameters are given by

¢y 1—Tu—0c(1—1Ignn) DH
— 1 _PHm
Pucn = G0 —lgnn |Prs + 1 - =TT Peu + 1 anr
_ ¢)Hs ¢HM . _ 1+¢"/, _ ¢HM
bu,q = o, T—an vy = PHs P Pua = 7 o
8 _strs. b = 1 e—1 ¢,
Tool-ys’ 7f 1—1Igsvs € 1+¢y
-1
XC
¢cy = |1+ ﬁ (1 =Tgnp) o — (1 = FH))} Xcus ¢on = (1=Tu) (1 —dcy)
170&H
C C w7 cu\'"
gC'M :XCZW@; §CH = XCHE; XCu = (1_7H) (O) ;0 XCuw = VH <O>
ew — 1 e—1
OHs = XCm®e; Py = (1—oag)xcw; OHy = (1—oan) XCu — (1 +1Igsvs) ¢e

Appendixz B.4. Further Variables in the Model

Capacity utilization (data definition):

1

Cut = —Q (6% (B]‘g)
AtHjlw,t MKMA,/{f—l
= cict - Tt - At + (1 - OéM) I:IM,t + OéMKM,t_l] (B14)
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Short-run utilization of resources (firm perspective):

Ti Ti

o 1—anm an
Y AcHy ™M (enr e Karg—1)

€rt =
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Real marginal cost:
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Labor share:
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Unemployment rate:
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Appendiz B.5. Proofs of the Propositions
TO BE ADDED!

Proof of proposition 1.

Proof Proposition Euler Equation.
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Proof Proposition Phillips Curve.
Table C.3: Calibration Sources
Source
US data - FRED: (FEDFUNDS)
Smets and Wouters (2007)
US Bureau of Labor Statistics ATUS data

Appendix C. Calibration Strategy and Sources
Gnocchi et al. (2016)

Description
Period discount rate
Household risk aversion
Home production labor disutility level
Elasticity of home production labor supply
Gnocchi et al. (2016)
Gnocchi et al. (2016)

Share of home goods (consumption)
Elasticity of substitution (consumption)
Normalization
Huo and Rios-Rull (2020)
US data - FRED: (TCU)

Parameter Value/Target
Howuseholds
B 0.99
1.5
Hyg _
Hor 0.5393
vm
0.55
Household search disutility level
Household search supply elasticity
Goods matching efficiency
Search effort elasticity of goods matching Qiu and Rios-Rull (2022)
Qiu and Rios-Rull (2022)

o
0.5
Matching input elasticity of substitution
Elasticity of substitution (diff. goods) Christiano et al. (2010)

Normalization

Gali and Gertler (1999)
Mathé and Pierrard (2011)
Khan and Thomas (2007)

HH
v
YH
Iy
Goods Market
s z=1
vs
cu = 0.86
0.276
—0.27
me— 1 =1.2
0

Normalization
Heathcote et al. (2010)
US data - FRED: (UNRATE)

Steady-state inflation rate
Price adjustment cost
Exogenous trade relationship separation
Goods inventory depreciation rate
Normalization
Gali and Gambetti (2019)
Lechthaler and Snower (2013)
US data - FRED: (LABSHPUSA156NRUG)

Slope = 0.047
Labor disutility level
Frisch elasticity of labor supply
Elasticity of substitution (diff. labor)
Steady-state wage inflation
Nominal wage adjustment cost
Market hours adjustment cost
Capital elasticity of market production
Gnocchi et al. (2016)
Christiano et al. (2010)
Christiano et al. (2010)

Capital elasticity of home production
Normalization
Gnocchi et al. (2016)

Gnocchi et al. (2016)

Normalization
Christiano et al. (2010)
Gnocchi et al. (2016)

Christiano et al. (2010)
Christiano et al. (2010)
Christiano et al. (2010)

9
Labor Market
1233
VM
‘w
™W
(—1)%% = —0.026
1.85
Is=0.64
0.33
0.025 Capital depreciation rate (market)
0.3 Capital utilization cost (market)
Capital utilization cost (market)
Capital depreciation rate (home)
Capital utilization cost (home)
Capital utilization cost (home)
Investment adjustment cost (market)
Investment adjustment cost (home)

%%
Interest rate persistence coefficient

M
Capital Market

Qpg
ag
O
02
Onm3
0H1 oM
OH2 dnr2
dH3 eg =
KMIT 4
KHI KMI
Monetary Policy
L 0.8
1.7
0.12

iR
in
Z.Gap
Shock Processes
0.0064
0.001
0.1
0.0064

Taylor coefficient wrt inflation
Taylor coefficient wrt output gap

A
oM
op
or
PA
PM 0.5
pp 0.8
PT 0.8
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Appendix D. Slopes of the Reduced-Form Model: Additional Results
Appendix E. IRFs of the Reduced-Form Model: Additional Results

Appendix F. Results for the Robustness Analysis
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